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1.0 INTRODUCTION

1.1 HOW TO USE THIS BOOK

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.

If a higher current is required, refer also to Section 7, Applications, for current booster circuits.

Where a heat sink is required (possible with K, T & P suffix devices), refer to Sections 5 and 6 on heat sink selection
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 applications other than simple three-terminal regulation (listed in Section 1.3), refer to Section 7, Applications.

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, LM117, 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.

Ordering information is covered in Appendix 2.
Test methods and circuits are covered in Appendix 4.

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

1.2 FEATURES OF ON-CARD REGULATION

The trend in voltage regulation is toward localized regulation with smaller, low-cost, low-current, fixed-voltage I1C
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 5 A, some in packages as small as the TO-92 plastic small-signal transistor. There are also dual tracking
+100 mA regulators in TO-100 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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K,KC, K STEEL N
TO-3 DIP

H H
TO-39 TO-100
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TO-202 TO-220 T0O-92
FIGURE 1.2. Available Regulator Packages
t15V 12V
LM125H LM126H
LM225H LM226H
LM325H LM326H
FIGURE 1.2a. Dual Tracking Regut Package S ion Guide




National’s Voltage
Regulator Guide

10. MAX GUARANTEED OUTPUT CURRENT — AMPS

: ’m mnmwmurmmnmm
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M2V T

-4 -18 15 -2 -0 -9 -8 -6 52 -5 0 +5 +6
Vg, NOMINAL REGULATED OUTPUT VOLTAGE - VOLTS

8 410 412 5 1B %

Note: All devices with TO-3 package designation (K and K STEEL) are supplied in steel TO-3 packages unless otherwise designated

as {Al) aluminum TO-3 package. All devices with KC package

are supplied in

THREE-TERMINAL VOLTAGE REGULATORS

Positive Output Voltage

Negative Output Voltage

Output Voltage +5V, +12V, +15V

+1.2V to +37V
High Voltage (HV)
+1.2V to +57V

-5.0v, —12V, -16Vv

Output Fixed Adjustable? Fixed Adjustable?
Current Output Voltage Qutput Voltage Output Voltage Output Voltage
5 Amp Device LM338
Output Voltage +1.2V to +33V
Package TO-3
3 Amp Device LM323 LM350 LM345
Output Voltage +5.0V +1.2V to +33V ~-5.0V, -5.2V
Package TO-3 TO-3 TO-3
1.5 Amp Device LM340-XX, LM78XX LM317 LM320-XX, LM79XX LM337

-1.2V to -37V
High Voltage (HV)
-1.2V t0 -47V

Package TO-3, TO-220 TO-3, TO-220 TO-3, TO-220 T0O-3, TO-220
0.5 Amp Device LM341-XX, LM78MXX LM317M LM320M, LM79M XX LM337M
Output Voltage | +5V, +12V, +15Vv +1.2V to +37V -5.0V, -12V, -15V -1.2V t0 -37V

Output Voltage +5V, +12V, +15Vv

' Package TO-39, TO-92

-5V, -12V, -15V

TO-92, TO-39

Package TO-202 TO-202, TO-39 TO-202, TO-391 TO-202,,TO-39
0.25 Amp Device LM342-XX LM320ML

Output Voltage +5V, +12V, +15Vv -5.0V, -12V, —15V

Package TO-202 TO-202
0.10 Amp Device LM340LA-XX, LM78L-XX LM320L-XX, LM79L-XX

Note 1: Some voltage options are rated only to 200 mA.
Note 2: Adjustable voltage regulators can regulate voltages to infinity.
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1.3 FIXED VOLTAGE THREE-TERMINAL REGULATOR DESCRIPTION

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 LM125-126 series are
dual tracking regulators with provision for external boost white using the internal circuitry for current fimiting in the
boosted mode (Figure 1.1b). The LM125-126 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 case with op-amps). This
should be an 0.22 uF ceramic disc, 2 uF or larger solid tantalum, or 25 uF 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 uF solid tantalum or 25 uF 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 uF output capacitor
is recommended for the LM78LXX and LM340L series to minimize high-frequency noise.

wiv o—+— POSITIVE —F—0 *our

|
UNREGULATED VOLTAGE REGULATED | '
INPUT 0 I REGULATOR I o QUTPUT _L"{—_‘ I
|
|

T
CiN + + Cout |
_L‘SEE TEXT) l (SEETEXT) 1 VN o—l—| NEGATIVE  |——F—O -VouT
| |
|
R — J
FIGURE 1.1a. Normal Three-Terminal Regulator Connection FIGURE 1.1b. Basic Fixed Voltage Dual Tracking Regulator

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 regutator

High current boosted regulator

High current switching regulator

Regulator with electronic shutdown

High voltage regulator

Combined + and - regulators for dual balanced supplies
Tracking dual regulators

The LM125-126 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 alfow 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

1.4 COMPARISON, FIXED VOLTAGE THREE-TERMINAL vs VARIABLE VOLTAGE REGULATORS BY
APPLICATION

A simple comparison between three-terminal regulators and variable regulators (e.g., LM105, LM723, etc.) appears
in Table 1.1. The variable regulators are most useful for providing non-standard voltages, switching regulators, or in
programmable-voltage high current supplies with foldback current-limiting.
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Table 1.1 Comparison of Fixed Voltage Three-Terminal Regulators and Variable Regulators by Use or Feature

USE/FEATURE

FIXED OUTPUT VOLTAGE

VARIABLE OUTPUT VOLTAGE

Features:
- Current fimit
- Thermal shutdown

- Voltage reference noise bypass

- Electronic shutdown
- Programmable output voltage

Internal
Internal

Not possible, but noise is compar-
able to unbypassed variable reg.
Fairly complex external circuit

Practical with some performance loss

Practical with external circuit
Complex external circuit
Single capacitor

Simple external circuit

Simple and effective with two resis-
tors

Uses:
- High output voltage
- Current regulator

- Switching regulator

¥

- Current boost
- Foldback current limiting

Fairly complex circuitry
Practical

Self-oscillating mode. No short
circuit protection on switching
transistor

Possible (easy with LM125-126)

Internal {not programmable) for al!
three-terminal regulators.
Programmable for LM125-126

Simple external circuit
Practical

Self-oscillating or driven modes.
Short circuit protection, but
must be added for external pass
transistor

Practical

Requires 2 resistors {pos. only),
more complex for negative
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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
Typ
Regulation | ., Dropout Typ Typ [Max
Output VOUT TA = 25°C| Line’ Load‘' | VIN R:r le| Voltage Pkf 6JC 6JA| PD
Current Device'? ({)] (x %) (%VOUT/V) (V) | (dB) [\)] Device Style | (°C/W) )
5.0 LM138, LM238 1.2-32 (adj) N/A 0.005 0.1 35 86 2 LM138K STEEL | TO-3 |2 3530
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
15 LM117, LM217 1.2-37 (adj) N/A 0.0t 0.1 40 80 2 LM117, TO-3 |23 35|20
LM317K STEEL
LM317 1.2-37 (adj) N/A 0.01 0.1 40 80 2 LM317K STEEL | TO-3 |23 35|20
LM117HV, LM217HV |1.2-57 (adj) N/A 0.01 0.1 60 80 2 LM117HV, TO-3 |23 35|20
LM217HVK STEEL
LM317HV 1.2-57 (adj) N/A a.01 0.1 60 80 2 LM317HVK STEEL| TO-3 |23 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 5,12, 15 4 0.02 0.5 3(34\4/? 66-80| 1.6-2 LM140K TO3 |4 35|20
LM140AK 5,12,15 2 0.002 0.1 3(%‘40 66-80| 1.6-2 LM140AK TO3 |4 35|20
V)
LM340 512,15 4 0.02 0.5 32, 40|66-80| 1.6-2 [LM340K, LM340AK| TO-3 | 4 35|20
(24v)
LM340A 5,12,15 2 0.002 0.1 |35,40(66-80) 1.6-2 LM340AK TO-3 |4 35({20
(24v) LM340AT TO-220{ 4 50 | 20
LM78XXC 5,12,15 4 0.03 0.5 |35,40(66-80| 1.6-2 LM340K, TO3 |4 35|20
(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 15 LM117H, LM217H | TO-39 |15 150| 2
LM317H 1.2-37 (adj) N/A 0.01 0.1 40 80 20 LM317H TO-39 |15 150 2
LM117HVH, LM217HVH{1.2-37 (ad)) 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 15 LM317HVH TO-38 {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 5,12,15 4 0.02 05 (35, 40 12-17 LM341P TO-202j 12 80 |12
(24v)
LM78MXX 512,15 4 0.03 0.5 3;, 4()) 1.2-1.7 LM78MXXCP  {TO-202{12 80 |12
(24v
0.25 LM342 5,12,15 4 0.03 0.5 %g‘,‘\A/O 53-64 | 1.5-2 LM342P ITO-202(12 80 |10
)
0.20 LM109H, LM20SH 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 5,12,15 2 0.02 0.25 :?2.440 48-62 | 1.5-2 LM140LAH TO-39 {40 140 3
V)
LM340L 5,12,15 2 0.02 0.25 3(2‘.‘40 48-62 | 1.5-2 LM340LAH TO-39 (40 140| 3
V)
LM7BLXXA 5,12,15 4 0.03 0.25 (35, 40|45-60| 1.5-2 LM78LXXACH |TO-39 {40 140| 3
(24v) LM78LXXACZ |[TO-92 (40 180 1
1. Operating temp range: 6. Subtract (20 log Vo) for ripple rejection factor
LM100 series -55°C to +125°C 4 ilable f 4 4
LM200 series ~25°C to +85°C 7. +4% avall.a e for LM140A and LM340A
LM300 series 0°C to +70°C 8. +10% available as LM78L CH and LM78L CZ
. Max T = 150°C except 125°C for LM309, 320, 323, 345 9. DIP = 14-pin dual-in-line plastic pkg
° SGS = special DIP with heat sink
. Typ at 50~100% of rated IgyT, 25°C, max V| change i
10. Vj =40V for LM120H15 & LM120K 15 series

. Near zero to max rated lqyT, 25° C pulse test

oA WN

. Max mV per volt of out voltage rating
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TABLE 2.1 Data Sheet Summary (Continued)

Max

Typ
Regulation Max Dropout Typ Typ|Max
Output VouT TA = 25°C| Line® Load* | VIN R{I le |Voltage Pkg (8JC 6JA| PD
Current Device'* V) (% %) (%VOUTIV) V) |[dByr | W Device Style | (°CIW) | (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 TO3 |2 35|25
15 LM137, LM237 -12--37 N/A 0.006 0.3 40 77 2 LM137, TO3 (2 35|20
(adj) LM237K STEEL
LM337 -1.2--37 N/A 0.007 0.3 40 77 2 LM337K STEEL [ TO-3 | 2 3520
(adj) LM337T IT0-220| 3 50
LM137HV, LM237HV |-1.2- —-47 N/A 0.006 0.3 50 77 2 LM137HV, TO3 |2 35120
(adj) LM137HVK STEEL
LM337HV -12--47 N/A 0.007 0.3 50 77 2 LM337HVK STEEL| TO-3 [ 2 35|20
(adj)
LM120K -5,-12, 2 0.02 0.3 25 64 2 LM120K series | TO-3 | 3 35|20
-15 35 (9v,| 80 2
12V)
40 75 2
15V,
18V)
42 70 2
(24V)
LM320K -5,-12, 4 0.02 0.3 25 64 2 LM120K series TO-3 |3 35|20
-18 35 (9v,| 80
12V)
40 75
15V,
18V)
42 70
(24V)
LM320T -5,-12, 4 0.02 0.3 25 64 2 LM320T TO-220( 3 50| 20
-185 85 (9V,|75-80| 4
12y,
15V,
18V)
40 70 4
{z4V)
LM79XXC -5,-12, 4 0.03 0.4 {35,40(66-70| 2-4 LM79XXCT TO-220/ 3 50| 20
-16 (24V)
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 -5,-12, 2 0.02 0.6 25 64 2 LM120H TO-39| 15 150, 2
-15
LM320H -5,-12, 4 0.02 0.6 25 64 2 LM320H TO-39| 15 150 2
~15
LM320M -5,-12, 4 0.02 0.6 25 60-64 2 LM320MP TO-202| 12 80| 12
_15 4 35 (9v, 70-80 | 2
12V,
15V,
18V)
40
(24V)
LM79MXX -5,-12, 4 0.03 0.7 {35, 40|58-60 2 LM79MXXCP |TO-202[ 12 80| 12
-15 (24V)
0.25 LM320ML -5,-12, 4 0.01 0.5 |35, 40|50-60 2 LM320MLP TO-2020 12 80| 12
-15 (24V)
0.20 LM120H -9, —12, 2 0.02 0.1 352(9V, 70-80 2 LM120H TO-38( 15 150| 2
12V)
LM320H -15 4 0.02 0.1 40 2 LM320H TO-39| 15 150] 2
(15V,
18V)
42
(24V)
0.10 LM320L -5, -12, 4 001 05 |35 40(60-65 2 LM320LZ TO-92| 40 180 1
-15 (24V)
LM79LXXA -5,-12, 4 0.02 0.6 |35, 40| 50-55 LM79LXXACZ |TO-92| 40 180 1
-15 (24V) LM79LXXACH [TO-39| 40 140| 2
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3.0 PRODUCT SELECTION PROCEDURES: FIXED VOLTAGE
THREE-TERMINAL REGULATORS

3.1 DETERMINE: 3.3 SELECT A REGULATOR

a) Vour, required output voltage a) Make preliminary selection based on step 1a and
1b above, from Figure 1.2, or the data sheet

b) 1 , maximum output current s
) lout P summary of Section 2.

©) Vin, mean unregulated input voltage b) Verify this selection with Figure 3.1 or 3.2 to
insure that the selected regulator will provide a
peak current greater than gyt under the Vi -
Vout operating conditions {peak current is
limited by internal circuitry).

d) Ta, ambient temperature

3.2 SPECIFY: c) Note also in Figure 3.1 or 3.2, the power

Ty, maximum operating junction temperature. For d[ssnpatnon t?urves, but choose .pgckages from
highest reliability, Ty should be 26°C or more Figure 2.1 with Pp greater than dissipated power.
below Tjmax) as specified on the data sheet. d) Determine heat sink requirements from Section 5.

Positive Regulators Negative Regulators
45 a5
LMIEU258/260 M‘IAILAIL( ! : AVAILABLE
© £ | OUTPUT CURRENT (TYPICAL) _] m } OUTPUT CURRENT (TYPICAL) __]
% (Tj = 125°C) y AT = 125°C)
|

BN

IouT (AMPS)
TouT (AMPS)
5

o ez os L o
P BTV
U LATTMTIOL —t—
5 1 0] s 10 18 2 2 »
VIN-VouT (VOLTS) VIN-VouT (VOLTS)

NOTE: PEAK OUTPUT CURRENTS FOR THE
LM120H ARE APPROXIMATELY HALF
THOSE OF THE LM120K.

FIGURE 3.1. Max Available Output Current at Tj = 125°C
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Positive Regulators

45 T T T
—— | MAX AVAILABLE
40 \ | OUTPUT CURRENT GTYPICAI.)
! t o
g LN mez‘sn/m i = 150°C)
5 i TN f
30
g 25
kS
5 20
]
15
10
05
LM78L/LMMOLA
5 0 15
VIN - VouT (VOLTS}
NOTE: PEAK DUTPUT CURRENTS FOR THE
LM120H ARE APPROXIMATELY HALF
THOSE OF THE LM120K.
Negative Regulators
45 T T T
1 MAX AVAILABLE
“ | OUTPUT CURRENT (TYPICAL) __|
§ T Tj = 150°C)
'
!
A3 }
\Muams/m
30 |
g 25
£ 37/237/331K
520
e
S —
8 o TMTZ05K
ea AW 23T M 33 33 70 .,
10— 0 - 2
//f L2320
05 LM320ML
e e
LM320L/LMTSLXX |
5 10 15

VIN - VOuT (VOLTS}

NOTE: PEA;O?.UTPUT CURRENTS FOR THE

ARE APPROXIM:
THOSE OF THE LM120K.

IATELY HALF

FIGURE 3.2. Max Available Output Current at Tj =150°C
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4.0 HEAT FLOW & THERMAL RESISTANCE

4.1 HEAT FLOW

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

TABLE 4.1. Methods of Heat Flow

METHOD

DESCRIBING PARAMETERS

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

Thermal resistance 0,)c & 8c¢s. 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 ga and Oca. 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.

4.2 THERMAL RESISTANCE

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

015 = 1 T200y 4.1
Pp

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 T}, Tg, and Tx (no
temperature distribution in junction, case, or heat sink).
Nevertheless, this is a reasonable approximation of
actual performance.

== JUNCTION TEMPERATURE, Ty

HEAT INPUT ﬁ

6ic
<= CASE TEMPERATURE, T¢
ocs

e HEAT SINK TEMPERATURE, Ts

TI>Te>Ts>TA osA

= <= AMBIENT TEMPERATURE, Tp

FIGURE 4.1. Semiconductor-Heat Sink Thermal Circuit

The junction-to-case thermal resistance ;¢ 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 0cg depends on the
mounting of the regulator to the heat sink and upon the

area and quality of the contact surface. Typical 8¢cg for
several packages and mounting conditions are as shown
in Table 4.2,

The heat sink to ambient thermal resistance fga
depends on the quality of the heat sink and the ambient
conditions. A listing of approximate 8ga for a number
of commercially available heat sinks appears in Section 5.
Oga includes effects of both convection and radiation.

4.3 BASIC THERMAL CALCULATIONS

Cooling is normally required to maintain the worst case
operating junction temperature T; of the regulator
below the specified maximum value Tjpmax). Ty can be
calculated from known operating conditions. Rewriting
Eqn 4.1, we find

= Ty -Tao
01a = 5270w 4.2)
Ty=Ta +Pp0a°C (4.3

Where: Pp = (VN - VouTHouT + Vinla
~{Vin - Voutllout

except for TO-92 package where V nylg must be
considered important,

o = Regulator quiescent current

03a =0, +0cs +0sa.

Data sheets usually provide a plot of Eqn 4.3 for
several heat sinks. An example for the LM340T with
Ty = Tymax) = 150°C appears in Figure 4.2. Note
that for the lower curve 85 = 8cs + Oga while the
upper curve is for 854 = 0yc. Where the upper curve
slope is zero, the limit is the arbitrary power dissipation
rating instead of Eqgn 4.1,




Table 4.2 Approximate Thermal Resistance, Case to Heat Sink f¢cg in °C/W

Contact with Contact with grease
Package Direct contact silicone grease and mica washer
TO-3 0.5-0.7 0.3-0.5 04-0.6
T0-202 1.5-2.0 09-1.2 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 T; at 25°C {or more} below specified
Timax) at maximum expected Tp, and we need to find
the required 6 4 from Eqn 4.2.

POWER DISSIPATION (W)

~ow
S &

o

~

o e
w oo

T0-220 INFINITE HEAT SINK

WITH10°C/W__|

Pl | HEATSINK ]

—r

[ ——t— NO HEAT SINK

e

0 15 30 a5 60 75

AMBIENT TEMPERATURE (°C)

FIGURE 4.2. Power De-Rating Curves for LM340T
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5.0 STANDARD HEAT SINK SELECTION PROCEDURES

5.1 COMPUTE TOTAL THERMAL RESISTANCE

Determine the total thermal resistance, junction to
ambient 8 a(ToT) Necessary to maintain steady state T
below the maximum value specified in Section 3.2.

Ty-Ta cw
Po
Under short circuit conditions, the internal thermal
shutdown will limit T, to about 175 £ 15°C. Although
this protects the device, prolonged operation at such
temperatures can adversely effect device reliability (see
Appendix 5, Reliability). |f 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 T) to Tymax) Accordingly,
check operation with Voyt = 0. The 64 (To7) necessary
to maintain T; < T jmax) under short circuit conditions

IS
(5.2)

Biaror) = (5.1)

Tamax) = Ta oy
Vinlsc
where lgc is read from Figure 3.2. .

8'satrom) =

5.2 DETERMINE IF HEAT SINK IS REQUIRED

Refer to the thermal resistance, 8 ¢ and 6 35, columns of
the data sheet summary of Section 2.

a) 8a(toT) > 0)c 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 O5a(toT) > 04A. @ heat sink is not required.
c) If yc <Osatrom) < 0,4, a heat sink is required.

5.3 SELECT A HEAT SINK

Choose a suitable heat sink from the selection guide,
Table 5.1, or from manufacturers’ specification data.
The necessary conditions are that 9 ja (roT) and 8’ ja(toT)
be less than 8,5, 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).

1a(rom) =8¢ +8sa °C (5.3)

5.4 CHECK INPUT RIPPLE AND INPUT VARIA-
TIONS

Insure that full-load Vn min) does notallow Vyy - Vout
to fall below the dropout voltage of about 2 V. See
individual data sheets if operation with Viy - Vout <
2 V is required. Insure that no-load Vymax) does not
exceed the value listed on the data sheets or in the
table of Section 2.

55 EXAMPLE CALCULATION

Given: VOUT=5V15% V|N=15V
louTiMax) =0.7 A Short circuit protected
Ta =60°C Ty =125°C

Select a suitable regulator and heat sink
a) From Figure 1.2, initial selection is LM340T-5.0,

b)

C

d)

e

f

g

)

LM340K-5.0, or LM303K.

From Figure 3.1, at Viy - Vout = 10 V, it is
clear that either the LM340 or LM309 will meet
the maximum current required. The LM341P is
also a possibility as seen from this figure, although
a marginal one on the basis of IgyTMax), and
should not be considered.

Calculate necessary thermal resistance from Eqn 5.1
(=]
Gantromi = 35507 - 7 - 93w

Since 6a(ToT) Must be greater than 8¢ as read
from Table 2.1, the LM341P 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.

Since 8ja(ToT) is less than 0,5 for any of these
parts, a heat sink is required.

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

0’ a(ror) = ‘T%")(‘T?g = %% = 4.3°C/W for LM309

, _150-60_ _90 _go
6'IATOT) = Ten 5 as= T1ag = 87C/W for LM340

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.

Choosing the LM340T, calculate heat sink thermal
resistance from Eqn 5.4 where 8¢ is found from
Table 2.1.

0sa =0"ja(rom) ~0sc =8-4=4°C/W (5.4)

If we were to accept a Ty > 150°C for short
circuit conditions, calculations based on 84 (ToT)
would yield a 654 = 5.3°C/W. If an LM309K had
been selected, a 65a = 6.3°C/W would be all that
is required.

Referring to the heat sink selection guide, Table
6.1, 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.
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6.0 CUSTOM HEAT SINK DESIGN

6.1 IS A CUSTOM DESIGN NECESSARY?

The required fga 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.

6.2 SIMPLE RULES
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.

6.3 FIN THERMAL RESISTANCE

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:

1 °
fgp = —— "C/W (6.1)
SA 2H2nlng + 1)

Where: H = height of vertical plate in inches

n = fin effectiveness factor
he = convection heat transfer coefficient

hy = radiation heat transfer coefficient

- 1/4
he =2.21 x 10‘3(TS—HTA) W/in2°C

e =147 x 10-106((S2 T4 4 579) 3wjinz°c (6.3)

Where: Tg = temperature of heat sink at regulator
mounting, in °C

Ta = ambient temperature in °C

E = surface emissivity {see Table 6.1)
Fin effectiveness factor n includes the effects of fin
thickness, shape, thermal conduction, et. al. It may be
determined from the nomogram of Figure 6.2.

TABLE 6.1. Emissivity Values for Various Surface Treatments

SURFACE EMISSIVITY, E
Polished Aluminum 0.05
Polished Copper 0.07

Rolled Sheet Steel 0.66
Oxidized Copper 0.70

Black Anodized Aluminum 0.7-0.9
Black Air Drying Enamel 0.85-0.91
Dark Varnish 0.89--0.93
Black Oil Paint 0.92-0.96

(6.2)

o

e e

=H-d - _d
B=55 B=0.564H -5

Note: For H >> d, using B = H/2 is a satisfactory approximation
for either square or round fins.

FIGURE 6.1. Symmetrical Fin Shapes

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; + h, from Eqns 6.2 and 6.3.
c) Determine « from values of h and fin thickness x
(line a).
d) Determine n from values of B (from Figure 6.1)
and « (line b),
The value of n thus determined is valid for vertically
mounted symmetrical square or round fins (with H >> d}
in still air. For other conditions, 7 must be modified as
follows:
Horizontal mounting - multiply h¢ by 0.7.
Horizontal mounting where only one side is effective
— multiply by 0.5 and h; 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
n by 0.7.

6.4 FIN DESIGN

a) Establish initial conditions Ta and desired fga as
determined in Section 5.3.

b} Determine Tg at contact point with the regulator
by rewriting Eqn 4.1.

T~T
byc *+0cs= JP S (6.4)
D
Ts =Ty -{0yc +bcs){Vin - VouT)louT
(6.5)

~Ty-0,cVin - VouT)louT
c) Select fin thickness, x > 0.0625" and fin height, H.
d) Determine h and h, from Eqns 6.2 and 6.3.
e) Find fin effectiveness factor 1 from Figure 6.2.
f) Calculate 8gp from Eqn 6.1.

g) If 8ga is too large or unnecessarily small, choose
a different height and repeat steps (c) through (f).
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6.5 DESIGN EXAMPLE

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) Ty = 125°C Ta = 60°C
ViNn =15V Vour = 5V
loutr = 08 A Neglect fcs

b) Tg = 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).

- _3(93 - 60\ 1/4
d) he = 2.21 x 10-3( 3 -60)
=3.86 x 10-3 W/ °C-in2
3
he = 1.47 x 1010 x 0.9(932;60 + 273)

=5.6 x 10-3 W/ °C-in2
h=he +h; =9.46 x 10-3 W/ °C-in2

e) n = 0.85 from Figure 6.2.
S | T
M %sa = 3723 %085 x9a6 - o' 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.

1/4
d') hg = 2.21 x 10—3(21-—323) =37x1073

h, = 5.6 x 10-3 as before
h=9.3x10-3
e’) n=0.75 from Figure 6.2

, - 103
) Osa = 538 x 075 x93

which is satisfactory.

=3.98°C/W,

6-3













7.0 APPLICATIONS

Voltage regulator use can be expanded beyond that of
the simple three-terminal fixed voitage 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.

7.1 POSITIVE REGULATORS
7.1.1 Basic Regulator
VIN Vout
O—r— REGULATOR —T—o
1 ]
Cin * * Cout
R SR
(SEE TEXT) (SEE TEXT)

FIGURE 7.1. Basic Regulator Connection

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 uF or larger disc
ceramic, 2 uF or larger solid tantalum, or 25 uF 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 LM120 output
capacitor should be a 1 uF or larger solid tantalum or
25 uF 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 uF output capacitor is recommended on the
LM78LXX and LM140L series.

7.1.2 Current Source

lout
ViN REG
1 ¢ <E
I vagg S B
~ig
l (104 i
T 0.22F l t
I Zionn v|°
ol

FIGURE 7.2. Current Source

A constant output current I is delivered to a variable
foad impedance Z| .

VReg 7.1
= + .
| R la
for0< 2 < Vin - WRE? *+ Vdropout)
L
The output impedance is:
_AVo 1
°% Al " Alg T (7.2)
AViy R
Alg .
where: AV = quiescent current change per volt
IN of input voltage change of the
regulator
' AVg o . R
Ly = o = line regulation, the change in
AV N

regulator output per volt of input
voltage change at a given Ig

7.1.3 High Current Regulator

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 Q, share load current in the
ratio set between Ry and Ry if Vp = Vgg(ay)-

Ra
] 7.3)
I A IREG (
During output shorts
R2 (7.4)
Misc) = g} IReaiso)

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

Q D 1y Ireg | R2/R1q Rz
2N4398 | IN4A719 [ >3 A 1TA | 23 [5-10Q
NSD32 IN4719 2A 1A 2 5-10Q

NSDUS51A | IN4003 1A 05A 2 5-10Q

71




[H]
¥ 2N3055
£ O o V- -O¢
50
284030

5002

FIGURE 7.4. Equivalent of Power PNP Transistor

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

7.1.4 Adjustable Output Voltage

iN

|

I
L
T

1

'

]

d

FIGURE 7.5. Adjustable VouT

A fraction of the regulator current Vgeg/R1 is used to
raise the ground pin of the regulator and provide,
through voltage drop across Ry, an adjustable output
voltage.

Vo = VReg + Ralla + \_/g_g_ci) (7.5)
1
Line regulation is
AVO Ry + Ry Alg
AV = LR+ (IR (7.6)
Load regulation is
AV +
o iRz Rz) + (A'Q (7.7
A
where: L, = AYO the regulator load regulation per
0 amp of load change
Alg .
P = quiescent current change per
o amp of load current change
ﬂ = quiescent current change per
AVin q c n ange p

volt of input voltage change

7.1.5. Variable Output Voitage

ViN
-0
I
I
L o e
T Trrur
|
|
o l —Q

* Required if the regulator far from power supply filter
** Solid tantalum

FIGURE 7.6. Variable Output Regulator

The ground terminal of the regulator is raised above
common by an amount equal to the voltage applied at
the non-inverting input of the op-amp. For | >> lg, the
output voltage is:

Ry +Ra2+R
Vg = (X Rz 3) Ve (7.8)

The minimum output voltage will be determined by the
Vreg and Vgmn), where Vgguin) is the op-amp

common-mode voltage lower limit (= 2 V for LM301A
used with single supply).

Vominy = VREG t VBIMIN) (7.9)
when Ry =0, g_? - V\;::gﬂ (7.10a)
Vomax) = (7.10)

R1 +R +R
(—1—22\:&——3) VREeG = VIN - Vdropout

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

Vominy VoimAx)
R1 + R3 >>>|B' R1 + Rz + R3 >> |B
Example: V=25V LM341P-5.0
Vo=723V  Ry=3K
Ry = 10K
Rz = 1.2K

The ioad and line regulation can be determined by:

AVo _ ryRi*t Ra + Rg (7.1
AV = 7 ) )
i‘(° (w )(R;*‘Rz—"ﬂs, (7.12)

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




7.1.6 Variable Output Voltage with Vomin) =0

ViNt=30V Y e [ Iavo
o 3 T A2 L coyr
T 022,f T
L T 224

I
CiN ——
OAIZ;.(FI

*Solid Tantalum.

FIGURE 7.7. Variable Output Voltage of 0.5 - 28 V

A wide range of output voltages can be obtained with
the circuit of Figure 7.7. A 0- 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=Rgq+ R =R, and R2/R3 =1/10,

R Rq4 +R
then Vg = VRreg (R—f) = VReg (%) (—%‘)

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

(7.13)

The Vomax) is dependent on Vyy and Vdropouts
provided that the amplifier can source the current
required to raise Vg to Vg - VReg.

Example: V- =-15V Ry = 2.1K
VInN=+30V  Ry,=910Q
Vo =05-28V  R3=9.1K
LM340K-5.0 R4 + Rg = 10K

7.1.7 High Input Voltage

VIN vVz-1 Vour

(a)

VIN-(VZ+1)
Vin Q W Vour

m 022 4F

T T

(b)

FIGURE 7.8. High Input Voltage

For input voltages higher than Vinimax) 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 Q conducts full load current, and therefore
requires a power device with adequate heat sink.

Example: In Figure 7.8b
Vin =48V LM341P-15
I =400 mA Z =1N4745 (16 V)

Q would dissipate 7 W, therefore use an NSD31
power transistor. For higher dissipation, use a
2N3056.

7.1.8 High Output Voltage

VIN vin V@ = VREG + VG
o—

A

FIGURE 7.9. High-Voltage Regulator

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 Q
and Z; set V'|y & Vz, + Vz, - 1 V. D3 aids full load
start-up and also holds Vg to a diode drop above ground
during short circuits, thus protecting the regulator from
high input-to-output voltage differentials.

Example: LM340T-15 Z1 = 1N5359 (24 V)
Vin =80V 27 = 1N5365 (36 V)
Vo =39V Q= 2N3055
R =600 Q
Under short-circuit conditions, V'yy reduces to
36 V.

Figure 7.10 illustrates another circuit for a high-voltage
regulator with better input voltage limiting under short
circuit conditions. In normal operation, Qp is OFF and
Qq conducts full load current. Qy saturates when the
output is shorted, thus dropping the voltage at Qq base
and limiting regulator V'jy to a low value. D1 (1N914)
protects Qp from base-emitter breakdown. If an output
capacitor is used, Dy protects the regulator from Vin

0z

I

VIN

Vo =Vz; + VREG
O

FIGURE 7.10. High-Voltage Regulator




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

Example: LM340T-15

Z1=1N5359 (24 V) Ry =300, 10W
ViN=60V Q= 2N3055 Ry, =60%,4W
Vo =39V  Qp=2N3643 R = 150082, 4 W

Under short circuit conditions V'yy reduces to
9 V.

7.1.9 Electronic Shutdown

* Required if regulator far from power supply filter
FIGURE 7.11. Electronic Shutdown Circuit

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

Vin

v
Ro=— o BsaTian 7.14)

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, Qz turns ON and
saturates Q. The regulator output ramps up to turn Qg

ON, which turns Qp OFF (V¢ should be > Va),
thus maintaining Qq in the ON state.

ViN

022 7

1
=<

FIGURE 7.12. Output Dependant Electronic Shutdown

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

Example: LM340K-15

Vin =26V Q= TIP32 Rq = 500
Vo=15V Q7 = 2N4141 Ry =250 82,2 W
lo=1A Q3 = 2N4141 R3 = 3000 2

Va=25V Q4 =2N2906 Rg4=330Q

Vg=8V Rg = 62 ©

Ve =46V Rg = 2K
Ry = 1K
Rg = 680
Rg=1‘5K

7.1.10 Switching Regulator
Inc+al

VIN Re -

P
o —

22 ,F

o

A T.

+
:[cz

k=

. R
Ripple = V|n Rl—fﬁ—z—

FIGURE 7.13. Switching Regulator

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
(R4, Rp) will be connected to the ground terminal.
With the supply ON, the load draws current through
the regulator, which turns ON Q4 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 Qi 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 Rg shouid be
minimized. This is done by appropriate choice of Rg,
that is:

Vin =V
e + |b=—-——VBER‘SEAT’ rpxYm-Vo, (7.8

2L




Capacitor C3 improves the waveform at node G to
minimize ripple.
Example: LM341P-5.0 (less heat sink)
Vo=5V f=237 kHz Ry=1Q
Vin=10V L =500 uH Re=108Q
lo =300 mA ton = toff Co =100 uF
n=80% C3 =0.1 uF
Q=2N2905A R; =500
D = 1N5807

7.2 NEGATIVE REGULATORS

FOR DUTPUT CAPACITANCE

* REOUIRED IF REGULATOR
1S SEPARATS 10054 WGH

1 REQUIAED FOR STABILITY. FOR

" VALUE GIVEN. CAPACITOR MUST

FILTER CAPACITOR. FOR
€ GIVEN, CAPACI-

7.2.1 Basic Dual Power Supply

+ REG

WTALUM. CURRENT DIOOE FROM INPUT Vin = 20V
THC W)
i, RSRIE ,  oomrwa et | Vour*
TR Lt ae o CREASED WTHOU MOMENTARY INPUT SHORTS +15V AT 1 AWP
SUBSTITUTEO. I (3}
= 0.22F INa720
_{a) Fixed Regulator 2 2
| T
>
GND O b
GND <
- *Optonal. Improves E=d
. .
o u o
4] S22F N4720 1uF
1.F R1+R2
’ Vour Vaer ) Vi
™ M3z *———o
SELECT AZ AS FOLLOWS -2V Vour—
QUTPUT LM120:5 - 3000 *Solid tantalum. ~15V AT 1 AMP

LM120.5.2 - 3080

Nots: C1 and C2 required if cogulators are located far fram powsr supply filter.

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
D1, D allow the regulators to start under common load.

LM128.12 - 7580
LM12016 ~ 1 K2
FIGURE 7.15. Dual Power Supply
. lr Ta,
22.4F lowy | b TP
—_—— p—
- LYJ
Sase
m
mwv—J

They should be rated at the regulator short circuit
current.

ouTPUT
(c) Current Source Examples:
v"‘_&c“;: 2548 t _:m:_l_ 1. 215 V supply, 1 A common load:
L Ry INa720 v T = LM340T-15, LM320T-15, Dy, Dy: IN4720.
VWA M1
050w -vour 2. ¥12 V supply, 1 A common load:
VA LM340T-12, LM320T-12, D1, Dy: IN4720.
R
v a 3. 15 V supply, 200 mA common load:
01w LM342P-15, LM320MP-15, Dy, D,: IN40O1.

(d) High Current Reguiator

Q = 2N3055 (for 5 A)
or NSD31 (for less than 2-3 A

FIGURE 7.14. Negative Regulator Circuits

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.

7.2.2 Trimmed Dual Supply

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 Rq(R3) resistors. R3, Rg are
included to linearize the adjustment and to prevent
shorting the regulator ground pin to opposite polarity
output voltages.
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+VIN Vout
Ot —| +REG . > 0
Jm +H5V
N9t R3 240
AN
" 4K
T sa2uf 1
’ 2 R1
3 N
4120
com
” 1
03 =
IN4720

-ViN Vout
o O
-52V

FIGURE 7.16. Trimmed Dual Supply

7.2.3 Tracking Dual Supply

1 2
VN +REG I O +Vgyr=+15V
3 01 2R3 ef
NgY 70K 0y 1%
10K
]
0.22 4F Y
"z:l 24181 b 1na720
VBg1 bva
= Ry
+ |+ o3 S 403
2N 1ouF, V%S
T TTA 10K A inan
-Vin LM320 —Vour=-15V

* Solid Tantalum

FIGURE 7.17. Tracking Dual Supply

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

If -Vourt falls, Va follows forward biasing collector-
base junction of Q4. Vg falls, thus raising the collector
voltage of Qp and +Vpyt to restore V4 to desired
voltage. Germanium diode Dy may be needed to start
the positive regulator with a high differential load.

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

LM340T-5.0, LM320T-15.
The LM340 will track the LM320 within
100 mV. Da, D3: IN4720.

7.2.4 Variable Tracking Dual Supply 5.0 to +18 V

@1A
Vin=20V O +VouT
+
-~
[T 1N472
0.22 yf—— Y 0
i
C2" _L X
22 4F AT~ ]k 1wz
g W
X > 2.
T =Vour

—Viy = -20V O LM320K-5.0
" Ao |

* Solid Tantalum

FIGURE 7.18. Variable Tracking Dual Supply $5.0-V - +18 V

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 Ry is matched to R3
within one percent.

7.3 DUAL TRACKING REGULATORS

+Vour

LM125/LM126

NOTE: PIN NUMBERS FOR METAL CAN PACKAGE ONLY.

{a)

FIGURE 7.19 (a). Basic Dual Regulator.




+BOOST 1 7 14 +SENSE
NC 2 13 + +vour
(e —— f 4 0o
+VIN 3 12 NC
['o TUIE—
4 11 GND
O~
~ViN -ReL § 10 REF
—SENSE § 8 NC
o l 2VOUT 1} ) passnsimszen |5B00ST
-Vout

{b)

FIGURE 7.19b. Basic Dual Regulator for the 14-Pin Package*

7.3.1 High Current Regulator

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 -RgL to -Vn. 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 Q resistors from pins 3 to 1 and pins 8to 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.

1.00
e TN
85 T,=-86°C
g2 [Ty
g2 [T
52 T,=+125°C
-3
* a2 T 1]
« T,=+150°C
098 [
[} 100 200 00 400
lLoao ~mA

(A)

7.3.1 High Current Regulator

W

s

*+Vour

104F
T TANTALUM

P

3
H
70
FE L
£+¢
g8

LM125/LM126

-Vin

wf
TANTALUM —-[_T

FIGURE 7.21. Boosted High Current Regulator

For applications requiring 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 p (N and S kages) the -SENSE
pin (pin 6) has been brought out of the chip, and there-
fore should be connected to the -V pin {pin 7). The
remaining applications circuits are shown for the TO-5
package. These circuits also apply for the 14-pin N
package, provided that the -V pin is connected to
the -SENSE pin {normally done at the load to elim-
inate effects of supply line voltage drop).

100
JHRE
<8 L
s= T,-25¢C
<O T
s> 11
g2 [T
EE g9 )
w3 E,Ij—ﬂzs‘c T, - -55°C
2e i
<= I T
£ T, ss0e A
& I
0.98 i
] 100 200 300 400
fLoap ~ mA
(8}

FIGURE 7.20. Internal Current Limiting Characteristics




In the boosted mode, current limiting is often a
necessary requirement to insure that the external
pass device is not overheated or destroyed. Experi-
ence shows this to be the usual cause of IC
regulator failure. If the regulator output is grounded
the pass device may fail and short, destroying the
regulator. To limit the maximum output current,
a series resistor (Rcy in Figure 7.21}is used to
sense load current. The regulator will current
limit when the voltage drop across Rcy equals
the current limit sense voltage found in Figure 7.22.
Figure 7.23 shows the external current limiting
characteristics unboosted and Figure 7.24 shows
the external current limiting characteristics in the
boosted mode.

To ensure circuit stability at high currents in this
configuration, it may be necessary to bypass each
input with low inductance, tantalum capacitors
to prevent forming resonant circuits with long
input leads; C > 1.0uF is recommended. The
same problem can also occur at the regulator
output where a C > 10uF tantalum will ensure
stability and increase ripple rejection.

1]
& o0

= d POSITIVE REGULATOR
s

2w 7<¥<JAS voLTAGE | |
& NG

£ 0600

H N

= 0500 NG

H NN

3

& 0.400 -
I

E 0300 |- NEGATIVE REGULATOR N—~
3 g L | SENSE VOLTAGE™ | N

-50 -25 0 25 SO 75 100 125 150 175
JUNCTION TEMPERATURE { C)

FIGURE 7.22. Current Limit Sense Voltage for a 0.1%
Change in Regulated Qutput Voltage

The 2N3055 pass device is low in cost and
maintains a reasonably high beta at collector
currents up to several amps. The devices 2N3055
may be of either planar or alloy junction construc-
tion. The planar devices, have a high fy providing
more stable operation due to low phase shift. The
alloy devices, with fr typically less than 1.0
MHz, may require additional compensation to
guarantee stability. The simplest compensation
for the slower devices is the use of output filter
capacitor values greater than SO0uF (tantalum).
An alternative is to use an RC filter to create a
leading phase response to cancel some of the
phase lag of the devices. The stability problem
with slower pass transistors, if it occurs at all, is
usually seen only on the negative regulator. This
is because the positive regulator output stage is a

conventional Darlington while the negative output
stage contains three devices in a modified triple
Darlington connection giving slightly more internal
phase shift. Additional compensation may be added
to the negative regulator by connecting a small
capacitor in the 100 pF range from the negative
boost terminal to the internal reference. Since the
positive regulator uses the negative regulator output
for a reference, this also offers some additional
indirect compensation to the positive regulator.
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FIGURE 7.23. External Current Limiting Characteristic-Unboosted
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FIGURE 7.24. External Current Limiting Characteristics-Boosted
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7.3.2 7-Amp Regulator

In Figure 7.25 the single external pass transistor
has been replaced by a conventional Darlington
using a 2N3715 and a 2N3772. With this con-
figuration the output current can reach values to
10A 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 (V\y—Vour) lout (W),
but it increases to V|y lsc (W) under short circuit
conditions. The short circuit output current is
then:

300

LM125

Note: The Same Circuit Applies For The LM126

FIGURE 7.25. High Current Reg

4t

k]

Pmax (Tg=25°C)
Vin

150w
) 20V (min)

= 7.5A max.

IL could be increased to 10A or more only if
Isc < I_. A foldback current limit circuit will
accomplish this. The typical load regulation is
40 mV from no load to a full load. (T; = 25°C,
pulsed load with 20 ms toy and 250 ms togg.)

+800ST

1 *Rey ,

2

*+Vsense

=20V
ROl
1uf TANTALUM
WN3INS

IN3T12

V= ~20V

TANTALUM

anT

Pair for Pass Elements

Using a Datli

79




7.3.3 Foldback Current Limiting

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, and 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 this 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
requlator, 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 application note
AN-23. A voltage divider R1 and R2 from Vg to
ground creates a fixed voltage drop across R1
opposite in polarity to the drop across ReL®.
When the load current increases to the point
where the drop across Rc * 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 R1 will also
decrease so that it now requires less load current
to produce the current limit sense voltage. With

Note: For LM126;

< +Vin
s Ve o —T'—m
s TANTALUM
a1 2N3055
~ 3 +800ST 5 =
< v‘v" Ve
+ReL >
U S A2 S Rat
S uo S
o +SENSE
ol —0 Vour
2L e n
10 GND n T TANTALUM 2%
4
~Vour = = ™ =
7 2N2805 Vour
- 10
n 3 -BOOST v a5 TANTALUM
W : : 2N3055 I
S0 s PUILEE, =
- < ] V2 RS le
A = |y,
e AA AAA
W VWA~
5 R4
——o— o - 300 Iy
LM12§
03 a2
I, QR6 4
1 m| 3o
’
— > Va

+

IN

r =
TANTALUM I. Q2 - Q3: 2N2640

=25V.V |y = 25V

Ry =20, R, =180

Rot=09

Ry = 1.35 K, Rg = 290; R¢,, - = 0.9
Ipg = +2A,1go = +0.75A

FIGURE 7.26. Foldback Current Limiting Circuit
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the regulator output fully shorted to ground
(+Vout = 0) the current limit will be set by the
value of +R¢ alone.

|
L

Isc

I

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

Vsense
Isc

ReL* ~ (7.16)
where Vgense is from Figure 7.22.

At the maximum load current foldback point:

Vact =1rs Rel* (7.17)
+
VR1 = Veel ~ Vsense (7.18)
Va1 = Ieg Reut — Veense (7.19)
Then
Vg1
R1=— (7.20)
Iy
and
HWour +V,
Rp= Your * Vsense (7.21)

Iy

The only point of caution is to ensure that the
total current (14) through R2 is much greater than
the current contribution from the internal 3009
resistor. This can be checked by:

+
les ReL

<< 1,
300

(7.22)

Note: The current from the internal 30052 resistor
is V3.1/30092, but V3 1 = Ve + VgL — Vaense
assuming Vge ~ Vgense™ at the foldback point,
V3.4 ®Vge” = leg Rel”.

Example:

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

Given:

lroLpsack = 2.0A

IsvoRT-circurT = 500 mA

Vsense (see Figure 7.22).
+Vin = 25V

+Voyr = 15V

Brass pevice = 70

0,5 = 150°C/W

Ta =50°C

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

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

= (Vin = Vour) lour
(26— 15) 29 mA
290 mW

PLmizs

[}

Trise @ 8,4 = 150°C/W = 150°C x 0.29 = 44°C
Ty =Ta +Trise = 50°C + 44°C = 94°C

From Figure 7.22

Vsense @ (T, = 94°C) = 520 mW

From equation (7.17)

520 mV
500 mA

\Z
+_ Vsense _ =10

Reu
Isc

From equation (7.18)

Vacl = leg ReL T =24 10=2v

From equation {7.19)

Va1 =Vacl — Vsense
Va1 = 2V - 520 mV = 1.480V

A value for 1; can now be found from equation
(7.22)

lrg Rt 2A-10
300 30002

=6.6 mA

So set I; = 10 x 6.6 mA = 66 mA
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Equating equation (7.28) with equation (7.29) and
inserting resistor values shown in Figure 7.26,

lptla=ls+lg—Iy

leg Re” ~Vsense _

2
300 (7.34)
lrs Re” Vsense
® " 300 300
Canceling, we find:
=1 (7.35)

This is the key to the negative foldback circuit.
Current source Q1 forces current I, to flow
through resistor R5. The voltage drop across RS
opposes the normal current limit sense voltage so
that the regulator will not current limit until the
drop across Rey~ due to foad current, equals the
controlled drop across R5 plus Vgenge (given in
Figure 7.22). This can be written as:

Vsense * 12 RS
lpg = —onoE ~ 2 77

Rel”
(7.36)
Vsense * 200 I
lpg = ——————
Reu
Example:

Given:

lroLpeack = 2.5A

IsHorT-circuIT = 750 MA

Vgense (See Figure 7.22)

-V|n = 25V

~Vour =15V

Bpass pevice = 90

8,4 = 150°C/W

Ta =25°C
The same calculations are used here to figure
Vgsense as with the positive regulator foldback

example maximum regulator output current is
calculated from:

25A
lout = =28 mA
Pimizs = (Vin — Vol lour
= 10V x 28 mA
= 280 mW

Trise = 150°C/W x 0.28W = 42°C
T,=Ta + Trise = 25°C +42°C = 67°C

From Figure 7.22:

Vgense = 500 mV

From equation (7.23):

. 500mV

Rel” = = 0.68¢
7 750 mA

From equation (7.36):

_ s Rel” — Vsense
20082

I =6.0mA

From equation (7.24):

\ -V
R3= —ouT BEQ1

0mA

LM125
1 T
" 1 Y7
I TN / J
12— 1= 257
10— 7= 883

~
N,

NI

V4
6.0 yi
/

OUTPUT VOLTAGE (V)
-
e

Fd
=
N

PSR
Ny

| Vin = 225V

0 05 10 15 20 25 30
lour (A)

Ealdb
F

FIGURE 7.28. Negative Reg k Current
Limiting Characteristics

Figure 7.27 and 7.28 show the measured foldback
characteristics for the values derived in the design
examples. The value of R5 is set low so that the
magnitude of Ig for foldback is greater than I
through lg. This reduces the foldback point
sensitivity to the TC of the internal 300S2 resistor
and any mismatch in the TC of Q2, Q3 or the
pass device.

R6 can be computed from equation (7.33):

Vsense VseNSE

R6 = =
Iz Ist+lg — 13

combining (7.28) and (7.35).
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v -
RE = SENSE

': ~la Vsense (7.37)

ies R ( ! 1) BE

—_— ), 1BE
F87C \300 R4/ Ra
Setting Vgeg = Vgense and R4 = 300 to match
the internal 3002 (22) becomes:

R6 = R4

g 2
Also setting — = — -> R5 = 200
lg 3

7.3.4 A 10-Amp Regulator

Figure 7.29 illustrates the complete schematic of a
10A 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 3009 resistor is
greater due to the 2 Vgg drop across the Darlington
pair. Expression (7.22) becomes:

les Rel” + Vae

<< 1y
300

(7.38)

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

(7.40)

Vsense

Rs: -

. 1 A E 1
] - -+ —_ —
FeTe a0 R4) % |300  Ra

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

Vaeas

A" +
BEQ4 {at SC)

Vgense (at SC) =

which is a first order approximation.

Figure 7.30 illustrates the power dissipationin 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

150 Ta=25C |
Vin = 22V
120 Vour = 15V
=10A
" - posimive Sie ] ': A :u
5 % (ol lsct =294
= NS
2 50 [4efNecative sioe NG
3
] 59 10 15

Vour

FIGURE 7.30. Power Dissipation in the External Pass
Transistor (Q5, Q7)

the 2N 3772 must be derated according to 0.86W/°C
above 25°C. This corresponds to a thermal resist-
ance junction to case of 1,17°C/W.

LM125

FIGURE 7.29. Ten-Amp Regulator with Foldback Current Limiting

Iy

V2
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Example
Positive Side

leg = 10A
lsc =25 A
Vin = 22V

Vour = 15V

B=61p2=15X 50 =750 min
Ta =25°C

Negative Side

Theoretical Value

l125 = 13 MA
P_mi2s = 150 mW
Rc t =0.2652
R1=21Q

R2 = 1300
Vgense T = 650 mV

Theoretical Value

Experimental Results

'FB =9.8A
lsc =29 A
Relt = 0.26Q

R1: adjusted to 2092
R2: adjusted to 12092

Experimental Results

lrg =10 A
lsc =29 A
Rcy : adjusted to 0.3Q
R6: adjusted to 13052
R3: adjusted to 90052

lrg =10A ReL™ =0.229

lsc =25A R4 = 3000

Vin = 22V R5 = 200%2

Vour = 15V R6 = 1500

8 =800 R3=1.6 k2

Ta =25 Vsense~ = 550 mV
a2

5 3

Note: For this example, in designing each side, the power dissipation of the opposite side has not been taken into the account.

7.3.5 Positive Current Dep t Simul

Current Limiting

The LM125/126 uses the negative output as a
reference for the positive regulator. As a conse-
quence, 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-
lator output current,is presented in Figure 7.31.
The output current causes an |-R drop across R1
which brings transistor Q1 into conduction. As the
positive load current increases |4 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 Vgyt* to drop the final
700 — 800 mV with small output current change,
ReLt should be adjusted so that the positive
current limit is slightly larger than the simultaneous
limiting. Figure 7.32illustrates the simultaneous
current limiting of both sides.

The following design equations may be used:

R1lelt = R3 1y + Vgeas (7.41)
v -
I = SENSE (7.42)
R2
Combining (7.41) and (7.42)
R3 \Y T+ V
o Ry VSENSE BEQ1 a5
cL R1 :
with
Vsense ™
Ref = — (7.44)

IRES

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

. Vsense” * Vbiooe
lel” = ——R'—— (7.45)
el

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




From equations (7.20) and (7.21)

Va:  1.480V
Rl= — = =220
I 66 mA
np< TVour * Vsense  15+0.520
I 66 mA
= 2400

The foldback limiting characteristics are shown in
Figure 7.27 for the values calculated above at various
operating temperatures.

LM125
1L
" 177
s u l/
] A7
2w -/
o
s -1, s o/
& 60 77
3 7/ h'=f5”
20 Va4 !
2§°c|_ Vsueeiy = 30V
[ 05 10 15 20 25

four (AMPS)

FIGURE 7.27. Positive Regulator Foldback Current
Limiting Characteristics

The negative regulator foldback current limiting
works essentially the same way as the positive
side. Q1 forces a constant current, |,, determined
by ~Vourt and R3, through Q2. Transistors Q2
and Q3 are matched so a current identical to I
will flow through Q3. With the output short-
circuited (~Vgoyr = 0), Q1 will be OFF, setting
I; = 0. The load current will be limited when V,
increases sufficiently due to load current to make
V, higher than —V,y by the current limit sense
voltage.

The short circuit current is:

Vsense
Y —

Isc (7.23)

Rel”™

For calculating the maximum full load current
with the output still in regulation, current 1,

_ Vour ~Veem
R3

I, (7.24)

At the point of maximum load current, |gg, where
the regulator should start folding back:
Vi3 ==V|y tlgg ReL™ (7.25)
and
V2 =-Vin + Vsense {7.26)

The current through. Q2 (and Q3) will have
increased from |, by the amount of 1, 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:

(Vi —{=Vin)] ~Vge
lg= — N TBE
R4

Substituting in equation {7.25) gives:

les Rel” — Vee
ly= ——— 2%

R4
_ (7.27)
_lesRcL” ~ Ve
30082
The current through Q2 is now
I3 = 15 + |y (7.28)
and the current through Q3 is:
I3 =15 + 1g — Iy (7.29)

The drop accross R5 is found from:

Vi~ Va=(-Viy +lgg Re) — [Vsense
+(=Vin)l:
simplifying,

Vi~ Va=leg Rel — Vsense (7.30)
Since Vgenge is the base to emitter voltage drop
of the internal limiter transistor, the Vgenge in
equation (7.30) very nearly equals the Vgg in
equation (7.27). Therefore the drop across R5
approximately equals the drop across R4. The
current through R5, Ig, can now be determined
as:

lgg Rel” — V.
Is = FB c;5 SENSE (7.31)

Summing the currents through Q3 is now possible
assuming the base-emitter drop of the 2N3055
pass device can be given by Vgg =~ Vgense:

V3 —V,
lg = ——nr (7.32
®" 300 )

where V3 =V, + Vge =V, + Vgense

_ Vi +Vsense ~ Vo

I
s 300

Substituting in equation (7.30)

- leg Rl
®" 300
(7.33)
V2~ Vin) _ Vsense
R6 R6

;=




+Vin

Vi §

+B0OST

+Vin

i +
1,
TANTALUM

R3
100

A
W
2

*+Vour
10.F

-§—O ~Vour

o
£A. s

-BOOST

1-10uF

LM125/LM126

FIGURE 7.31. Positive Current Dep

LM125
16
¥y = 230V
" Rey* = 0.580
- -4
s n R1= 1.losz
w t
2 u T, = +125°C —]
= —— +
e 8 T, = +25°C—
: S
5 50 ;= -55°C ——
&
3 40 t
20 “
1
0 05 10 15 20 25

POSITIVE OUTPUT CURRENT (AMPS)

FIGURE 7.32. Positive Current Dependent Simultaneous
Shutdown

7.3.6 Electronic Shutdown

In some regulated supply applications it is desirable
to shutdown the regulated outputs (tVgo = 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)

¢ “Re

[N
1.0k ;.J_ wun 4
s Vm

03 TANTALUM
2N30855 | e

1.0k
1N914
v: !
< R2 -
>
< 200 Rel
4
-I' TANTALUM
v —
~Vin
dent Simul Current Li

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 regulator may be shutdown at any
desired level above 2 Vgg, calculated as follows:

v RE B9 vee+2Vee (7.46)
| — + — + .
T |r3pas R3] °F 8€

Positive and negative shutdown operations are
similar. When a shutdown signal Vy is applied,
Q4 draws current through R3 and D2 establishing
a voltage Vg which starts the current sources Q1
and Q2. Assuming that Q1 and Q2 are matched,
and making R1 = R2 = R3, the currents I4, 15, I3
are equal and both sides of the regulator shutdown
simultaneously.
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*FOR HIGHER VALUES OF C1 INCREASE R6 TO LIMIT THE PEAK
CURRENT THROUGH Q5 TO A SAFE VALUE.

Note: The same circuit applies for the LM126

Vi = =30V

\l/ :'“AFNTAL um
T

FIGURE 7.33. Electronic Shutdown for the Boosted Regulator

The current I3 creates a drop across R5, which
equals or exceeds the limit sense voltage of the
positive regulator, causing it to shutdown. Since
{3 has no path to ground except through the load,
a fixed load is provided by Q5, which is turned on
by the variable current source Q4. C1 also dis-
charges through Q5 and current limiting resistor
R6. Resistor R4 prevents Q3 turn on during
shutdown, which could otherwise occur due to
the drop across R5 plus the internal 30092
resistor. Diode D3 prevents |3 from being shunted
through Rc.

Capacitor C2 discharges through the load.Q7 shares
the total supply voltage with Q2,thus limiting power
dissipation of Q2. Another power dissipation
problem may occur when the design is done for
V¢ = 2.0V for example, and V+ is increased above
the preset threshold value. |4 is increased and Q4
has to dissipate (Vi — 3 Vgeg = Vy) | (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. |, to areasonable value.
This is iflustrated in Figure 7.34.

VRre _ V1~ Vee —[vr -2 Vg
RS R9

Vee
R9

R8
2.2k

Vr

R6.
V- Vee —(Ve-2Vee _ Ve
R9 R9

FIGURE 7.34.

So I; is made independent of Vt and by setting a
minimum value of 10 mA (R9 = 7082). The regula-
tor will shutdown at any desired level above 3 Vgg,
without overheating transistor Q4. Also using

717




Figure 7.34 the diode D1 in Figure 7.33 may be The normal current limiting current is set by
omitted. The shutdown characteristics of Figure equation (7.47)
7.33 are shown in Figure 7.34.

o 2 Vsense + Vpioope
lg, = ———-—7—— (7.47)
ReL
15 < A}
s T, 24125 C i .
B ” T The same approach is used with the unboosted
= . regulator shown in Figure 7.36. In this case the.
1 voltage sense resistor is the internal 30082 one.
5.0 1. _5'51;: Since output capacitors are no longer required Q3
i is just used as a current sink and its emitter load
} has been removed.
] 10 20 30 40 50
Vr (V)

FIGURE 7.35. Electronic Shutdown Characteristics

Vin =2V

01
INNg

o vi
f—0—p o w2222
— 2N2102
REF = 100
Lo
200
0 -Vour - -1V

<
300¢

0
b 5

Lo

5 o> Vi = -2V

LM125 1uF

TANTALUM

ry

Note: The Same Circuit Applies For The LM126

FIGURE 7.36. Electronic Shutdown for the Basic Regulator




300
1K
8
300
1K 6
5
LM125/LM126

O -vin

NOTE: PIN NUMBERS FOR METAL CAN PACKAGE ONLY
FIGURE 7.37. Simplified Shutdown

7.3.7 Power Dissipation
The power dissipation of the LM125 is:

Pa = (Vin" = Vour™) lour™ + (Vin~

_ - - o+ -y
Vour) lour + VinT IsT + Vin" I

where Ig is the standby eurrent.

Example:

*1A regulator using 2N3055 pass transistors.

Assuming a 8 = 100, and +25V supply,
Py = 400 mW.

The temperature rise for the TO-5 package will be:

Trise = 0.4 x 160°C/W = 60°C

Therefore the maximum ambient temperature is
Tamax = Timax — Trise = 90°C. If the device
is to operate at To above 90°C then the TO-5
package must have a heat sink. Trigg in this case
will be:

Trise =Pg(0,.c+0c.g +0s.a).
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7.4 ADJUSTABLE VOLTAGE REGULATORS

7.4.1 A New Production Technique for Trimming
Voltage Regulators

Three-terminal adjustable voltage regulators such as the
LM317 and LM337 are becoming popular for making
regulated supplies in instruments and various other OEM
applications. Because the regulated output voltage is
easily programmed by two resistors, the designer can
choose any voltage in a wide range such as 1.2V to 37V. In
a typical example (Figure 1) the output voltage will be:

R2
Vour=Veer | —+1) +R2apy
R1
28Vpe
]
LM117/LM317

Vour
22v

(BLOCK
DIAGRAM)

R1
124 :1%

ADJ

2.05k +1%

FIGURE 1. Basic Regulator

In many applications, when R1 and R2 are inexpensive
+ 1% film resistors, and the room temperature accuracy
of the LM117 is better than + 3%, the overall accuracy of
+5% will be acceptable. In other cases, a tighter
tolerance such as +1% is required. Then a standard
technique is to make up part of R2 with a small trim pot,
as in Figure 2. The effective range of R2 is 2.07k +10%,
which is adequate to bring Voyr to exactly 22.0V. (Note
that a 2000 rheostat in series with 1.96 k2 +1% would
not necessarily give a +5% trim range, because the end
resistance and wiper resistance could be as high as 100
or 2002; and the maximum value of an inexpensive 10% or
20% tolerance trimmer might be as low as 180% or 160Q.)

Vin = 28 Ve £10%
[

Lm317

ouT

ADJ

GUTPUT ADJUST

FIGURE 2. Regulator with Small Adjustment Range

In some designs, the engineering policy may frown on the

use of such trim pots, for one or more of the following

reasons:

~— Good trim pots are not cheap.

-—— Cheap trim pots may be drifty or unreliable.

— Any trim pot which can be adjusted can be (and proba-
bly will be) misadjusted, sooner or later.

To get a tighter accuracy on a regulated supply, while

avoiding these disadvantages of trim pots, consider the

scheme in Figure 3.

Vourt = 22.0V 1%

R1 R3 R& SRS
2.0k 39k Q8.2
6% 5% ® 5%

FIGURE 3. Regulator with Trimmable Output Voltage
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When first tested, Voyr will tend to be 4% to 6% higher

than the 22.0V target. Then, while monitoring Vg, snip

out R3, R4, and/or R5 as appropriate to bring Vot closer

to 22.0V. This procedure will bring the tolerance inside

+1%:

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

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

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

The entire production distribution will be brought inside
220V 1%, with a cost of 3 inexpensive carbon
resistors, much lower than the cost of any pot. After the
circuit is properly trimmed, it is relatively immune to
being misadjusted by a screwdriver. Of course, the
resistors’ carcasses must be properly removed and
disposed of, for full reliability to be maintained.

An alternate scheme shown in Figure 4 has R6, R7, and
R8 all shorted out initially with a stitch or jumper of wire.
The trim procedure is to open up a link to bring a resistor
into effect. The advantage of this circuit is that Vgyr
starts out Jower than the target value, and never exceeds
that voltage during trimming. In this scheme, note that a
total “pot resistance” of 2150 is plenty for a 10% trim
span, because the minimum resistance is always below

Vin
|in
. ouT
LM317 Vour = 22.0V
ADJ <SR
S1an%
Sr2
:.1.961( 1%
)
S
S RE
>
LINK 1 S120:5%
)
>
<$R7
>
Link 2 < 62 5%
)
>
< R8
>
LINK 3 S 33:5%
}
3

If VoyT is lower than 20.90V, snip link 1 (if not, dont).
Then if VoyT is lower than 21.55V, snip link 2 (if not, don't).
Then if Vour is lower than 21.82V, snip link 3 (if not, don't).

FIGURE 4. Alternate Trim Scheme

1Q, and the maximum resistance is always more than
200Q—it can cover a much wider range than a 2002 pot.

The circuit of Figure 5 shows a combination of these
trims which provides a new advantage, if a +2% max
tolerance is adequate. You may snip out R4, or link L1, or
both, to accommodate the worst case tolerance, but in
most cases, the output will be within spec without doing
any trim work at ail. This takes advantage of the fact that
most +1% resistors are well within + %%, and most
LM337’s output voltage tolerances are between — 2%
and + 1%2%, to cut the average trim labor to a minimum.
Note that L1 could be made up of a 27Q +10% resistor
which may be easier to handle than a piece of wire.

In theory, a 10% total tolerance can be reduced by a fac-
tor of (2" —1) when n binary-weighted trims are used. In
practice, the factor would be (1.8"~1) if +10% trim
resistors are used, or (1.9" — 1) if +5% resistors are used.
For n=2, a 10% tolerance can be cut to 3.8% p-p or
+1.9%. For n =3, the spread will be 1.7% p-p or +0.85%,
and most units will be inside *0.5%, perfectly adequate
for many regulator applications.

National Semiconductor manufactures severai families
of adjustable regulators including LM117, LM150, LM138,
LM117HV, LM137, and LM137HV, with output capabilities
from 0.5A to 5A and from 1.2V to 57V. For complete
specifications and characteristics, refer to the
appropriate data sheet.

I

R3
» 75 +5%

O AAA
A4

>
S
St

>
1’m <

A4
pSI RIS S L)

ADJ -

ouT e
LM337 Vout = -14.0V 2%

IIN p—t
TANTALUM
-V =-22V I

If [VouTl is smaller than 13.75V, snip L1 and it will get bigger by 6%.
Then if VoyTl is bigger than 14.20V, snip R4 and it will get smaller by 3%.

FIGURE 5. Circuit Which Usually Needs No Trim
to Get Voyr Within +2% Tolerance
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7.4.2 Applications for an Adjustable IC Power
Regulator

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 700% burn-in of all parts., The table below
summarizes the typical performance of the LM117.

TABLE I.
Output Volitage Range 1.25V—-40V
Line Regulation 0.01%/V
Load Regulation I_ = 1.5A 0.1%
Reference Voltage 1.25V
Adjustment Pin Current 50 uA
Minimum Load Current (Quiescent Current) 3.5mA
Temperature Stability 0.01%/°C
Current Limit 2.2A
Ripple Rejection 80dB

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 temg-
erature range, the current limit only shifts about 10%.

INPUT D *

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.

BASIC OPERATION

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.

50 A ‘
la

1.2v

500

PROTECTION
CIRCUITS e

ADJUSTMENT

FIGURE 1. Functional Schematic of the LM117
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A 1.2V reference voltage appears inserted between the
non-inverting input of the op amp and the adjustment
terminal. About 50 uA 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 volitage
is given by:

R2
VouTt =12V x (1 + ﬁ) + 50 uA R2

The 50 uA 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,

V)N e— Vout

D1
1N4002

FIGURE 2. Basic Voltage Regulator

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.

APPLICATIONS

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 LM 117 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 182 dynamic impedance and can
operate over a range of 0.5 mA to 15 mA with virtually
no change in performance.

LM117

VN e—

Vout

Vin
A

VReF = .95V

D1
m29

FIGURE 3. Regulator and Voltage Reference
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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 pult 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 uA
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€ resistor,

tM117
Vin=—{Vin _VouT|—¢ 15V
ADJ
SRI
>
<
S
a1
2N2222
Sk 2,\ 7
<
30 \
§
me/ 10v
'\ A+ A
s 2N2222 2
<RI - 7
S5m0
m107 S &—sv
® 1 + 4
>
< R4
<:5no
FIGURE 4. Regul with Muttiple Outp
_ 128V
ouT R1
i 10mA < lgyT < 1.5A
FIGURE 5. 2-Terminal Current Regulator
LM117 R1 LM117
. Vout
Vin 1.2V T0 25V
SR3 D2
S0 1NG002
CURRENT <
ADJUST 1
a1
Ipgs > 15 mA -1t <E/n4
0.F S 3k
s A
- V-
-1V
FIGURE 6. Adj ble Regul; . C Voltage/C Current, 10 mA to 1.2A
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while R2 sets the current limit point. When the wiper of
R2 is connected, the 12 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 182 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 LM117 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 LM113 diode. Both current regulators need a negative
supply to operate down to ground.

LM117

Vin —{ Vi

Vaur|
ADJ

Figure 8 shows a 2-wire current transmitter with 10 mA
to 50 mA output current for a 1V input. An LM117 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 25Q
resistor, this gives a 40 mA current change for a 1V
input. This circuit can be used in 4 mA to 20 mA
applications, but the LM117 must be selected for low
quiescent current. Minimum operating voitage is about
12v.
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7.4.3 3-Terminal Regulator is Adjustable

Until now, all of the 3-terminal power IC 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 LM117, it is possible
to use a single regulator for any output voltage from
1.2V to 37V at 1.BA. 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.

ADJUSTABLE REGULATOR CIRCUIT

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.

Vin
50 4A la
QUIESCENT
CURRENT
3
12v] opamp I :
P <
l‘u < 500
PROTECTION |
ciRcuTs
>
o2
1’ i
ADJUSTMENT oUTPUT

FIGURE 1. Functional Schematic of the LM117

A 1.2V reference voltage appears inserted between the
non-inverting input of the op amp and the adjustment
terminal. About 50 uA 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:

2
VouT =12V {1+ AT + 50 uA R2

The 50 uA 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 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.

D1*
1N4002

+

c3
1uft

*Solid tantalum
*Discharges C1 if output is shorted to ground

FIGURE 2. Adjustable Regulator with Improved Ripple Rejection
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OVERLOAD PROTECTION CIRCUITRY

An important advancement in the LM117 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 as the LM309 or LM7800
regulators use the turn-on of an emitter-base junction
of a transistor to set the current limit. This causes current
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 LM117 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 LM117 to an LM340 regu!ator.

35 —r—r—T—r—r—7—
== POSITIVE REGULATOR
3 | e— LT”.’ p—
|
= T 4T =-55°C
c ¥ \'\
z
< 2 >,
« AT S . = 95°
g NN
e\ = T
y \|
ANIIENANN
H “f\ S.INY
08 r—tso:c\ N
' A VI S N
0 1 20 30 40

INPUT-OUTPUT DIFFERENTIAL {V}

FIGURE 3. Comparison of LM117 Current Limit
with Older Positive Regulator

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 LM117 has a new
design that is operative down to about 2V. Further, the
thermal limit and current limit circuitry in the LM117
are functional, even if the adjustment terminal should
be accidentally disconnected.

OPERATING THE LM117

The basic regulator connection for the LM117, as shown
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 uF bypass capacitor, 80 dB ripple rejection is
obtainable at any output level. increases over 10 uF do
not appreciably improve the ripple rejection at 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 LM117 and damaging the device.

Although the LM117 is stable with no output capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs with
values between 500 pF and 5000 pF. A 1 uF solid tanta-
lum (or 25 uF 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 uF 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 LM117, 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 uF 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 LM117 is a 5082 resistor which limits
the peak discharge current. No protection is needed for
output voltages of 25V and less than 10 uF capacitance.
Figure 4 shows an LM117 with protection diodes
inctuded for use with outputs greater than 25V and high
values of output capacitance.

0
1N4002

Vin

R
VouT =1.25V (1 +Fﬁ) + R2°1apy

D1 protects against C1 (input shorts)
D2 protects against C2 (output shorts)
FIGURE 4. Regulator with Protection Diodes

A C: Di
Vg P o

Some care should be taken in making connection to the
LM117 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
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resistor R1. The ground of R2 can be returned near the
ground of the load to provide remote sensing and improve
load regulation.

APPLICATIONS

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 Q1 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.

LM317
ViN 2 3V ViN _ Vour + -0
ADJ
<
> Rt
St 182002
hd ouTPUT
10 pF wlm
VTS 0-30v
+ :(4
e <
10 F /1, R2
< %
I ~
= S
LM329¢ S 560
400
-12v TO -18V

FIGURE 5. General Purpose 0—30V Power Supply
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This can cause operating speed differences in digital
circuitry, interfacing problems or decrease noise margins.

Figure 7 shows a method of adjusting muitiple 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 uA 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

w7
ViN V=35V Vour
5V
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>
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-~ 0.1uF
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*Min output = 1.2V

FIGURE 6. 5V Logic Regulator with Electronic Shutdown*

1N4002

I=AAA
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*All outputs within 100 mV
tMinimum load—10 mA

FIGURE 7. Adjusting Multiple On-Card Regul. with Single Control*
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FIGURE 9. Low Cost 3A Switching Regulator

switch ON or OFF. 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 Q1.

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
10082 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 LM117. 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 LM117 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 71. 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 LM117. 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
aliow 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 LM301A op
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FIGURE 10. 4A Switching Regulator with Overload Protection
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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 Q1 then lights the LED as a visual indication
of full charge.

The LM117 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.

CONCLUSIONS

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.
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FIGURE 12. AC Voitage Regulator
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7.5 VOLTAGE REGULATORS IN AUTOMOTIVE APPLICATIONS

Most of you have designed and built, at one time or
another, a circuit of some sort to go in your car. Maybe
it was a timer to turn off your headlights, or a buzzer to
remind you to release your handbrake, or a voltage
regulator to adapt a stereo system from 6 volts to 12
volts, or whatever.

When you had it all wired up and checked out, and you
connected the circuit to the battery of your car, parked
in the driveway, it worked fine. But when you started to
drive off with your new circuit, did it keep running
correctly? Sometimes it didn’t!

Why?

A 12 volt battery by itself is a very nice well-behaved
power supply. But when your engine is running, and the
alternator is trying to charge the battery, all hell breaks
loose!

1. There normally are 1-to-10 volt P-P transients on the
12 volt power-supply which will not usually harm or
damage semiconductor circuits, but which can
cause severe noise and instability problems, and
false-triggering of sensitive circuits such as
resettable flip-flops, multivibrators, and high-gain
amplifiers. You have to add good filtering and
decoupling to the power-supply leads to knock down
this problem, as we will discuss below.

2. The automobile is not a very favorable overall envi-
ronment. Even when you have a circuit completely
isolated from the car, ignition noise and CB radio
transmissions and miscellaneous transients can
cause interference with sensitive circuits (such as
the types mentioned above). To avoid electrostatic
interference, it is normally advisable to enclose
sophisticated or “‘delicate” circuits in a metal box,
which provides electrostatic shielding.

3. In addition to the 1-to-10 volt transients mentioned in
1, there are severe transients on the 12 volt supply at
various times. These are especially likely to occur
when a battery is temporarily disconnected, or, when
the battery terminals become corroded. These
transients, known in the industry as “load dump”,
can be as large as +60 to 80 volts, for a few hundred
milliseconds. Another severe transient, which
usually occurs when the ignition is turned off, can go
to —50 volts for 100 milliseconds. This is known as
“field decay”, as the excitation in the aiternator dies
away.

Other transients which can occur at any time can be
as big as 200 to 400 voits for a few microseconds,
and these transients can go positive, or negative, or
both (ac). Needless to say, no ordinary solid-state
circuits can survive this kind of transient without
protection. For example, the popular CMOS
circuits,which are ideal for low-power designs, can
be destroyed by supply voltages larger than +15V or
-1 volt.

Let’s discuss some protection principles and
philosophies. First, let's think about the degree of
confidence required . . ..

1. What kind of protection would you provide for your
car radio? If it stops working, you'll have to ride home
in silence . . ..

2. What kind of protection would you provide for a
design of an experimental electronic ignition system
for your car? If it doesn’t work, how far would you
have to walk?

3. What kind of protection would you design in if you
are building 10,000 radar detectors? Who'’s going to
pay for warrantee repairs, if any?

4. What kind of protection would you design for a
computerized ignition computer for 3 million cars?
How will you be sure to avoid a million disgruntled
customers and lawsuits if cars quit because of
electrical problems.?

Needless to say, the consequences of each level of
confidence can be extremely different, and extremely
serious. In this article, we will comment mostly on the
protection and design approaches for levels 1, 2 and 3.
(While these approaches may be perfectly applicable to
level 4, they would require thousands of man-hours of
testing, and millions of dollars, to achieve full
confidence.)

Now, lets discuss several circuit approaches for
protecting a circuit.

The first is simple decoupling and bypassing. There are
many low-power circuits which will run reliably and well
in a car if you simply add a large R-C filter in the supply
line. As the cost of 2000uF is very reasonable, Figure 1
is a good basic scheme. All the positive and negative
transients mentioned above will be heavily quashed by
the simple 100Q, 2000uF filter. For Ilow-power
applications, Figure 1 will provide adequate protection
at “level 1. But Figure 2 is better, and it costs only a bit
more — only a few dimes more.
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FIGURE 1. Basic Decoupling for Low-Power Application
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In Figure 2, the diode CR1 will provide full tolerance of
negative transients on the 12-volt bus; and positive
transients will cause less ripple, too. Also, this diode
will prevent any harm in case you connect your supply
wires backwards, or in case the car battery is reversed.
For ten cents’ worth of precaution, it’s the best
insurance you can buy!

The zener diode CR2 also helps to clamp the “10-volt
bus” and prevent it from rising too high. If you use a
27-volt zener, this circuit will be highly resistant to any
short-term 60-volt transients on the input. It will also
withstand the use of a 24-volt battery which some
mechanics use for emergency starting.

If you want to use a 12-volt zener to limit the output to
less than 15 volts, you will have to use a higher value of
resistance for R1, because during fault conditions,
most of the current will then go into CR2 rather than C1.
If an even lower value of R1 is needed, to permit a larger
output current to be drawn, a higher-power zener diode
should be used. See Table I. In normal operation, a low-
power zener will never get warm, but it can be destroyed
by a load-dump transient if R1 is too low. Thus for good
reliability, the resistor values of Table | should not be
decreased further.

In some applications Metal-Oxide Varistors (MOV's) are
recommended as a voltage limiter with capabilities
similar to a zener diode. They have the advantage that,
as a bulk material, they can dissipate a considerably
larger power pulse than a zener diode, and at a lower
price. Unfortunately, most MOV’s are high voltage
devices and are unsuitable for the low voltages (12 to 30
volts) of automotive usage, and we cannot recommend
them here.

Table 1. List of Zener Diodes and Component
Values for Figure B

CR1 Represen- | List Price (in R1 Rated
Voltage & tative 100’s gty.) | Resis- | Output
Wattage |JEDEC Type (1979) tance | Current
12V, 2 W 1N759 or
1ND63 $.31 300Q 8mA
27V, V2 W 1N971A or
1N5254 .31 150Q 15mA
12V, 1w 1N4742 .50 150Q 15mA
27V, W 1N4750 .50 75Q 30mA
12V, 5W 1N5349A $1.20 27Q 75mA
27V, 5w IN5361A 1.20 15Q 150mA
12V, 50W | 1N2810A or
27V, 50W | 1N3311A 5.75 159 | (154
Motorola
25V, 75W MR2525 $2.60 19 (2A)

The use of a 27-volt zener presumes your circuit can
tolerate a +30 volt supply. What if your circuit includes
CMOS which is rated for 16 volts absolute maximum?

You might be able to partition your circuit. If the high-
current part can tolerate +27 volts briefly, and the
CMOS is, of course, drawing only a small current drain,
then the circuit in Figure 3 will do nicely. The path to the
CMOS circuitry is doubly protected. Note that a fuse
has been added to this circuit. The resistor will normally
prevent the fuse from blowing, but the fuse is intended
to open up in case of a severe overload, such as
repetitive 60-volt pulses, or a short on the 10-volt bus.
Should you use a fast-blow or a slow-blow fuse? The
latter will be more suitable for critical systems where
you really don’t want the fuse to blow. An instrument-
type fuse can open up quickly and provide better
protection to delicate circuits. The choice of fuse type
is likely to depend on the ‘‘level of confidence” you are
planning for.

Another good way to run CMOS along with medium-
power circuits is shown in Figure 4. These days, a three-
terminal regulator that can put out 0.2 or 0.5 amperes

CR1 i
IN4DO4 %A SLOW BLOW T0 MEDIUM
+12v —a R;"’" S . powER
oW CIRCUITS
150 T0 CMOS
i ¢ CIRCUITS
1000,
3
. - 1N963A

15

FIGURE 3. Decoupling for CMOS and Other Circuits
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costs much less than a dollar — and can easily cost
less than a 1-watt zener. The 5-volt bus in Figure 4 will
be much less noisy than any of the protected but un-
regulated voltages above, for a very reasonable price.
Most 5-volt regulators are rated to 25 or 30 volts input,
and transients on the ““10 volt bus” will be rejected by
60dB or more.

The circuit in Figure 5 represents an ultimate in
protection and reliability. It incorporates a lot of
moderately-priced features, and while you may not want
to use all of them, you may pick and choose . . . .

In the case of a 60-volt load-dump, the voltage on the
10-volt bus will not rise above 40 volts because the
inductor L1 ($2 or less) will prevent the current from
rising for 10 or 20 milliseconds. A large 5,000uF
capacitor costs only a couple dollars, and prevents the
brief 5 ampere pulse through L1 from pulling the 10-volt
bus to an excessive level. A circuit-breaker provides
instant reset — (no searching for spare fuses) and the

LM2930 provides a 5.0 volt regulated output for critica!
circuits, while it survives transients as large as +40
volts. And as the LM2930 was especially designed for
automotive uses, it will not be damaged by —12 volts on
its input bus. Thus in this particular case, a diode is not
needed in the power path (presuming that the medium
power circuits can tolerate fault reversal of supplies).
(Other National 3-terminal regulators such as LM317HV
will tolerate as high as +66 volts input with a well-
regulated 6-volt output.)

How do we insure that a circuit is really protected against
these automotive transients? When your breadboard or
prototype is running okay, connect it as shown, in the circuit
of Figure 6, and throw S1, for several “transients” at each
voltage. When you see the circuit keeps on running, even
during and after these tests, you’ll know that the protection
circuit is really doing its job! That’s the way to attain the
reliable operation that is being designed into the electronic
systems of the 1981%. and 19822 cars!

R1 T0 MEDIUM
12V 750 cml POWER CIRCUITS
> 15.0VDC
NOMINAL  OPTIONAL N REGULATED
FUSE HERE wr y T0
CR2 ) LM342P5.0 CMOS
21V + 4+ ETC
1N4750 L ¢c1 GN c2
W _Twun,m 10uF T_
FIGURE 4. Decoupling and Regulation
_ CIRCUIT BREAKER
112V Mamy 1 1 [ 1 T0 1 AMPERE
NOMINAL p—> T0 MEDIUM —
LU | [ _1aw | N POWER CIRCUITS
c1 1+ LM2930P |OUT +5V REGULATED
5000,F T~ 5.0 >
25V N c2 |+ T0 CMOS
o w,F [~ O Mﬂ’s, ETC.
= 777
FIGURE 5. Full-Feature D pling and Regulati




1008

|_ - 10W
TRANSIENT
TEST | GENERATOR
VOLTAGE | st
(ADJUSTABLE
oc suppLY) | ¢l
L See Table I
29 +12V
1
Jow NOMINAL L |_ |
yvy I
| |
* | Pnogscnog |
4 DECOUPLING, | TO CIRCUITS
{— _ll +l | : neeumons : ETC.
+15Vpe 29
LAB SUPPLY | | T 1000 10w |
[ :

1*

vi C1

+60 to +80V 2,000 TO 10,000,F 100V
-50v 1,000 70 5,000 60V

+200V 1.0 400V
-200V 1.0 400V
+400V 01y 600V
—400V 0.1 600V

|
|
:L____J >

CAUTION — OBSERVE CORRECT POLARITY & VOLTAGE RATINGS ON C1

FIGURE 6. Transient Generator and Tester
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8.0 POWER SUPPLY DESIGN

8.1 SCOPE

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.

FILTERS

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. 1t 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.

RECTIFIER CIRCUIT
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)

by Ed Polen
Signal Transformer, Inc.

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 % 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.

OTHER FACTORS

Full-Wave Center-Tap Full-Wave Bridge

Uses full secondary
winding continuously

Uses % of secondary
winding at a time

No center-tap required
Uses 4 diodes

Requires center-tap
Uses 2 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 supplies.
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Dual Complementary Rectifier

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.”

VRECT

ANN-
VRIPPLE

>
3”’
>
o

Full Wave Center Tap

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. VReeT is about 1.25 volts DC.
3. VRippLE is about 10% Vp¢ peak.

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

_Vout * VReG * VRecT * VRippLE) . Vnom o

Vac
0.92 ViowLine V2

where: 0.92 = rectifier efficiency (typical)

Vnom _ the ratio of the nominal AC line voltage
ViowLiNe t© the required low line conditions

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

Vour=5V VReeTr =125V

VReg =3V VRippLE = 0.5(1V p-p)

VAc=g'jx E><L= 9.07V AC
092 95 /2

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

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

VRECT =2x1.25=25V
As aresult V oc will be reformulated as:

Vac= x5, 1 _q023vac

= x T x—

092 95 /2
So that the transformer secondary voltage now becomes
about 10V,

TRANSFORMER SECONDARY CURRENT

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
Rectifier Type Filter Type* Secondary Current
Rating
Fuli-Wave Center-Tap  Choke Input 0.7 x DC Current

Full-Wave Center-Tap Capacitor Input 1.2 x DC Current

Full-Wave Bridge Choke Input DC Current

Full-Wave Bridge Capacitor Input 1.8 x DC Current

*Even though we have dropped choke input filters from this
discussion, they are included for reference.

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

for FWCT 1.2x2=24A

for bridge 1.8x2=3.6A

The total transformer specification would then be:

Circuit
FWCT
bridge

Secondary Rating
18V CT @ 2.4A RMS =43.2VA
10V @36ARMS=36VA




DUAL COMPLEMENTARY SUPPLY

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

Vouyrt =15 Vaeer = 1.25

VReg =3 VRippLE = 0.75 (=~ 1.5V p-p)
(156+3+1.25+0.75) 115 1

Vacm—m " =~ x —x

—=186V
0.92 95 2

Iac = 1.8 x 100mA = 180 mA RMS

So that the transformer secondary rating is 37V CT @
180 mA 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 5V supply, for instance, the
following would happen:

130
Vac= —x9=123V
AC 95
In the dual complementary =15V supply:
130
Vac= —x 186 = 265V
AC 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

LOAD REGULATION

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 (Vac) will
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 (< 10VA) have a load
regulation of 20% 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¢ (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 (low VA rating) size is determined
by the maximum permissible 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.

TEMPERATURE RISE

In power transformers over 25VA, 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.

SHIELDING

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
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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.

SUMMARY

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.

FOOTNOTES
1. Reuben Lee, Electronic Transformers & Circuits, 1947,
John Wiley & Sons

EE Staff — MIT, Magnetic Circuits & Transformers, 1943,
John Wiley & Sons

0. H. Schade, Proc. IRE, vol 31, p. 356, 1943

8.2 CAPACITOR SELECTION

For low current supplies {lgyT < 1A) capacitor selection
is relatively straightforward. Capacitance is found by the
simple formula:

|
Cc=-t x6x 103
av

where: ||_= DC load current
AV = peak-to-peak ripple voltage
ripple frequency = 120 Hz

This yields 2000uF/amp for 3V p-p 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 consuited (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 | =3A, AV =4V p-p, Vpc =12V

_8x10%)(3A)
av

c = 4,500 uF

Manufacturer’s rating on a 4,600uF/20V capacitor
@ Tp = 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!

8.3 DIODE SELECTION

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 puises. 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 /east 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.
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A1 DEFINITION OF TERMS

L, LINE REGULATION = The change in output
voltage for a change in the input voitage. 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.

Ly, 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
regulators).

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 Vg = 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 life-test conditions after 1000 hours
with maximum rated voltage and junction tempera-
ture. .

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

6 ¢ = Thermal resistance, junction to case.
044 = Thermal resistance, junction to ambient.
fca = Thermal resistance, case to ambient.
6cs = Thermal resistance, case to heat sink.
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A2 ORDERING INFORMATION AND PHYSICAL DIMENSIONS

Voltage regulator part numbers include package type Not all regulator basic part numbers are available in all
and voltage designations. Some also include the letter variations of temperature range, case style, or output
A to indicate respectively improved. Part number voltage. See Figure 1.2, Table 2.1, or individual data
designation is as follows: sheets.
K - 12
Linear Monolithic Temperature Range  Basic Part No. On certain units only Case Style Nominal Output Voltage (V)
1 5510 125°C = improved accuracy Metal can 5
. 2 -251085°C No it standard sccuraey K STEEL T0O-3 steel 12
“ 3 0t070°C K TO-3 steel 15
KC TO-3 aluminum
N Moded DIP
P Plastic power TO-202
T Plastic power TO-220
b4 TO-92 plastic

(see physical dimensions)

A few regulators use a somewhat different designation

as follows:
LM 78L 05 AC Z
—
Linear Monolithic Basic Part No. Nominal Output Voltage (V) AC Improved Accuracy Case Style
5 C Standard Accuracy H  Metal Can
12 K  TO-3 Steel
15 Z  TO-92 Plastic

KC TO0-3 Aluminum
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PHYSICAL DIMENSIONS — PACKAGE OUTLINES
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PHYSICAL DIMENSIONS — PACKAGE OUTLINES

(All Dimensions in Inches and Millimeters)
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A3

A3.1 Basic Regulator Operation

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

— T ViN
SERIES PASS
CURRENT CURRENT TRANSISTOR
| v SOURCE ‘
SAFE ] vout
AREA
—_ - R
THERMAL
SHUTDOWN

ERRQOR
AMP

FIGURE A3.1. Basic Regulator

VREF is a temperature-stabilized voltage developed from
a zener or AVgg circuit as discussed below. The error
amplifier compares VgRgg with a fraction of the output
voltage determined by the feedback ratio of
Ro/(Ry + Rg), 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.

A3.2 The Voitage References

There are two types of references which are commonly
used in the regulators. The first, known as a “‘band-gap”’
or AVgg 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, AVgg, at the
emitter of Qp:
KT
AVgg = q In i

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

R
VREerF = ¢3 +R—fAVBE

If the gain Ro/Rq is properly chosen, the negative TC of
¢3 can be made to cancel the positive TC of AVgg
producing nearly zero temperature drift.

INTERNAL CIRCUIT FEATURES ¥

° R2
VREF=¢3+—5~ AVBE

FIGURE A3.2. Simplified Schematic of Band Gap Reference

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 Vgg's are very stable and insensitive to surface
effects. Disadvantages include: (1) it is more difficult to
accurately control initial voltage tolerance since Vgg
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-
term 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).

SUBSURFACE
BREAKDOWN

"7///'/////////’

7z /,
N4

P+ IMPLANT

Hpf-o

FIGURE A3.3. Zener {avalanche) Reference Employing lon
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 A), 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 - Vour less than the 6 V breakdown of zener
diode Dy (Figure A3.4), there is no current in Ry and
only base current in R4. Therefore the base-emitter
voltage on the current limit transistor Q; essentially
equals the voltage developed across curreft limit sense
resistor Rg . As the regulator output current increases
the voltage across Rcp and the base-emitter of Q,
increases until Qy turns on, preventing additional base
drive from reaching the series pass transistor Qq and
thereby limiting the output current.

VIN
CURRENT ]
SOURCE
A3
1 SERIES
Q1 pass
CURRENT TRANSISTOR
LimIT Q2
TRANSISTOR
RcL
OVour

THERMAL
zuv-k/z; SHUTDOWN
TRANSISTOR

FIGURE A3.4. Basic Regulator with Protection Circuit

Safe Area Protection

With Vi - Vouyr greater than the breakdown voltage
of Dj, current proportional to Vg - Vourt flows
through D1, R3, and R4 to the output. This causes the
base-emitter voltage of Q5 to be greater than the voltage
drop across Rcy. Therefore Qy turns on at lower output
currents through Rg and the current limit point of the
regulator is reduced. The rate of reduction of current

limit with increase in Vyy - Vour is equal to
Alcy Ra
A(VIN Vo) R3RCL

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 ViN - Vour.

- Tj=25°C
=
IU
@
£ current/ _a— SAFE AREA
e LMt \
g
H] /
x =125°C
<
H

0

wn Vout (V)

FIGURE A3.5. Peak Output Current Graph

Thermal Shutdown

The thermal shutdown transistor, Q3 (Figure A3.4), is
physically located next to Qq, the major heat source on
the die. The base of Qg 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 Qj 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.
Details of this response are effected by the load




Vout _r—
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FIGURE A3.6. Thermal and Electronic Effects on Output
[} d for a Rep! ive R i

capacitor used and by internal wirebond resistance
in the regulator. Wirebond resistance ranges from
approximately 150 milliohms in the 100 mA
T0-92 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.

[

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 which results

UNIFORM HEATING

d

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 visualized as being
coupled thermally by a distributed RC transmission
line. This line is, of course, the electrical analog
of a thermal line, with temperature replacing
voltage, thermal resistances replacing 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.

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.

DIE
TEMP.

| SURFACE
WAVE

FIGURE A3.7{a). Plot of Die Temperature vs Distance (x) Along Die After Power Transistor is Turned On.
(b). Simplified thermal model of IC power regulator mounted to metal header.




A4  TEST CIRCUITS

Figure A4.1 illustrates a circuit for testing line and
load regulation, I 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 Rg. The test method is summarized in
Table A4.1.

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.

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 LM101As 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.

The test method is summarized in Table A4.2.

During any kind of measurement the regulator should be
lightly preloaded as already shown [Rp = 0.2 Vourt
(k§2)].

Load and line regulation of a dual tracking regulator can
be tested in the circuit of Figure A4.3.
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FIGURE AA4.1. Test Circuit for Three Terminal Positive Regulators

ll:

TABLE A4.1.
SWITCH POSITIONS

TEST So S3 Sa S5 Se l;/lteasc:.ur:';g‘\::g?
Load Regulation {pulsed mode) LOAD PULSE DC ON CLOSED B2
Line Regulation {(DC load ON) LINE DC PULSE ON CLOSED B2
Quiescent current, lg LOAD DC bc ON OPEN Bs
lq change: 1) with load LOAD PULSE bC ON OPEN Bsg

2) with line LINE DC PULSE ON OPEN Bs
Output Voltage LOAD DC DC ON CLOSED Ba




15V

.? LINE REG.

LOAD

1K 1% 5V
O
50pF

VWA~
L 50K
5 1% %
S 100K

AA

$2

J% CLOSE TO TEST LINE REGULATION

v .
KELVIN CONTACTS

FIGURE A4.2. LM320 Test Circuit

ADJUST PULSE AMPLITUDE FOR THE DESIRED

DROP ACROSS Ry

four] : SV-15V,vc: 18V
IV ﬂ 18v 1By

2y

TABLE A4.2
TEST Qs s s2 ot Connesior
Load Regulation ON-OFF a open B4
Line Regulation OFF b open-close By
Quiescent current, lq OFF a open Vo
lq change: 1) with load ON-OFF a open Vo

2) with line OFF b open-closed Vo
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Figure A4.3. Line and Load Regulation Test Circuit for the Dual Tracking Regulators

TABLE A4.3.

TEST Sq So Measure
Line regulation DC PULSE * Vout
Load regulation PULSE DC * VouT

A5 RELIABILITY

IMPROVING POWER SUPPLY RELIABILITY
AN182 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 example: an IC device operating steady state at T = 125°C for
500 hours will experience approximately the same failure rate as if operated at T = 70°C for 72,500 hours. The acceleration
factor from 70°C to 125°C (T;) would be 145. From 126°C to 150°C (T;) 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.




A6

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.

SHORT CIRCUITS CAN OVERLOAD THE INPUT

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%/°C 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.

IMPROVING POWER SUPPLY RELIABILITY WITH IC POWER REGULATORS

Newer regulators have improved current limiting cir-
cuitry. Devices like the LM117 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 5 to 102 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 causes no 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 LM117 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,
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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 25 uF.

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

35 ——r—— T
== POSITIVE REGULATOR
3 | — LM117, LMI20 —
|
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FIGURE 1. Comparison of LM117 Current
Limit with Older Regulators
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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 102 to 5002 in the ground lead to limit
the current.

LOW OPERATING TEMPERATURE INCREASES LIFE

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.

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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FIGURE 2. Positive Regulator with Diode
Protection Against Transient Capacitor Discharge
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Part #

RC4194TK
RM4194TK
RC4194D
RM4194D
RC4195TK
RM4195TK
RC4195T
RM4195T
RC4195DN

LM104H
LM204H
LM304H
LM104F
LM105H
LM205H
LM305H
LM105AH
LM205AH
LM305AH
LM105F
LM105AF
LM109K
LM209K
LM309K
LM109H
LM209H
LM309H

RM723T
RC723T
RM723D
RC723D
RC723DP

MC7805CT
MC7806CT
MC7808CT
MC7812CT
MC7815CT
MC7818CT
MC7824CT

MC7805CK
MC7806CK
MC7808CK
MC7812CK
MC7816CK
MC7818CK
MC7824CK

MC78L0O5CP
MC78L0SACP
MC78L0O6CP
MC78LO6ACP
MC78L08CP
MC78LO08ACP
MC78L12CP
MC78L12ACP
MC78L15CP
MC78L15ACP
MC78L18CP
MC78L18ACP
MC78L24CP
MC78L24ACP
***Not Pin for Pin

A7 VOLTAGE REGULATOR CROSS REFERENCE GUIDE

Package

TO-66
TO-66
TO-116 DIP
TO-116 DIP
TO-66
TO-66
TO-99
TO-99
TO-116 DIP

TO-78
TO-78
TO-78
TO-86
TO-78
TO-78
TO-78
TO-78
TO-78
TO-78
TO-86
TO-86
TO-3

TO-3

TO-3

TO-78
TO-78
TO-78

TO-78
TO-78
TO-116
TO-116
TO-116

TO-220
TO-220
TO-220
TO-220
TO-220
TO-220
TO-220

TO-3
TO-3
TO-3
TO-3
TO-3
TO-3
TO-3

TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92
TO-92

Voltage Temp.
RAYTHEON
Variable COM
Variable MiL
Variable COM
Variable MIL
115 COM
115 MIL
115 com
115 MIL
115 CoM
Variable MiL
Variable IND
Variable CcOoM
Variable MiL
Variable MIL
Variable IND
Variable COM
Variable MIL
Variable IND
Variable COM
Variable MIL
Variable MiIL
5V MiL
5V IND
5V COM
5V MiIL
5V IND
5V com
Variable MIL
Variable cOoM
Variable MIL
Variable COoM
Variable COM
MOTOROLA

5V COM
6V cCoM
8V CcOoM
12V com
15V COM.
18V COM
24V coMm
5V COM
6V CcOoM
8V coM
12v coMm
15V COoM
18V COM
24V COM
5V CcCOoM
5V COM
6V Ccom
6V CcOoM
:3Y comMm
8V coMm
12V COoM
12v COoM
15V COM
15V COM
18V COM
18V CcoM
24V COM
24V COM

Max. Current

250mA
250mA
1560mA
150mA
150mA
150mA
150mA
150mA
150mA

20mA
20mA
20mA
20mA
25mA
25mA
25mA
25mA
25mA
25mA
25mA
25mA
1.5A
1.5A
1.5A
0.5A
0.5A
0.5A

150mA
150mA
150mA
150mA
150mA

L RGE RO RO RO R
>>>>>>r>

>> >

1.6A
1.5A
1.5A
1.6A

0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.1A
0.TA

NSC Equiv.

LM325N*"*
LM125N"**
LM326H***
LM126H***
LM325N***

LM104H
LM204H
LM304H
LM104F
LM105H
LM205H
LM306H

LM305AH
LM105F

LM109K
LM209K
LM309K
LM109H
LM209H
LM309H

LM723H
LM723CH
LM723J
LM723CJ
LM723CN

LM7805CT
LM317T***
LM317T***
LM7812CT
LM7815CT
LM317T***
LM317T***

LM7805CK
LM317K STEEL**"
LM317K STEEL***
LM7812CK
LM7815CK
LM317K STEEL™™*
LM317K STEEL***

LM78LOSACZ
LM78LOSACZ
LM317H***
LM317H* ™"
LM317H***
LM317H*"**
LM78L12ACZ
LM78L12ACZ
LM78L15ACZ
LM78L15ACZ
LM317H*"**
LM317H***
LM317H***
LM317H***
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Part # Package
MC78M05CT TO-220
MC78M06CT TO-220
MC78M08CT TO-220
MC78M12CT TO-220
MC78M15CT TO-220
MC78M18CT TO-220
MC78M24CT TO-220
MC78M05CG TO-39
MC78M06CG TO-39
MC78M08CG TO-39
MC78M12CG TO-39
MC78M15CG TO-39
MC78M18CG TO-39
MC78M24CG TO-39
MC79M05CT TO-220
MC79M05.2CT TO-220
MC79M06 TO-220
MC79M08CT . TO-220
MC79M12CT TO-220
MC79M15CT TO-220
MC79M18CT TO-220
MC79M24CT TO-220
MC79L05ACP TO-92
MC79L12ACP TO-92
MC79L15ACP TO-92
MC79L18ACP TO-92
MC79L24ACP TO-92
MC79L05ACG TO-39
MC79L12ACG TO-39
MC79L15ACG TO-39
MC79L18ACG TO-39
MC79L24ACG TO-39
123 T0-3
223 T0-3
323 T0-3
117K T0-3
217K TO-3
317K T0-3
317T TO-220
117H TO-39
217H TO-39
317H T0-39
MC3420L DIP
MC3420P DIP
MC3520L. DIP
MC7902CT TO-220
MC7905CT TO-220
MC7905.2CT TO-220
MC7906CT TO-220
MC7908CT TO-220
MC7912CT TO-220
MC7915CT TO-220
MC7918CT TO-220
MC7924CT T0-220
MC7902CK T0-3
MC7905CK T0O-3
MC7906.2CK TO-3
MC7906CK T0-3
MC7908CK TO-3
MC7912CK T0-3
*Pin compatible TO-202 packag

**Lower output current — 100mA

Voltage

Temp.

MOTOROLA (cont.)

5V
6V

12v
15V
8V
24V

5V
6V
8V
12V
15V
18V
24V

-5V
-5.2V
-6V
-8V
-12Vv
-15V
-18V
-24V

-5V

-12v
-15V
-18V
-24V

-5V

-12Vv
-15V
-18V
-24V

5V

5V

5V
Adjustable
Adjustable
Adjustable
Adjustable
Adjustable
Adjustable
Adjustable

Switch Mode
Switch Mode
Switch Mode

-2V
-5V
-56.2Vv
-6V
-8V
-12v
-16V
-18V
~24V

-2V
-5V
-5.2v
-6V
-8V
-12v

COoM
COM
CoM
COM
comMm
CoM
coM

COM
COM
CcOM
COM
COM
COM
COM

COM
COM
CoM
COoM
com
CoM
COM
CoM

CoM
CoM
COoM
coMm
COM

COM
CoM
COM
COM
com

MIL
IND
COM
MiIL
IND
Ccom
com
MIL
IND
CoM

COM
COM
MIL

CcoM
COoM
COM
COoM
COM
COM
COM
com
COM

COM
COM
COM
COM
COM
coMm

Max. Current

0.5A
0.5A
0.5A
0.5A
0.5A
0.5A
0.5A

0.5A
0.5A
0.5A
0.5A
0.56A
0.5A
0.5A

0.5A
0.5A
0.5A
0.5A
0.5A
0.5A
0.5A
0.5A

0.1A
0.1A
0.1A
0.1A
0.1A

0.1A
0.1A
0.1A
0.1A
0.1A

3A

3A

3A

1.5A
1.5A
1.5A
1.5A
0.5A
0.5A
0.5A

1A
1A
1A
1A
1A
1A
1A
1A
1A

1A
1A
1A
1A
1A
1A

NSC Equiv.

LM78MO5CP*
LM317mp***
LM317MP***
LM78M12CP*
LM78M15CP*
LM317MP***
LM317MP***

LM340LAH-5.0**
LM317H***
LM317H***
LM340LAH-12**
LM340LAH-15**
LM317H***
LM317H***

LM79MO05CP*
LM337MpP***
LM337Mp***
LM337mp***
LM79M12CP*
LM79M15CP*
LM337MP***
LM337MpP***

LM79L05ACZ
LM79L12ACZ
LM79L15ACZ
LM337H*™*
LM337H***

LM320H-5.0
LM320H-12
LM320H15
LM337H***
LM337H***

LM123K STEEL
LM223K STEEL
LM323K STEEL
LM117K STEEL
LM217K STEEL
LM317K STEEL
LM317T
LM117H
LM217H
LM317H

LM3524J
LM3524N
LM3524J

LM337T7***
LM7905CT
LM337T7***
LM337T***
LM337T7***
LM7912CT
LM79156CT
LM337T7***
LM337T***

LM337K STEEL***
LM7905CK
LM337K STEEL***
LM337K STEEL***
LM337K STEEL***
LM7912CK
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Part # Package
MC7915CK TO-3
MC7918CK TO3
MC7924CK TO-3
MC1723L Cer. DIP
MC1723G TO-78
MC1723CL Cer. DIP
MC1723CG TO-78
MLM105G TO-78
MLM109K TO-3
MLM205G TO-78
MLM305G TO-78
MLM309K TO-3
MC1468R TO-3
MC1468G TO-78
MC1468L DIP
MC1568R TO-3
MC1568G TO-78
1M7LA TO-39
217LA TO-39
317LA TO-39
317KD TO-202
317KC TO-220
340KC-5 TO-220
340KC-6 TO-220
340KC-8 TO-220
340KC-10 TO-220
340KC-12 TO-220
340KC-15 TO-220
340KC-18 TO-220
340KC-24 TO-220
1524J DIP
2524} DIP
3524J/N DIP
TL494MJ DIP
TL4941) DiP
TL494CJ/N DIP
TL497AMJ DIP
TL497A1J DIP
TL497ACJ/N DIP
7805AACKC TO-220
7805KC TO-220
7806KC TO-220
7808KC TO-220
7885KC TO-220
7810KC TO-220
7812KC TO-220
7816KC TO-220
7818KC T0-220
7824KC TO-220
78LOSACLP TO-92
78LO6ACLP TO-92
78LOBACLP TO-92
78L10ACLP TO-92
78L12ACLP TO-92
78L15ACLP TO-92
78MOSMLA/CLA TO-39
78MO6MLA/CLA TO-39
78MOBMLA/CLA TO-39
*Pin compatible T0-202 packagt

**ower output current — 100mA
***Not pin for pin equivalent

Voltage Temp.
MOTOROLA (cont.)

-15V COoMm
-18V CcOoM
-24V coM
Variable MIL
Variable MIL
Variable COM
Variable COoM
Variable MIL
5V MiL
Variable MIL
Variable COM
5V [eo] ]
115V COM
116V COoM
115V COM
115V MiIL
115V MIL

Ti
Adjustable MIL
Adjustable IND
Adjustable com
Adjustable COM
Adjustable COM
5V COM
6V COM
8V CcOoM
v COoM
12v COoM
15V COoM
18V COM
24V coM
— Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
- Switch Mode
5V COoM
5V COM
6V COM
8V COMm
8.5V COM
10V COM
12V COM
15V COM
18V CcoM
24V com
5V com
6V coMm
8V com
10V COM
12v COM
15V coMm
5V MIL/COM
6V MiL/COM
8V MiL/COM

Max. Current

1A
1A
1A

150mA
150mA
150mA
150mA
20mA
1.5A
20mA
20mA
1.5A

100mA
100mA
100mA
100mA
100mA

0.5A
0.5A
0.5A
0.5A
1.5A
1.6A
1.6A
1.6A
1.5A
1.6A
1.6A
1.5A
1.6A

P g
>> PPPPPIPBBP

-

NSC Equiv.

LM7915CK
LM377K STEEL™**
LM337K STEEL***

LM723)
LM723H
LM723CJ
LM723CH
LM105H
LM109K
LM205H
LM305H
LM309K

LM325J"**
LM325H"**
LM325N***
LM325N*"*
LM325H"***

LM117H
LM217H
LM317H
LM317MP
LM317T
LM340T7-5.0
LM317T***
LM317T7***
LM317T***
LM340T-12
LM340T-15
LM317T***
LM317T***

LM1624J
LM2524J
LM3524J/N
LM1524J
LM2524J
LM35244/N
LM1524)
LM2524J
LM35244/N

LM340AT-5.0
LM7805CT
LM317T7***
LM3177***
LM317T7***
LM317T***
LM7812CT
LM7815CT
LM317T***
LM317T***

LM78L0O5ACZ
LM317H"*"*
LM317H***
LM317H***
LM78L12ACZ
LM78L15ACZ

LM140LAH /
LM340LAH-6.0""*
LM117H /
LM317H***
LM117H /
LM317H***
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Part # Package
78M12MLA/CLA TO-39
78M1SMLA/CLA T0-39
78M24MLA/CLA TO-39
78MO5CKC TO-220
78M06CKC TO-220
78M08CKC TO-220
78M12CKC TO-220
78M15CKC TO-220
78M24CKC TO-220
78M0O5CKD TO-202
78MO6CKD TO-202
78M0BCKD TO-202
78M12CKD TO-202
78M15CKD TO-202
78M24CKD TO-202
7905C TO-220
7952C TO-220
7906C TO-220
7908C TO-220
7912C TO-220
7915C TO-220
7918C TO-220
7924C TO-220
79MO5MLA/CLA TO-39
79MOB6MLA/CLA TO-39
79MO8SMLA/CLA TO-39
79M12MLA/CLA TO-39
79M15MLA/CLA TO-39
79M24MLA/CLA TO-39
79M05CKC TO-220
79MO06CKC TO-220
79M08CKC T0O-220
79M12CKC TO-220
79M15CKC TO-220
79M24CKC TO-220
79M05CKD TO-202
79M06CKD TO-202
79M08CKD TO-202
79M12CKD T0O-202
79M15CKD TO-202
79M24CKD TO-202
7805KM TO-3
7806KM TO-3
7808KM TO-3
7812KM TO-3
7815KM TO-3
7818KM T0-3
7824KM TO-3
78056KC TO-3 aluminum
7806KC TO-3 aluminum
7808KC TO-3 aluminum
7812KC TO-3 aluminum
7815KC TO-3 aluminum
*Pin ible TO-202

** | ower output current — 100mA
***Not pin for pin equivalent

Voltage

12v
15V
24V

5V
6V
8V
12v
15V
24V

-5V
-24V

5V
6V
8V
12v
15V
24v

5V
6V
8V
12v
15V
18V
24V

5V
6V
8V
12v
15V

Tt (cont.)

FAIRCHILD

Temp.

MIL/COM
MiL/COM
MIL/COM

COM
COM
COM
COoM
COM
CcoM

CoM
COoM
COoM
COM
COM
CcomMm

COM
CcoMm
COoM
CoM
COM
CoMm
COM
COoM

MIL/COM
MIL/COM
MIL/COM
MiIL/COM
MiL/COM
MIL/COM

CoM
COMm
COM
coMm
COM
Ccom

COoM
CoM
COoM
Ccom
COoM
CoM

MIL
MiIL
MIL
MIL
MIL
MIL
MIL

COM
CcoM
COM
coMm
Ccom

Max. Current

0.5A
0.5A
0.5A

0.5A
0.5A
0.5A
0.5A
0.5A
0.5A

0.5A
0.5A
0.5A
0.5A
0.5A
0.5A

1.6A
1.6A
1.6A
1.56A
1.6A
1.6A
1.5A
1.5A

0.5A
0.5A
0.5A
0.5A
0.5A
0.5A

T
SEFRREY

ooonn
>>r>

NSC Equiv.

LM140LAH /
LM340LAH-12**
LM140LAH /
LM340LAH-15

LM117H /
LM317H***

LM78MO5CP**
LM317MP***
LM317mpP***
LM78M12CP**
LM78M16CP**
LM317MP***

LM78MO5CP
LM317MP***
LM317MP***
LM78M12CP
LM78M15CP
LM317MP***

LM7905CT
LM3376***
LM3375***
LM3375***
LM7912CT
LM7916CT
LM3375™**
LM3375***

LM120H /
LM320H-5.0
LMI137H /
LM337H***
LM137H /
LM337H***
LM120H /
LM320H-12

LM120H /
LM320H-15

LMI137H /
LM337H***

LM79MO5CP**
LM337MP***
LM337MP***
LM79M12CP**
LM79M15CP**
LM337mMP*"*

LM79M05CP
LM337MpP***
LM337MpP***
LM79M12CP
LM79M15CP
LM337MP***

LM140K-5.0
LM117K STEEL***
LM117K STEEL™*"
LM140K-12
LM140K-15
LM117K STEEL"**

LM8795KC
LM317K STEEL***
LM317K STEEL***
LM7812KC
LM7815KC
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Part #

7818KC
7824KC

7805UC
7806UC
7808UC
7812UC
7815UC
7818UC
7824UC

78MO5HM
78MO6HM
78M08HM
78M12HM
78M156HM
78M18HM
78M24HM

78M0OSHC
78MO6HC
78M0O8HC
78M12HC
78M16HC
78M18HC
78M24HC

78M05UC
78M06UC
78M08UC
78M12UC
78M15UC
78M18UC
78M24UC

78LOSHC
78LO5WC
78LO5AHC
78LOSAWC
78L06WC
78LOBAWC
78L12HC
78L12WC
78L12AHC
78L12AWC
78L15HC
78L15WC
78L15AHC
78L15AWC

78C05UC
78C12UC
78C15UC

78MUC
79MUC
78GUIC
78GKC
79GUIC
79GKC

788

Package

TO-3 aluminum
TO-3 aluminum

TO-220
TO-220
TO-220
TO-220
TO-220
TO-220
TO-220

TO-39
TO-39
TO-39
TO-39
TO-39
TO-39
TO-39

TO-39
TO-39
TO-3¢
TO-39
TO-39
TO-39
TO-39

TO-220
TO-220
TO-220
TO-220
T0-220
TO-220
TO-220

TO-39
TO-92
TO-39
T0-92
TO-39
TO-92
TO-39
T0O-92
TO-39
T0O-92
TO-39
T0-92
TO-39
TO-92

TO-202
TO-202
TO-202

TO-202
TO-202
TO-202
TO-3
T0O-202
TO-3

TO-3

*Pin compatible TO-202 package
**Lower output current — 100mA
***Not pin for pin equivalent

Voltage

Temp.

FAIRCHILD (cont.)

18V
24V

5V
6V
8V
12v
15V
18V
24V

5V
6V

12v
15V
18V
24V

5V
6V
8V
12V
15V
18V
24V

5V
6V
8V
12V
15V
18V
24V

5V
5V
5V
5V
6V
6V
12V
12v
12V
12V
15V
15V
15V
15V

5V
12v
15V

Adjustable
Adjustable
Adjustable
Adjustable
Adjustable
Adjustable

Adjustable

CoM
com

CoM
CoM
CoM
CcoMm
COoM
com
COM

MIL
MIL
MiIL
MIL
MIL
MIL
MIL

COM
COM
COM
com
comMm
COM
CcoM

CcoM
com
CoM
CoM
com
COM
coMm

COM
CcoMm
coMm
CcoMm
COM
COoM
COoM
CcoM
COoM
COM
CoM
COM
CoM
CcoMm

COM
COoM
CoM

COM
COM
COM
com
coMm
com

com

Max. Current

1.5A
1.5A

1.6A
1.5A
1.6A
1.5A
1.56A
1.6A
1.6A

500mA
500mA
500mA
500mA
500mA
500mA
500mA

500mA
500mA
500mA
500mA
500mA
500mA
500mA

500mA
500mA
500mA
500mA
500mA
500mA
500mA

100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA
100mA

0.5A
0.5A
0.5A

0.5A
0.5A
1.6A
1.6A
1.6A
1.6A

1.6A

NSC Equiv.

LM317K STEEL***
LM317K STEEL***

LM7805CT
LM317T***
LM317T***
LM7812CT
LM7815CT
LM317T***
LM317T***

LM140LAH-5.0**
LM117H***
LM117H***
LM140LAH-12**
LM140LAH-15"*
LM117H***
LM117H***

LM340LAH-5.0"*
LM317H***
LM317H***
LM340LAH-12**
LM340LAH-15**
LM317H***
LM317H***

LM78M05CP*
LM317MP***
LM317MP***
LM78M12CP*
LM78M15CP*
LM317MP***
LM317MP***

LM78LOSACH
LM78L0O5ACZ
LM78LOSACH
LM78LOSACZ
LM317H***

LM317H***

LM78L12ACH
LM78L12ACZ
LM78L12ACH
LM78L12ACZ
LM78L16ACH
LM78L15ACZ
LM78L15ACH
LM78L15ACZ

LM341P-5.0"
LM341P-12"
LM341P-15*

LM317MP***
LM337MP***
Lm3177 "
LM317K***
LM337T7***
LM337K***

LM3524***
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Fixed or Adjustable Voltage Regulators

At National we see the trend moving toward the use of
more adjustable regulators and we are broadening the
adjustable line to satisfy this demand.

As you browse through this Voltage Regulator section
you will notice many changes. We've expanded the ad-
justable regulator line and many voltage options on fixed
regulators have been deleted.

The fixed voltage regulators, like the 7800 and 7900
series, resulted in customers having to stock and hold in
inventory quantities of each voltage in order to always
have on hand a specific device for a particular system.
This proved to be very costly especially when production
was stopped due to shortage of a particular voltage.

Adjustables combine versatility, performance, reliability
and are leading to increased popularity.

Versatility

B Satisfy output voltage requirements from 12V up to
47v

B Simplify inventory and purchasing since a single
device satisfies many voltage requirements

B Allows precision application

Performance

8 Improves system performance by having line and ioad
regulation a factor of 10 better

B Has improved overload protection thus allowing
greater output current over operating temperature
range

Reliability

B Improves system reliability with each device being
subjected to 100% thermal limit burn-in

As more and more applications use adjustable
regulators, we believe that they will become the most
popular regulators in the industry.
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National
Semiconductor

LM109/LM209/LM309 5-Volt Regulator

General Description

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

The regulators are essentially blowout 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 to 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.

Features

= Specified to be compatible, worst case, with TTL and
DTL

= Qutput current in excess of 1A
= Internal thermal overload protection

= No external components required

Schematic Diagram

,J INPUT
018
019
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Connection Diagrams
Metal Can Packages
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BOTTOM VIEW

40TTOM VIEW

Orcer Number LM109H, LM20SH
or LI

M309H LM309K STEEL or LM309K (Aluminum)
See Package HO3A

Ses Package K02A

Order Number LM109K STEEL, LM209K STEEL,

Typical Application

Fixed 5V Regulator

ouTrPLT
5V

INPUT

2. 1.0uF"

1.04F
SoLID SoLID
TANTALUM TANTALUM

4

*Regquired if regulator is located more than 4™
from power supply filter capacitor.

tAlthough no cutput capacitor is needed for stability,
it does improve transient response.
€2 should be used whenever long wires are used to
connect to the load, or when transient response
is critical.

NOTE: Pin 3 electrically connected to case.

Adjustable Output Regulator
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LM109/LM209/LM309

Absolute Maximum Ratings

Input Voltage
Power Dissipation

Operating Junction Temperature Range

3BV
Internally Limited

LM109 -55°C to +150°C
LM209 -25°C to +150°C
LM309 - 0°C to +126°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics
LM109/LM209 LM309
PARAMETER CONDITIONS MiN 1T VP T max TN T wvp T max ] UNITs
Output Voltage T;=25°C 4.7 5.05 5.3 48 5.05 5.2 v
Line Regulation T] =25°C, 4.0 50 4.0 50 mv
TV V< 28V
Load Regulation T;=25°C
TO-5 Package 5mA < gyt < 0.5A 15 50 15 50 mvV
TO-3 Package EmA < lgyy < 1.5A 15 100 15 100 mv
Output Voltage V<<V <25V, 4.6 5.4 4.75 5.25 \
5mMA < lgyt <€ Iyax
P < Ppmax
Quiescent Current 7V < V< 25V 5.2 10 5.2 10 mA
Quiescent Current Change | 7V < Vi < 25V 0.5 0.5 mA
5mA < gyt € Iyax 0.8 0.8 mA
Output Noise Voltage Ta=25°C 40 40 uw
10Hz < f < 100kHz
Long Term Stability 10 20 mv
Ripple Rejection Ti= 25°C 50 50 dB
Thermal Resistance, (Note 2)
Junction to Case
TO-5 Package 15 15 °C/W
TO-3 Package 25 25 ‘°C/W

Note 1: Unless otherwise specified, these specifications apply for -55°C < Tj < +150°C for the LM109, -25°C < Ti < +150°C for the LM209,
and 0°C < Tj<# 25°C for the LM309; Vi = 10V and IgyT = 0.1 A for the TO-5 package or loyT = 0.5 A for the TO-3 package. For the
TO-5 package, Imax = 0.2 A and Ppyax = 2.0W. For the TO-3 package, ipmax = 1.0A and PMAX = 20W.
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about 150° C/W, while that of the TO-3 package is approximately
35° C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink.

Typical Applications (cont‘d.)

,3'5, High Stability Regulator*

ouTPUY

& Rt

o
-/ 1N829
s2v

A

+
P Sarv

TN our

*Regulation better than 0.01%, load, line and temperature, can be obtained.
TDetermines zener current. May be adjusted to minimize thermal drift.

1Solid tantalum.

IIH

Current Regulator

ouTPUT

*Determines output current. If wirewound resistor
is used, bypass with 0.1 uF .
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Application Hints

a.

Bypass the input of the LM109 to ground with
> 0.2 uF ceramic or solid tantalum capacitor if main
filter capacitor is more than 4 inches away.

. Use steel package instead of aluminum if more than

5,000 thermal cycles are expected. (AT = 50°C)

. Avoid insertion of regulator into ‘“live’” socket if

input voltage is greater than 10V. The output will
rise to within 2V of the unregulated input if the
ground pin does not make contact, possibly damaging
the load. The LM109 may also be damaged if a large
output capacitor is charged up, then discharged
through the internal clamp zener when the ground
pin makes contact.

. The output clamp zener is designed to absorb tran-

sients only. It will not clamp the output effectively
if a failure occurs in the internal power transistor
structure. Zener dynamic impedance is =~ 4 §. Con-
tinuous RMS current into the zener should not
exceed 0.5 A.

Paralleling of LM109s for higher output current is
not recommended. Current sharing will be aimost
nonexistent, leading to a current limit mode operation
for devices with the highest initial output voltage.
The current limit devices may also heat up to the

Crowbar Overvoltage Protection

INPUT CROWBAR

thermal shutdown point (= 175°C). Long term
reliability cannot be guaranteed under these con-
ditions.

f. Preventing latchoff for loads connected to negative
voitage:

If the output of the LM108 is pulled negative by a high
current supply so that the output pin is more than 0.5V
negative with respect to the ground pin, the LM109 can
latch off. This can be prevented by clamping the ground
pin to the output pin with a germanium or Schottky
diode as shown. A silicon diode {(1N4001) at the output
is also needed to keep the positive output from being
pulled too far negative. The 102 resistor will raise
+VouT by ®#0.05V.

+VIN Lml)!! ' +Vourt

INM)IJI

>
e 1h91

Ccom b1 T
1

I'"'-’"1
e
>
h...Q..J

|||-—

-ViN LmM120 -Vout

OUTPUT CROWBAR

*Zener is internal to LM109.

**Q1 must be able to withstand 7A cnnﬁnuom current if fusing is not used at regulator input. LM109 bond

wires will fuse at currents above 7

102 is selected for surge capability. Cnnudnmmn must be given to filter capacitor size, transformer iinpedance,

and fuse blowing time.
T1Trip pointis =~ 7.5V.
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LM109/LM209/LM309

Typical Performance Characteristics

MAXIMUM AVERAGE
POWER DISSIPATION (LM109K)

MAXIMUM AVERAGE
POWER DiISSIPATION (LM30SK)

] 2
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2
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-50-25 0 25 50 75 100 125 150 0 2 50 75 100 125
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POWER DISSIPATION (LM109H) POWER DISSIPATION (LM309H)
u INFINITE u T
" 2,
AN s N2 ¥, \ 4
= = 7
ER N z 16 2 Ne, & \
2 s ”
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g 12 s 12 89—,
[
Lk & 08
2 H NO N \
S HEAT SINK TS SN N\
04 04 ‘\\
] [}
-50 -25 0 25 50 75 100 125 150 0 25 50 % 100 125
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CURRENT LIMIT CHARACTERISTICS (NOTE 1) T RMALLY, INDUCED OUTPUT
3 I _ —
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& ] soso y4EEN]
s g0 A= 0=
E ES [)
& 88 .
E = T
e 3 THERMAL |
= s REGULATION
2
51 - -
° 55
05 35 AlL=1A
2 [ 4
3E o
3

0
13 10 15 20 25 3 3
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Note 1: Current limiting foldback characteristics are
determined by input-output differential, not
by output voltage.

0 5 10 15 20
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W
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Typical Performance Characteristics (cont’d)

INPUT-OUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT {mA)

INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
25 5.075 T 525
IL=1A ! !
- IL=1A -
- - R
I~ ™ S 5028 E
nl 2 5.
I M w
Y N @ T = 150°C a
1.5} ~ 1) = 500mA 2 i < 505 —
1= 20mA N ] + 5.000 = NS
H
S S .. I I Tj=-55°C > Pl
1.0 = 4975 = = 40
LA e 2 ot
e I :
3 4950 =)
05 , I 485
4.925|
AVEYT < 100mV I
s I .
0 900 415 -
-75 -50 -25 0 25 S0 75 100 125 150 6 7 8 -75 -50 -25 0 25 S50 75 100 125 150
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
QUIESCENT CURRENT QUIESCENT CURRENT OUTPUT VOLTAGE NOISE
53 T 54 T 1.0
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\ 3 g ot
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LM117/LM217/LM317

National
Semiconductor

LM117/LM217/LM317 3-Terminal Adjustable Regulator

General Description

The LM117/LM217/LLM317 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of 1.6A over a 1.2V to 37V output range. They are
exceptionally easy to use and require only two external
resistors to set the output voltage. Further, both line
and load regulation are better than standard fixed regula-
tors. Also, the LM117 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performance than fixed regulators,
the LM117 series offers full overload protection
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.

Features

Adjustable output down to 1.2V
Guaranteed 1.5A output current

Line regulation typically 0.01%/V

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 LM117 is useful
in a wide variety of other applications. Since the regu-
lator is “floating’” and sees only the input-to-output
differential voltage, supplies of several hundred volts
can be regulated as long as the maximum input to
output differential is not exceeded.

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

The LM117K, LM217K and LM317K are packaged in
standard TO-3 transistor packages while the LM117H,
LM217H and LM317H are packaged in a solid Kovar
base TO-5 transistor package. The LM117 is rated for
operation from —-55°C to +150°C, the LM217 from
—25°C to +150°C and the LM317 from 0°C to +125°C.
The LM317T and LM317MP, rated for operation over a
0°C to +125°C range, are 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 LM150 series and LM138
series data sheets, respectively. For the negative comple-
ment, see LM137 series data sheet.

LM117 Series Packages and Power Capability

RATED DESIGN
DEVICE PACKAGE POWER LOAD
DISSIPATION | CURRENT

LM117 TO-3 20W 1.5A
LM217

LM317 TO-5 2w 0.5A
LM317T TO-220 15W 1.5A
LM317M T0-202 7.5W 0.5A

Typical Applications

1.2V—-25V Adjustable Regulator

LM117

Digitally Selected Outputs

5V Logic Regulator with
Electronic Shutdown*

tOptional—improves transient
response

*Needed if device is far from

<Az
Sng s

filter capacitors INPUTS

R2
vyt =1.25v (1 + ;> *Min output ~ 1.2V

*Sets maximum VouT
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Absolute Maximum Ratings

Power Dissipation

Internally limited

Input—Output Voltage Differential 40V
Operating Junction Temperature Range
LM117 —55°C to +150°C
LM217 —-25°C to +150°C
LM317 0°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)

LYEWTZIZWT/ZLLNT

LM117/217 LM317
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation Ta=25°C, 3V < VN — VouT <40V 0.0t 0.02 0.01 0.04 %/V
(Note 2)
Load Regulation Ta=25°C, 10 mA < loyT < IMAX
VouT <5V, (Note 2) 5 15 5 25 mV
VouT > 5V, (Note 2) 0.1 03 0.1 0.5 %
Thermal Regulation Ta = 25°C, 20 ms Puise 0.03 0.07 0.04 0.07 %W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Current Change 10mA < I <1Imax 0.2 5 0.2 5 HA
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 \
10mA <1ouT < IMAX. P < Pmax
Line Regulation 3V < VN - VouT <40V, (Note 2) 0.02 0.05 0.02 0.07 %IV
Load Regulation 10 mA < lgyT < IMAX. (Note 2)
VouT < 5V 20 50 20 70 mV
VouT 2> 5V 03 1 03 1.6 %
Temperature Stability Tmin < Tj< Tmax 1 1 %
Minimum Load Current VIN-VOoUuT =40V 3.5 5 3.5 10 mA
Current Limit ViN-VouT L 15V
K and T Package 1.5 2.2 1.5 2.2 A
H and P Package 0.5 0.8 0.5 0.8 A
VIN—VouT =40V
K and T Package 0.4 0.4 A
H and 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 = 10uF 66 80 66 80 dB
Long-Term Stability Ta=125°C 03 1 0.3 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 °cw
K Package 23 3 23 3 cw
T Package 4 °cw
P Package 12 °cw

Note 1: Unless otherwise specified, these specifications apply: ~55°C < Ti<H 50°C for the LM117, -26°C < T; < +150°C for the LM217 and
°C < T; < +125°C for the LM317; VyN—VouT = 5V and lgyT = 0.1A for the TO-6 and TO-202 packages and 1gyT = 0.5A for the TO-3 pack-

age and TO-220 package. Although power dissipation is internally limited, these specificati are ticable for power dissipations of 2W for the

TO-5 and TO-202 and 20W for the TO-3 and TO-220. IpmaXx is 1.5A for the TO-3 and T0O-220 package and 0.5A for the TO-5 and TO-202 package.

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycie. 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.
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LM117/LM217/LM317

Typical Performance Characteristics (K and T Packages)

INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%)

RIPPLE REJECTION (dB)

OUTPUT IMPEDANCE (©2)

-10

Load Regulation
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ETAN
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~75 -50 -25 0 25 50 75 100 125 150

30

20
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— T
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2
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1y =500 mA
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~75 -50 -25 0 25 50 75 100 125 150

100

60

40

20
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-
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Application Hints

In operation, the LM117 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 |{ then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (1 + E)*'ADJRz

LMI17

)
3
%
—
=
FIGURE 1.

Since the 100uA current from the adjustment terminal
represents an error term, the LM117 was designed to
minimize 1ADJ 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 0.1uF
disc or 1uF 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 LM117 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

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

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

Load Regulation

The LM117 is capable of providing extremely good load
regulation but a few precautions are needed to obtain
maximum performance. The current set resistor con-
nected between the adjustment terminal and the output
terminal (usually 240$2) 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 16V regulator with 0.05%2 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.058 x . 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 2402 set resistor.

Rs
v v A
W W oy [— out

Sn

S 260
1
<
§
FIGURE 2. Regul; with Line F

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 two
separate leads to the case. However, with the TO-6
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any |C regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 10uF capacitors
have low enough internal series resistance to deliver
20A spikes when shorted. Although the surge is short,
there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator
and the input is shorted, the output capacitor will
discharge into the output of the regulator. The discharge

10-11
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LM117/LM217/LM317

Application Hints (cont‘d.)

current depends on the value of the capacitor, the
output voltage of the regulator, and the rate of decrease
of VIN. In the LM117, this discharge path is through
a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive
regulators. For output capacitors of 25uF or less, there
is no need to use diodes.

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

occurs when either the input or output is shorted.
Internal to the LM117 is a 50%2 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF capacitance.
Figure 3 shows an LM117 with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

1l A\.

|| ama 4
F)
3

T -
— Vouyrt =1.25V (1 +—) +R2iapy
- R1

D1 protects against C1
D2 protects against C2

FIGURE 3. Reguiator with Protection Diodes

Schematic Diagram

022
R19
an '/
AAA 025
W
> R18 "l
< AlE < RY17 130
Son S

c3
5pF :; A2
>

400 <
<
(] 9
R20
13k
] a4
>
RUS
1P
AAA
W
A2
A% 3
[X)9
Vour
AB)
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Typical Applications (cont‘d.)

Slow Turn-On 15V Regulator A ble R with Imp d High Stability 10V Regulator
Ripple Rejection
LM117
LM117 vin Vour
10V
-~ Vour ADJ
15V
o1* >
N402 2 b
IN4002 b Q%
wrt
> R3
<
— & q: 27
= g™
Solid tantalum -4-
*Discharges C1 if output is shorted to ground
High Current Adjustable Regulator 0 to 30V Reguiator Power Follower
3-LM195'S IN PARALLEL
o 10v-40V
v b
5 e § Ol » o S ey
2M2005 0 X"
b I
INPUT ~=AAA—] LM195
R2 Rt
Rl 5k LM1i7 "
2 1]
Vin VWA~ v, v ¢ Vi ouTPUT
N 0, 0uT out oure
:: o 1N4002 v
1
b S + [T ™ vour
L 1 . (] ADJ
AT~ 106t [ <3 ATt R2
24
p2
sk
= tSolid tantalum

*Minimum load current = 30 mA
$Optional—improves ripple rejection

5A Constant Voitage/Constant Current Regulator

m.r—E aousT, 3 B

> >
:z.l- cuRRENT ST, S ]
250 W

D1 D3
INeS? LED* w7
11 Vin vour*
<
1 SRe
< Rt
[ R5Q QM 1.2
50F KSRy
{1 =
AAA
VWA~
+|
-V TO-15V voLTane ;/ u R
ADJUST 4|: ! I 10

tSolid tantalum
*Lights in constant current mode

1A Current Regulator

1.2V—20V Regulator with
Minimum Program Current

*Minimum load current ~ 4 mA
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LM117/LM217/LM317

Typical Applications (cont‘d.)

High Gain Amplifier Low Cost 3A Switching Regulator
vt o
2N3792
Vin L1 B0DLH*
M7 Vour
A0S
“2‘ 8v-35v —4 18V 70 32v
24
@— OUTPUT < J
+
* 0.01F /S OUTPUT gg e C4
C1 o 4 '
At + ADJUST AT 100F
10k 504F I ""5"‘.
INPUT ==AAA~ LM195 v
>
<ns
S 01
3 N3850
i 300 pf

1l

¥Sotid Tantalum
*Core—Arnold A-254168-2 60 turns

4A Switching Regulator with Overload Protection Precision Current Limiter

3-LM195 IN PARALLEL

e 12,
\ ouT= 5
R3
2N2905 500
1 vy *0.802 < R1 < 12092
"2
500 LM117 Ra
v 25 Tracking Preregulator
IN g AN
35V
+ R2
=i 24 —_— vour 720
15k < c2 bt Y Y Y > AAA
,-‘_L\ P t0pr T 600K 18VT0 32V hd
= Rt
"—| '——‘ RE 20 LMy
A2 ADl vV
VW VIN Vin  Vour IN A ouT f—@—Vour
>
B [ %4 ch U Sns
s 0.22F 1+ S 120
I D1 ~ . 3] t e
- 1N3880 100.F 0.1uF w T
>
S A "/II(UTPUT
e 1/ ansust
1 <
h TSolid Tantalum
*Core Arnold A-254168-2 60 turns
R2
VouT = 125V (1 + ;) Adjusting Multiple On-Card Regul:
R I — with Single Control*
b3l
ADJUST S
r—==-—7=7 LM117

|
| TRANSFORMERS, |
AND T

| o
1 [ L
| <

< Ry
/::' % vin VmA‘an r—vouy vin—{ Vin A”VDUT vourt  Vin=—qVin AD}OUT vourt
RECTIFIERS,

AA

>
<
>
< 120 l

—_——————

1k
L *an outputs within +100 mV
= TMinimum load—10 mA

HHE—AAA-

— Short circuit current is approximately w@g‘"—" or 120mA

(compared to LM117H’s 1 ampere current limit)
— (At 50mA output only % volt of drop occurs in R3 and Ry).
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Typical Applications (cont‘d.)

AC Voltage Regulator

LM317
Vi Vour
Al
<
>
<120
b3
6Vpp
12Vpp 1A
>
W S _%.._
T 2
>
<
20
ADJ
Vin  Vour
M317
12V Battery Charger
LM317 Rg*
02
Vin Vin -~ Vour ,
ADJ
Sht
Sm
i I

> R2
> 2.4k

AAA,

1k
—

R2
*Rg—sets output impedance of charger Zoyt = Rg (1 + —)
Use of Rg allows low charging rates with fully R1

charged battery.

50 mA Constant Current Battery Charger

LM317H

i

Connection Diagrams

200 pF

Adjustable 4A Regulator

0.2
V| il

45V T0 25V

LM317
02
Vin  Vour, AN
ADJ
. !
> <
< b
2
s
5k
° 3 150 b3
VWA
15k €

T
I

Current Limited 6V Charger
LM317

<
<

\‘”
2N2222 A

vV

AAA

*Sets peak current (0.6A for 182)
**The 1000 uF is recommended to filter out

input transients

(TO-3 STEEL) (TO-39)
Metal Can Package Metal Can Package
ADJUSTMENT Vin
1 INPUT
2 Ote— ADJUSTMENT
CASE 1S
ouTPUT 3 ouTPUT
CASE IS OUTPUT
BOTTOM VIEW BOTTOM VIEW

Order Number:
LM117K STEEL
LM217K STEEL
LM317K STEEL
See Package K02A

Order Number:
LM117H
LM217H
LM317H

See Package HO3A

{T0-220) {1T0-202)
Plastic Package Plastic Package
O o
3 ~—VoyTt
3
1|{ 3} ]
ADJ —»-| —— iy
ViN
Vour
Vout FRONT VIEW
Order Number: Order Number:
LM317T LM317MP
See Package TO3B See Package PO3A

Tab Formed Devices
LM317MP TB
See Package PO3E
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LM117HV/ILM217HV/LM317HV

National
Semiconductor

Voltage Regulators

LM117HV/LM217HV/LM317HV 3-Terminal

Adjustable Regulator

General Description

The LM117HV/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 LM117HV 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.

Features

Adjustable output down to 1.2V
Guaranteed 1.5A output current

Line regulation typically 0.01%/V

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. Siace 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 LM117HV 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 LM117HVK 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 LM117HV is rated for operation
from -55°C to +150°C, the LM217HV from -25°C to
+160°C and the LM317HV from 0°C to +125°C.

Typical Applications

1.2V—45V Adjustable Regulator

LM117HV

Viy-48V vourtt

S R
5 240

Digitally Selected Outputs

LMT1THY

Vi
<
<

vin_ Vour
,Vou

5V Logic Regulator with
Electronic Shutdown*

. LMH17HV

c1 c2'
0.0uF uF . = g
>
5%
€ 5k
=
'Op:ional—improves transient
response

*Needed if device is far from

filter capacitors

A2
Ttvoyut=1.25v (1 + -R—1)

INPUTS

*Sets maximum Vour

*Min output = 1.2V
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Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Differential

Internally limited
60V

Operating Junction Temperature Range

LM117HV

LM217HV

LM317HV
Storage Temperature

Lead Temperature {Soldering, 10 seconds)

—55°C to +150°C
~25°C to +150°C
0°Cto +125°C
—65°C to +150°C
300°C

Electrical Characteristics (Note 1)

LM117HV/LM217HV LM317HV
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation Ta=25°C,3V< VN - VouT <60V 0.01 0.02 0.01 0.04 %IV
{Note 2)
Load Regulation Ta =25°C, 10 mA < 1ouT < IMAX
VouT <5V, (Note 2) 5 15 5 25 mV
VouT > 5V, (Note 2) 0.1 03 0.1 0.5 %
Thermal Regulation T=10ns %/W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Current Change 10mA <1 <IMAX 0.2 5 0.2 5 HA
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 \
10mA <louT < IMAX. P <PMAX
Line Regulation 3V < VIN - VouT < 60V, (Note 2) 0.02 0.05 0.02 0.07 %/V
Load Regulation 10 mA < lgyT < IMAX. {Note 2)
Vout <5V 20 50 20 70 mV
VouT > 5V 03 1 0.3 15 %
Temperature Stability TMIN S Tj < TMAX 1 1 %
Minimum Load Current VIN-VouT = 60V 35 7 35 12 mA
Current Limit ViN-VouT < 15V
K Package 1.5 2.2 1.5 2.2 A
H Package 0.5 08 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< <10 kHz 0.003 0.003
Ripple Rejection Ratio VouT =10V, =120 Hz 65 65 dB
CADJ = 10uF 66 | 80 66 | 80 dB
Long-Term Stability Ta=125°C 03 1 0.3 1 %
Thermal Resistance, Junction to Case | H Package 12 15 12 15 ‘cw
K Package 23 3 2.3 3 °C/W

Note 1: Unless otherwise specified, these specifications apply —68°C < Ti<+ 50°C for the LM117HV, -26°C < Ti<+1 50°C for the LM217HV
and 0°C < Ti<#l 25°C for the LM317HV; V| - VouT = 5V and IgyT = 0.1A for the TO-5 package and IgyT = 0.5A for the TO-3 package.
Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-6 and 20W for the TO-
TO-3. Iyax is 1.5A for the TO-3 and 0.5 A for the TO-5 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.
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LM117HV/ILM217HVILM317HV

Typical Performance Characteristics (K and T Packages)

Load Regulation Current Limit Adjustment Current
g
02 3.0 60
g - L1
<
§ 0 f 85 .
= £ = ]
S -02 £ 20k FataG £ /
8 & i r g 50
& 04 = || Tj= 150° 3 /
2 8 f 7j=-55°C s
2 5 £ oo
: -06 § 10 oy g
2 Viy = 15V 3 w
& _gg VN - 2
§ 08 Vour - 10V i ]
10 ' I ‘ . H Ti =25°C -
~75 -50 -25 0 25 50 75 100 125 150 0 u a0 60 -75 -50 -25 @ 25 50 75 100 125 150
TEMPERATURE { C) INPUT/OUTPUT DIFFERENTIAL (V) TEMPERATURE (°C)
Dropout Voltage Temperature Stability Minimum Operating Current
30 A 1.260 45
- A = m
2 ou 40
2 = -
< 2 <
E 25 1250 N £ 35
= [
.;=, R \\_\ I =15A = ‘/ s 30
o N a =
& NN I =1A s N g 25
3 20 P —t & 1240 N 2 .
5 T -stoma z -l =27
£ N~ = § 15 ~g
° 15 <> 5 1.230 « .
EI |,_=zuum/\’q:)\ 3 g 10 7i= 5°C
S 05 +—t
: [ ] s [
10 . 1.220 0
-75 -50 =25 0 25 50 75 100 125 150 -75 -50 =25 0 25 50 75 100 125 150 0 10 20 30 4
TEMPERATURE (“C) TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V)
Ripple Rejection Ripple Rejection Ripple Rejection
100 100 100
T -
Eapy = 104F [ =stoma] A
80 —+ 80 Sany” 10 5"‘ . 1:r':luv— ) A
g S . = out* E M NCapy = 104F
2 S Can- 0 g ~{Tj=25°C £ Va!
2w § g [Nt S w [ L
Z 8 \ 2 Caps=0
o - o
= £ a0 € a0
= ViN-Voyr =5V ) pr} ViN = 15V
E 1L = 500 mA & BN - Vour =10V
20 1204 = 20 =120
Ti=25°C Ti=25C
0 L 0 0 L
0 5 10 15 20 25 30 38 10 100 1k 10k 100k M 0.0 01 1 10
OUTPUT VOLTAGE (V) FREQUENCY (H2) OUTPUT CURRENT (A)
Output impedance Line Transient Response Load Transient Response
10! —— 15 3
EViN=15V : [ I w 2 LT
E Vout = 10v- w_ e € = WF; Copy= VOuF gs P P
g 10 [ 1, =500mA =2 5 - | _I Ez 1 L=0:Capy=
2 Ev-xc g3 GL=0Cans=0 N 52 } =
2 E ze 0 ™ ] 55 Cp = TuF; Capy = 10F |
3 22 -os [Vour =1y 3 \ Viy = 15V
g 58 | IL=50mA a% 2 \ Voyr=10V]
H s -1 Tj=25°C - -3 Iy, = 50mA
5 -15 = T T=25C f
.
g s uf 4 = 7
H L= b £ 10
s2s £ / \
arg 05 £}
z o 5 o 0.5 \
TSE o S 0
[] 10 20 30 a S 0 10 20 3t L]
FREQUENCY (H2) TIME (us) TIME (us)
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Application Hints

In operation, the LM117HV develops a nominal 1.26V
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

R2
VouT = VREF (1 + ﬁ) +1apyR2

LM117HV

L
VREF ;:m

A

|
ADJ f
R2

1k
L}

FIGURE 1.

Since the 100uA current from the adjustment terminal
represents an error term, the LM117HV was designed to
minimize Iap) 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 0.1uF
disc or 1uF 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 10uF bypass capa-
citor 80 dB ripple rejection is obtainable at any output
level. Increases over 10uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and damaging the device.

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

Although the 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 1uF solid tantalum {or 25uF aluminum electrolytic)
on the output swamps this effect and insures stability.

{.oad Regulation

The LM117HV 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 24082) 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 0.05%2 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.05§2 x 1| . If the set resistor is con-
nected near the load the effective line resistance will be
0.0582 (1 + R2/R1) or in this case, 11.5 times worse.

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

LM117HV

Rs
Vi =4 Vin N j’om [—Vuur

b3
>
A
1
FIGURE 2. Regul. with Line R

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 two
separate leads to the case. However, with the TO-5
package, care should be taken to minimize the wire
length of the output lead. The ground of R2 can be
returned near the ground of the load to provide remote
ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 10uF capacitors
have low enough internal series resistance tc 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
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LM117HV/LM217HV/LM317HV

Application Hints (cont‘d.)

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 25uF or less, there
is no need to use diodes.

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

occurs when ejther the input or output is shorted.
Internal to the LM117HV is a 5052 resistor which limits the
peak discharge current. No protection is needed for
output voltages of 25V or less and 10uF capacitance.
Figure 3 shows an LM117HV with protection diodes
included for use with outputs greater than 25V and
high values of output capacitance.

-IL‘\A
1]

[
I+
<

Tmur R2
= VouTt = 1.25Vv (l +——) +R21Apy
= Rt

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

Schematic Diagram

AAA

Vin

W
]A‘ < Ris L4 b
014 Son St
3
a1 5pF
<
<
s a2 s
R20
13k
)
cl
30 pF
>
RAS
150 Q>
3 c2 >
< A3 < RI4
> F >
S5k e S VA
< L Az
RSy
L 4 (259
_ Vout
AD)
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Typical Applications (cont‘d.)

Slow Turn-On 15V Regulator Adj bie Reg!

LMTITHY

Vour
15V

F with Imp d
Ripple Rejection

LM117HV

0*
1N4002

[]
1uFt

tSolid tantalum
*Discharges C1 if output is shorted to ground

High Current Adjustable Regulator

3-LM195S IN PARALLEL

M

2N2905 500

R2
5k LMI1THV

A1
2
Vin VWA——{ Viy mvum 4 —— VouT
4& R4
S 1N40D2
hd ) P& g
< a1uFt
<

tSolid tantalum
*Minimum load current = 30 mA
$Optional—improves ripple rejection

0 to 30V Regulator

LM117HV

5A Constant Voltage/Constant Current Regulator

MIA502

LM317HV

cz—L CURRENT S SR
3

A
\ 4
e
~

35V —4

.||—)|
g2

b1}
N5? LED*
Sns
Sm
*
R?
20
A
VWA
Re + I
—§V TO <15V w7 cs
VOLTAGE 1» 104
ADJUST L
= =

TSolid tantalum
*Lights in constant current mode

High Stability 10V Regulator

LMI1THV
Vik ]v v ] Voytr
15 T el 10V
Rl
>
€1 g %
quF q 5% ‘L R2
— 15
= <%
LMI20A
> R3
<
g %7
<%
Power Follower
10v-40v
[l
I"r
INPUT —AAA— M85
Rt
10k
ouTPUT
058
vin
LMINTHY Vout
ADJ
]
24

1A Current Regulator

LM317HV

1.2V—-20V Reguiator with
Minimum Program Current

LM11THV
Y m Your®
R1
1.2
R2

20k

*Minimum load current ~ 4 mA
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LM117HV/LM217HV/ILM317HV

Typical Applications (cont‘d.)

High Gain Amplifier

Low Cost 3A Switching Regulator

v a
2N3792
Vin L1 600uH
LM117HY Vour|
A
R2 8V-35V T 18V T032v
24
[
@— OUTPUT
+J ¥ 2 outpur bl )
L oonF > R6
Rt o | ADJUST 154 100.F"
AAA
VW

4A Switching Regulator with Overload Protection

3-LM195 IN PARALLEL

10k 50.F
INPUT —AAA—] tM195 [
SRS
>
S 01
c3 1N3880
i 300 pF
- >

-L_ t
- Solid Tantalum
*Core—Arnold A-254168-2 60 turns

Precision Current Limiter

LM317HV

12
\ vin touT= 77
R3
2N2905 500
o *0.80 < R1< 1208
R4
z king Pi I
Vin AAA Tracking Preregulator
8-36V VWA
X R2
~ RS YA 720
| N > Vour —
- 100 pF L1 600uH* 1.8V T0 32v
) p_._l A1
) { RE 240 LM117HV
20 o
‘I WA in ViN - Vour Vin An:’UE}—“—Vnm
>
v3 [TZE0 Sa3
5K 3 s
3 Tn,zm J . . &
~ o
D1 -
e 1N3880 100,
>
:, R8
S

1.Solid Tantalum

01F 1uF
>
Re 'ﬁ)’uwur
13 npsust

*Core Arnold A-254168-2 60 turns

High Voltage Regulator

PTTI Leinl

On-Card Regul
with Single Control*

m
__1““"_, Ln17HY
LMI17HV v Vin  Vour v v VIN _ VouTfe=vgyrt  Viy=—AViN  VouT }—vpyr!
in , N AD) r— out N ™ out ADY
v
W JVuur o 3w
L g 120 |
om 1
_ > 600 —————— —
b1 ©2
0.14F TuF 1?/'“
>
< R2 i )
S sk jL * All outputs within 100 mV
<
= tMinimum load—10 mA
=
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Typical Applications (cont‘d.)
AC Voitage Regulator
LM317HV

Vin  Vour
ADJ

<

>
<120
b3

8Vpp
12vpp 1A

1208

]

Vin ‘ouT

A
\AAm

317
12V Battery Charger

LM317HV Rg*

02
Vin vin - Vour| .
ADJ

S =
S0
i I
SR
>
S

il
| o

*Rg—sets output impedance of charger ZouT = Rg (1
Use of Rg allows low charging rates with fully
charged battery.

60 mA Constant Current Battery Charger

LM317HV

Connection Diagrams

{TO-3 Steel}
Metal Can Package

ADJUSTMENT ViN

CASE IS
QUTPUT

BOTTOM VIEW

Order Number LM117HVK STEEL,
LM217HVK STEEL, or
LM317HVK STEEL
See Package KO2A

R2
+—

Adjustable 4A Regulator
0
02
H

LM317HV

VIN s

02
Vin A JV(lurlf AP Nt 45V TO 25V
>
< <
> <
< 10 >
b3 D4
1
”12
P
<.
g 3 S
VWA
200 pF 156

T
=

Current Limited 6V Charger
LM317HV

ViN
SV TO6BOV

>
5240

<
>
1k

2N2222

<L
G,I

*Sets peak current (0.6A for 122)
**The 1000 uF is recommended to filter out
input transients

(TO-39)
Metal Can Package

10 INPUT
2 O-~=— ADJUSTMENT

3 ouTPuT

CASE IS QUTPUT
BOTTOM VIEW

Order Number LM117HVH,
LM217HVH, or LM317HVH
See Package HO3A
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LM120 Series

National
Semiconductor

Voltage Regulators

LM120 Series 3-Terminal Negative Regulators

General Description

The LM120 series are three-terminal negative regulators
with a fixed output voltage of -5V, -12V, and -15V,
and up to 1.5A load current capability. Where other
voltages are required, the LM137 series provides an
output voltage range of -1.2V to -47V.

The LM120 need only one external component-a com-
pensation capacitor at the output, making them easy to
apply. Worst case guarantees 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 cutrent 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.

Features

Preset output voltage error less than £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

LM120 Series Packages and Power Capability

RATED DESIGN
DEVICE | PACKAGE POWER LOAD
DISSIPATION | CURRENT
LM120 TO-3 20W 1.5A
LM320 TO-5 2w 0.5A
LM320T T0-220 15W 1.5A
LM320M T0-202 7.5W 0.5A
Lm32omL*|  T0-202 7.5W 0.25A
LM320L* | TO-92+ 1.2w 0.1A

*Electrical specifications shown on separate data sheet

Typical Applications

Preventing Positive Regulator Latch-Up

our
Vi LM340

e !
J’_N_' . 02 |

o IN43O1 !

AAA
s

R2* ¢

>
'\mq:lim
N o P

R1& D1 allow the positive regulator to “start-up” when *V,, is delayed
rolative to "V, and a heavy load is drawn between the cutputs. Without

A1 & D1, most three-tsrminal regulators will not start with hesvy (0.1A-1A)
load currant flowing to the negative requiator, even though the pasitive
output & clamped by 02.

“R2 is eptionsl. Ground pin current from the positive reguistor flowing
theough R1 will incresse +Vour = 60 mV if RZ is omitted.

:L"‘ n::-l-- .If
|
J

250F
I’J"I COMMON
A1 | ) | toan
1 CURRENT
eed

Fixed Regulator

ITrET Lo

= =2F |, = WFf
3 2
INPUT Lmi20 OUTPUT

*Required if regulator is YRequired for stability. For value  For autput capacitance in excess
separated from filter caps-  given, copacitor must be salid  of 100.F, & high currant diode from
citor by more than 3. For  tantalum. 254F ahumioum slec-  input to output (1NADGY, s1c.) will
velue given, capacitor must  trolytic may substituted. Values  protect the regulator from momentacy
be solid tantalum. 25,F given may be increased without  input shorts.
aluminum slectrolytic may  limit.

be substituted,
Dual Trimmed Supply
eyt L twuoso 2 —0 5oV
220 >
022F ? VA—$3 1 o
e < 1N4B01
ou
-0
S 1
WF
> -—
> 02
22F 25 184001
>3
~ Nyt X . —O 5.0V
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LM120 Series

Typical Performance Characteristics

POWER DISSIPATION (W)

100

Output Voltage vs
Temperature

1.0t
1.005

1.00

0,895 v

T~
ot ~12V AND 15V

0.890

1.01

E

1.00

Vour = -5V

[

OUTPUT VOLTAGE (NORMALIZED)

u
=e
e @
2
gR

-50 -25 0

JUNCTION TEMPERATURE ( C)

Note: Shaded portion refers
to LM320 series regulators.

Output Impedance TO-5
and TO-202 Packages

————
oyt = 100 mA Cour = bl
Vin—Vour = 5V — ALUMINUM
T=%¢

10°

Caur = 1.06F

25 50 75 100 125 150

[—— SOLID TANTALUM /

I W4

/

El

g

w
S
2
=
g
=
3
&
=3
3
£

Cour = 10:F SOLID
TANTALUM
102

001k 0.tk L] 10K

FREQUENCY {Hz2)

100k

Quiescent Current vs
Input Voltage

w

AL

G ]

i
*

T
| m=-s5¢

~

A

QUIESCENT CURRENT (mA)

Pl

5 10
INFUT VOLTAGE (V}

Maximum Average Power
Dissipation (TO-5)

T05]

INFINITE HEAT SINK

\\

iy X
N
~ )Y

WAKEFIELD
[-HEAT Sk
|_207

NO HEAT SINK )\

50 % 100 125
AMBIENT TEMPERATURE (“C}

POWER DISSIPATION (W)

% 150

15 20 25 30 35 4¢

@ ~Nw s e ue e

Ripple Rejection

(Al Types)
10!
s 2
= B g0
g g
5 o
g 5
¥ £
] 5w
i £
H 3
10-2
FREQUENCY (Hz)
Minimum Input-Output
Differential TO-3 and
T0-220 Packages
25 24
23 < 22
21 Z
) L/ =
o 18 A 2
2 AN, 3 1
g s 7 c
T Lz g
z 13 |T=ssc A7 5 12
d =25 ¢ ——1 S
) 2
l H 08
T [
04
0 025 05 075 10 125 15
OUTPUT CURRENT (A)
Quiescent Current vs
Load Current
2
LM1205 T
13 T, = -55 C et 19
z s 0
g ,[ z
= 12 g “
§ T,=25¢C " E o3
£
§ " el g "
e P 3 9
= «
8 g 1
g H
E o T80 C — £ 5
3
09 [
0 025 05 075 10 125 15

OUTPUT CURRENT (A)

Note: Shaded area shows operating
range of TO-5 and TO-202 packages.

Maximum Average Power
Dissipation (T0-202)

INFINITE
HEAT SINK

|
~N

0°C/W HEAT SIN|
| N

N

™

|~ 20°C/W HEAT SINK
I

0 10

2% 30 4 S0 60
AMBIENT TEMPERATURE ( C)

n

POWER DISSIPATION (W)

Maximum Average Power
Dissipation {T0-220)

Output Impedance TO-3
and T0O-220 Packages

Elgur=100mA — =
= S —
F Vin = Vour = 5v="0UTg i —]
[Tj=25°C T TANTALUM |
uT = 254F
71— Albuinon
! — :
1 b 13
100 1 10k 100k ™
FREQUENCY (Hz)

Minimum Input-Output
Differential TO-5 and

T0-202 Packages
Ty 25°C
Ti=55 ¢
= Tj=150-C
I )
[
I
6 01 02 03 04 05

CQUTPUT CURRENT (A)

Maximum Average Power
Dissipation (TO-3)

T03,2 CM
HEAT SINK*
(WAKEFIELD 6412) _|
[t

T03,5CW
HEAT SINK*
- (WAKEFIELD
680-1.254)
\

NN
10 TS N\
\

T0-3
HEAT SINK

R

Y0-],,‘0 SIM‘K

o % 50 510 125
AMBIENT TEMPERATURE { C)

150

*These curves for LM120 and LM220.
Derate 25°C further for LM320.

Short Circuit Current

z
= LS
: —~ AR
£ N
N_| T0-220,5 cw c 7= 150 C 103810220
HEAT SINK S i
N 4 2
N s 1 Ji=-55¢C
ST c
> 70220 10 CW — s Ti=2¢C
HEATSINK | 3 Tj= 150 C
T———1—— T0-220, NOSINK ° | T05 & T0-202
L] 25 50 7 100 126 150 0 5 10 15 20 25 30 35 40
AMBIENT TEMPERATURE ( C) Vin - VouT (V)
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Typical Applications (cont‘d.)

High Stability 1 Amp Regulator

=

200 oF

5 nat S e
R4 > R
b S

- 10F

Vour ()

L ot

l“—

22.F

INPUT

Wide Range Tracking Regulator

Vour

1N4001

COMMON

D4
1N4001

-0 Vour

LM1205.0 Vour ()
*Resistor toferance of R1 and R2 determine matching
of (+) and (-) inputs.
“*Necessary only if raw supply capacitors are more than
Load and fine regulation - 0.01% temperature stability < 0.2% 3 from regutators
1 Determines Zener current, An LM30BGN artay may substitute for Q1. D1 and DZ for
solid I better stability and tracking. in the array diode, transistors
olid tantalum. Q5 and 04 (in parallel} make up 02; similarly, @1 and Q2
An LM120.12 or LM120-15 may be used to permit higher input voltages, but the became D1 and 03 replaces the 2N2222.
regulated output voltage must be at least 15V when using the LM120-12 and — 18V
for the LM120-15.
**Select resistors 10 set output voltage. 2 ppm/ C tracking suggested.
Current Source
Variable Output
o - . “Dptional. improves
tansient response and
R I+ o p. .l_ tipple rejection.
f— L 2RI = R1+ A2
- Teme S Vour  Vser —po
+ +
o1t ] SELECT A2 AS FOLLOWS
Lo & ) = LMI205  -3000
SR LM120-12 —-7500
! > LMI2815  ~1K
INPUT Ot 120 ouTPUT
l 1mA sov
logr < 1mA s oY
ouTPUT our /1
Light Controllers Using Silicon Photo Cells
S v - 15V f b3 6V - 15V
BULB BULB
é <D 1754 é (B-m
0 MAX TURN-ON MAX TUBN 0K
CURRENT u
Nas7 3 o,
> R1* 25F
A1 ]

“Lamp brightness increases until i, = SV/R1 {, can be set as low as 1,A).
Thecessary only if raw supply lilter capacitor is more than 2" from LM320MP.

“Lamp brughtaess increases untd 1, = 1g {

1mAj+ 5V R1

TNecessary anly f caw supply hiter capacitor 1s mare than 2” fram LM320
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LM120 Series

Typical Applications (cont‘d.)

+15V, 1 Amp Tracking Regulators

O Vour (+} 15V
o
N4
O COMMON
< +
i 25.F o
28uF —p— AN X L K 1N80D1
1 TR § it
I
N out
Vv LM320-15 O Voyr (-} 15V
Performance (Typical)
Load Reguistion at 31 = 1A 10mv 1mv
Output Rippls, Cy = 3000uF, I, = 1A 100uVrms 100 Vrms
Temperature Stability 4E0mV  +50mV
Output Noiss 10 Hz < < 10 kHz 150uVems  150uVems
*Resistor tolarance of A4 and RS detarmine matching of (+) and {-) outputs
“*Necessary only if raw supply filter capacitors are more than 2° from regulatars,
Connection Diagrams
INPUT INPUT
(CASE) (CASE)
auTPuT ouTPUT =, /\ ouvut\\/\
v ~ .
GND . N p O (] o
cun/ [
BOTTOM VIEW BOTTOM VIEW BOTTOM VIEW
Aluminum Metat Can
Metal Can Package (TO-39) (H) Steel Metal Can Package TO-3 (K) Package TO-3 (KC)
Order Numbers: Order Numbers: Order Numbers:
LM120H-5.0 LM120H-12 LM120H-15 LM120K-5.0 LM120K-12 LM120K-15 LM320KC-65.0 LM320KC-12
LM320H5.0 LM320H-12 LM320H-15 LM320H-5.0 LM320K-12 LM320K-15 LM320KC-15
See Package HO3A See Package K02A See Package KC02A
INPUT INPUT
[y gureuT [ ——our
O —— O o ————n
A —————3 M0 —— ]
FRONT VIEW TOP VIEW

Power Package T0O-202 (P)
Order Numbers:

Power Package TO-220 (T)

LM320MP-5.0 For Tab Formed TO-202

LM320MP-12 Order Numbers:

LM320MP-15 LM320MP-5.0TB
LM320MP-12TB

See Package PO3A

LM320MP-15TB

See Package PO3E

Order Numbers:
LM320T5.0

LM3207-12
LM320T-15

See Package TO3B
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Schematic Diagrams

-5V
. .
S R18 S R19
< <
S ak $ sk
a0
a1
20 pf
R8 R9
206 20k
Vin 0=
-12V and -15V
< =
—Q' SR8 SR19
S $ sk
:K'DI
62v
)
ato
'\1.‘ :
a1t R17
o7 1
A N
»—l 02 — qﬂ
e g —
20 pF
R4
S 013 W 4 014
06 20k

saues 02N
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LM123/LM223/LM323

National
Semiconductor

Voltage Regulators

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator

General Description

The LM123 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 LM109
1 amp regulator.

No external components are required for operation
of the LM123. If the device is more than 4 inches
from the filter capacitor, however, a 1uF solid
tantalum capacitor should be used on the input.
A 0.1uF 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 case specification for the combined
effects of input voitage, load currents, ambient

temperature, and power dissipation ensure that
the LM123 will perform satisfactorily as a system
element.

For applications requiring other voltages, see

LM150 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 0°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
8 0.01€2 typical output impedance
[ ]

7.5 minimum input voltage

30W power dissipation
100% electrical burn-in

Schematic Diagram

eyt

g

50 S A0
< 0

outpuT

"'rm

My ‘ a an
Ve

ng

m‘b

03
7 62

S 2 S
e 2 w3

Connection Diagram

Metal Can Package

GND

outeut 1CASE)

€

B0TTOM VIEW

Order Number LM123K STEEL,
LM223K STEEL or LM323K STEEL
See Package KO2A

OGND

Typical Applications

Basic 3 Amp Regulator

1
Vi w B Vour *5V
e

frgnd B 3 2L v,
souID —— I o

TANTALUM

*Reguired if LM123 is more than 4" from filter capacitor.

TRegulator is stable with no load capacitor into resistive
loads.
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Absolute Maximum Ratings

Input Voltage
Power Dissipation

Operating Junction Temperature Range

20V
Internally Limited

LmM123 -56°C to +150°C
LM223 —256°C to +150°C
LmM323 0°C to +125°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

Preconditioning

Burn-In in Thermal Limit

100% All Devices

Electrical Characteristics (Note 1)

LM123/LM223 LmM323
PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
T, =25°C
Output Voltage ) 47 5 53 48 5 5.2 \%
P! 9 Vin = 7.5V, loyr = 0
76V <V, <15V
QOutput Voltage 0< lour <3A.P<30W 46 54 475 5.25 v
) . T, =25°C
Line Reguiation (Note 3) 75V < Vi <15v 5 25 5 25 mV
Load Regulation (Note 3) Ti=25°C Vin =78V, 25 100 25 100 mv
0<15uy $3A
. 75V Sv,, <15y,
Quiescent Current o< lour <3A 12 20 12 20 mA
. T, =25°C
Output Noise Voltage 10Hz < £ < 100 KH2 40 40 MVrms
T, = 25°C
Short Circuit Current Limit Vin = 15V 3 45 3 45 A
Vin = 7.5V 4 5 4 5 A
Long Term Stability 35 35 mvV
Thermal Resistance Junction 2 2 ‘cw
to Case (Note 2)

Note 1: Unless otherwise noted, specifications apply for -56°C < T < +150°C for the LM123, -25°C < Tj < +150°C for the
LM223, and 0°C < T; < +125°C for the LM323. Although power dissipation is internally limited, specifications apply only

for P < 30W.

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/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%.

Typical Applications (cont‘d.)

Adjustable Output 5V — 10V 0.1% Regulation

+Vin O~

*SELECT T0 SET OUTPUT VOLTAGE v
**SELECT TO DRAW 25 mA FROM V™ UNREGULATED

10-33
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LM123/LM223/LM323

Typical Performance Characteristics

OUTPUT CURRENT {A) POWER DISSIPATION (WATTS)

INPUT-QUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT {mA)

a0

30

25

20

05

Maximum Average Power
Dissipation For LM123;
LmM223

INFINTE

N N

NN
N
T —

—~—
‘680 5

8501 —
HEAT SINKS

5 50 75 100
Ta— AMBIENT TEMPERATURE {"C}

“WAKEF EL

125

Peak Available Output Current

[——+7,=-55°C ! l
b T,=25°C
T
T, = 150°C
5 10 15 20
INPUT VOLTAGE (V)
Dropout Volitage
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Typical Applications (cont‘d.)
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LM125/LM225/LM325/LM325A, LM126/LM326

National
Semiconductor

Voltage Regulators

LM125/LM225/LM325/LM325A, LM126/LM326

Voltage Regulators

General Description

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 and £12 V outputs respectively.
Input voltages up to +30 V can be used and there
is provision for adjustable current limiting. These
devices are available in three package types to
accomodate various power requirements and
temperature ranges.

Features

8 +15V and £12V tracking outputs

Output current to 100 mA

® Qutput voltages balanced to within 1% (LM125,
LM 126, 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

Schematic and Connection Diagrams

Dual-In-Line Package
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ne =4 CR ﬂ"m""
*Vw -ﬂ L2 ne
g
L’ r—-{ 05 v = FL ono
“ Acwrlfuul; = u REFERENCE
r ./‘/R;k ;;5 ~ sense = e n
It
OXU] - Vour ~ |- - soost
"
A 00
an V- (O] TOP VIEW
F @ Order Number LM325AN, LM325N,
or LM326N
012 . See Package N14A
' @®
R0 "3
39 15k
R12 LIl
a1 J{is —4 an 20k 15k
Il Nl
(O]
< 30pF -
oz —I @
022
e [
AN
2k L B
20K %
n r ;;
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u
an Eu RIS 16
4k 34k
o m p o)
N Ores
trd () wLea oI
on X
a3z LM126H, LM326H, LM126H,
(k] Yo or LM326H
o 1 azs See Package H10C
o %
3% Rz
A ™ F—® w
A28 " R35
A u R21 L) s E
i ) s 30k o L_..} o Y 1.0k ®w
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Absolute Maximum Ratings

Operating Conditions

Input Voltage +30V Operating Temperature Range
Forced Vo* (min) (Note 1) 0.5V LM125 -55°C to +125°C
Forced Vg~ (max) (Note 1) +0.5V LM325, LM325A 0°C to +70°C
Power Dissipation (Note 2) PMmAX Storage Temperature Range —65°C to +150°C
Output Short-Circuit Duration {Note 3) Indefinite Lead Temperature (Soldering, 10 seconds) 300°C
3 - . Ny
Electrical Characteristics LM125/LM325/LM325A (Note 2)
PARAMETER CONDITIONS MIN TYP MAX UNITS
QOutput Voltage T = 25°C
LM125/LM325A 14.8 15 15.2 \
LM325 145 15 15.5 \
Input-Output Differential 2.0 \Y
Line Regulation Vin = 18V 10 30V, I = 20 mA, 20 10 mV
T;=25°C
Line Regulation Over Temperature Vin = 18V to 30V, I, = 20 mA 2.0 20 mv
Range
Load Regulation I, =01to 50 mA, V,y = 30V,
Vo+ T =25°C 3.0 10 mv
Vo- 5.0 10 mv
Load Regulation Over Temperature I, =010 50 mA, V,y = 30V
Range
Vo+ 4.0 20 mvV
Vo~ 7.0 20 mv
Output Voltage Balance T, =25°C
LM125, LM325A +150 mvV
LM325 +300 mV
Output Voltage Over Temperature P<Puax.0< g <50 mA,
Range 18V < ivy1 <30
LM125/LM325A 14.65 15.35 \
LM325
14.27 15.73 \
Temperature Stability of Vg 0.3 %
Short Circuit Current Limit T = 25°C 260 mA
Output Noise Voltage T,=25°C, BW = 100 - 10 kHz 150 uVrms
Positive Standby Current T;=25°C 1.75 3.0 mA
Negative Standby Current T,=25"C 3.1 5.0 mA
Long Term Stability 0.2 %/kHr
Thermal Resistance Junction to
Case (Note 4)
LM125H, LM325H 45 ‘cw
Junction to Ambient
LM325AN, LM325N 150 ‘C/W

9ZENT/9ZLINT ‘VSZEWNT/SCENT/SSZNT/SZENT

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, T:=0°C to +125°C on
LM326A, T:=0°C to +125°C on LM325, V|N=t20V, 1.0 mA, Ipax=100 mA, PMAX=2.0W for &he TO-5 H Package.
Imax=100 mA. Imax=100 mA, PMAX=1 .OW for the DIP N Package.

Note 3: If the ju

ds 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. With a heat
sink, the effective thermal resistance can only approach the junction to case values specified, depending of the efficiency of

the sink.
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LM125/LM225/LM325/LM325A, LM126/LM326

Absolute Maximum Ratings
input Voltage +30V

Forced Vo* (Min) (Note 1) —0.5V
Forced Vg~ (Max) (Note 1) +0.5V
Power Dissipation (Note 2) Tnternally Limited
Output Short-Circuit Duration {Note 3) Indefinite

Operating Temperature Range

LM126 -55°C to +125°C
LM326 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics LM126/LM226/LM326 (Note 2)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage T,=25°C
LM126, LM326 1.8 12 12.2 \
11.5 125 \
Input-Output Differential 20 A\
Line Regulation Vin = 15V to 30V 20 10 mV
IL=20mA, T =25°C
Line Regulation Over Temperature Range Vin = 15V to 30V, i =20 mA 20 20 mV
Load Regulation I, =0to 50 mA, V,y = +30V,
Vo' T,=25°C 3.0 10 mv
Vo~ 5.0 10 mv
Load Regulation Over Temperature Range I, =01to 60 mA, V, = 230V
Vo 4.0 20 mv
Vo~ 7.0 20 mvV
QOutput Voltage Balance T,=25°C
LM126, LM326 125 mV
+250 mV
Output Voltage Over Temperature Range P <Pmax, 0< 1 <50 mA
LM126 15V < V1 < 30V 11.68 12.32 Y
LM326 11.32 12.68 \
Temperature Stability of Vg +0.3 %
Short Circuit Current Limit T = 25°C 260 mA
Output Noise Voltage T = 25°C, BW = 100 ~ 10 kHz 100 uVrms
Positive Standby Current T = 25°C, 1. =0 1.75 3.0 mA
Negative Standby Current T = 25°C, 1. =0 31 5.0 mA
Long Term Stability 0.2 %/ kHr
Thermal Resistance Junction to Case (Note 4)
LM126/LM326H 45 °c/w
Junction to Ambient LLM326N 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 T;=65°C to +150°C on LM126, Ti=0°C to +125°C on
LM326, V=20V, [L=0mA, IMax=100 MA, Pyax=2.0W for the TO5 H Package Iyax=100 MA. lyyax=100 mA,

Ppmax=1.0W for the DIP 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-6 Package is about 150° 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.
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Typical Performance Characteristics (v, -:20v, 1 -0ma, T, = 25°C, unless otherwise noted.)
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LM125/LM225/LM325/LM325A, LM126/LM326

Typical Performance Characteristics (cont‘d.)
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Typical Performance Characteristics (cont‘d.)

INPUT RIPPLE ATTENUATION (dB)
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Typical Applications

Note. Metal can (H) packages shown,

Basic Regulator

FREQUENCY (Hz)

2.0 Amp Boosted Regulator With Current Limit

1t

I
T'.‘:l

Tawsoss
R EQUIV.

JB

o3

2N3055

OR EQUIV. + I
acqt

1F

>

S l
>
3 Ao

—

CURRENT LIMIT SENSE VOLTAGE (SEE CURVE)
lew = R
L

SOLID TANTALUM
TISHORT PINS § AND 7 ON DIP
THRc, CAN BE ADDED TO THE BASIC REGULATOR BETWEEN PINS § AND 5, 1 AND 2
TO REDUCE CURRENT LIMIT.
*REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER
SUPPLY FILTER.

+Viy - Vi

“*ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP THANSIENT

RESPONSE. (IF NEEDED USE 1.F ELECTROLYTIC).
"**ALTHOUGH NO CAPACITOR tS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT
RESPONSE. (IF NEEDED USE 104F ELECTROLYTIC).
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LM125/LM225/LM325/LM325A, LM126/LM326

Typical Applications (cont‘d.)

Positive Current Dt dent Simul Current Li
= qsnss
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“our | 9 L
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te3 Q& 10k
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Lil mS < Rel”
i -Vin
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] F
&2 | T+ I
™ =
1|
2N2606
Vsense neg
TSENSENEG
P R roy - Vumae'
* R T Mgt
o - Vamnse nea * Vooos
o+ SN
1, * CONTROLS BOTH SIDES OF THE REGULATOR.
8 d Regut With Foldback Current Limit
[
O -Vour
B C) Resistor Values
I WF - 10F
= 125 | 126
R1 18 20
POSITIVE REG. R2 310 | 180
t‘:x 715."‘ N R3 2.4k | 1.35k
- 1% m
@1, =25 R6 300 | 290
T R 07 | 09
NEGATIVE REG. CL - -
Iax = 20A
Isc * 750 mA
@1, =25°C
-V = -25V
Electric Shutdown
woe W 20 b e
A AL w2905 2W2905
ELECTRONIC SHUTOOWN
Vouy <75 mV
louri ~ @

TSOLID TANTALUM

HISHORT PINS 8 AND 7 ON DIP

REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER
SUPPLY FILTER.

**ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT
RESPONSE. {IF NECOED USE 14F ELECTROLYTIC)
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National
Semiconductor

LM129/LM329 Precision Reference

General Description

The LM129 and LM329 family are precision muliti-
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 0.01%/°C.
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.

Features

0.6 mA to 15 mA operating current

0.652 dynamic impedance at any current

Available with temperature coefficients of 0.001%/°C
7uV wideband noise

5% initial tolerance

0.002% long term stability

Low cost

Subsurface zener

Typical Applications

Low Cost 0—25V Regulator

vin IN out
e LM317? P Vg y T
>
AD Sm
‘P
IuF
¢4
P 3
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= >
< 240

LM329

570
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VVvr
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69V

Simple Reference

SV TO 40V

L

Lm129
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Adji ip Output Ref

s |,
AAA
VW
ouTPUT
-69.< Vour <69
.4; 3
50k S®
J107uAN
ouTPUT
ADJUST

-15V  J0pF

1)
S—VW\—e
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w
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LM129/LM329

Absolute Maximum Ratings

Reverse Breakdown Current
Forward Current

Operating Temperature Range

30 mA

2mA

LM129 -55°C to +125°C
LM329 0°C to +70°C
Storage Temperature Range -55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (Note 1)
LM129A,B,C LM3298,C,D
PARAMETER CONDITIONS UNITS
MIN MAX MIN MAX
Reverse Breakdown Voltage Ta = 25°C,
06mA< IR <15mA 6.7 7.2 6.6 7.25 v
Reverse Breakdown Change Ta =25°C,
with Current 06mMA<Ig <15mA 14 20 mV
Reverse Dynamic Impedance To=25°C,Ig =1mA 1 2 Q
RMS Noise T, = 25°C,
10 Hz < F < 10 kHz 20 100 uv
Long Term Stability Ta =45°C $0.1°C,
Ig = 1 mA £0.3% ppm
Temperature Coefficient lg =1mA
LM129A, LM329A 10 ppm/°C
LM1298, LM3298 20 20 ppm/°C
LM129C, LM329C 50 50 ppm/°C
LM329D 100 | ppm/°C
Change In Reverse Breakdown 1TmA<ig<16mA ppm/°C
Temperature Coefficient
Reverse Breakdown Change 1mA<Ig<15mA mVv
with Current
Reverse Dynamic Impedance 1mA<LIg < 156mA Q

Note 1:These specifications apply for -56°C < Ta < +125°C for the LM129 and 0°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 TO-46 package
must be derated based on a thermal resistance of 440°C/W junction to ambient or 80° C/W junction to case. For the TO-92 package, the derating
is based on 180°C/W 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.
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Typical Applications (cont‘d.)

0V to 20V Power Reference

25V TO 40V

LM129 lx’
5.9V

LM195

oV 10 20V
1A

=

External Ref

LM129 7
6.9V

3 OUTPUT
2 10 mV/°k
OUTPUT

Lmag11

INPUT

N
1N457
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LM129/LM329

Typical Applications (cont‘d.)

Positive Current Source

10V TO 40V
350
0.1%
6
LM129 ,KI 2N2219
6.8V
o
>
< 0.1%
QUTPUT
10mA
<
>
<
» 4.3k
S
Buffered Reference with Single Supply
+15V
< 9k
> 7.5k
:> —A A~
2 N 7
[]
LM108A P 10V
LM12977 3
6.9v + 8
(3
20k 100 pF
1% |
Connection Diagrams
Metal Can Package Plastic Package
80TTOM VIEW BOTTOM VIEW
Order Number LM129AH, LM129BH Order Number LM329B2, LM329CZ
or LM329DZ

LM129CH, LM329BH, LM329CH, LM329AH
or LM329DH
See Package HO2A

See Package Z0O3A
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Typical Performance Characteristics

FORWARD VOLTAGE (v) REVERSE CURRENT (A)
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LM130/LM330

National
Semiconductor

Voitage Regulators
PRELIMINARY

LM130/LM330 3-Terminal Positive Regulators

General Description

The LM130 series of 3-terminal positive voitage
regulators feature an ability to source full output current
with an input-output differential of 0.5V or less. Familiar
regulator features such as current limit and thermal
overload protection are also provided.

The low in-out differential voltage makes the LM130
useful for certain battery applications since this feature
allows a longer battery discharge before the output falls
out of regulation. For example, a 9V battery supplying the
regulator input voltage discharges to below 52V before
any change is noted in the output. Supporting this
feature, the LM130 protects both itself and regulated
systems from negative voltage inputs resulting from
reverse installations of batteries.

Other protection features include line transient protec-
tion up to 50V, when the output actually shuts down
to avoid damaging internal and external circuits. Also,
the LM330 regulator in the TO-202 package cannot be
harmed by a temporary mirror-image insertion.

A fixed output of 5V is available in the 3-lead her-
metic metal can and the plastic TO-202 power package
(LM330 only).

Features

@ Input-output differential less than 0.5V
@ Output current of 150mA

B Reverse battery protection

B Line transient protection

B |nternal short circuit current limit

B internal thermal overload protection

B Mirror-image insertion protection

W Available in plastic TO-202 (LM330)

Voltage Range

LM130H-5.0 5V
LM330H-5.0 5V
LM330P-5.0 5V

Schematic

N > > > >
San S ris SR12
AR an S o < S50 S
t <™ a5 a6 oz o T S 00
a1
?2 /13
50 025
>
) 026 T
o 4 (11 3o q 28 ou
—m a7 a1s
R16 &
3 an 30509
150 91
13 A
r b 20
<$R7
o540
s
[t
3 0 Y s
E4
L a8 i»mk
< R4 S P4 <
a2 b3 SRS P4 > R15 > R17
b3 a5 b3y 3. 0 Q1000
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Absolute Maximum Ratings

Input Voitage
Operating Range

Line Transient Protection (1000 ms)

Internal Power Dissipation
Operating Temperature Range

LM130

30V
50V

internally Limited
-55°Cto +125°C

LM330

26V
26V

Internally Limited
0°C to +70°C

Maximum Junction Temperature +150°C +125°C
Storage Temperature Range —-65°Cto +150°C -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) +300°C +300°C
Electrical Characteristics (vote 1)
LM130 LM330
Parameter Conditions Min _ Typ Max | Min  Typ Max Units
V, | Output Voltage Tj=25°C 4.8 5 5.2 48 5 5.2
Output Voltage 5< 1, < 150mA Vv
Over Temp 6< Vi < 26V 4.75 5.25 4.75 5.25
AV, | Line Regulation 9< V< 16V, I, =6mA 7 15 7 25
6< V<26V, l,=5mA 30 45 30 60 mv
Load Regulation 5<1,< 150mA 14 25 14 50
Long Term Stability 20 20 mV/1000 hrs
lg | Quiescent Current o=10mA 35 5 35 7
lo=50mA 5 7 5 9
lo=150mA 18 30 18 40 mA
Line Transient Vin=40V, R =100, 1 sec 25 40 25
Reverse Polarity Vin= -6V, R =100Q -80 -80
Alg | Quiescent Current 0
Change 6<V <26V 10 10 %
Vin | Max Operational 30 35 2% 15
Input Voltage
Max Line Transient 100 ms V,<5.5V 50 60 60 v
1sec V€55V 40 50 50
Reverse Polarity 100 ms V,>-0.3V R =1000 -30 -15 -30
Input Voltage DC Vo> - 0.3V R = 1000 -12 -6 -12
Output Noise Voltage 10 Hz-100 kHz 50 50 uv
Output Impedance lo=100 mADC + 10 mArms 200 200 mQ
Ripple Rejection 56 56 dB
Current Limit 150 400 700 150 400 700 mA
Dropout Voltage lo = 150mA 0.4 0.5 0.4 0.6 v
Thermal Resistance Junction to Case
TO-39 40 40
TO-202 - 12 .
Junction to Ambient cw
T0-39 140 140
TO-202 — 70
Note 1: Unless otherwise specified: V| =14V, lo =200 mA, Tj=25°C, C1=0.14F, C2 =10 uF. All istics except noise ge and ripple rej are

measured using puise techniques (tw<10 ms, duty cycle<5%). Output voltage changes due to changes in internal temperature must be taken into account

separately.
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LM130/LM330

Typical Performance Characteristics

Dropout Voltage Dropout Voltage
0§ 08—
z 0.5 £ 0.5 Ti il
-t K - .
H —""1g =200 mA 2
£ o0s 10 =150 mA £ o4 i
i — ] "z
w " s
g 03 s 03 L
S 1g =50 mA 2
£ 02 0 E 02 P
-] Sl [
R E n
g F/P— o= 10mA z
0 —L 0
0 25 50 75 100 1265 150 0 50 100 150 200
JUNCTION TEMPERATURE (°C) OUTPUT CURRENT (mA)
Low Voltage Behavior High Voltage Behavior
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; 7 Ry = 180
5.0
s / s 6
w ;
a0 &
g 5 .
g 7 g
- 30 g | 3
= =
g / -
5 4 5
2 / e 2
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10-50




Typical Performance Characteristics (continued)

QUIESCENT CURRENT (mA) OUTPUT CURRENT (mA)

RIPPLE REJECTION (dB)

Peak Output Current
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LM130/LM330

Typical Performance Characteristics (continueq)

Output impedance Overvoltage Supply Current Reverse Supply Current
10 3 50
lo= b mA A= 1002 1= 2%
_ Tj=25°C - -T|L 25°C 0 )
g f 3 z
g E g
z 7 - i
w y E 15 < 00 P
% g T 3 d
3 0 z w0 L g 150
g : /| 5 ¢
5 -200
0.01 0 -250
110 100 1k 10k 100k M 20 25 30 35 40 -2 -0 8 -6 -4 -2 0
FREQUENCY (H2) INPUT VOLTAGE (V) iNPUT VOLTAGE (V)
Output Voltage (Normalized
Output at Reverse Supply Output at Overvoitage to 5V at Tj=25°C)
0 —r—r—r 0.2 T 5.025
RL=ce Rp=e s
Tj=28°C Tj=25°C] 2
g 0 s 015 gsm L
w w - /
= S Ea.sns e
§ -01 2 o 2 N
'é el = 3 4950 A
& — a
3 02 5 s =T 8
° ° L1 34925
g Vin = 18V
-03 ] = 4900 1
-2 -0 -8 6 -4 -2 0 30 35 40 —60-40-20 0 20 40 80 80 100 120 140
INPUT VOLTAGE (V) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Typical Application
LM130
VIN
UNREGULATED Vi Vout HEGULATED
INPUT GND OUTPUT
c1* + 2**
0.1 I | llu I 10 uF

* Required if regulator is located far from power supply filter
** C2 must be at least 10 uF to maintain stability. May be increased with
possible to regulator.

out bound. Locate as close as
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Definition of Terms

Dropout Voltage: The input-output voitage differential at
which the circuit ceases to regulate against further
reduction in input voltage. Measured when the output
voltage has dropped 100 mV from the nominal value
obtained at 14V input, dropout voltage is dependent upon
load current and junction temperature.

Input Voltage: The DC voltage applied to the input ter-
minals with respect to ground.

Input-Output Differential: The voltage difference between
the unregulated input voitage and the regulated output
voltage for which the regulator will operate.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made
under conditions of low dissipation or by using pulse
techniques such that the average chip temperature is not
significantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Connection Diagrams

(TO-39)
Metal Can Package

INPUT
O—=— QUTPUT

GND

CASE IS GND
BOTTOM VIEW

Order Number

LM130H-5.0
LM330H-5.0

See Package HO3B

Long Term Stability: Output voltage stability under
accelerated life-test conditions after 1000 hours with
maximum rated voltage and junction temperature.

Output Noise Voltage: The rms AC voltage at the output,
with constant load and no input ripple, measured over a
specified frequency range.

Quiescent Current: That part of the positive input current
that does not contribute to the positive load current. The
regulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input rip-
ple voltage to the peak-to-peak output ripple voltage.

Temperature Stability of Vo: The percentage change in

output voltage for a thermal variation from room
temperature to either temperature extreme.

(TO-202)
Plastic Package

—————3 Vour
O [——3 anp
| ] ———— vp

FRONT VIEW

Order Number
LM330P5.0 TB
See Package PO3E
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LM136/LM236/LM336

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
IC voltage references operate as a low temperature
coefficient 2.5V zener with 0.282 dynamic impedance.
A third terminal on the LM136 allows the reference
voltage and temperature coefficient to be trimmed easily.

The LM 136 series is useful as a precision 2.5V low voltage
reference for digital voltmeters, power supplies 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°C to +125°C
while the LM236 is rated over a —25°C to +85°C

temperature range. Both are packaged in a TO-46 package.
The LM336 is rated for operation over a 0°C to +70°C
temperature range and is available in either a three lead
TO-46 package or a TO-92 plastic package.

Features

Low temperature coefficient

Wide operating current of 300 uA to 10 mA
0.282 dynamic impedance

1% initial tolerance available

Guaranteed temperature stability

Easily trimmed for minimum temperature drift
Fast turn-on

Three lead transistor package

Schematic Diagram

° ° +
R1 <
S "J ® Ldm
g
>
nl‘l She ,
Lt A < uk sw
9 68k
o AI -
P 8 4 mnD—
[ 30pF b
| | 10k I |
i» 600
AAA— ADJ
N R
m‘d 30k
(1] b [T} [ <SRI0
Seex
)
5] [ Quu
Typical Applications
2.5V Reference 2.5V Ref with Mini Temp e Coefficient Wide Input Range Reference
sv
ViN 15 - 4oV
v 2.5k
254 LMI%
INGST*
28V L
t:;xl:l 1ot Vguy =25V
LM138
T LM336
1 Adjust to 2.490V =

*Any silicon signal diode
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Absolute Maximum Ratings

Reverse Current 15 mA
Forward Current 10 mA
Storage Temperature —60°C to +150°C
Operating Temperature
LM136 -55°C to +150°C
LM236 —25°C to +85°C
LM336 0°Cto +70°C
Lead Temperature (Soldering, 10 seconds) 300°C
Electrical Characteristics (Note 1)
LM136A/LM236A LM336B
PARAMETER CONDITIONS LM136/L.M236 LM336 UNITS
MIN TYP | MAX | MIN TYP | MAX
Reverse Breakdown Voltage TaA=25°C,IR=1mA
LM136/LM236/LM336 2440 | 2.490 | 2.540 | 2.390 | 2.490 | 2.590 Y
LM136A/LM236A, LM336B 2.465 | 2.490 | 2.615 | 2.440 | 2.490 | 2.540 \
Reverse Breakdown Change Ta= 25°C, 2.6 6 2.6 10 mV
With Current 400 uA<IR <10 mA
Reverse Dynamic Impedance Ta=25°C, IR=1mA 0.2 0.6 0.2 1 Q
Temperature Stability VR Adjusted to 2.490V
IR =1mA, (Figure 2)
0°C < TA < 70°C (LM336) 1.8 6 mV
~25°C < Tpa < +85°C (LM236) 3.5 9 mV
—-55°C < Tp < +125°C (LM136) 12 18 mV
Reverse Breakdown Change 400 A< IR <10 mA 3 10 3 12 mV
With Current
Reverse Dynamic Impedance IR=1mA 0.4 1 0.4 14 Q
Long Term Stability TA=25°C%0.1°C,IR=1mA 20 20 ppr!

Note 1: Unless otherwise specified, the LM136 is specified from —65°C < T < +125°C, the LM236 from —25°C < T < +86°C and the L1336
from 0°C < T < +70°C. The maximum junction temperature of the LM136 is 150°C, LM236 is 125°C and the LM336 is 100°C. For eE‘olatEd
junction temperature, devices in the TO-46 package should be derated based on a thermal resistance of 440° C/W junction to ambient or 30° C/W
junction to case. For the TO-92 package, the derating is based on 180°C/W 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.

Typical Performance Characteristics

Reverse Voltage Change

Zener Noise Voltage

35 260 r
s l Ig=1mA
E o
E 3 } Tj=25°C
= 2 ]
3 T-usel, /) 20
25 _
E /' g \
=) A 2 \
g : /% Z 150
3 18 7 A Tj= 557 4 N
> o
~ age, =
@ 19 y, Tj-2sc_| o
o«
s
E 05
] 50
o 2 a4 & 10 w100 1 106 100k

REVERSE CURRENT (mA)

FREQUENCY (H2)

DYNAMIC IMPEDANCE ()

Dynamic Impedaice

100 :
FiR=1mA=—
10 ;
——1;-125°C
— S
_ I
T,= —55°C A
J 2z T
}
| I Tl' =25C
01 +
10 100 1k 10k

FREQUENCY (Hz)
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LM136/LM236/LM336

Typical Performance Characteristics (cContinued)

Response Time

Reverse Characteristics

Forward Characteristics

TITLT LT ! "
3 Lo
OUTPUT ! _ 0 /
s Tt £, R /
e 21 l £ 10 ] A
; . ™ § E 08 —— /
Y S 3 g3 8 g5 [ T=-ss ,/
= = A ovtror 2 | g / P /
o & 8
S 0 f—t— - 2 T=se] L _? £ 04 [ Tj=25°C =
50 | 2, LTS 7 s /
INPUT / 02 | Tje125°C
[]
! 1078 4 ° I
0o 2 4 6 8 06 10 14 1B 22 28 0m 001 01 1 10

TIME {us)

REVERSE VOLTAGE (V)

FORWARD CURRENT (mA}

Temperature Drift

2.590
2570

2550

= 2530 p

AR

A\

w
e 2510

v 2490

S 2410

b
2 2.450

2 2430
2

_—
i

= 2410

2390 [lgp=1mA
|

2370 L

-55-35-16 5 25 45 65 85 105 125

TEMPERATURE (°C)

Application Hints

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.

Fqure 1 shows an LM136 with a 10k potentiometer
for adjusting the reverse breakdown voltage. With the
addrion of R1 the breakdown voltage can be adjusted
withott affecting the temperature coefficient of the
device. The adjustment range is usually sufficient to

S R1

Lm136 S 10k

FIGURE 1. LM136 With Pot for Adjustment of
Breakdown Voltage

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 IN914, 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 LM136
on the printed circuit board. The absolute resistance of
R1 is not critical and any value from 2k to 20k will work.

vt

IN914

A1
LM136 10k

IN814

FIGURE 2. Temperature Coefficient Adjustment
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Typical Applications (continued)

Low Cost 2 Amp Switching Regulator?

Vin 3 AMP PNP LYY
6V T0 20V *1 Vour SV
600..H
68
4 >
b
1»
880 PN2905
—AAN—
tuf
A+ 30k |1+ bl
a0 — M i VARD ANI0HF
VSK330
‘b
2k (=
<
200
AN —Iﬁzm PN2222 AMN—S
570
i >
£ <
> >
< 390 :, 620
*L1 60 turns #16 wire on Arnold Core A-254168-2
tEtficiency ~ 80%
Precision Power Regulator with Low Temperature Coefficient
M317
VIN =—4INPUT out VouT
ADJ B
>
<12
<b
>
S At
ivs1 g
<
-
LM336 L
IN457
R2
2
— —
oUTPUT
. ADJUST "=
*Adjust for 3.75V across R1 =
5V Crowbar Trimmed 2.5V Reference with Temperature
Coefficient Ind dent of Breakd
vt ® @ Voitage
LM336 10V
5k
LM336
:: 100 SENSITIVE GATE L
£ *
> 10k
] LM336 > CALIBRATE

0.01 uF :: 200

i

*Does not affect temperature coefficient
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LM136/LM236/LM336

Typical Applications (continued)

Adjustable Shunt Regulator

Linear Ohmmeter

&V T0 q0v

Op Amp with Output Clamped

1k

P +1.25V

v+
LM334 —|L
o OUTPUT <
5V T0 40V b4
- °
25k G 25k 250k 2.5M
%S 158 1%S 1% e
>
- 1ooiv] LM336 W CALIBRATE
1KV
Bipolar Output Reference
sV
5k
< 10k
2% :.m
:zv—lM— LM136
<
>
b3
b3
>
<
>
i,su
-5V

2.5V Square Wave Calibrator

5V

ouTPUT

2N2222
>

b
TS CALIBRATE

Vour
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Typical Applications (continued)

5V Buffered Reference

WSVINS IV
>
<
>
> 4A
LM336
10k :' Lo
A
caL S
=

Connection Diagrams

TO-92
Plastic Package

BOTTOM VIEW

Order Number
LM3362 or LM336BZ
See Package 203A

Low Noise Buffered Reference

sV
>
<
w2k e
b3
U L—z.sv
B VN )
I+
10 uF
0 200k
CALS LM336 +m .
._1_ u

TO-46
Metal Can Package

BOTTOM VIEW

Order Number

LM136H, LM236H, LM336H, LM136AH,

LM236AH or LM336BH
See Package HO3H
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LM137/LM237/LM337

National
Semiconductor

LM137/LM237/LM337 3-Terminal Adjustable

Negative Regulators
General Description

The LM137/LM237/LM337 are adjustable 3-terminal ® Line regulation typically 0.01%/V
negative voltage regulators capable of supplying in excess ® |oad regulation typically 0.3%
of —1.5A over an output voltagg range of —1.2V to w Excellent thermal regulation, 0.002%/W
_37Y; These regulators are exgeptlonally easy to apply, & 77 dB ripple rejection
requiring only 2 external resistors to set the output T X
voltage and 1 output capacitor for frequency compensa- = Excellent rejection of thermal transients
tion. The circuit design has been optimized for excellent ® 50 ppm/°C temperature coefficient
regulation and low thermal transients. Further, the ® Temperature-independent current limit
LM137 series features internal current limiting, thermal ® [nternal thermal overioad protection
s})utdown and safe-area gompensatlon, making them ® 100% electrical burn-in
virtually blowout-proof against overloads. R
8 Standard 3-lead transistor package
The LM137/LM237/LM337 serve a wide variety of
applications including local on-card regulation, program- LM137 Series Packages and Power Capability
mable-output voltage regulation or precision current
regulation. The LM137/LM237/LM337 are ideal comple- RATED DESIGN
ments to the LM117/LM217/LM317 adjustable positive DEVICE | PACKAGE POWER LOAD
regulators. DISSIPATION | CURRENT
L M137 T0O-3 20W 1.5A
Features LM237 .
LM337 TO-5 2w 0.5A
% Output voltage adjustable from —1.2V to —37V LM337T T0-220 15W 15A
® 1.5A output current guaranteed, ~55°C to +150°C LM337M TO-202 7.5W 0.5A
Typical Applications
Adjustable Nega' Voltage Regul
R2 -
1t cit
. ——
~TN\62 TN
1uF
ADJ 120
ViN]  uwm3y  |Your
—V | -V
Vin LM337 out

_ R2
—Vour =—128V (14 =

*Cl =1 uF solid tantalum or 10 uF aluminum electrolytic required for stability
*C2 = 1 uF solid tantaium is required only if regulator is more than 4’’ from

power-supply filter capacitor




Absolute Maximum Ratings

Power Dissipation

Internally limited

Input—Qutput Voltage Differential a0V
Operating Junction Temperature Range
LM137 -55°C to +150°C
LM237 -25°C to +150°C
LM337 0°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)

LM137/LM237 LM337
PARAMETER CONDITIONS MIN TYP | MAX | WIN TYP | MAX UNITS
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, 10mA < IguT < IMAX
IVouT| < 5V, (Note 2) 15 25 15 50 mv
IVouT! > 5V, (Note 2) 03 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 A
.
Adjustment Pin Current Change 10mA<IL<IMAX 2 5 2 5 HA
2.5V < [VIN=VOuTI < 40V, Ta = 25°C
Reference Voitage TA=25°C (Note 3) —1.225|-1.250 | —1.275|-1.213|-1.250 | —-1.287 \"
3<IVIN—-VouTi <40V, (Note 3) —1.200}-1.250 | —1.300] —1.200{—1.250 | —1.300 \
10mA <loyT < IMAX, P <Pmax
Line Regulation 3V < IVIN—VouTi <40V, (Note 2) 0.02 0.05 0.02 0.07 %/V
Load Regulation 10 mA <lguT < IMAX. (Note 2)
IVouTl <5V 20 50 20 70 mV
iVouT! > 5V 03 1 0.3 15 %
Temperature Stability TMIN < Tj < TmAX 0.6 0.6 %
Minimum Load Current IVIN—VouTi < 40V 25 5 25 10 mA
IVIN—VouTi < 10V 1.2 3 1.5 6 mA
Current Limit IVIN—VouTl < 15V
K and T Package 1.5 22 1.5 2.2 A
H and P Package 0.5 0.8 05 0.8 A
IVin—-VourTl = 40V
K and T Package 04 0.4 A
H and P Package 0.17 0.17 A
RMS Output Noise, % of VoyT 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 uF 66 77 66 77 dB
Long-Term Stabitity Ta = 125°C, 1000 Hours 03 1 03 1 %
Thermal Resistance, Junction to Case H Package 12 15 12 15 °cw
K Package 23 3 23 3 ‘c/w
T Package 4 °cw
P Package 12 ‘ow

Note 1: Unless otherwise specified, these specifications apply —55°C < Ti < +160°C for the LM137, —25°C < Ti < +150°C for the LM237 and
0°C < Tj < +125°C for the LM337; V| — VouT = 5V and IgyT = 0.1A for the TO-5 package and TO-202 package and IouT = 0.5A for the
TO-3 package and TO-220 package. Although power dissipation is internally limited, these specifications are ticable for power dissipations of
2W for the TO-6 and TO-202 and 20W for the TO-3 and TO-220. IpaX is 1.5A for the TO-3 and TO-220 package and 0.5A for the TO-5 package
and TO-202 package.

Note 2: Regulation is measured at constant junction temperature, using pulise testing with a low duty cycle. Changes in output voitage due to
heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8'' below
the base of the TO-3 and TO-5 packages.

Note 3: Selected devices with tightened tolerance reference voltage available.
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LM137/LM237/LM337

Thermal Regulation

When power is dissipated in an IC, a temperature
gradient occurs across the IC chip affecting the individual
IC circuitcomponents. 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. Thermat 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.

—-I 10ms |-——

LM137, Vot = 10V

Vin—VouT = 40V

I = 0A - 0.25A - 0A

Vertical sensitivity, 5 mV/div
FIGURE 1

In Figure 1, a typical LM137’s output drifts only 3 mV
(or 0.03% of VOUT = —10V) when a 10W pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x 10W = 0.2% max.
When the 10W 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 10W 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 mV).

fe—100 ms —=]

LM137, Voyr =-10V

VIN—VouT = —40V

1L =0A —>0.25A - 0A

Horizontal sensitivity, 20 ms/div
FIGURE 2
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Connection Diagrams T0-220 T0-202
Plastic Package Plastic Package
103 T05 in O

Metal Can Package Metal Can Package O e vy

ADJUSTMENT vour ! i 1
ADJUSTMENT i :
1 \
2O ouTPUT o 3
CASE IS INPUT
INPUT
CASE IS INPUT ADJ —=| —— Vout
BOTTOM VIEW BOTTOM VIEW

Order Number: Order Number: ADJ Vour

LM137K STEEL LM137H Vin

LM237K STEEL LM237H FRONT VIEW

LM337K STEEL LM337H Vin Order Number:

See Package KO2A See Package HO3B FRONT VIEW LM337MP
Order Number: See Package PO3A
LM337T For Tab Bend TO-202
See Package TO3B OL"“’;;;‘;‘;“:?;

Typical Applications (continued) See Package PO3E

Adjustabie Lab Voltage Regulator —5.2V Regulator with Electronic Shutdown*

m
CONTROL
12V T0 20V - .
120 L
> 1% - L
E QM1
' A ::m .
% [ 2N2907
> N 1 uF
° e ]
‘b -_L > g 289
2K - < >
> P4 > 1%
1uf 1 Vouy
g 120 ur -
S 1% 8V T0 20V
—1.2v 10 -20v

*Minimum output = —1.3V when control input is low

*The 10 uF capacitors are optional to improve rippie rejection Adjustable Current Regulator

Current Regulator

Icl
‘L—,]\‘ uF

1.250V =
current  JOUT = 1
ouTPUT sV
*0.852 < R1 < 120Q 7 +15% adjustable

with P Diodes High Stability —10V Regulator

cz—k Sw = L<
104F Gk Lmi20a S 1%
Lo +
<SRt 2% * H < <
> 1.5k
ADs  S249 M 1N4a002 apy QW% Sy
~Vour Vour
v -3V 10V

1=

137/ pyes
w337 [Vour 7 _
T
Vin f-01* i ov 15 ppm/°C
N4002 —15v

-Vin

*When Cy is larger than 20 uF, D1 protects
the LM137 in case the input supply is shorted
*"When C2 is larger than 10 uF and —VoyT is
larger than —25V, D2 protects the LM137 in
case the output is shorted
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LM137/LM237/LM337

Typical Performance Characteristics (k steel, KC and T Packages)

Load Reguiation
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National
Semiconductor

LM137HV/LM237HV/LM337HV
3-Terminal Adjustable Negative Regulators (High Voltage)

General Description Features

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.

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 ppm/°C temperature coefficient
Temperature-independent current limit

Internal thermal overload protection

100% electrical burn-in

Standard 3-lead transistor package

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 LM137HV/LM237HV/
LM337HV are ideal complements to the LM117HV/
LM217HV/LM317HYV adjustable positive regulators.

Typical Applications

Adj ble Negative Voitage Regul
T
R2 =
T T
ADJ 120

Vin Vout
Vi )\ LM13THV/ * Vout

LM337HV

Vour = =126V [1 + 2
“rout " 1209

'C1 = 1 uF solid tantalum or 10 uF aluminum electrolytic required for stability
*C2 = 1 uF solid tantalum is required only if regulator is more than 4'' from
power-supply filter capacitor
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LM137HV/LM237HV/LM337HV

Absolute Maximum Ratings

Power Dissipation

Internally limited

Input—Qutput Voltage Differential 50V
Operating Junction Temperature Range
LM137HV -55°C to +150°C
LM237HV -25°C to +150°C
LM337HV 0°C to +125°C
Storage Temperature -65°C to +150°C
Lead Temperature {Soldering, 10 seconds) 300°C

Preconditioning

Burn-In in Thermal Limit

Electrical Characteristics (Note 1)

100% All Devices

LM137HV/LM237HV LM337HV
PARAMETER CONDITIONS MiN T 7vp | MAX T MiN T 5vF T MAX UNITS
Line Regulation Ta = 25°C, 3V < {ViN—~VouTi < 50V, 0.0t | 0.02 001 | 0.04 %/V
{Note 2)
Load Regulation Ta =25°C, 10 mA < IguT < IMAX
IVOUTI < 6V, (Note 2) 15 25 15 50 mv
VouT! =5V, (Note 2) 03 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 uA
Adjustment Pin Current Change | 10 mA < I <IMAX 2 5 2 5 HA
2.5V < VIN-VOoUuTI < 50V, 3 6 3 6 HA
Ta=25°C
Reference Voltage Ta = 25°C, (Note 3) —1.225]-1.250| —-1.275 | -1.213|-1.250 | —1.287 \"
3< IViN=VouT! < 50V, (Note 3) -1.200|-1.250 | -1.300 |-1.200(-1.250 |-1.300 v
10mA < louT < IMAX. P < PMAX
Line Regulation 3V < IVIN-VOUTI < 50V, (Note 2) 0.02 | 0.05 0.02 | 0.07 %/V
Load Regulation 10 mA < lguT £ IMAX, (Note 2)
IVouTl <8V 20 50 20 70 mV
IVouT > 8V 0.3 1 0.3 15 %
Temperature Stability TMIN < Tj<TmAX 0.6 0.6 %
Minimum Load Current IViN—VouTI < 50V 25 5 25 10 mA
IViN—-VouTi < 10V 1.2 3 1.5 6 mA
Current Limit iVIN—-VouTi <13V
K Package 1.5 22 3.2 1.5 2.2 3.5 A
H Package 0.5 0.8 1.6 0.5 0.8 1.8 A
IVIN-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 uF 66 77 66 77 d8
Long-Term Stability Ta = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction H Package 12 15 12 15 °CW
to Case K Package 2.3 3 23 3 °cW

Note 1: Unless otherwise specified, these specifications apply —65°C < Tj < +150°C for the LM137HV, —26°C < Tj < +160°C for the LM237HV
and 0°C < T < +125°C for the LM337HV; VN — VouT = 5V; and IgyT = 0.1A for the TO-5 package and IgyT = 0.5A for the TO-3 package.
le for power dissipati

Although power dissipation is internally limited, these specifications are

TO-3. ImAaXx is 1.5A for the TO-3 package and 0.5A for the TO-5 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 1/8" below
the base of the TO-3 and TO-5 packages.

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

1s of 2W for the TO-5 and 20W for the

10-66




Schematic Diagram
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Thermal Regulation

When power is dissipated in an IC, a temperature
gradient occurs across the |C chip affecting the individual
1C circuit components. With an 1C 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.

o

—] 10ms |=—
LM137HV, Vouyr = —10V
VIN—VouT =40V
I = 0A -+ 0.25A - 0A
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 10W pulse is
applied for 10 ms. This performance is thus well inside
the specification limit of 0.02%/W x 10W = 0.2% max.
When the 10W 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 10W 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 mV).

fe—100 ms —=]

LM137HV, VoyTt = —10V

VIN—VouT = 40V

I = 0A — 0.256A » 0A

Horizontal sensitivity, 20 ms/div
FIGURE 2
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LM137HV/LM237HV/LM337HV

Connection Diagrams

TO-3 TO-S
Meta!l Can Package Metal Can Package
ADJUSTMENT Vour
ADJUSTMENT
Ordering information Ordering Information
LM137HVK STEEL LM137HVH 2(Q ) ouTPUT
LM237HVK STEEL Lm237HVH -
LM337HVK STEEL CASE IS LM337HVH NPUT
See Package K02A INPUT See Package HO3B
CASE IS INPUT
BOTTOM VIEW BOTTOM VIEW
Typical Applications (continued)
Adjustable High Voltage Regulator
1.2V T0 w47V
-1.2V 70 -4V

*The 10 1F capacitors are optional to improve ripple rejection

Current Regulator

CURRENT | = 1.250V
oUTPYT ouT '—‘~R 1
lout *0.822 < R1 <1200
Negative Regulator with P Diodes

|+ L
c2 Sm =
S
te

*When Cy is larger than 20 uF, D1 protects
the LM137HV is case the input supply is shorted

**When C2 is larger than 10 uF and —VouT is
larger than —25V, D2 protects the LM137HV
in case the output is shorted

Adi 1 "

Current Reg

R1

High Stability —40V Regulator

- <523
Lm328E S 1%
$ [+

LM13THY ]
our

Vin
48V

lour
1.5V
l louT = ( ) +165% adjustable

S4B T
1 uf
< S15k*
o >
ans $% % S Vour
&— 4V

35 ppm/°C

*Use resistors with good tracking TC < 25 ppm/°C
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Typical Performance
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Characteristics (H and K-STEEL Package)

QUIESCENT CURRENT (mA) ADJUSTMENT CURRENT (uA}

RIPPLE REJECTION (dB)

OUTPUT VOLTAGE
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LOAD CURRENT (A)

Adjustment Current
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L} 10 20 30 40 50
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a0
i
Viy = 15V
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¢ 2920 e i
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0.01 [X] 1 10

06
04
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-1.0
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OUTPUT CURRENT (A}
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TT
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I \4
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LM138/LM238/LM338

National
Semiconductor

LM138/LM238/LM338

5 Amp Adjustable Power Regulators

General Description

The LM138/LM238/LM338 are adjustable 3-terminal
positive voltage regulators capable of supplying in excess
of BA over a 1.2V to 32V output range. They are
exceptionally easy to use and require only 2 resistors
to set the output voltage. Careful circuit design has
resulted in outstanding load and line regulation —
comparable to many commercial power supplies. The
LM138 family is supplied in a standard 3-lead transistor
package.

A unique feature of the LM138 family is time-dependent
current limiting. The current limit circuitry allows
peak currents of up to 12A to be drawn from the
regulator for short periods of time. This allows the
LM138 to be used with heavy transient loads and
speeds start-up under full-load conditions. Under sus-
tained loading conditions, the current limit decreases
to a safe value protecting the regulator. Also included
on the chip are thermal overload protection and safe
area protection for the power transistor. Overload
protection remains functional even if the adjustment
pin is accidentally disconnected.

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 LM138 is useful in a wide variety of other applica-
tions. Since 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.

The LM138/LM238/LM338 are packaged in standard
steel TO-3 transistor packages. The LM138 is rated for
operation from —55°C to +150°C, the LM238 from
—25°C to +150°C and the LM338 from 0°C to +125°C.

Features

m Guaranteed 7A peak output current

® Guaranteed 5A output current

B Adjustable output down to 1.2V

® Line regulation typically 0.005%/V

®m  Load regulation typically 0.1%

® Guaranteed thermal regulation

® Current limit constant with temperature
® 100% electrical burn-in in thermal limit
® Standard 3-lead transistor package

Typical Applications

1.2V-25V Adjustable Regulator

LM338

10A Regulator

Regulator and Voltage
Reference

LM338

filter capacitors

VN2 2V vour't Vin Vout =18V
& R
< 0 H
c1e hall B
0.14F L 1uF
S Rz
I 1.4k
ouTPUT* VREF = 6.95V
= Vin P 12vT0 20v 0
:: A1 LM329
< 120
+
fo . . 01—k |
Optional—improves transient  14F =
response '?‘nz
*Needed if device is far from 2

t R2
VouT =125V (1+ AT

*R1 = 2400 for LM138 and LM238
**R1, R2 as an assembly
can be ordered from
Bourns.
MIL part no. 71056A-AT2-502
COMM part no. 7106A-AT7-502

*Minimum load—100 mA




Absolute Maximum Ratings

Power Dissipation
Input—QOutput Voltage Differential
LM138

Internally limited
35v
-55"C to +150°C

Preconditioning

Burn-In in Thermal Limit

All Devices 100%

LM238 ~25’C to +150°C
LM338 0"Cto +125°C
Storage Temperature -65'C to +160°C
Lead Temperature {Soldering, 10 seconds) 300°C
Electrical Characteristics (Note 1)
LM138/LM238 LM338
PARAMETER CONDITIONS UNITS
MIN TYP | MAX | MIN TYP | MAX
Line Regulation Ta=25°C, 3V < VN~ VOuT < 35V, 0005 | 0.01 0.005 | 0.03 %/V
{Note 2)
Load Regulation Ta=25°C, 10mA < lguT < 5A
VouT <5V, (Note 2) 5 15 5 25 mV
VOuT > 5V, (Note 2) 0.1 0.3 0.1 05 %
Thermal Regulation Pulse = 20 ms 0.002 | 0.01 0.002 | 0.02 %/W
Adjustment Pin Current 45 100 45 100 UA
Adjustment Pin Current Change 10mA<I <6A 0.2 5 0.2 5 MA
3V < (VIN ~ VouT) <35V
Reference Voltage 3<(VIN - VouT) <35V, (Note 3) 1.19 | 1.24 129 | 119 | 1.24 1.29 \
10 mA < louT < 5A, P < 50W
Line Regulation 3V VIN - VouT <35V, (Note 2} 0.02 0.04 0.02 0.06 %/V
Load Regulation 10 mA < toyT < 5A, (Note 2)
VouTt <5V 20 30 20 50 mv
VouT > 5V 0.3 0.6 0.3 10
Temperature Stability TMIN S Tj < TMAX 1 1 %
Minimum Load Current VIN — VouT = 35V 35 5 35 10 mA
Current Limit VIN — VouT < 10V
DC 5.0 8 5.0 8 A
0.5 ms Peak 7 12 7 12 A
VIN — VouT = 30V 1 1 A
RMS Output Noise, % of VQuT Ta=25°C, 10 Hz < f < 10 kHz ¢.003 0.003 %
Ripple Rejection Ratio VouT = 10V, f= 120 Hz 60 60 d8
CADJ = 10 uF 60 75 60 | 75 dB
Long Term Stability Ta=125°C 03 1 03 1 %
Thermal Resistance, Junction K Package 1.0 1.0 °c/w
to Case

Note 1: Unless otherwise specified, these specifications apply —55°C < Ti< +150°C for the LM138, —256°C < Ti< +150°C for the LM238 and
0°C < Tj < +126°C for the LM338, ViN — VouT = 5V and lgyT = 2 5A Although power dissipation is mternallv limited, these specifications
are appllcable for power dissipations up to 50W.

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account sep-

arately by thermal regulation.

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

Typical Performance

Current Limit

Characteristics

Current Limit

" 1
m:uun cuanzur =0 s = = PEAK CURRENT LIMIT
12 TeAsE | | e DC CURRENT LIMIT
N 0
~ N _ g =y TCASE25C
= 10 N ! = ”n =J PRELOAD =0
= N VIN-VouT = 10V = N,
= !
2 8 u S Y, PRELOAD = 3A
g N \HN-VDUT =15V E 44 114 A—
b= ™ 3 (%" PRELOAD = 5.
s M 5 K PRELOAD lu*
g ) 3 -
;; I 1 VIN-VouT = 20V E . ] N&
o -
2 [T i ViN-Vour = 30V A Sk
-
| T~
] ]
[X] 1.0 10 100 0 10 20 30 L
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QUTPUT CURRENT (A)
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PRELOAD =0

PRELOAD = 5A
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1
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LM138/LM238/LM338

Typical Performance Characteristics (continued)

OUTPUT VOLTAGE DEVIATION (%)

RIPPLE REJECTION (dB)

02
[X]
0 —T11.=3A
- —
oy | Ji=5A §
-0.2
~03 [Vin=15V
Voyr =10V
PRELOAD = 50 mA
-04

1.260

REFERENCE VOLTAGE (V)
: b
H

1220

1210

Load Regulation

~76-50 26 0 25 S0 75 100 125 150
TEMPERATURE (°C)

Temperature Stability

~75-60-25 0 25 50 75 100 125 150
TEMPERATURE (°C}

Ripple Rejection

T

Capy=10uF

P ——]
C,‘QN =|ﬂ

&

Vin - Vour =5V
IL=2A

12120 Bz

0 TBAi‘ =25°C

0 5 10 15 20 25 30 35
OUTPUT VOLTAGE (V)

OUTPUT IMPEDANCE (02} INPUT-OUTPUT DIFFERENTIAL (V)
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AVgyt - 100 mV

™~
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1
-75-50-25 0 25 50 75 100 125 150
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Output Impedance

10! l
109 t
Capny=0
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w2 /l Capy =10 uF
1073 N
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. Vour = 10V
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1078
10 100 1k 10k 100k M
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100
80 ’,"\cADJ”““F
N
60 = ~
Caps= 0N
20 N\
N\
20
Vi =15V \
Vouy = 10V \
0 =2a
TCASE = 25°C
-20 L
100 1k 10k 100k 1M

Line Transient Response

FREQUENCY (Hz)

ADJUSTMENT CURRENT (uA)

QUIESCENT CURRENT (mA)

RIPPLE REJECTION (dB)
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45

40 4

v
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Adjustment Current
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Minimum Operating
Current

30 40
INPUT-QUTPUT DIFFERENTIAL (V)

Ripple Rejection
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D
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]
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50 | Vin=15V N
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Application Hints

In operation, the LM138 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 |q then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VREF (1+ a) +lapJR2.

FIGURE 1

Since the 50 pA current from the adjustment terminal
represents an error term, the LM138 was designed to
minimize |aApJ 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 0.1 uF
disc or 1 uF 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 LM138 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10 uF bypass capac-
itor 75 dB ripple rejection is obtainable at any output
level. Increases over 20 uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and 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 26 uF in aluminum electro-
lytic to equal 1 uF 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 uF
disc may seem to work better than a 0.1 uF disc as
a bypass.

Although the LM 138 is stable with no outout capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs
with values between 500 pF and 5000 pF. A 1 uF
solid tantalum {or 25 uF aluminum electrolytic) on the
output swamps this effect and insures stability.

Load Regulation

The LM138 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 2402) 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 0.0552 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.0582 x I. If the set resistor is con-
nected near the load the effective line resistance will be
0.0582 (1 + R2/R1) or in this case, 11.5 times worse.

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

LM338
Rg
ViN ViIN - VouT =AW Vour
ADJ
< A1r
>
S 120
R2

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 R2can be returned
near the ground of the load to provide remote ground
sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any 1C regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 20 uF 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 LM138 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
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LM138/LM238/LM338

Application Hints (continuea)

regulators. For output capacitors of 100 uF or less
at output of 15V 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 LM138 is a 5082 resistor which limits
the peak discharge current. No protection is needed
for output voltages of 25V or less and 10 uF capac-
itance, Figure 3 shows an LM138 with protection
diodes included for use with outputs greater than
25V and high values of output capacitance.

Schematic Diagram

o
1N4002

D1 protects against C1
D2 protects against C2

R2
VouTt = 1.25v (1 + F_H_) +R2iaADy

*R1 = 2400 for LM138 and LM238
FIGURE 3. Regulator with Protection Diodes

Vin

g
AV v

26 S
w3s

Typical Applications (continued)

Temperature Controller

L33 L33
N our v, Vi N our
A0J out IN A0
:: I
<
HEATER
ook S
GAIN
3 =
4

Light Controller

R

Precision Power Regulator with
Low Temperature Coefficient

>
1’|1I(

lMJJE’JF_"

<
ING5? &

<
100*

IN457

Vout =4V

A2
2k

A

* Adjust for 3.75V across R1

v
OUTPUT _I_

ADIST =
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Typical Applications (continued)

Vi

Slow Turn-ON 15V Regulator

Adjustable Regulator with Improved

Ripple Rejection

*R1 = 2400 for LM138 and LM238

Digitally Selected Outputs

Vin

LM338

Vi
‘JOUT

[‘-Vout

S Ris
< 2

*Sets maximum VouT

INPUTS

ViN

**R1 = 240Q for LM138 and LM238

Vi V=35V

TSolid tantalum

High Stability 10V Regulator

LM338
Vin v v Vour
15V oo = 10v
D1* R1
1N4002 3“ ; é‘;
+ A3 > R2
<
2 I & 15k
1uFt = <
LM3298
SRl
= >
Q27
]’ 1%
*Discharges C1if output is shorted to ground -
**R1 = 2400 for LM138 and LM238
15A Regulator
RS
01
R4 &
%<
A1 LM338 b4 R6
0.05 0t
AAA v v AAA
\Ad I IN ADJ""" VVV
<R3
S
6
LM307
i
R2 LM338
0.1
A Vi Vi Vour*
VWA—&- W o Vour out
>
S RI*
>
S
+ +
— [+3
WefF 7T 22 uF
‘7lna
o

5V Logic Regulator with

Electronic Shutdown* *

Sh2
S ey

=

*R1 = 2409 for LM138 or LM238

*Minimum output ~ 1.2V

*Minimum load—100 mA

0 to 22V Regulator

25V

LM338

-10v
*R1=240Q for LM138 and LM238

=
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LM138/LM238/LM338

Typical Applications (continued)
12V Battery Charger

500
| RG
02
ViN 218V LM338 AN
I +
<
> R2
LED b3
RS
1k
T012v
01 BATTERY
2N2905
:: At

A4 Sun +

0.1.uF -
—— 014 ’P“F

. O |
=
Precision Current Limiter
gt 224
r out = &

Vin .
LI R 04 <R1< 1200

L4

:: 120

Tracking Preregulator

|||—

V-
-5V 70 -10V R2
120

AAA

’ A A A4
S5A Current Regulator at
220 Lm33s
ADJ
Vin Vin  Vour Vin A JVnur —vour
LM338 :: R3
AD. > 120
260 t e
1u

0.1 4F 13
3
:‘:/:V(;mur
® ADJUST

Adjusting Multiple On-Card Regulators
with Single Control*

a

.|}—>-_|

vin VIN wJ"uml Vour' Vin

AAA
V
=

TMinimum load—10 mA
L *All outputs within 100 mV

ik
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Typical Applications (continued)

Adjustable 15A Regutator Power Amplifier

01 1 MIas02
b LM338 b Re
o AAA
VWA
M33 104F l |
10k
v Y A 2

N vaour AAA asvTo2sv IN l—vv‘. - Ce 75 pF
3 E 1000,F
R -4
< > |
g b £l LM395 GMM:L
2N2905 < =
_*L <
tuF & 100k
1. | <
- p LM338
< )
3 150 ?su
W
200 pF 150 Ay =1,Rg =10k, Cg = 100 pF
| > Ay =10, Rf = 100k, C¢ =10 pF
Bandwidth > 100 kHz b
.l_ Distortion < 0.1% -
Simple 12V Battery Charger Current Limited 6V Charger

Vin
v 10 30V

1000xF**

I+

1000uF**

<
>
1’1 1k

\ 100
2N2222 A

VWA

Qo
<)

R2
*Rg—sets output impedance of charger ZgyT = Rs (1 + —)
Use of Rg allows low charging rates with fully R1

charged battery. *Sets max charge current to 3A

**The 1000 .F is recommended to filter out **The 1000 .F is recommended to filter out
input transients input transients

Connection Diagram

Metal Can Package

ADJUSTMENT Vin

CASE IS
ouTPUT

BOTTOM VIEW

Order Number:

LM138K STEEL
LM238K STEEL
LM338K STEEL
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LM140A/LM140/LM340A/LM340

National
Semiconductor

LM140A/LM140/LM340A/LM340 Serles
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 IC 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 guaran-
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 LM140A/LM340A provide tighter output voltage
tolerance, *2% along with 0.01%/V 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 140-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 LM340A/LM340 series is also available in the
TO-220 plastic power package.

For output voltages other than 5V, 12V, and 15V,
the LM117 series provides an output voltage range
from +1.2V to +57V.

Features

® Complete specifications at 1A load

m Qutput voltage tolerances of 2% at Tj = 25°C and
+4% over the temperature range (LM140A/LM340A)

s Fixed output voltages available 5, 12, and 15V

® Line regulation of 0.01% of VouT/V AV|N at 1A
load (LM140A/LM340A)

® [oad regulation of 0.3% of VouUT/A AlLQOAD
(LM140A/LM340A)

Typical Applications

Fixed Output Regulator Adj

INPUT 1

c1
0.22 uF

*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 uF, ceramic disc)

VouT =5V + (5V/R1 +1q) R2
5V/R1 > 3 IQ, load regulation (L) ~
[(R1+ R2)/R1] (L, of LM340-5)

® |nternal thermal overioad protection
m |nternal short-circuit current limit
®m Qutput transistor safe area protection
® 100% thermal limit burn-in
® Special circuitry allows start-up even if output is
pulled to negative voltage (+ supplies)
LM140 Series Package and Power Capability
RATED DESIGN
DEVICE PACKAGE POWER LOAD
DISSIPATION CURRENT
LM140
LM340 TO-3 20w 1.5A
LM340T T0-220 15w 1.5A
LM341 TO-202 7.5W 0.5A
LM342 T0O-202 7.5W 0.25A
LM140L
LM340L TO-39 2w 0.1A
LM340L TO-92+ 1.2w 0.1A
le Output Regul: Current Regulator
2 QUTPUT
<
P4l
<
® R2
‘b
p

v2-3
lout = +la

Al = 1.3 mA over line and load changes
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Absolute Maximum Ratings

Input Voltage (Vo =5V, 12V, 15V)
Internal Power Dissipation (Note 1)
Operating Temperature Range (TA)

LM140A/LM140

LM340A/LM340
Maximum Junction Temperature

(TO-3 Package K, KC)

(TO-220 Package T) 125°C
Storage Temperature Range -65°Cto +150°C
Lead Temperature (Soldering, 10 Seconds)

TO-3 Package K, KC

TO-220 Package T

35v
Internally Limited

-55°Cto +125°C
0°Cto +70°C

150°C

300°C
230°C

Electrical Characteristics LM140A/LM340A (note 2)

louT=1A,-55°C < Tj € +150°C (LM140A), or 0°C < Tj < +125°C (LM340A) unless otherwise specified.

OUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX|MIN TYP MAX
Tj=25°C 4.9 5 51 |11.75 12 1225} 14.7 15 153 v
Vo Qutput Voltage Pp< 15W,5mA< Ig < 1A 4.8 52 | 115 125 144 15.6 v
VMIN < VIN € VMAX (75< VNS 20) | (148< VNS 27) [ (17.9< VN < 30) \
10 =500 mA 10 18 22 mv
AVIN (7.5< VN < 20) | (148< VN < 27) | (17.9 < V)N < 30) v
Ti=25°C 3 10 4 18 4 22 mv
AVQ  Line Regutation AVIN (7T3<VINS20) | (145 < VINS27) | (17.5< V)N < 30) v
Tji=25°C 4 9 10 mv
Over Temperature 12 30 30 mvV
A VN B< VNS 12) (16 < VN < 22) (20 < V|N £26) v
Ti=25°C 5mA < Ip< 1.5A 10 25 12 32 12 35 mV
AVQ Load Regulation =25 250 mA < Ig < 750 mA 15 19 21 mv
Over Temperature, 5 mA < Ig < 1A 25 60 75 my
| . c Tj=25°C 6 6 6 mA
Q Quiescent Current | 50 Temperature 65 6.5 6.5 mA
5mA < Ig < 1A 05 0.5 05 mA
Quiescent Current Ti=25°C.lo=1A 08 08 08 mA
Alg C:ange VMIN < VIN € VMAX 75 VNS 20) | (14B8< VNS 27) | (179 < VN < 30) v
Io =500 mA 0.8 0.8 0.8 mA
VMIN € VIN € VMAX 8 < VN < 25) (15< VIN<30) | (17.9< V)N < 30) v
VN Output Noise Voltage| Ta=25°C, 10 Hz < f < 100 kHz 40 75 90 uv
Tj=25°C, =120 Hz, Ip=1A or 68 80 61 72 60 70 dB
AV f=120 Hz, g =500 mA, 68 61 60 dB
ﬁl’ Ripple Rejection Over Temperature,
VMIN € VIN € VMAX B< VNS 18) (15< VN € 25) [(18.5 < VN < 28.5) v
Dropout Voltage Tj=25°C, Ig=1A 2.0 20 20 v
Output Resistance f=1kHz 8 18 19 mQ
Ro Short-Circuit Current | Tj=25°C 2.1 15 1.2 A
Peak Output Current | Tj=25°C 24 24 24 A
Average TC of Vg Min, Tj=0°C, Ig = 5mA -06 -15 -18 mV/°C
Input Voltage
VIN  Required to Tj=25°C 7.3 145 175 v
Maintain Line
Regulation

Note 1: Thermal resistance of the TO-3 package (K, KC)is typically 4 ° C/W junction to case and 35° C/W case to ambient. Thermal resistance
of the TO-220 package (T) is typically 4 °C/W junction to case and 50° C/W case to ambient.

Note 2: All characteristics are measured with a capacitor across the input of 0.22 uF and a capacitor across the output of 0.1 uF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques {ty < 10 ms, duty cycle < 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.
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Electrical Characteristics LM140 (Note 2) -55°C < Tj < +150°C unless otherwise noted.

LM140A/LM140/LM340A/LM340

OUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 1ov 19v 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX|MIN TYP MAX
Ti=25°C,5mA< o< 1A 48 5 52 |1156 12 125)144 15 156
Vo Output Voltage -
Pp< 15W,5mA< o< 1A 4.75 525|114 12.6 |14.25 15.75 v
VMIN € VIN € VMAX B<VINS20) | (155< V)N < 27) | (185 < VN < 30) \
Tj=25°C 3 50 4 120 4 150 mVv
A VIN (7T<VINS25) |(145< VN<30) | (17.5< V)N < 30) \
lp =500 mA - o
-55°C< Tj< +150°C 50 120 150 mV
av 8 < VN < 20 15 < ViN < 27 18.5< V|N < 30 v
A Vg Line Regulation IN ¢ N ) ¢ IN ) [t IN )
Tj=25°C 50 120 150 mv
AVIN (7.3< V)N < 20) | (146 < VN < 27) | (17.7 < VN < 30) v
lo< 1A “55°C<Ti< +150°C 2 60 75 mv
AVIN BV <12 (16< VN 22) | (20< VN < 26) v
Ti=25°C 5mA < Ip < 1.5A 10 50 12 120 12 150 mV
250 mA < lp < 750 mA 25 60 75 mVv
A Vo Load Regulation
-55°C< Tj< +150°C,5mA< Ip< 1A 50 120 150 mV
f Ti=26°C 6 6 6 mA
lq Quiescent Current lo< 1A 255G < Tj < +150°C 7 7 7 mA
S5mA<Ip< 1A 0.5 0.5 0.5 mA
Quiescent Current | Ti=25°C, lo < 1A 08 08 08 mA
4l Change VMIN < VIN € VMAX B<VINS2) | (15<ViN<27) | (185< V)N < 30 v
10 < 500 mA, —55°C< Tj< +150°C 08 0.8 0.8 mA
VMIN € VIN € VMAX B8< VN < 25) (15< VyN <€ 30) | (185 < VN < 30) v
VN Output Noise Voltage | Ta =25°C, 10 Hz < f < 100 kHz 40 75 90 uv
o< 1A, Tj=25°Cor 68 80 61 72 60 70 dB
AVIN Riople R i f=120 Hz I < 500 mA, 68 61 60 dB
aVoyr Ripple Rejection S55° < Tj< +150°C
VMIN < VIN € VMAX B<VINS18) | (15K VN < 25) [(185< V)N < 285) v
Dropout Voltage Tj=25°C, gyt =1A 20 2.0 2.0 v
Output Resistance f=1kHz 8 18 19 me
Ro Short-Circuit Current [Tj=25°C 21 1.5 1.2 A
Peak Output Current [Tj=25°C 24 24 2.4 A
Average TC of Voyt [0°C< Tj< +150°C, Ig=5mA -0.6 -15 -18 mV/°C
Input Voltage
VIN Required to Maintain |Tj=25°C, Ip < 1A 7.3 146 17.7 v

Line Regulation

Note 2: All characteristics are measured with a capacitor across the input of 0.22 uF and a capacitor across the output of 0.1 uF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty € 10 ms, duty cycle € 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.
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Electrical Characteristics LM340

(Note 2) 0°C < Tj < + 125°C unless otherwise noted.

OUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19v 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX| MIN TYP MAX
Tj=25°C,5mA<Ig< 1A 48 5 52 (115 12 125]144 15 156 v
Vo Output Voltage Pp<15W,6mA<Ig< 1A 4.75 525|114 126 [ 14.25 15.75 v
VMIN € VIN € VMAX (7T<VINS20) | (145 VNS 27)| (17.5< VN € 30) v
Ti=25°C 3 50 4 120 4 150 mv
I (7<VINS25) |(145< Viy<30) | (17.5€ VN < 30) v
10 =500 mA B - o
0°C<Tj< +125°C 50 120 150 mV
) AVIN BSVINS20) | (15< V< 27) | (185< VN < 30) v
AV  Line Regulation Tj=25°C 50 120 150 mv
AVIN (T3S VINS20) [(146< VNS 27) | (17.7 < VN € 30) \
lo< 1A 0°C< Tj< +125°C 25 60 75 mv
AVIN B< VNS 12) (16K VNS 22) | (20< VN < 26) v
Tj=25°C SmMA<LIg<15A 10 50 12 120 12 150 mV
AVQ Load Regulation 250 mA < Ig < 750 mA 25 60 75 mV
SmA<Ig< 1A, 0°C< Tj<+125°C 50 120 150 mv
Tj=25°C 8 8 8 mA
i | 1A
' Quiescent Current | 1o < 0°C< Tj< +125°C 85 8.5 85 mA
5mA<Ig< 1A 0.5 0.5 0.5 mA
; Tj=25°C,lp < 1A 1.0 1.0 1.0 mA
Quiescent Current
alg Change VMIN € VIN € VMAX (7SS VINS20) |(148< VNS 27| (17.9< VN € 30) v
0 <500 mA, 0°C < Tj< +125°C 1.0 1.0 1.0 mA
VMIN € VIN € VMAX (T<SVINS25) |(145< VN<30)| (17.5< VN < 30) v
VN Output Noise Voltage| Ta =25°C, 10 Hz < f < 100 kHz 40 75 920 uv
lo< 1A, Tj=25°Cor 62 80 55 72 54 70 dB
AVIN o -~ =120 Hz 10 < 500 mA, 62 55 54 dB
AVouT Ripple Rejection 0°C<Tj< +125°C
VMIN € VIN € VMAX B< ViN < 18) (15 < V)N € 25) |{(185< V|N < 28.5) v
Dropout Voltage Tj=25°C, lgpyT=1A 20 2.0 2.0 v
Output Resistance f=1kHz 8 18 19 mQ
Ro Short-Circuit Current [ Tj=25°C 2.1 1.5 1.2 A
Peak Output Current | Tj=25°C 2.4 24 2.4 A
Average TC of Voyt {0°C € Tj< +125°C, Ig=5mA -06 -15 -18 mv/°C
Input Voltage
VIN Required to Maintain [ Tj=25°C, Ig € 1A 73 14.6 17.7 \

Line Regulation

Note 2: All characteristics are measured with a capacitor across the inpbt of 0.22 uF and a capacitor across the output of 0.1 uF. All
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output
voltage changes due to changes in internal temperature must be taken into account separately.
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LM140A/LM140/LM340A/LM340

Typical Performance Characteristics

25

20
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Typical Performance Characteristics (continued)

Load Regulation

140AK-5.0, V)N = 10V, T4 = 25°C

QUTPUT VOLTAGE

140AK-5.0, IouT = 1A, Tp = 25°C

Line Regulation

OUTPUT VOLYAGE

§ 5 E 4995
Es 98 &5 asum
83 83
=2 o DUTPUT CURRENT 2 EH
g 15 3 2
s . 5 =
5 g £
° £ 0.5 E °
TIME (5 ms/DIV) TIME (5 ms/D1V)
Equivalent Schematic
1 1 VIN
an 'J
. 015
SR1 ::317 Q16
80k > 16k
% R15
D2 1.62k
o—{gtz a4 A
A14
pg 380 SR16
100 2025
vout
far |
SR12 3R
I
[ 06
a18 np o
:;mu
R18 2850
An 500
R7¢ c1 SRo
165k S 20pF > 4k
! :,RZ 1 0
SAN 1k n
497
02}—- [ [1}) :: R21
c2 ::RJ < 2.67k
o 326 ! s
o—-I |—-4 Q4
+— o1z 1—63 +—{0os oo
<R13 < R4 ::RS R6 R8
$830 1.2k 121k Sk Sak
¢ | + GND

(A} 3DYL10A 1ndNI
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LM140A/LM140/LM340A/LM340

Application Hints

The LM340 is designed with thermal protection, output
short-circuit protection and output transistor safe area
protection. However, as with any 1C regulator, it becomes
necessary to take precautions to assure that 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
VQouUT because of the stored charge in the large output
capacitor. The capacitor will then discharge through
reverse biased ernitter-base junction of the pass device,
Q16, 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.

340 Vourt

T
YTl

FIGURE 1. Input Short

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 turned 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.

it

FIGURE 2. Regulator Floating Ground

Vin

340 fr— VOUT

I

FIGURE 3. Transients
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Connection Diagrams

TO-3 Metal Can Package {K and KC)

GROUND

BOTTOM VIEW

Steel Package Order Numbers:

LM140AK-5.0 LM140K-5.0 LM340AKS5.0 LM340K-5.0
LM140AK-12 LM140K-12 LM340AK-12 LM340K-12
LM140AK-15 LM140K-15 LM340AK-15 LM340K-15

See Package K02A

Aluminum Package Order Numbers:

LM340KC-5.0
LM340KC-12
LM340KC-15

See Package KCO2A

TO-220 Power Package (T)

GND [ ———— ouTPUT
o E==
INPUT
TOP VIEW

Plastic Package Order Numbers:

LM340AT-5.0 LM340T-5.0
LM340AT-12 LM340T-12
LM340AT-15  LM340T-15

See Package TO3B
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LM140L/LM340L Series

National
Semiconductor

LM140L/LM340L Series 3-Terminal Positive Regulators

General Description

The LM140L 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% Vot specification,
0.04%/V line regulation, and 0.01%/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.

The LM140LA/LM340LA are available in the low pro-
file metal three lead TO-39 (H) and the LM340LA are
also available in the plastic T)-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 shut-
down circuit takes over, preventing the IC from over-
heating.

For applications requiring other voltages, see LM117
Data Sheet.

Features

® Line regulation of 0.04%/V

& L oad regulation of 0.01%/mA

® Qutput voltage tolerances of +2% at T, = 25°C and
+4% over the temperature range (LM140LA)
+3% over the temperature range {LM340LA)

Qutput current of 100 mA

Internal thermal overload protection

Output transistor safe area protection

Internal short circuit current limit

Available in metal TO-39 low profile package
(LM140LA/LM340LA) and plastic TO-92 (LM340LA)

Output Voitage Options

LM140LA-5.0 5V LM340LA-5.0 5V
LM140LA-12 12V LM340LA-12 12V
LM140LA-15 16V LM340LA-16 15V

Equivalent Circuit

Connection Diagrams

ouTPYT

-.C (I [ 5

Vin

3 oo
weur N (cASE)
'
. .

v 80TTOM VIEW

Order Number:
LM140LAH-5.0 LM340LAH-5.0

015 MV
o 100

L RIE RIO

100 25§

LM140LAH-12 LM340LAH-12
A LM140LAH-16 LM340LAH-15

]
818

T _.'ﬁ
’]rm 1:;:; A ! ¢ >

O Vour See Package HO3A

outeut eyt

/-

[
R SR
11 1

o | 204

A13

223

GNO.

BOTTOM VIEW
Order Number:
LM340LAZ-5.0
LM340LAZ-12

3 LM3401.AZ-15
1 See Package ZO3A
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Absolute Maximum Ratings

Input Voltage

5.0V, 12V, 15V Output Voltage Options 35V
Internal Power Dissipation (Note 1) Internally Limited
Operating Temperature Range

LM140LA -55°Cto +125°C

LM340LA 0°Cto70°C
Maximum Junction Temperature +150°C
Storage Temperature Range

Metal Can (H package) -65°Cto +150°C

Molded TO-92 -55°to +150°C

Lead Temperature (Soldering, 10 seconds) +300°C

Electrical Characteristics (Note 2)

Test conditions unless otherwise specified
TA=-55°C to +125°C (LM140LA)
TA=0°C to +70°C (LM340LA)

lo =40 mA

CIN =0.33uF, Co =0.014F

OUTPUT VOLTAGE OPTION 5.0V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10V 18V 23v UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vo Output Voltage Tj=25°C 49 5 51 {1175 12 1225} 147 15 153
Output Voltage LM140LA lp=1-100 mA 48 5.2 115 125 | 14.4 15.6
&V;;Tgmp LM240LA l/c,)N—:It?/ mA and (7.2-20) (14.5-27) (17.6-30) v
10 =1-100 mA or 4.85 5.15 | 11.65 12.35 | 14.55 15.45
LM340LA {/Olsz‘;“)‘\’/ mA and (7-20) (14.3-27) (17.5-30)
AVQ | Line Regulation lo =40 mA 18 30 30 65 37 70
Tj=25°C VIN=()V (7-25) (14.2-30) (17.3-30)
10 =100 mA 18 30 30 65 37 70 mV
ViN=(V (7.5-25) (14.5-30) (17.5-30)
Load Regulation Ti=25°C lo=1-40 mA 5 20 10 40 12 50
lp=1-100 mA 20 40 30 80 35 100
Stamity 12 2 3 1000 s
lo Quiescent Tj=25°C 3 4.5 3 4.5 3.1 4.5
Current Tj=125°C 4.2 4.2 42 mA
alg Quiescent Aload Ig = 1-40mA 0.1 0.1 0.1
Current Change Tj=25°C Aline 0.5 0.5 0.5 mA
VIN=()V (7.5-25) (14.3-30) (17.5-30)
il s, o w0 s o
AVIN Ripple Rejection =120 Mz, VN =( )V 55 62 47 54 45 52 a8
AVout (7.5-18) (14.5-25) (17.5-28.5)
Input Voltage
ZZ?:(‘:: ‘Lci)ne Tj=25°C, 10 =40 mA 7 142 17.3 v
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-92 package is 180 °C/W junction to ambient with 0.4 inch leads from 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 0.01uF be used to limit the high frequency noise bandwidth.
Note 4: The temperature coefficient of Vour is typically within 0.01%Vg/ °C.
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LM140L/LM340 Series

Typical Performance Characteristics

Maximum Average Power
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Typical Applications
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C1*
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INPUT-QUTPUT DIFERENTIAL (V)

QUIESCENT CURRENT (mA)
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{Metal Can Package)
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*Required if the regulator is located far from the power supply filter.

**See note 3 in the electrical characteristics table,

Fixed Output Regulator

JUNCTION TEMPERATURE (°C)

Quiescent Current

Vour = 5V
lout =40 mA
T,=25°C

1 1

5 10 1§ 20 25 30
INPUT VOLTAGE (V)

INPUT

Vour = 5V + (5V/R1 + ko) R2

POWER DISSIPATION (W)

QUTPUT IMPEDANCE (2}

QUJESCENT CURRENT (mA)

LM140LA-5.0

10

Maximum Average Power
Dissipation (Plastic Package)

LM340LAZ
5.0
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FROM PC BOARD
WITH 72°C/W HEAT SINK
10 1 1
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FROM PC BOARD i
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LA 4
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31
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SV/R1 -3 g load regulation {L,) < [{R1+ R2)/R1] (L, of LM140LA-5.0)

A

Output Reg
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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 voitage 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 case guarantees 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 LM145
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

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 LM145 comes in a hermetic TO-3 package rated at
25W. Two reduced temperature range parts, LM245 and
LM345, are also available.

Features

® Qutput voltage accurate to better than 2%
® Current limit constant with temperature

® |nternal thermal shutdown protection
.

Operates with input-output voltage differential of 2.8V
at full rated load over full temperature range

thermal shutdown prevents junction temperatures from @ Regulation guaranteed with 26W power dissipation
exceeding safe limits during prolonged overloads. ® 3A output current guaranteed
Although primarily intended for fixed output voltage ® Only one external component needed
applications, the LM145 may be programmed for higher ®  100% electrical burn-in
Schematic Diagram
Sw -=L
o1k
e SR8 SR1g
;, 4k S 5k
7 <l
6.2V a1
San
Qa1 <
12 < bk
A N
< a7
a2 ;——1 Vour
a6 a8
gann | 019 0
S R15 6.2V
mj« '_L/E”
20 pF
3 R4
a0 014 a5 az20
9 R8 gls R13 R21 o
20k
) - W 2o
Vin O— : : + . .
Connection Diagram Typical Applications
Metat Can Package
INPUT

(CASE)

BOTTOM VIEW

Order Number LM145K-5.0, LM246K 5.0
LM345K-5.0,{,M145K-5.2, LM245K-5.2,
or LM345K-5.2
See NS Package K0O2A

i

1
R G £33

anE
=2uF | = SOLID TANTALUM
3 2
INPUT mes outPuUT

TRequired for stability. For value given, capacitor must be solid tntalum. 50uF
aluminum slectrolytic may be substituted. Values given may be increased with
out limit.

*Reqiured if requlator is separated from filter capacitor. For value given,
capacitor must be solid tantalum. 50uF atuminum electrolytic may be
substituted.

Fixed Regulator
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LM145/LM245/LM345

Absolute Maximum Ratings

Input Voltage 20V
Input-Output Differential 20V
Power Dissipation Internally Limited
Operating Junction Temperature Range

LM145 -55°C to +150°C

LM245 —25°C to +150°C

LM345 0°C to +126°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (-5v &-5.2v) (Note 1)

LIMITS
PARAMETER CONDITIONS LM145/LM245 LM345 UNITS
MIN TYP MAX MiIN TYP MAX
Output Voltage T = 25°C, loyt = 5 MA,
5.0V Vin = 7.5 5.1 -5.0 -4.9 5.2 -5.0 -48 v
5.2V -5.3 5.2 =5.1 -5.4 -5.2 -5.0 \
Line Regulation (Note 2) | T;=25°C 5 15 5 25 mv
-20V <V < -7.5V
Load Regulation (Note 2) T = 25°C, V |y = —7.5V 30 75 30 100 mvV
5mA < lgur < 3A
Output Voltage 20V <V <-7.8V
5.0V 5mA <lout <3A -5.20 —4.80 ~5.25 ~4.75 \
5.2v P < 25W -5.40 -5.00 —5.45 -4.95 \%
Tuin < T < Tmax
Quiescent Current =20V <V <-7.5V 1.0 3.0 1.0 3.0 mA
5mA< lgyr <3A
Short Circuit Current Vin =75V, T; = +25°C 4 5.0 4 5.0 A
Viy = =20V, T, = +25°C 2 35 2 35 A
Output Noise Voltage Ta =25°C, C = 4.7uF 150 150 uv
10 Hz < £ < 100 kHz
Long Term Stability 5 50 5 50 mvV
Thermal Resistance 2 2 °cw
Junction to Case

Note 1: Unless otherwise specified, these specifications apply: —-556°C < T; < +150°C for the LM145; -26°C<Tj< +150°C for the LM245 and
0°C < Ti < +125°C for the LM345. V| = 7.5V and lQuT = 5 mA. Although power dissipation is internally limited, electrical specifications apply
only for power levels up to 25W. For calculations of junction temperature rise due to power dissipation, use a thermal resistance of 35°C/W for
the TO-3 with no heat sink. With a heat sink, use 2°C/W 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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Typical Performance Characteristics

Maximum Average Power

Dissipation for LM145, Maximum Average Power
LM245 Dissipation for LM345
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*Select resistors to set output voltage. 1 ppm/ C
tracking suggested.

**C1 4s not needed if pawer supply filter capacitor is within 3" of regulator.

Determines zener current. May be adjusted to
minimize temperature drift.
HSolid tantatum.

Load and line regulation < D.01%
Temperature drift < 0.001%/ C

**C1 is not needed if power supply filter capacitor is within 3" of reguiator.

Keep C4 within 2" of LM345. There is no upper fimit on C4 and unkimited capacitance can be
added at extended distances from the regulator.

#*D2 sets initial output voltage aceuracy. The LM113 is available in *5, -2, and - 1% tolerance.
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LM145/LM245/LM345

Typical Applications continueq)

2

+INPUT 23 +5.0v
150
1.F 3 150 « +{ arF
soLID VPSS soLIp
TANTALUM S TANTALUM
b )
‘)
(e, com
‘ + 41.F
Sz ?gUTDA M
22.F T L — TANTALUI
SOLID AA > 1
TANTALUM MAAS P
- INPUT L1855 O -5.0V

Dual 3 Amp Trimmed Supply

L. 1] 1
€3 < =
—_—— 25 s S
LA I €2
2.2F anF
sotio — SOLID
TANTALUM ; A2 TANTALUM
S 220
INPUT LM1455 ouTeuT
*Ogptional. Improves transient Vour = -5V ('“ M "1)
response and npple rejection. o R2

Variable Output (-5.0V to -15V)
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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 LM150 is packaged in standard transistor
packages which are easily mounted and handled.

In addition to higher performance than fixed regulators,
the LM150 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.

Features

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 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 or discrete designs,
the LM150 is useful in a wide variety of other applica-
tions. Since 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 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 LM150 is rated for
operation from —55°C to +150°C, the LM250 from
—25°C to +150°C and the LM350 from 0°C to +125°C.

Typical Applications

Regulator and Voltage
1.2V-25V Adjustable Regulator 6A Regulator Reference
A LM150 LM150
01
Vi vour™ VWA vin - Vour Vin Vout =18V
Al ) | ADJ ;1
>
< ng S
+ . xS
o2 6 )
® 1uf ] [
Sz
::uk
:: LM150 @— Vagp = BI5V
= Vin AN [} mVour p— output Yy r:‘ -
< Re
S0
tOptional—improves transient o -t | =
response 1uF f
*Needed if device is far from ;’;\:

filter capacitors

iH—)

tt R2
Vouyt =128V [1+ AT

Note: Usually R1 = 24092 for
LM150 and LM250 and R1=12092
for LM350
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LM150/LM250/LM350

Absolute Maximum Ratings

Power Dissipation

Input—Output Voltage Differential

LM150
LM250
LM350
Storage Temperature

Lead Temperature {Soldering, 10 seconds)

Preconditioning

Burn-In in Thermal Limit

Internally limited
35V

-55°C to +150°C
—25°C to +150°C
0°C to +125°C
-65°C to +150°C
300°C

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 < VN - VouT <35V, 0.005 | 0.01 0.005 | 0.03 %/V
(Note 2)
Load Regulation Ta=25°C, 10mA< IgyT < 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 % /W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Current Change 1OmA<IL<3A 0.2 5 0.2 5 A
3V < (VIN— VouT) < 35V
Reference Voltage 3<(ViN — VouT) <35V, (Note 3) 1.20 | 1.25 1.30 120 1.26 1.30 \
10mA<IguT<3A,P30W
Line Regulation 3V<VIN— VouT <35V, (Note 2) 0.02 0.05 0.02 0.07 %/V
Load Regulation 10 mA < IouT < 3A, (Note 2)
VouTt <5V 20 50 20 70 mV
VouT > 5V 03 1 0.3 1.5 %
Temperature Stability TMIN < Tj < TMAX 1 1 %
Minimum Load Current ViN — VouT = 35V 35 5 35 10 mA
Current Limit VIN — VouTt < 10V 3.0 45 30 | 45 A
ViN — VouT = 30V 1 1 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 = 10 uF 66 86 66 86 dB
Long Term Stability Ta=125°C 0.3 1 0.3 1 %
Thermal Resistance, Junction K Package 1.5 1.5 ‘cCW
to Case

Note 1. Unless otherwise specified, these specifications apply ~66°C < Tj < +150°C for the LM150, —25°C < Tj < +150°C for the LM250 and
0°C < Tj < +125°C for the LM350, V) — VouT = 5V and IgyT = 1.6A. Although power dissipation is internally timited, 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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Typical Performance Characteristics

RIPPLE REJECTION (dB) INPUT—-OQUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%)

OUTPUT IMPEDANCE (1)

Load Regulation

02
0
—02 1 ! ";‘ ‘\
L IL=3A
-04
-06
—08 [v)y=15v
Vour =10V
-1 e 't 1

=75 -25 25 7% 125

TEMPERATURE (°C)
Dropout Voltage
AVgyt = 100 mV
25 P
< i IL=3A
) \\ [P
= o 1L =2
SN
15 NS ] = 500 mA
’ "
IL=200mA T |
1 1L =20 mA
05

-15 -25 Fi] 7% 126
TEMPERATURE (°C)

Ripple Rejection

80 Capy= 104F

50 P
Capy=0 T

w0 —1
ViN - Vour =5V
| 1L =500mA
1=120 He
Ti=25°C

L

L

¢ & 10 15 20 25 30 3I5
OUTPUT VOLTAGE (V)

Output Impedance

ViN=15V
Vout = 10V
1L =500 mA

b
L

E 1 )’ 4 . ] 1

Capy= 10F
—_—

7 j

w3 =] ]

10 100 1 10k 100k 1M
FREQUENCY (Hz)

REFERENCE VOLTAGE (V) OUTPUT CURRENT (A)

RIPPLE REJECTION (dB)

OUTPUT VOLTAGE
DEVIATION (V)

INPUT VOLTAGE
CHANGE (V)

126

125

124

123

Current Limit

=
—
1= s6°c T:= 26°
i i
! N 2.
;= 150°C
|

0 5 10 15 20 25 30 35
INPUT-OUTPUT DIFFERENTIAL (V)

Temperature Stability

a \\

-5 =25 25 75 125

2

15

1
05
0
-0.5

TEMPERATURE (°C)

Ripple Rejection

/, \\c,mp 10,F

™\
CADJW\\\\
1= 500 mA \

ViN= 15V
Vour = 10V
T=%C

A

10 100 1% 10k 100k ™
FREQUENCY (Hz)

Line Transient Response

Vour = 10V
1L =50mA
€L=0,Capy=0 Ti=25°C
FCL=14F, Capy=10,F
<+ -+
L] 10 20 30 40

TIME {us)

ADJUSTMENT CURRENT (uA)

QUIESCENT CURRENT (mA)

RIPPLE REJECTION (dB)}

QUTPUT VOLTAGE
DEVIATION (V)

LOAD
CURRENT (A)

Adjustment Current

85
60
L~
55
'3 /’
© /
)4
35
30
-5 -5 2% 5 125
TEMPERATURE (°C)
Minimum Operating Current
45
4
35 =
3 - 4
=
25
2
15
1
05
0
0 5 10 15 20 25 30 3
INPUT-OUTPUT DIF FERENTIAL (V)
Ripple Rejection
100
TTTIT
Capy=10uF
s "
80 [+ Capy =0T 1T
TS
“ T
Vi = 15V
| Vour =10V
D120 e
T=25°C
n Al idiiul
0.01 01 1 10
OUTPUT CURRENT (A}
Load Transient Response
15
} | [ CL=0,Capy=0
T T 1T I
05 [CL=14F Capy=104F
A ™
0 e
~ Vg = 15V
05 Vpyt = 10V
a \ InL =50 mA ]
-5 L T=25°C
15
1
05 \\
0
] 10 20 30 20

TIME (us)
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LM150/LM250/LM350

Application Hints

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 |{ then flows through the
output set resistor R2, giving an output voltage of

R2
VouT = VRer (“R—l) +1aDyR2.

ians
‘D
2
—o0
=
FIGURE 1

Since the 50 uA current from the adjustment terminal
represents an error term, the LM150 was designed to
minimize I|ADy 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 0.1 uF
disc or 1 uF 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 LM150 to improve ripple rejection. This bypass
capacitor prevents ripple from being amplified as the
output voltage is increased. With a 10 uF bypass capa-
citor 86 dB ripple rejection is obtainable at any output
level. Increases over 10 uF do not appreciably improve
the ripple rejection at frequencies above 120 Hz. If the
bypass capacitor is used, it is sometimes necessary to
include protection diodes to prevent the capacitor
from discharging through internal low current paths
and 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 uF in aluminum electro-
lytic to equal 1 uF 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 uF
disc may seem to work better than a 0.1 uF disc as
a bypass.

Although the LM150 is stable with no output capacitors,
like any feedback circuit, certain values of external
capacitance can cause excessive ringing. This occurs
with values between 500 pF and 5000 pF. A 1 uF
solid tantalum (or 25 uF aluminum electrolytic) on the
output swamps this effect and insures stability.

Load Regulation

The LM150 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 24082) 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 0.0552 resistance between the
regulator and load will have a load regulation due to
line resistance of 0.0582 x 1. If the set resistor is con-
nected near the load the effective line resistance will be
0.0582 (1 + R2/R1) or in this case, 11.5 times worse.

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

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 R2can be returned
near the ground of the load to provide remote ground
sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator
it is sometimes necessary to add protection diodes to
prevent the capacitors from discharging through low
current points into the regulator. Most 10 uF 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 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
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Application Hints (continued)

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. /15’,5 wt:—ht

Internal to the LM150 is a 50L2 resistor which limits the JL v T D1 protects against C1
peak discharge current. No protection is needed for = = D2 protects against C2

output voltages of 26V or less and 10 uF capacitance. R2

Figure 3 shows an LM150 with protection diodes Vourt =1.25V (“' ﬁ) +R2lAD)
included for use with outputs greater than 25V and

high values of output capacitance. FIGURE 3. Regulator with Protection Diodes

Schematic Diagram

° Vin
a1 R2 ] Re L4
30 0 190 8 S 5.6k 022
an
R19
370
AAA
W
|A‘ R13
-DE [ 1 P a1 1
0
A6
200k 3
AA
VWV
ms/l
;xm -
63V o
30pF
3 nu:.
1609
> c2 3
] R13 < R1a
120 S 5.1k pF S ANA~
< { A2
RS 3
L_4 103S
_ Vour
ADY
Typical Applications (continued)
Precision Power Regul with
Temperature Controller Light Controller Low Temperature Coefficient
LM350 LM350 LM350
v ] out vin " ouT| Vour 24V
R out ADJ
$n b3S <
:: 120 b3 ::m
- - HEATER M S
[CFE) N5T S35
100 ‘?‘ p:
GAIN
> — —
/T " = = "y ot
INas7
= = = s
N4
g W
. QuTPUT
* Adjust for 3.75V across R1 ADJUST =
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LM150/LM250/LM350

Typical Applications (continued)

Vin

Vi TV-35V

Slow Turn-ON 15V Regulator

Voyr
15V

1N4002

Digitally Selected Outputs
LM150
P Vour

>
<RI
>
S w0

INPUTS

*Sets maximum VoyT

5V Logic Regulator with
Electronic Shutdown*

Voutr
5V

€2
e 0.1 uF

<SR2
S W28 1 AM—TTL
1k

*Min output ~ 1.2V

0 to 30V Regulator

LM150
[— Vour

$ R1
b

T &
=

Ltm113
12v

~10v

Adjustable Regulator with Improved
Ripple Rejection

High Stability 10V Regulator

LM150 LM150
7 % Vour
Vin M Vin ap) 00T 10V
R1
R1< D1* <
2 WS N4002 o Q%
Io,ur 9 + Io.ur % SR
3 | b
3 I 1 uft = b
+ >,
3] '/nz LM1298
104F T 25k
g L g
e B4
— S 267
<%
TSolid tantalum I
*Discharges C1 if output is shorted to ground -
10A Regulator
LM350
(3]
v v
N gyouT
<
>
LM350 :’
0.05 01
ViN MV S AA
01
VW — Vour”"
>
<
>
S
10,4F L
H /P 22uF
£ u
V3
*Minimum load current 50 mA -l-

5A Constant Voltage/Constant Current Regulator

MJas502

cz_L. CURRENT €7 Q3
mn,;—E An.msr/:; 250k S

R2 ® 0.2

A

o OUTPUT

D1 03
1N457 LED*

I 1.2v-30V
c3
10uFt T

+

VW

75 pF

330k S R7

220

AAA

-6V TO -15V

TSolid tantalum
*Lights in constant current mode

VW

A8 ¢
VOLTAGE
ADJUST 4

L i\ g
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Typical Applications (continued)
12V Battery Charger

500
R6
02
Vin2 18V LM350 [ AN ?
SR2
LED S5
RS <
ik b
o
<
T012v
] BATTERY
2N2905
S h
Sx
— i G4
17 gl
=
Adjustable Current Regulator Precision Current Limiter
lout
0T03A - . 12 .
ouT= o
an W [
Vour
*0.4 <R1<120Q
<R3
S
-2[ Ve Tracking Preregulator
-5V T0 -0V
R2
1.2V — 20V Regulator with 720
Minimum Program Current 3A Current Regulator

A1
240 Lm150

014F 14F
I g Z4

DuTPUT

/9 ApausT

Vin p— Vour

>
S R3
S

*Minimum load current ~ 4 mA

Adjusting Multiple On-Card Regulators
with Single Control*

LM150

ViN

1N4002

1k tMinimum load—10 mA
* Al outputs within £100 mV

H—AAA
i v
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LM150/LM250/LM350

Typical Applications (continued)

AC Voltage Regulator Adjustable 10A Regulator
[X]
[T p—
VIN ouT|
X |
Sim u 0.1
‘P
6Vpp ,
12 Vpp A LM350
wd 3 01
8 :’ g 480 Eﬁ- Vin va,w, AAA 45V 10 25V
> L -
g S Sa
‘b
ADI
Vin  Vour 5
M350 1
4
8 150 <l
Le—Av— ¢
200 pF 15kQ
Simple 12V Battery Charger I I >

Current Limited 6V Charger

TosggFe* LM350

AA
\A4

2N2222

R2
*Rs—sets output impedance of charger ZoyT = Rg (1 + —R——)
Use of Rg allows low charging rates with fully 1

charged battery.

**The 1000 uF is recommended to filter out input

transients. *
Sets peak current {2A for 0.3Q2)
. . **The 1000 uF is recommended to filter out input
Connection Diagram transients.

Metal Can Package

ADJUSTMENT Vin

CASE IS
ouTPUT

BOTTOM VIEW

Order Number:
LM150K STEEL
LM250K STEEL
LM350K STEEL
See NS Package K02A
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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 0.5§2 and allows the
zener to operate over 0.5 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,

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 —55°C to +125°C
while the LM299 is rated for operation from -25°C to
+856°C and the LM399 is rated from 0°C to +70°C.

Features

Guaranteed 0.0001%/°C temperature coefficient
Low dynamic impedance — 0.582

Initial tolerance on breakdown voltage — 2%
Sharp breakdown at 400uA

Wide operating current — 500uA to 10 mA
Wide supply range for temperature stabilizer
Guaranteed low noise

Low power for stabilization — 300 mW at 25°C
Long term stability — 20 ppm

Schematic Diagrams

10

il Ve ofd
Y X

Temperature Stabilizer

Connection Diagram

Metal Can Package

or LM399H
See Package HO4A

& O Order Number LM199H, LM299H
Q)

G () +

TOP VIEW

Reference

Functional Block Diagram
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LM199/LM299/LM399

Absolute Maximum Ratings

Temperature Stabilizer Voltage 40V
Reverse Breakdown Current 20 mA
Forward Current 1mA
Reference to Substrate Voltage V(rs) (Note 1) 40V
—0.1v

Operating Temperature Range
LM199 -55°C to +125°C
LM299 -25°C to +85°C
LM399 0°C to +70°C
Storage Temperature Range -55°C to +150°C
Lead Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics (Note 2)

LM199/LM299 ' LM399
PARAMETER CONDITIONS UNITS
MIN TYP | MAX [ MIN TYP | MAX
Reverse Breakdown Voltage | 0.5 mA<Ig <10 mA 6.8 6.95 71 6.6 6.95 7.3 v
Reverse Breakdown Voltage | 0.5 mA <1< 10 mA 6 9 6 12 mV
Change With Current
Reverse Dynamic Impedance | g = 1 mA 05 1 05 15 Q
Reverse Breakdown —55°C < T, < 85°C LM199 0.00003( 0.0001 %/°C
Temperature Coefficient 85°C < T, < 125°C . 0.0005 | 0.0015 %/°C
-25°C< T, <85°C  LM299 0.00003| 0.0001 %/°C
0°C < T, £70°C LM399 0.00003| 0.0002 %/°C
RMS Noise 10 Hz < f < 10 kHz 7 20 7 50 uv
Long Term Stability Stabilized, 22°C < T, < 28°C, 20 20 ppm
1000 Hours, Ig = 1 mA +0.1%
Temperature Stabilizer Ta = 25°C, Still Air, Vg = 30V 85 14 8.5 15 mA
Supply Current Ta =—55°C 22 28
Temperature Stabilizer 9 40 9 40 v
{Note 3)
Supply Voltage
Warm-Up Time to 0.05% Vg =30V, T, =25°C 3 3 Seconds
Initial Turn-on Current 9<Vg <40, Ty = 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 0.1V more negative than the substrate.

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < T < +125°C for the LM199; -25°C < Tp < +85°C
for the LM299 and 0°C < Tp < +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,
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Typical Performance Characteristics

REVERSE CURRENT (A)

z)

NOISE (nV/:

INITIAL HEATER CURRENT (mA)

Reverse Characteristics Reverss Voltage Change Dynamic i mpedance
107" s 100
o0 -
1072 8 6 -
H TABILIZ g
£ 5 : °~L;nf; Va H STABILIZED
. s = ] 1, =90°e)
<
g z A/
T,=25°C_L— 2 1 §=25C — £ 49 "
o ] a y H AE
-4
STABILIZED & e
/ m=500)| g !
105 A 11 0.1
6.25 645 6.65 6.85 1.05 0 2 4 5 8 10 10 100 % 0% 100k
REVERSE VOLTAGE (V) REVERSE CURRENT (mA) FREQUENCY (H2)
Zener Noise Voltage Stabilization Time Heater Current
200 1 80
\ ! == T 60
150 £ Vi = 10V
= -
\ 5 € a0 V=20V —1
N = 2 < Vy = 30V
100 \\ STABIL:zED (T; ~90 C) _|] 2 § /y\/— Vo =aov ]
< !
T;=25¢C 3 FE S
| Vi = 15V : = \i\
50 -2 I °
10 100 1 10k 100k 0 4 8 12 16 20 -55 35 -15 5 25 45 65 85 105
FREQUENCY (Hz) HEATER ON TIME - (SEC} TEMPERATURE (°C)
( Heater Surge Limit Resistor vs
Heater Current (To Limit This Minimum Supply Voltage at
Initial Heater Current Surge, See Next Graph) Various Minimum Temperatures
250 T 160 —_ g 800
Ta=25
Vi = 40V 140 o S
200 - 2 /
N : & 600
N g : 25°C (46 mA)\
150 =z o N\ oV = 10V ] Z 50 [—  SCEImA ey
N 3 T vy, = 20V = -15°C (71 mA) el
N g ® TR V=3 || 2 00— 350 BTmA) g S
100 = = 50 “ L2 v 0w = Pl '""\"\V/
& SR T 2 300 t P @t
5w 3% 2 | fA
50 H (\ 2 wm A
20 X 2 ]
>
[} — ] R ]
-55-35-15 5 25 45 65 85 105 125 0 2 4 6 8 10 12 14 16 18 0 10 20 E) 0
TURN ON TEMPERATURE (°C) TIME (SEC) MINIMUM SUPPLY VOLTAGE (V)
*Heater must be bypassed with a 2 uF
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.
Low Frequency Noise Voltage Response Time
8
1
6 | STABILIZED
= 5| M=%
s
s o 4
8 £ /s
Y 001 Hz<t<1Hz H ”
L2 STABILIZED o 2
8 (T, > 90°C) g
2 S oo
2 a% 3
10
0
0 2 4 [] 8 10 [} 100 200 300 400

TIME (MINUTES)

TIME (us)
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LM199/LM299/LM399

Typical Applications

Single Supply Operation

9V 10 a0V

TEMPERATURE
STABILIZER

svsvT

Negative Heater Supply with
Positive Reference

<15V

Split Supply Operation

415\1_—,;_—1)

b3
b3

TEMPERATURE
STABILIZER

6.95V

Buffered Reference
With Single Supply

“W_——l

<
> 75k
b3

Lo R

TEMPERATURE
STABILIZER

3 gsvﬁ(

v 10 l -
>——

33v

1k
"

:’ 75k
>
<

TEMPERATURE
STABILIZER

-
5 sav?

Positive Current Source

10V 70 a0
> 350
<
> 1
‘b
+
5
TEMPERATURE
STABILIZER
2n2219
6.95v
10k
LM199
ouTPUT
- ¥ 10mA
<
>
<
ok
Standard Cell Replacement
15V T0 20V
1% REGULATED
4: 7.5k
‘P
22k
OUTPUT
AosusT VWA
< <
+ Qi > 100«
< 0.1%
TEMPERATURE
STABILIZER
20k
6.95V AAA
W
<
>
& 2%
= Q%

o
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Typical Applications

(cont‘d.)

Negative Current Source

= <
.: 7.5k
<
ouTPUT
CURRENT 10-20 mA
+ ADJUST <
< 3 gk
TEMPERATURE Zﬂu: + ]
STABILIZER < . n2905
6.95v LMz 24193
q_ A
LM199
<
- 20k
b3 .
< 300
>
bS
-25v
Portable Calibrator*
Square Wave Voltage Reference —‘L—‘
—A A 8.8k
1%
+15v A
W
0F
75k
o <
AV = I— ouTPUT 2006 @ 2
< L - J
+ 284193
v T — M2 £ — 0UTPUT
TEMPERATURE 18Y —— v
STABILIZER 180k - 3
r S + 1
"
6.95V sk
AAA
nas? + \ A4
LM 193 S
S 19k
— TEMPERATURE S
STABILIZER 1 i
J_—' 070 10V bASY 4
INPUT *3
SOUARE WAVE LM139 rmM‘I
*Warm-up time 10 seconds, ntermittant operation does not degrade long term stability. J_
14V Reference Precision Clamp*
1ak cLAMP
v AAA- wxm o
+
Rs
TEMPERATURE
STABILIZER N
OUTPUT
6.95V
5V Ng14
Li199
— <
4I 15k &
T <
¢
TEMPERATURE +
STABILIZER
TEMPERATURE
6.95V STABILIZER
7Y
LM199 6.95v
— .[ LM193 Ng1a

“Ciamp will sink 5 mA when input goes more positive than reference.
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LM199/LM299/LM399

Typical Applications (cont‘d.)

0V to 20V Power Reference

25V T0 40V

<
>
< Bk
1)
+
TEMPERATURE s
STABILIZER S A e AA
" 20 QWY VW
6.95V 9 |
1F AR oV T0 20V
LmM199 MYLAR WA 1018
— <t L <
20k 00 > 1k
(> P :,
-5V
Bipolar Output Reference
50k
115V ————o ——— AAA—
7.5
50k
P A'A'A' 2
+
b—— OUTPUT 6.9V
TEMPERATURE
STABILIZER 3
50k &1
10 TURN
095V outPuT
ADJUST
LM199 15V 30 pF
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National
Semiconductor

LM320L/LM320ML Series

3-Terminal Negative Regulators

General Description

The LM320L/LM320ML series of 3-terminal negative
voltage regulators features fixed output voltages of -5V,
-12V, and -15V, 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 [C thermal/electrical performance. The
LM3201L/LM320ML series, even when combined with a
minimum output compensation capacitor of 0.1 uF,
exhibits an excellent transient response, a maximum
line regulation of 0.07% V@g/V, and a maximum load
regulation of 0.01% Vg/mA.

The LM320L/LM320ML series also includes, as self-
protection circuitry: safe operating area circuitry for
output transistor 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,

and the LM320ML series is available in the 3-lead
TO-202 package.

For output voltages other than -5V, -12V and -15V,
the LM137 series provides an output voltage range
from -1.2V to -47V.

Features

® Preset output voltage error is less than £5% over load,
line and temperature

® | M320L is specified at an output current of 100 mA
® | _M320ML 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% VouTt/V
Maximum load regulation less than 0.01% VoyuT/mA
Easily compensated with a small 0.1 uF output
capacitor

RATED DESIGN
DEVICE [PACKAGE POWER OUTPUT
DISSIPATION | CURRENT
LM320ML| TO-202 7.5W 0.25A
LM320L TO-92 0.6W 0.1A

Connection Diagrams

T0-202 Power Package (P)

O INPUT
’._—

\-‘
GND —=] |=— OUTPUT
INPUT
FRONT VIEW
Order Numbers:

LM320MLP-5.0 For Tab Bend T0-202

LM320MLP-12 Order Numbers:

LM320MLP-15 LM320MLP-5.0 TB
See Package PO3A LM320MLP-12 TB

LM320MLP-16 TB
See Package PO3E

TO-92 Plastic Package (Z)

GND ,__——-‘ ouTPUT

INPUT
BOTTOM VIEW

Order Numbers:

LM320L2-5.0
LM320LZ-12
LM320L2-15

See Package ZO3A

10-107

soles TNOZEWT/TO0CEN



LM320L/LM320ML Series

Absolute Maximum Ratings

Input Voltage

VouT = -5V 12V and 15V
Internal Power Dissipation

(Notes 1 and 3)

Operating Temperature Range
Maximum Junction Temperature
Storage Temperature Range

Molded TO-92
Molded TO-202
Lead

-35v

Internally Limited
0°Cto +70°C
+125°C

-585°Cto +150°C
-65°Cto +150°C

(Soldering, 10 seconds)

Temperature
300°C

Electrical Characteristics LM320ML

(Note 2) TA=0°C to +70°C unless otherwise noted.

OUTPUT VOLTAGE -5V -12v - 15V
INPUT VOLTAGE (unless otherwise noted) - 10V -17v —-20v UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP  MAX
Vo Output Voltage Tj=25°C, g =250 mA -52 -5 -48 | -125 -12 -115|-156 -15 -14.4
1mA < g < 250 mA -5.25 -475| -126 -11.4-1575 ~-1425 \
(VMIN € VIN € VMAX) (-20< VN € -7.5) (-27< VN € —148) (-30< VNS —18)
AVQ  Line Regulation Tj=25°C, lg =250 mA 50 40 40 mv
(VMIN < VIN € VMAX) (-25< VN < -7.3) (-30< VNS -146) (-30< VNS 17D v
AVQ  Load Regulation Tj=25°C 50 120 150 mV
1mA < Ig < 250 mA
AVp  Long Term Stability 10 =250 mA 20 48 60 mV/khr
la Quiescent Current lo =250 mA 2 6 2 6 2 6 mA
Alq  Quiescent Current 1mA < g < 250 mA 03 0.3 0.3 mA
Change 10=250 mA 0.25 0.25 0.25
(VMIN € VIN € VMAX) (-20< VNS =79 (=27 < VNS -148) (-30< VNS -18) v
Vn Output Noise Voltage | Tj=25°C, Ig =250 mA 40 100 120 uv
=10 Hz-10 kHz
AVIN g iacti Tj=25°C, 10 =250 mA 54 56 54 dB
m ipple Rejection f= 120 Hy
Input Voltage Required | Tj=25°C -73 —14.6 -17.7 A
to Maintain Line lp =250 mA

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 () Package is 180 °C/W when mounted with 0.40 inch teads on a PC board, and
160°C/W when mounted with 0.25 inch leads on a PC board.
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Electrical Characteristics LM320L

(Note 4) TA=0°C to +70°C unless otherwise noted.

QUTPUT VOLTAGE -5V -12V - 15V
INPUT VOLTAGE (unless otherwise noted) —-10v -17v —-20v UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vo Output Voltage Tj=25°C, Ip =100 mA -56.2 -5 -48|-125 -12 -=115|-156 -15 -144
imA < Ig € 100 mA -5.25 -4.75}| -126 ~-11.4 | -1575 -1425
VMIN € VIN € VMAX (-20< V)N € -75) (27 < Vi< -148) (-30 < VN € -18) v
1mA<ip<40mA -5.25 -475 | -126 -11.4 | -1575 ~1425
VMIN € VIN € VMAX (-20< VyN € =7) (-27 < —14.5) (-30< VNS ~17.5)
AVo  Line Regulation Tj=25°C, Ip =100 mA 60 45 45 mV
VMIN € VIN € VMAX (20 VN < -7.3) (275 V|N< - 146) (-30< VNS —17.D) v
Tj=25°C, lp=40 mA 60 45 45 mV
VMIN € VIN € VMAX (-20< VNS =-7) (—=27< VNS —145) (-30< VNS =175) v
AVp Load Regulation Tj=25°C 50 100 125 mv
1mA<Iig<100mA
AVQ  Long Term Stability ig =100 mA 20 48 60 mV/khr
[le) Quiescent Current Ip =100 mA 2 6 2 6 2 6 mA
Alg  Quiescent Current 1mA < Ig < 100 mA 0.3 0.3 0.3 mA
Change 1mA < Ig < 40 mA 0.1 0.1 0.1
lo =100 mA 0.25 0.25 0.25 mA
VMIN € VIN € VMAX (-20< VNS =75) (-27 < VNS -14.8) (=30 < V< —18) v
Vn Output Noise Voltage | Tj=25° o= 100 mA 40 96 120 uv
f=10 Hz-10 kHz
AVIN Ripple Reiecti Ti=25°C,1p=100mA | 50 52 50 dB
'ATO ipple Rejection f= 120 Hz
Input Voltage Tj=25"
Required to Maintain | Ig =100 mA -73 -14.6 -17.7 v
Line Regulation lo =40 mA -7.0 -14.5 -175

Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used.
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LM320L/LM320ML Series

Typical Performance Characteristics

30
20

POWER DISSIPATION (W)

01

04
03

02

OUTPUT CURRENT (A}
o
w

0.1

INPUT-QUTPUT DIFFERENTIAL (V)

OUTPUT VOLTAGE (NORMALIZED)

Maximum Average Power
Dissipation (T0-202)

| I LM320ML

! |
INFINITE HEAT SINK

15°C/W HEAT SI"‘K__
—
NO HEAT SINK
o ve

\0\

0 15 30 45 60 7%
AMBIENT TEMPERATURE (°C)

Short-Circuit Output
Current

T
LM320ML $
Tj=125°C V%
i "~
Tj=25°¢,
T=te
I Tj= 0°C
Lm3zoL 1= 25°C
| | = Tj = 125°C
Z
Vour -0V
0 -5 -10 15 -20 -25 -30 -3§

INPUT VOLTAGE (V)

Dropout Voltage, LM320L
-5V

T T
r AVgyT = 100 mv
lgyT = 100 mA I
louT =40 mA
4 out
loyT=0mA

[ 25 50 % 100 125
JUNCTIQN TEMPERATURE (°C)

Output Voltage vs.
Temperature (Normalized
to1VatTj= 25°C)

| Vour = -8V T0 -28V

e 7

Vin - Vour = -6V
lgyt =10 mA

i

| Vouyr = -5V, -6V

[} 25 50 % 100 125
JUNCTION TEMPERATURE (°C)

INPUT-QUTPUT BIFFERENTIAL (V) POWER DISSIPATION (W)

INPUT-OUTPUT VOLTAGE DIFFERERTIAL (V)

QUIESCENT CURRENT (mA}

04

02

0.1

25

20

Maximum Average Power
Dissipation (T0-92)

Fimazo.—To.125" Leap LENGTH]
FROMPC BOARD ]
FREE AIR

=

NS
~

0.4 LEAD LENGTH
FROM PC BOARD
FREE AIR -

0 15 30 a5 60 7%
AMBIENT TEMPERATURE (°C}

Dropout Voltage, LM320ML,
-5V

T T
AVyy=100mV

] louT =250 mA

) =100 mA
ouT

foyr=0mA

[} 25 50 75 100

125
JUNCTION TEMPERATURE (°C)

Dropout Voltage, LM320L
-12V and -15V

—
l AVgyT =100 mV

IpyT = 100 mA o Loma
| JlouT=40m,
—~
—_—
lour=0mA |~ B
—

0 25 50 % 100 125
JUNCTION TEMPERATURE (°C)

Quiescent Current

—
VouT = -5V [
1guT = 40 mA i
;= 0°C |
- Tj=25°C
7 Tj=125°C
-5 -10 -15 -20 -25 -30 -35
INPUT VOLTAGE (V)

INPUT-QUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A}

RIPPLE REJECTION (dB)

OUTPUT IMPEDANCE ()

05

04

03

02

0.1

60

40

10.0

0.t

0.01

Peak Output Current
™Y AVg =100 mV |
S
18 T;=125°C
T; = 25°C b
1 \
125°C]
0 -5 -10 -15 -20 -25 -30

INPUT-QUTPUT DIFFERENTIAL (V)

Dropout Voltage, LM320ML,
-12V and -15V

T T
aVoyy =100 mv

T
uT = 250 mA

e
1oy = 100 mA

—
—

P—)
[—

lgyTr=0mA

0 25 50 7% 100 126
JUNCTION TEMPERATURE (°C)

Ripple Rejection

T Vo)
i il

T e

|||nmlnmwnnunln!uw

I Vin - Voyr = -8V
AVm U

lguT = 250 mA (LM320ML)
| tguT = 100 mA (LM320L)
T

10 100 1k 10k
FREQUENCY (Hz2)

Output Impedance

} —
I —
ViN= -1V Cg=0.1uF
Vour= -5V
louT = 100 mA (LM320ML) =]
1gyT = 50 mA (LM320L)

fTa=26°C

Cg=1uF
ALUMINUM
!

10 100 1k 10k 100M

FREQUENCY (H2)
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Schematic Diagrams

-8V
6ND
l 02 l an
e Iy o Re S p S
o Kﬁv 1S Jim
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I/mz nu\l
R10 Rt
& 1k
>
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a1 l a1s <
uj_ I -Vour
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i
—
016 Q17 S
018
a1y 025
e C3
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010
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R :: R22
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Rz 05 c2
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LM320L/LM320ML Series

Typical Applications

Fixed Output Regulator

cu*i,_ I_ ca** =
0.334F 0.1 uF
-vmo_l_ LM320 l—o -Vour

*Required if the regulator is located far from the power supply
fitter. A 1 uF aluminum electrolytic may be substituted.
**Required for stability. A 1 uF aluminum electrolytic may
be substituted.

Adjustable Output Regulator

_I_ ;’t c3 L:: -é_
o +

0.1 uF
[= "' p2 4
+
€2

0.33 4F ~—p=— — 0.1 4F
e
R1Q

-Vin le::ﬂ -vg

—-Vgp = =6V — (6V/R1 + i) * R2,
5V/R1 >3 I

+15V, 250 mA Dual Power Supply

Vin

Lm342p
-15

20vO I
3]

Voyr = 15V @ 250 mA

c2

0.1 uF
1.

GND O
1.

3
0.33F
“ViN o I LM320ML
-20v ~15

L.

8.1 uF
lo—v,m = 15V @ 250 mA
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National
Semiconductor

LM341 Series 3-Terminal Positive 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 0.5A 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 1C 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 supply.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

Output current in excess of 0.6A
Internal thermal overload protection
No external components required
QOutput transistor safe area protection
Internal short circuit current limit
Available in plastic TO-202 package

Special circuitry allows start-up even if cutput is
pulled to negative voltage (* supplies}

Schematic and Connection Diagrams

SR
& 80k

@

ha

A

R15 €
118k $

6 Plastic Package

A

O

[~=— GND

S RI6
>
Sos 1

>
SRR

> 7k

-0 Vour

< R20
S wT0 204

>
S R10
> A50

’KIBI

<3
> dk

S R
> 4.97k

AAA

{av}

INPUT | —— QUTPUT

GND
FRONT VIEW

San Order Numbers
" LM341P.5.0
LM341P-12
LM341P-15
See Package PO3A

AA,

For Tab Bend TO-202
LM341P-5.0 TB
LM341P-12 TB
LM341P-15 TB

See Package PO3E

O GND
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LM341 Series

Absolute Maximum Ratings

Input Voltage
(Vo =5V, 12V, 15V)

Internal Power Dissipation (Note 1)
Operating Temperature Range

Maximum Junction Temperature

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

35V

Internally Limited
0°Cto +70°C

+125°C

-65°Cto +150°C

+230°C

Electrical Characteristics 14=0°Cto70°C, 10 =500 mA, unless otherwise noted.

OUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10v 19v 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vo Output Voltage Tj=25°C 48 5 5.2 115 12 125 14.4 15 15.6 3
Pp< 75W,5mA< ig<500mA | 4.75 525 1.4 126 | 14.25 15.75 A
and VMIN € VIN € VMAX (75 < V)N € 20) (148 < VN < 27) (18 < VyN < 30) v
AVQ Line Regulation Tj=25°C, o =100 mA 50 120 150 mvV
Tj=25°C, |p =500 mA 100 240 300 mV
(7.2 < V)N < 25) (145 < V| < 30) (176 < V)N < 30) v
A Vo Load Regulation Tj=25°C.5 mA < Ig < 500 mA 100 240 300 mV
AVg Long Term Stability 20 48 60 | mVikhes
le) Quiescent Current  |Tj=25°C 4 10 4 10 4 10 mA
Alg Quiescent Current  [Tj=25°C 0.5 0.5 0.5 mA
Change 5 mA < Ig < 500 mA
Tj=25°C 1 1 1 mA
VMIN € VIN € VMAX (7.5 < VN € 29) (14.8 < V)N < 30) (18 < VN < 30) \
Vn Output Noise Voltage|Tj=25°C, { = 10 Hz - 100kHz 40 75 90 uv
AV
N_gipple Rejection  |f =120 Hz 78 7 69 0B
AVout
Input Voitage Tj=25°C, Io =500 mA 72 14.5 17.6 A
Required to
Maintain Line
Regulation

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.
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Typical Performance Characteristics

POWER DISSIPATION (W)

RIPPLE REJECTION {dB)

QUIESCENT CURRENT (mA)

Maximum Average Power
Dissipation

£
2 [
1 T
— INFINITE HEAT SINK
10
—
5
WITH 15°C/W HEAT SINK P
} }
2
1 NO HEAT SINK
05
03
0 15 30 45 60 15

70

45

4.0

35

0

AMBIENT TEMPERATURE (C)

Ripple Rejection

=120 Hz
Vin-Vour=8Vpe
+35 Vrms
gyt = 500 mA
[ Tj=25°C
PART = vy
L ,10v-2

LM78M12€, 19V
LM78M1SC, 23V

] 5 10 15 20 25
OUTPUT VOLTAGE (V)

Quiescent Current

Vour=5v_
| lguy=5mA
Ti=25°C

§ 0 15 20 25 30 35
INPUT VOLTAGE (V)

QUTPUT CURRENT (A)

INPUT-OUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

OUTPUT IMPEDANCE (12}
°

Peak Output Current

15
125 — Ti=0¢C
o | —1 I

, Tj=25°C \
05 ! S

7= 150°C TN \
05 ~
0.25 ™N
0

5 10 15 20 2% 30
INPUT-OUTPUT DIFFERENTIAL (V)

Dropout Voltage

25
20 | lour =500 mA

— N o—,
15 [—Igyy =250 mA ——
10 it =0.0mA

out ———
05
VgyT = 100 mV
0
0 25 50 75 100 125 150
JUNCTION TEMPERATURE (“C)

Quiescent Current
45
a0 -

\\
‘\

35 P
30 vy =10v

| Vour =5V

Igyt = 5mA

25 . L

Q 25 S0 7% 100 125 150
JUNCTION TEMPERATURE (°C)

Ripple Rejection

100 ——’-[
[+
g "
H L
£ 6 Vour =15V -
w P L
E 4
s Il
i T 14
& 99 FViN-VouT=8Vpc+
lgyT = 500 mA
Tj=25°C
0
10 100 1 10k
FREQUENCY (Hz}
OQutput Voltage (Normalized
to 1V at Ty=25° C)
1015
B
w 1.010
<]
<
= 1.005
=3
>
-
?— 0. \
5 995 ‘\
2 0.990
&
N
2 0985
z
& 0.980
2
0975

1] 25 50 75 100 125
JUNCTION TEMPERATURE ("C)

Output Impedance

VN = 10V
Vout =5V

lgyr =250 mA
Tj=25°C

FREQUENCY (Hz)
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LM342 Series

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 0.25A 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.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

Output current in excess of 0.25A

Internal thermal overload protection

No external components required

QOutput 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 3%
LM342-12 12v
LM342-15 15V

Schematic and Connection Diagrams

O Vin

Da

R14
5k

Plastic Package

AAA

a2

o ] A1
100

{0
> /OH
S A9 03
> 5.76K
o O

VWA~

R15

Le— g0

08

! S
>
>

; !

=0 Vour

R7

A oY

<
Az INPUT —| —e— OUTPUT
<

15k
—AAN L GND

A% a7

a2

a1 284

FRONT VIEW

Order Numbers:

LM342P 5.0
LM342P-12
wis LM342P-15

22 S See Package PO3A

For Tab Bend T0-202
Order Numbers:
LM342P-5.0 TB
LM342P-12 TB
LM342P-15 TB

O GND See Package PO3E
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Absolute Maximum Ratings

Input Voltage
Vo=5V
Vo =12V and 15V
Internal Power Dissipation
(Note 1)
Operating Temperature Range

30v
35v

Internally Limited
0°Cto +70°C

Maximum Junction Temperature 125°C
Storage Temperature Range ~65°Cto +150°C
Lead Temperature (Soldering, 10 Seconds) 300°C

Electrical Characteristics ta=0°cto +70°C, 1o0=250 mA (Note 2) unless noted.

OUTPUT VOLTAGE 5V 12v 15v
INPUT VOLTAGE (uniess otherwise noted) 10V 19v 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX [ MIN TYP MAX | MIN TYP MAX
Vo Output Voltage Ti=25°C 48 5 52 115 12 125 | 14.4 15 15.6 )
{Note 3) 1mA < Ig € 250 mA and 475 525 | 11.4 126 |14.25 15.75 \
VMIN € VIN € VMAX (7.5< VN < 20) (148 < VN € 27) (18 < V|N < 30) v
AVg  Line Regulation Tj=25°C, 10 =250 mA 55 100 100 mv
(7.3< V)N < 25) (14.6 < Vi < 30) (17.7 < VN € 30) v
AVp Load Regulation Tj=25°C, 1 mA < Ip < 250 mA 50 120 150 mV
AVQ  Long Term Stability 20 48 60 mV/khrs
[le) Quiescent Current Ti=25°C [ 6 6 mA
Alg  Quiescent Current Tj=25°C, 1mA < Ig € 250 mA 0.5 0.5 0.5 mA
Change Tj=25°C, VMIN <€ VIN € VMAX 15 1.5 15 mA
(7.3< VN < 25) (14.6 < V| < 30) (17.7 < V)N < 30) v
Vn Output Noise Voltage| Tj=25°C, f = 10 Hz-10 kHz 40 96 120 uv
AV
IN_gipple Rejection | =120 Hz 50 64 4 58 42 56 dB
AVout
Input Voitage Tj=25°C, 1o =250 mA 7.3 14.6 17.7 v
Required to Maintain
Line Regulation

Note 1: Thermal resistance of the TO-202 package (P) without a heat sink is 12° C/W junction to case and 80°C/W juntion 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 Vot is typically within 0.01% Vg/ °C.
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LM342 Series

Typical Performance Characteristics

Maximum Average Power
Dissipation (TO-202 Package)

Peak Output Current

Dropout Voltage

3 0.8 v v s 25
! ! ! AVgyT =108 mV 2 AV =100 mV
INFINITE HEAT SINK 01 [Tj=0c £, bt = 250 mA
E n : 2 08 1 w
z T s . ‘\ & Pl i -100ma
t 25" -
Y T Z s Tt £ s S~ T
< H .
é 3 | WITH 15°C/W HEAT SINK — g s | 8 1L =0mA
2 | | e Ti=150°C N N g
= 2 03 > 2
£ NO HEAK SINK 5 <
02 s
e e g 05
05 0.1 g
03 ] 5 o
o 15 3 4 60 75 0 5 1 15 20 25 30 E 0 25 5 75 100 125 150
AMBIENT TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE (°C)
Ripple Rejection Ripple Rejection Output Impedance
1 ) 1 g
f=120Hz Evin=10v =
aviN=T7Vp-p FVp=5V t 1
@ Ip = 250 mA g = _|o_=25:1ma Cg =0uF
P Tj=25°C = g o pNi7BE
£ . 2 2 >
¥ @ g AT
o o £ Cg = 1uF
w w =
=] ] 2 on
z s 1=
H] PARTNO. V) S 3
| LmM34250 11V
LM34212 19V
LM342.15 23V
0 3 A
0 5 0 15 20 25 0 100 1k 10k 100k 1M
OUTPUT VOLTAGE (V) FREQUENCY (Hz) FREQUENCY (Ha)
.
Quiescent Current Quiescent Current
2.76 29 .
Vout =5V
. vin =10V
< < 27 =
.‘.E‘ 212 — f 19 =40 mA
= =
g 208 e g 25 \\
o« 3
> A =
2 % 2 NG
Z 2 5 23 I
wh w P —
E g
Y Vg=5V S 2
S 280 1 lg=40mA e
T;=25°C
256 - 19
5 10 15 20 25 30 35 0 25 50 75 100 125 150

INPUT VOLTAGE (V)

JUNCTION TEMPERATURE (°C)
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Typical Applications

Fixed Output Regulator

INPUT LM342-XX ouTPUT

cre GND

022 uF —[—

*Required if the regulator is located far from power
supply filter
**Although not required, C2 does improve transient
response. (If needed, use 0.1uF ceramic disc.}

c2*

Adi ble Output Regul

INPUT LM342.5.0 [—O ouTPUT
:: R
3]
022 4F
> )
r’:»
L 4 GND
=
Vo =BV + (SV/R1+1q) R2
5V/R1 > 3Iq, Load Regulation (LR) =
[{R1 + R2)/R1] - (L of LM342-05)
Current Regulator
INPUT LM342-XX
ct
0.22.F g A
I O 0UTPUT
lout

louT = V2-3/R‘I +lg
Alg < 1.5 mA over tine and load changes

High Output Voltage Regulator

24822
ViN=BVO LM342-15 * —O VouT =39V @ 250mA
R ¢
me 03**
w 1N4DD
[T - » Y
0224F —y— 2 —_—1F
v

7
1N5359
v

*Necessary if regulator is located far from the power supply filter

**D3 aids in full load start-up and protects the regulator during short
circuits from high input to output voltage differentials

Viy = 20V

-V = -20V

Vi = 20V O—dg

115V, 250 mA Dual Power Supply

LM342-15 Voyr = 15V @ 250 mA

4] c2

T 0.1 4F

l OGND
17

0.1 uF

LM320MLP-15

-Voyy = -15V @250 mA

Variable Output Regulator 0.5V — 18V

~Viy =-10V O

1°
- can
j_— 0.22.F 1‘ F
R1 R&
a—AAA
A A
Ve
c2
—_L— 0.22F
= RS

VouT = VG * 5V. R1 = (-V|N/Iq LM342)

VouT = 5V(R2/R4) for (R2 + R3) = (R4 + R5)

A 0.5V output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9
*Solid tantalum
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LM78XX Series

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 aliow 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.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

s Qutput current in excess of 1A

m |nternal thermal overload protection

= No external components required

= Qutput transistor safe area protection

= Internal short circuit current limit

= Available in the aluminum TO-3 package

Voltage Range
LM7805C 5V

LM7812C 12v
LM7816C 15V

Schematic and Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

1
INPUT

GND
outPuT — /‘\/
e

ae O ( O
N

BOTTOM VIEW

16 Order Numbers
LM7805CK

GND —=|
>
> Aats O

26k
b3

ouTPUT LM7812CK
LM7815CK

:: A See Package KCO2A

Vaee

Plastic Package
TO-220 (T)

OuTPUT
GND

INPUT

TOP VIEW

Order Numbers:
LM7806CT
LM7812CT
LM7815CT

See Package TO3B
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Absolute Maximum Ratings

Input Voltage (Vo = 5V, 12V and 15V)
Internal Power Dissipation (Note 1)
Operating Temperature Range (Ta)

35V
Internally Limited

0°Cto +70°C
Maximum Junction Temperature

(K Package) 150°C

(T Package) 125°C
Storage Temperature Range -656°Cto+150°C
Lead Temperature (Soldering, 10 seconds)

TO-3 Package K 300°C

TO-220 Package T 230°C

Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125°C unless otherwise noted.

OUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10v 19v 23v UNITS
PARAMETER CONDITIONS MIN TYP MAX|MIN TYP MAX| MIN TYP MAX
Tj=25°C,5mA<Ipg< 1A 48 5 52 | 115 12 1251144 15 1586 \
Vo Output Voltage PpD< 15W,5mA<Ig < 1A 475 525 | 11.4 12.6 114.25 15.75 %
VMIN € VIN € VMAX (T<VINS20) [(145<VINS27) | (17.5< VN < 30) \%
Ti=25°C 3 50 4 120 4 150 mV
AV 7S VNS 2 145<V 3 17. < \4
lo=500 mA [ 2VIN__ T<VINS25) |( IN < 30) | (17.5< ViN < 30)
0°C< Tj<+125°C 50 120 150 mvV
) ) AVIN (B<VINS20) | (15< Vi< 27) | (185 < VN < 30) v
AV L R lat
0 Hine Reguiation Ti=25°C 50 120 150 mv
1o < 1A AVIN (7.3< VIN<20) | (146< VN <27)| (17.7 < VN < 30) v
o= 0°< Tj<+125°C 25 60 75 mV
AVIN B< N 12 (16 < VIN<$ 22) | (20< VN < 26) v
T 25°C 5mA < Ig < 1.5A 10 50 12120 12 150 mv
AVQ  Load Regulation 1= 250 mA < Ig € 750 mA 25 60 75 mV
SmA<Ig< 1A, 0°C< Tj< +125°C 50 120 150 mV
. Tj=25°C 8 8 8 mA
<
[le} Quiescent Current o< 1A 0°C < Tj < +125°C 85 85 85 mA
S5mA<Ig< 1A 0.5 0.5 0.5 mA
. Tj=25°C.Ip < 1A 1.0 1.0 1.0 mA
t C t
alg 8:;5;:“ Ve VMIN € VIN € VMax (75< VIN<20) | (148< VN < 27) | (17.9 < V) < 30) v
10 < 500 mA, 0°C < Tj< +125°C 1.0 1.0 1.0 mA
VMIN € VIN € VMax (7 < VIN < 25) (14.5 < VN < 30) | (17.5 < V)N < 30) v
VN Output Noise Voltage| TaA=25°C, 10 Hz < f < 100 kHz 40 75 90 uv
o< 1A, Tj=25°C or 62 80 55 72 54 70 dB
AV Rinple Rejecti f=120 Hz 1o < 500 mA 62 55 54 dB
AVoyr PPIe Rejection 0°C < Tj<+125°C
VMIN € VIN € VMAX B< VNS 18) (15 < VN <25 [(185< VN < 28.5) v
Dropout Voltage Tj=25°C, loyT=1A 20 2.0 20 \
Output Resistance f=1kHz 8 18 19 mQ
Ro Short-Circuit Current |Tj=25°C 21 15 1.2 A
Peak Output Current |Tj=25°C 24 24 2.4 A
Average TC of Voyt {0°C < Tj < +125°C, Ig=5mA 06 1.5 1.8 mVv/°C
Input Voltage
VIN Required to Maintain |Tj=25°C, ig < 1A 73 146 177 \

Line Regulation

NOTE 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C /W junction to case and 35°C /W case to ambient. Thermal resistance of the
TO-220 package (T} is typically 4°C/W junction to case and 50°C/W case to ambient.
NOTE 2: Al characteristics are measured with capacitor across the inut of 0.22 uF, and a capacitor across the output of 0.1 uF. All characteristics ex-
cept noise voitage and ripple rejection ratio are measured using pulse techniques (ty < 10ms, duty cycle < 5%). QOutput voltage changes due to

changes in internal temperature must be taken into account separately.
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LM78XX Series

Typical Performance Characteristics

25

20

POWER DISSIPATION (W)

1.010
1.005

0.995
0399
0985

ORMALIZED OUTPUT VOLTAGE (V)
2
s

R
o
©
S
&

0970

1

01

2.01

OUTPUT IMPEDANCE (2}

Maximum Average Power

Maximum Average Power

Dissipation Dissipation
I, ® M e
|1 INFINITE 1S |
HEAT SINK _ INFINITE HEAT SINK 3
g 2 Z
2 = 25
=
=] 2
10°C/W REAT SINK = " £ 2
[ WITH 10°C/W HEAT SIN g =
b a 3 s
@ "0 IS WiTH 10 C/W HEAT SINK 5
N £ e £
NO HEAT SINK g | 2
NO HEAT SINK 05
— ~
[ 11 - o LLTTTTT 0
~75 -50 -25 0 25 50 75 100 125 ] 25 50 5
AMBIENT TEMPERATURE { C) AMBIENT TEMPERATURE { C)
Output Voitage (Normalized
to 1V at Tj = 26°C) Ripple Rejection
— 100 90
Vin - Vout = 5V
lguT=5mA ]
ut w0 =
g 2 w0
2 =
2 g 2
g 5
2 =7
- w
« 40 :
Y z
g ViN-VouT = 8 Vpg + 35 Vims = g
« 20 | =1A =
ouT
Lri=2s¢
0 50
~75-50-25 0 25 50 75 100125 150 10
JUNCTION TEMPERATURE ( C) FREQUENCY (Hz)
Output Impedance Dropout Voltage
25 8
Viy = 10V Cant -0 s [ AVoyy - 100 mv
£ Cout E
VouT =5V 2 ! 1
IguT = 500 mA SR ) - Iout = 1A =
-3¢ = T N s
I N [touT =500 mA ]
> — w 15 3
AN - -
7 T a M g 4
Cout = 1+F s A =
TANTALUM g ! loyr = 0A 2
— 2 E ,
o o
]
o
2
E]

0.001

10 100 1k 10k 100k M
FREQUENCY (Hz)

Quiescent Current

-75-50-25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE ('C)

Quiescent Current

Peak Output Current

T T T
Vot - 100 mV
|
i
_lf -
Ti=25¢ % Tj= 0°C4—
aN %\\
Tj= 126°0
| N
~N

0 5 10 15 20 25 30 3
INPUT TO OUTPUT DIFFERENTIAL (V)

Ripple Rejection

L
L
t=120 Hz
—VIiN-VouT =8 Vpg + 3.5 Vims —
lgyr=1A

[ Tj=25¢C
1 L | 1

0 § 10 15 20 25
OUTPUT VOLTAGE (V)

Dropout Characteristics

LM7805C
FTj=25¢

lgyT = 0A

‘DUT’ 500 mA

lgyv = 1A
|

l

0 2 4 6 8 10
INPUT VOLTAGE (V)

5.! 65
5 Vi - 10V Vabr- o
z l\lgu-rjssva 3 6 | touT=10mA
i, ur=5mA_| E Tj=25°C
- (=3
z Zz 55
w w e
g & //
3 45 N 3 5
o ~N
s E
z ™
=] 9 a5
£ u
B s 4
35 5
-75 -50-25 @ 25 S0 75 100 125 150 5 10 15 20 25 30 35

JUNCTION TEMPERATURE (°C}

INPUT VOLTAGE (V)

10-122




National
Semiconductor

Voltage Regulators

LM78LXX Series 3-Terminal Positive Regulators

General Description

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 internal power dissipation becomes

too high for the heat sinking provided, the thermal
shutdown circuit takes over preventing the IC from
overheating.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

® Qutput voltage tolerances of +5% (LM78LXXAC) and
+10% (LM78LXXC) over the temperature range

Qutput current of 100 mA

Internal thermal overload protection
Output transistor safe area protection
Internal short circuit current limit

Available in plastic TO-92 and metal TO-39 low pro-
file packages

\[oltage Range

LM78L05 5V
LM78L12 12v
LM78L15 15V

Connection Diagrams

Metal Can Package
ouTPUT
2 GND
INPUT \ ) (CASE)

BOTTOM VIEW

Order Numbers:

LM78LOSACH LM78LOSCH
LM78L12ACH LM78L12CH
LM78L15ACH LM78L15CH

See Package HO3A

Piastic Package

OUTPYT INPUT

GND

BOTTOM VIEW

Order Numbers:

LM78LO5SACZ LM78L0OSCZ
LM78L12ACZ Lm78L12CZ2
LM78L15ACZ LM78L15CZ

See Package Z03A
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LM78LXX Series

Absolute Maximum Ratings

Input Voltage
Vo=5V
Vo=12Vto 15V

30V
35v
Internally Limited

Internal Power Dissipation (Note 1)
Operating Temperature Range
Maximum Junction Temperature

Storage Temperature Range

Metal Can (H Package)
Molded TO-92 (Z Package)
Lead Temperature (Soldering, 10 seconds)

0°Cto +70°C
125°C

-65°Cto +150°C
-55°Cto +150°C
300°C

Electrical Characteristics (Note 2) Tj=0°C to 125°C, 1o = 40mA, CiN = 0.33uF, Co =0.14F (unless noted)

LM78LXXAC OUTPUT VOLTAGE 5V 12V 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
Vo  Output Voltage Tj=25°C 48 5 52 | 115 12 125|144 15 156 v
(Note 4) 1TmA< Io< 70 mA 475 525 | 114 126 [14.25 15.75 v
1TmA < Ip < 40 mA and 4.75 525 | 114 126 |14.25 15.75 v
VMIN € VIN € VMAX (7< VIN € 20) (145< VN 27) | (17.5< VN < 30) v
AVQ Lire Regulation Tj=25°C 10 54 20 110 25 140 mV
(8< VIN < 20 (16 < VN < 27) (20 <€ VN < 30) v
18 75 30 180 37 250 mv
(7 < VN € 20) (145< VN < 27) | (17.5< VN < 30) v
AVg  Load Regulation Tj=25°C, 1mA < lp € 40 mA 5 30 10 50 12 75 mV
Tj=25°C, 1 mA < lg < 100mA 20 60 30 100 35 150 mV
AVp  Long Term Stability 12 24 30 mV/1000 hrs
la Quiescent Current Tj=25°C 3 5 3 5 31 5 mA
Ti=125°C 4.7 47 47
alg  Quiescent Current 1MA<IQp<40mA 0.1 0.1 0.1 mA
Change VMIN € VIN € VMAX 1.0 1.0 1.0 mA
8 < V)N < 20) (16< ViN< 27) (20 < V)N < 30) v
Vi Output Noise Voltage | Tj=25°C, (Note 3) 40 80 90 uv
f=10 Hz — 10 kHz
AVIN o . f=120 Hz 47 62 40 54 37 51 dB
avouy Pple Rejection B< VN < 16) (15< VIN< 25) |(18.5< Vi < 28.5) v
input Voltage Tj=25°C 7 145 175 v
Required to Maintain
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 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.

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.

Note 3: Recommended minimum load capacitance of 0.01uF to limit high frequency noise bandwidth.
Note 4: The temperature coefficient of VoyT is typicatly within £0.01% Vo/ °C.
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Absolute Maximum Ratings

Input Voltage
Vo=5V
Vo =12Vto 15V
Internal Power Dissipation (Note 1)
Operating Temperature Range
Maximum Junction Temperature
Storage Temperature Range
Metal Can (H Package)
Molded TO-92
Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics (Note 2) Tj=0°C to +125°C, Ig =40 mA, C|N =0.334F, Co = 0.14F (unless noted)

3ov
35V

Internally Limited
0°Cto +70°C
125°C

—65°Cto +150°C
-55°to +150°C
300°C

LM78LXXC OUTPUT VOLTAGE sV 12V 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23V UNITS
PARAMETER CONDITIONS MIN TYP MAX [MIN TYP MAX [MIN TYP MAX
Vo Output Voltage Tj=25°C 46 5 54 | 111 12 129 [138 15 16.2 \
{Note 4) 1mA<ig<70mAor 45 55 | 108 13.2 | 135 16.5 v
1mA < Ig € 40 mA and AV|N (7€ VIN € 20) (145< VN < 27) (18 € ViN < 30) \
AVo Line Regulation Tj=25°C 10 150 20 200 25 250 mvV
(8 € VN € 20) (16< ViN € 27) (20 < VyN < 30) v
18 200 30 250 30 300 mv
(7€ VN € 20) (145 < VN < 27) (18 < VyN < 30) \
AV  Load Regulation Tj=25°C, 1 mA< 1o < 40mA 5 30 10 50 12 75 mv
Tj=25°C, 1 mA < Ig < 100mA 20 60 30 100 35 150 mv
AV Long Term Stability 12 24 30 mV/1000 hrs
Q Quiescent Current Tj=25°C 3 6 3 6.5 3.1 6.5 mA
Tj=125°C 5.5 6 [
Al Quiescent Current Tj=25°C, 1mA < Ig < 40mA 0.2 0.2 0.2 mA
Change 1.5 15 1.5 mA
Ti=25°C (8 < ViN < 20) (16 < V)N € 27) (20 < VyN < 30) \
Vn Output Noise Voitage | Tj = 25°C, (Note 3) 40 80 90 uv
f=10 Hz - 10 kHz
AVIN Riople Reiecti f=125 Hz 40 60 36 52 33 49 dB
2Vout ipple Rejection B< VIN < 18) (15< VN € 25) | (18.5< V)N < 28.5) v
input Voltage Tj=25°C 7 145 18 v

Required to Maintain
Line Regutation

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 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.

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.

Note 3: Recommended minimum load capacitance of 0.01xF to limit high frequency noise bandwidth.

Note 4: The temperature coefficient of Voyr is typically within +0.01% Vg/°C.
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LM78LXX Series

Typical Performance Characteristics

Maximum Average Power

Maximum Average Power
Dissipation (Metal Can

Dissipation (Plastic Package) Package) Peak Output Current
10 10 T T ¥ 400 T
1: ? {r AVQyuT = 100mV
8 50 INFINITE HEAT SINK
z z § 300 Tj=0°C
P o : ~ A
= = e 960
= WITH 72°CW HEAT SINK 2 7~ z V Tj 5 Q
5 1 ! Z 10 & 20 <
a 2 NO HEAT SINK ——/ 5 |
« g5 |04 LEAD LENGTH c 05 1 —] 5 Tj= 150°C
£ FROM PC BOARD £ WITH 30°C/W HEAT SINK ——] 2 I/l ~_
e FREE AIR =] g
0125 LEAD LENGTH &
T FROMPCBOARD |
FREE AIR
01 L : (8]
0 15 30 45 60 75 0 15 KU 60 % 0 § 10 15 220 25 30
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Dropout Voltage Ripple Rejection Output Impedance
10 v
28 100 Fvi = 10V
2 T 5.0 [ Vour =5V
= 20 loyr =70 mA s W 3 oy =40 mA
= ™ 3 = F7a = 25°C P
F - Iouy = 40 mA z H t ouT =
g s M - s Ny 3 Cour = 1uF TANTALUM
—
g gyt =1.0mA = 5 10 .
S 1w & 40 =
> = v 4
£ ] Vi = 10V g 08
] g Vour =5V 2
= 05 |- DROPOUT CONDITIONS L] | ouT 20 mA °
H Vour =2% ot V, o e
z -3 Vour out Ta=25C
| T | o Liiw iy o
0 25 50 75 100 125 10 100 1k 10k 100k 10 100 1k 10k 100k M
JUNCTION TEMPERATURE (°C) FREQUENCY (Hz) FREQUENCY (Hz)
Quiescent Current Quiescent Current
a0 34 —
Vi = 10V
_ 38 _ 33 Vour =5V
3 3 T 32 lour =40 mA ]
e 34 E 31
z
g 2 —— g 30
S 30 S 29
[ [
5 e i E 2
2 28 2 o
] T w
S 24 Vour =5V 3 2
L lout =40 mA
22 T, - 25 25
20 1 24
5 w15 20 25 30 0 25 50 75 100 125 150

INPUT VOLTAGE (V)

JUNCTION TEMPERATURE (°C)
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Equivalent Circuit

. O Vi
1]
R4
5k

1ov v
> o
$m 03 N
p 2L
a2 NN
RIS
100
o /16 RIS Sai
100 25 i» S
Vour
(3] e
Sof R12 .:
R7 R&
13 15
AAA [ o b
a3
M Ses
1m:> 7.8k
R3S
2% S
g [ A
RE
a 280k
. O GND
LM78LXX
Typical Applications
nPUT LmM78L05 oUTPUT
INPUT LM7BLXX ouTPUT
b
o1 c2e $
03%f 001F zln"' .
03%F ) -
® A2
<
=
“Required if the regulatar is located far from the power supply filter =

**See Note 3 in the electrical characteristics table.

Fixed Output Regulator

Vour =5V + (SV/R1 + Ig} RZ
SVIRY -3 1o, load reguiation (L} < H{R1+ R2I/R1] (L, of LMIBLOS)

Adj ble Output Regut
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LM78LXX Series

LM78LXX

INPUT

ouTPUT

P
Tour

lout = (Vas/R) + Ig
Alg = 1.5 mA over line and toad changes

Current Regulator

aree
1 2M4033

Vin =10V Ot

O Vour =5V AT 500 mA

“Solid tantlaum.
“*Heat sink 01.
*=*Optional: Improves ripple rejection and transient respanse.
Load Regulstion: 0.6% 0 < I, < 250 mA pulsed with toy, = 50 ms.

|
_T_“" Cour
=+

5V, 500 mA Regulator with Short Circuit Protection

Wy =20V LM7BLIS +Vour = 15V AT 100 mA

ct ca

T 22F —]—- 001F
i E

1F

—Vour = ~15V AT 100 mA

Vi =20V LM320H-15

*Solid tantatum,

+15V, 100 mA Dual Power Supply

Vi = 20V O—dg

0.22F I
L 30pF

*Solid tantalum.
Vour = Vg + 5V, R1 = (-Vin/lg Larsios)

Vour =5V (R2/RY) for (R2 + R3) = (R4 + RS)

A U5V output will correspond 1e (R2/R4) = 0.1, (R3/R4) = 0.9

Variable Output Regulator 0.5V — 18V
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National
Semiconductor

Voltage Regulators

LM78MXX Series 3-Terminal Positive 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 0.5A 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.
1f 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.

For output voltage other than 5V, 12V and 15V the
LM117 series provides an output voltage range from
1.2V to 57V. i

Features

Output current in excess of 0.5A

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)

Schematic and Connection Diagrams

03
b3l an
b3 kn“s
< 012
RI5 S
1.4
0z <

>
S R12

<
XN

4t R
Sam

Ovin
L/:‘s Plastic Package
|=—GND
SR
b34 m|
O vour
S an
S 1 T0 20k
ﬁ
(v
INPUT | s OUTPUT
GND
FRONT VIEW
L Order Numbers
b3 LM78MOSCP
1 LM78M12CP
LM78M15CP
See Package PO3A
For Tab Bend TO-202
Order Numbers
LM78MOSCP TB
LM78M12CP TB
LM78M15CP TB
See Package PO3E
O GNOD
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LM78MXX Series

Absolute Maximum Ratings

Input Voitage
(Vo =5V, 12V, 15V)

Internal Power Dissipation (Note 1)
Operating Temperature Range

Maximum Junction Temperature

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

35v

Internally Limited
0°Cto +70°C
+125°C
-65°Cto +150°C
+230°C

Electrical Characteristics ta=0°c to 70°C, 10 =500 mA, unless otherwise noted.

OQUTPUT VOLTAGE 5V 12v 15V
INPUT VOLTAGE (unless otherwise noted) 10V 19V 23v UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX |MIN TYP MAX
Vo Output Voitage Tj=25°C 48 5 5.2 11.5 12 125 | 144 15 15.6 \'s
Pp<75W,5mA<ig<500mA| 475 525 | 1.4 126 |14.25 15.75 V'
and VMIN € VIN € VMmAX (7.5< VN < 20) (148< VN £ 27) (18 < V)N < 30) \
AV Line Regulation Tj=25°C, 1o =100 mA 50 120 150 mv
Tj=25°C, Io =500 mA 100 240 300 mv
(T2<VN<25) | (145< VN<30) | (17.6< V)N < 30) v
AV Load Regulation Tj=25°C,5mA < Ig < 500mA 100 240 300 mV
AVQ  Long Term Stability 20 48 « 60 | mV/1000 hrs
[fe) Quiescent Current Tj=26°C 4 10 4 10 4 10 mA
Alq  Quiescent Current Tj=25°C 0.5 05 05 mA
Change 5 mA < Ig < 500 mA
Tj=25°C 1 1 1 mA
VMIN <€ VIN € VMAX (7.5 < VN € 29) (14.8 < VN < 30) (18 < ViN < 30) v
Vn Output Noise Voltage | Tj=25°C, f = 10 Hz - 100 kHz 40 75 90 uv
AV
IN_ Ripple Rejection t=120 Hz 78 7 69 v
AVout
input Voltage Tj=25°C, Ip = 500 mA 7.2 145 176 \

Required to Maintain
Line Regulation

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.
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Typical Performance Characteristics

Maximum Average Power

Dissipation
]
L]
b i 1
- b INFINITE HEAT SINK
2 10
L3
o
E 5
- WITH 15°C/W HEAT SINK —Tomm
g, ; :
H
£ NO HEAT SINK — |
05
03
o t5 30 4 60 s
AMBIENT TEMPERATURE ( C)
Ripple Rejection
90
=120 Hz
Vin - Vgur =8 Voc
. +3.5 Vrms
g w0 IguT = 500 mA
= T=25°C
H
5
2 70 =
=
E
]
H
S e0 | PART=Viy
LM78MOSC, 10V
LM78M12C, 19V
LM78M15C, 23V
50
] 5 w1520 25
OUTPUT VOLTAGE (V)
Quiescent Current
6.0 —r
Vour =5
P | lgyT=5mA
3 My
E 5
2
&
H
3 as —
e
= et
g8 a0
2
5
S s
30
5 10 15 20 25 30 35

INPUT VOLTAGE (V)

OUTPUT CURRENT (A)

INPUT-QUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

15

128

0.78

0.5

0.25

25

20

05

45

a0

340

25

Peak Output Current

‘§
—

/

0 5 10 15 20 2% 30
INPUT-QUTPUT DIFFERENTIAL (V}

Dropout Voltage

L_ Igyt = 500mA

— 1oyt = 250 A T L

1oyt =00 Ta ]
AVgyy = 108 mV

0 25 50 75 100 125 150
JUNCTION TEMPERATURE ( C}

Quiescent Current

vy = 10V

| Vout =5V

gyt =S mA
L

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

Ripple Rejection

100 =771
il Il
_ g0 jhHUME Vour =5V 11|
R =) T
3
£ 60 }—<+H 4 1 1
I 1]
c a8
=]
g ] ||
€ 99 |VIN-Vour=8Vpc*t35Vms ]
toyT = 500 mA
T=25¢
]
10 100 1% 10k
FREQUENCY (Hz)
Output Voltage (Normalized
to 1V at Ty = 25° C)
1015
B
w 1010
I~}
2
= 1.005
°
>
5
Eo9ss SN
5
=
© 0990 N
N
20985
& 0.980
0.975
0 25 50 75 100 125 150
JUNCTION TEMPERATURE ( C)
Output Impedance
10
Viy = 10V
Vout = 5V
= 0 IguT = 250 mA
w ViTe2sc
z ) O — |
2 B SR W40 S—
g
g
=
2 I 7T 1 |
5
8w %
| — t : —
[ 1 R 1 ]
0001 L ] I 1

FREQUENCY (Hz)
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LM79XX

National
Semiconductor

Voltage Regulators

LM79XX Series 3-Terminal Negative Regulators

General Description

The LM79XX series of 3-terminal regulators is available
with fixed output voltages of —5V, —12V, and —15V.
These devices need only one external component—a
compensation capacitor at the output. The LM79XX
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 LM79XX 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.

For output voltages other than 5V, 12V and 15V the
LM137 series provides an output voltage range from
—1.2V to —47V.

Features

® Thermal, short circuit and safe area protection
® High ripple rejection

® 1.5A output current

4% preset output voltage

Typical Applications

+15V, 1 Amp Tracking Regulators

Variable Output

Wiy LMA0T 5V O Vour (+) 15V |* ar L‘ j_-
) J —er :: R -
o - €2
] 2.2.F ha bR
soLiD soun
| TANTALUM > A2 ~ TANTALUM
|
|
o lt ot NPUT LM79XXCT ouTPUT
g S ps* 400Y
F——
| *Improves transient response and ripple rejection.
: o |+ Do not increase beyond 50uF.
2 FT R1 +R2
— conmon VouT = VseT (——)
| me -1t R2
e R S , R3 = 02 Select R2 as follows
B.F AN D X 1M4001
M > o LM7905CT 30092
| - LM7912CT 7500
LM7916CT 1k
Vi LMI9ISCT Vour (-115V
Performance (Typical)
(~18) (+15)
Load Regulation at Al = 1A 40 mV 2mv
Output Ripple, Cypy = 3000uF, [ = 1A 100uVrms 100uVrms
Temperature Stability 50 mv 50 mV
Output Noise 10 Hz < f < 10 kHz 150uVrms 150uVrms

*Resistor tolerance of R4 and RS determine matching of {+) and

{—} outputs

**Necessary only if raw supply filter capacitors are more than 3" from regulators

Fixed Regulator

Dual Trimmed Supply

+INPUT L3405 O +5.0V
LTE T 1.
e |
3 ZA.Q—A‘. 1 (]
INPUT 02%.F MR 3 INGORT
$a
*Required it regulator is separated from filter capacitor by more than 3". o O oM
For value given, capacitor must be solid tantalum. 25uF aluminum electro- |4
lytic may be substituted. . en 1wk
tRequired for stability. For value given, capacitor must be solid tantalum. 220F 1 = <S5 ?:'_'
25uF aluminum electrolytic may be substituted. Values given may be ) v <
increased without limit.
For output capacitance in excess of 100uF, a high current diode from ot 3 st }2 ! $—0 sev

input to output (1N4001, etc.) will protect the regulator from momentary

input shorts.
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Absolute Maximum Ratings

Input Voltage

(Vo =5V} =35V

(Vo = 12V and 15V) —40V
Input-Output Differential

(Vg = 5V) 26V

(Vo = 12V and 15V} 30V
Power Dissipation Internally Limited
Operating Junction Temperature Range 0°C to +125°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 10 seconds) 230°C

Electrical CharacteristiCS conditions unless otherwise noted: IguT = 500 mA, Cn = 2.2uF, CouT = wF,

0°C < T < +125°C, Power Dissipation < 15W.

PART NUMBER LM7905C
OUTPUT VOLTAGE 5V UNITS
INPUT VOLTAGE (unless otherwise specified) —-10V
PARAMETER CONDITIONS MIN TYP MAX
Vo Output Voltage Ty=25°C -4.8 -50 -5.2 \Y
5mA < IgyT < 1A, -4.75 -5.25 \
P <15W (20 < VNS D) V
AVo Line Regulation Ty=25"C, (Note 2) 8 50 mV
(25 < VN < -7) \Y
2 15 mV
(-12<vinN<-8) \
AVo Load Regulation Tj=25'C, (Note 2) mv
5mA<IlgyT < 1.5A 15 100 mvV
250 mA < lgyT < 750 mA 5 50 mV
[16) Quiescent Current Ty=25"C 1 2 mA
Alg Quiescent Current With Line 0.5 mA
Change (-26 < VN <=7) Vv
With Load, 5mA<IigyT < 1A 0.5 mA
Vn Output Noise Voltage Ta=25C, 10Hz<f< 100 Hz 125 uv
Ripple Rejection f=120 Hz 54 66 dB
(-18< vy < -8) \
Dropout Voltage Ty=25C, lopyT = 1A 1.1 \Y
IOMAX Peak Output Current Tyj=25C 2 A
Average Temperature loyTt = 5mA, 04 mV/ C
Coefticient of 0CTy<100C
Output Voltage
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LM79XX

Electrical Characteristics (Continued) Conditions unless otherwise noted: IgyT = 500 mA, C)y = 2.2uF,
CouT = 1uF, 0°C < Ty < +125°C, Power Dissipation = 1.5W.

PART NUMBER LM7912C LM7915C
OUTPUT VOLTAGE 12v 15V T
INPUT VOLTAGE (unless otherwise specified) —19v -23V UNITS
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX
Vo Output Voltage Ty=25C -115  -120 125 |-144  -150 156 v
5mA < louT < 1A, 11.4 -12.6 |-14.25 15.75 v
P<15W (-27<viN<-145) | ((30<viy< 175 v
AV Line Regulation T4=25C, (Note 2) 5 80 5 100 mV
(30<VIN<-145) | (-30< VN < 17.5) v
3 30 3 50 mVv
(m22<v)N < -16) (-26 <V )N < -20) \Y
AVg Load Regulation Tj=25"C, (Note 2) 15 200 15 200 mv
5mA<IgyT < 1.5A 15 200 15 200 mv
250 mA <lgyTt < 750 mA 5 75 5 75 mV
[To) Quiescent Current Ty=25"C 15 3 1.5 3 mA
Alg Quiescent Current With Line 0.5 0.5 mA
Change (-30 < VN < -14.5) (-30 < VN < -17.5) \%
With Load,5mA<lguT < 1A 05 05 mA
Vn Output Noise Voltage | Ta =25°C, 10Hz << 100 Hz 300 375 uv
Ripple Rejection f=120 Hz 54 70 54 70 dB
(-25 < VN < -15) (-30 <V N < -17.5) v
Dropout Voltage T3=25°C, lgyT = 1A 1.1 1.1 \
JOMAX  Peak Output Current | T,=25°C 2.2 2.2 A
Average Temperature | lQuT = 5 mA, -0.8 -1.0 mVv/°C
Coefficient of 0°C< Ty<100°C
Output Voitage

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.
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Typlcal Applications (Continued)
High Stability 1 Amp Regulator

’ ’ Vour (4

0
o wm
—F

+
_L 1t [
g 2

-t 22F

3
:: R2*
9 i LapPrs)

— 10F

St Sm
< >

$
e \z i
LM1905CT ¢ Vour -}

Load and line regulation < 0.01% temperature stability < 0.2%
tDetermines Zener current
t1Solid tantalum
*Select resistors to set output voltage. 2 ppm/°C tracking suggested

Preventing Positive Regulator Latch-Up Current Source

. 2 +Vour
Vi LM340 » ’ -1
" — In
INgY | =
3 T s
—— 02 | ] |
+ lour vIuF
o IN4001 1 .
0t 1 220F |+ | |
rda | common soL Ll
oM | lI 1040 TANTALUM
S L _} | cuRent
L
com T
[ | L ] >
) [0 SRR ) 01 - | <
R4 T o o |
3 2 rl INPUT i
E™ LM7905CT <+ +—O¢—~ ouTPUT

~Vour

R1 and D1 allow the positive regulator to “start-up’ when +V |y is
delayed relative to —V|n and a heavy load is drawn between the
outputs. Without R1 and D1, most three-terminal regulators will not
start with heavy {0.1A—1A) 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 R1 will increase +VouT ~ 60 mV if R2 is omitted.

5
“louT=1mA+ AT

Light Controllers Using Silicon Photo Cells

B l 1 1
i " 5V - 15V
BULB -
et ' s T e
I MAX TURN-ON § (D 1158
s { + CURRENT MAX TURN-ON
I S —+t o CURRENT
| 3. T 25.F 1N457
Vo =2 iwrsoser J .
R
*Lamp brightness increases until ij = iq (= 1 mA) + BV/R1. *Lamp brightness increases until ij = 5V/R1 (ij can be set as

low as 1uA)
t Necessary only if raw supply filter capacitor is more than 2**
from LM7905CT

t Necessary only if raw supply filter capacitor is more than 2"’
from LM7905CT

Connection Diagrams

Illl‘"ll'l‘ro.3 P“km INPUT T0-220 Pnkm
Order Numbers: \ / {CASE) Order Numbers:
LM7905CK A4 | —-——— Y L LM7905CT
LM7912CK O . O et LM7912CT
LM7915CK et — - LM7915CT
See NS Package KCO2A . See NS Package TO3B
TOP VIEW TOP VIEW

XX6LZN1
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LM79XX

schematic diagrams

-5V, 5.2V, -6V, -8V

S Ri8 <SR9
S p 313
019

a4
R8
20k
Vin O ¢
=9V, -12V, —15V, —-18V, -24V
09 SR8 SR8
Su S 5k
a8
Faro
'b
a1 SR
013
Vour
020
a2
<l 03
S0k SRI5 5.2V
> 2%
(3]
20 pF
4:514
:, 20k a3 ane Q20
R8 RY
20K 20k
VO _ _
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National
Semiconductor

LM79LXXAC Series 3-Terminal Negative Regulators

General Description

The LM79LXXAC series of 3-terminal negative voltage
regulators features fixed output voltages of -5V, -12v,
and -15V 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 minimum output
compensation capacitor of 0.1 uF, exhibits an excellent
transient response, a maximum line regulation of 0.07%
Vo/V, 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

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.

For output voltage other than 5V, 12V and 16V the
LM117 series provides an output voltage range from
1.2V to 57V.

Features

® Preset output voltage error is less than 5% overload,
line and temperature

m Specified at an output current of 100 mA

® Easily compensated with a small 0.1 uF output

capacitor

Internal short-circuit, thermal and safe operating area

protection

Easily adjustable to higher output voltages

Maximum line regulation less than 0.07% VouT/V

Maximum load regulation less than 0.01% VOuTmA

T0-92 package

Typical Applications

Fixed Output Regulator

Connection Diagram

TO-92 Plastic Package (Z)

Cc1* :L
0.33 uF
-Vin ol- LM78LXXACZ

+ cz**

filter. A 1 uF aluminum electrolytic may be substituted.
”Required for stability. A 1 uF aluminum electrolytic may

be substituted.
Adjustable Output Regulator

[+ L

c3 :y -
0.1 uF >

R2 9
+ +
c1 c2

0.33 uF 0.1 uF
$
R1 <>

-Vin LM79L0SACZ <

Vg = —6V — (BV/R1 +1g) * R2,
5V/R1>31g

-=L GND '___———‘ OUTPUT

0.1 uF
L -Vour

*Required if the regulator is located far from the power supply

INPUT
BOTTOM VIEW

Order Numbers
LM79LO5AC2Z
LM79L12ACZ
LM79L15AC2Z
See Package 203A
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LM79LXXAC Series

Absolute Maximum Ratings

Input Voltage

Vo= -5V, —12V, —15V
Internal Power Dissipation (Note 1)
Operating Temperature Range

Maximum Junction Temperature

Storage Temperature Range

-35V

Internailly Limited
0°Cto +70°C

+125°C

-565°Cto +150°C

Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

300°C

(Note 2) TA=0°C to +70° unless otherwise noted.

OUTPUT VOLTAGE -5V -12V -15V
INPUT VOLTAGE (unless otherwise noted) -10V -17v -20vV UNITS
PARAMETER CONDITIONS MIN TYP  MAX | MIN TYP  MAX | MIN TYP  MAX
Vo Output Voltage Tj=25°C, Ig =100 mA -52 -5 ~-48 | -125 -12 - -115|-156 -15 -14.4
1mA < 1g < 100 mA -5.25 -4.75| -126 -1141-1575 -1425
VMIN < VIN € VMAX (-20< VN €-7.9) (=27 < ViN < ~-14.8) (-30< VN < -18) v
1mA<Ip<40mA -5.25 -4.75| -126 -11.4 | -1575 -1425
VMIN € VIN € VMAX (-20< VN < =7) (-27< VNS -145) [ (-30< VN < -17.5)
AVp  Line Regulation Tj=25°C, Ip =100 mA 60 45 45 mvV
VMIN € VIN € VMAX (-20< ViN < -7.3) (=27 VN < ~-1486) | (-30< VNS =17.7) A
Tj=25°Clp =40 mA 60 45 45 mV
VMIN < VIN € VMAX (-20< VNS =) (=27< VNS -145) | (-30< ViN<=175) )
A Load Regulation Tj=25°C 50 100 125 mV
1mA < Ig < 100 mA
AVQ  Long Term Stability lg =100 mA 20 48 60 mV/khrs
[fe) Quiescent Current lo =100 mA 2 6 2 6 2 6 mA
Al Quiescent Current 1mA < lg < 100 mA 0.3 0.3 0.3 mA
Change 1mA< Ig < 40 mA 0.1 0.1 0.1
lo =100 mA 0.25 0.25 0.25 mA
VMIN € VIN € VMAX (-20< ViN < -7.9) (=27 < VN £ -14.8) (-30< VN €-18) \
Vn Output Noise Voltage | Tj=25°C, Ig = 100 mA 40 96 120 uv
f=10 Hz — 10 kHz
AV ) - Ti=25°C, Ig = 100 mA 50 52 50 dB
A_Vlg Ripple Rejection =120 Hz o
Input Voltage Tj=25°C
Required to Maintain lo =100 mA -73 -14.6 -17.7 v
Line Regulation lo =40 mA -7.0 -14.5 -175

Note 1: Thermal resistance, junction to ambient, of the TO-92 (Z) 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.

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used.
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Typical Performance Characteristics

Maximum Average Power
Dissipation (T0-92)

! 0.125" LEAD LENGTH
FROM PC BOARD

07 FREE AIR
H B
H —~
g 04 04" LEAD LENGTH RN
H || FROMPC BOARD
g FREE AIR
=
S 02
H
o
2

0.1

[ 15 kL] 45 60 75
Ta — AMBIENT TEMPERATURE ey

Short Circuit Output
Peak Output Current Current
025 025 .
T 1 —_ e -
AVgyT - 100 mY Ti=oe Vour =0V
4
02 02
~ | = Ti=25°CY
= o T,=25°C < i
S o |l A = el =t TN
£ A & P I
3 T 1250 [N 2
o 1 N «
e 31 2 o
g N g
2
S o5 3 o5
[} 0
o 5 10 15 20 25 3 0 -5 -10 -15 -20 25 -30 -35

INPUT-OUTPUT DIFFERENTIAL (V)

INPUT VOLTAGE (V)

Output Voltage vs.
Temperature (Normalized

. . . e
Dropout Voltage Ripple Rejection to 1V @ 25°C)
-2 - 80 1.010
-12V AND -15V! T 1
s AVouT=100 mV 5 LVouT = -12V AND -15V.
2
g 18 _ = 1.000
N s S—— g :
d — &
g lp=aoma’l / g 2 030 |
H L g w 8 1 - Vour " -8V
= 2 =10m
5 AVgyt =100 mV /'? 100mA o = om0 i '
g . 1g=40ma__| u E o]
2 —_—— //‘o“""“ T g0 FYN-Vour=-8V = Your= =S¥
5 s & aviy = TVpp 2 1.000
F-A | lgyT =50 mA =4
H Tp=25°C 3 1
) 0 0.990
0 25 50 75 100 125 10 100 1k 10k 100k 0 25 50 % 100 125
T; - JUNCTION TEMPERATURE (°C) FREQUENCY (Hz) Tj ~ JUNCTION TEMPERATURE (°C)
Quiescent Current Output Impedance
3 10 4
Vour = -5V : t
vin=-10v 1§ ¥ }
- = tour=50mA T co <014
T 25 —T.-0°C = Tp=25°C =
= i w ' | _Co=1uF_
E E — EALUMI =
I B P e F
E g
3 J £
= 5
— .
g .5 ZTrj=1sc £
w0 I~ Vour=-5v | B
E IguT=40mA _ | t
1 0.01 L
-5 10 -15 -20 -25 -30 -35 0010 % 10k 100k 1M
INPUT VOLTAGE (V) FREQUENCY (H2)

Typical Applications (continued)

Vin
2WOI—w LM78L15AC
c1 c2
—I—uz uf
c3

4
0.33 0.01,4F
LMTSLISAC -Vgyy = ~15V @ 100 mA

-Viy
20v

+15V, 100 mA Dual Power Supply

i

Vout = 15V @ 100 mA

10-139

sales JVXXT16LN1



LM79LXXAC Series

Schematic Diagrams
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GND
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1k 1%
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I o
2l
5pF
aisp” a1
[
s axs 02
150 SR
3 >
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01 02
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6.5k
oz m\t
"7
56k
R10 A1
as 1k 1k
>
o
a1e b3
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National
Semiconductor

LM79MXX Series 3-Terminal Negative Regulators

General Description

The LM79MXX series of 3-terminal regulators is available
with fixed output voltages of -5V, -12V, and -15V.
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 0.6A of
output current.

These regulators employ internal current limiting safe
area protection and thermal shutdown for protection
against virtually all overioad conditions.

Low ground pin current of the LM79MXX 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.

For output voltage other than 5V, 12V and 15V the

LM117 series provides an output voltage range from
1.2V to 57V.

Features

Thermal, short circuit and safe area protection
®m High ripple rejection

= (0.5A output current

m 4% preset output voltage

Typical Applications

+15V, 1 Amp Tracking Regulators

Variable Output
W LM3AIP1S $—O Vour (+ 15V ) ¢ ’
w + > 4
o S =
[ = 2F < c2
st
TanTALUY 1 4& - - i::ulvnnun
1 <
csedt ot 3 2 1
250F 1N40O1 INPUT Ol LM79MXXCP ouTPUT
|
| n
| zsf: r *Improves transient response and ripple rejection.
# I O CommoN Do not increase beyond S0uF.
| me -t R1 +
cerrdlt sn: ':: L m 25,.F v v 1+R2
02 QUT = VSET \———
Lk AN=>S DureuT TR —L‘ ndo01 R2
| 9§ To-150v
| nn\ Select R2 as follows:
vy LM79M15 ¢ =
Yo O Vour (115 LM79MOSCP 3000
. LM79M12CP 7500
Performance (Typical) LM79MISCP 1k
(-15) (+15)
Load Regulation at 0.5A 40 mV 2mVv
Output Ripple, C|N = 3000uF, I|_ = 0.6A 100pVrms 100uVrms
Temperature Stability 50 mV 50 mV
Output Noise 10 Hz < f < 10 kHz 150uVrms 150uVrms

*Resistor tolerance of R4 and RS determine matching of (+) and (—) outputs
**Necessary only if raw supply filter capacitors are more than 3’ from reguiators

Fixed Regulator

g Cywan g E

= —2f |, — 1F
3 2
INPUTY LM7IMXX ouTPUY

*Required if regulator is separated from filter capacitor by more than 3.
For value given, capacitor must be solid tantalum. 25uF aluminum electro-

1ytic may be substituted.

tRequired for stability. For value given, capacitor must be solid tantalum.
25uF aluminum electrolytic may be substituted. Values given may be

increased without limit.

For output capacitance in excess of 100uF, a high current
input to output (1N4001, etc.) will protect the regulator from
input shorts.

diode from
momentary

Dual Trimmed Supply

+ INPUT LM3M41§ O +50v
11 >
ok T AMA—p 21 0
22, e Ll
‘P
on
>
b:
o coM
A
. b &} WF
22.F 4 4 - 02
VA~ Sk 1n4001
3
- INPUT LM7IMOSCP ¢ é -5V
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LM79MXX Series

Absolute Maximum

Input Voltage

(Vo=5V)

(Vo =12V and 15V)
Input/Output Differential

(Vo =5V)

(Vo =12V and 15V)
Power Dissipation

Operating Junction Temperature Range
Storage Temperature Range

Ratings

Lead Temperature (Soldering, 10 seconds)

Electrical Characteristics

0°C< Tj<+125°C

25V
-35v

25V
30v
Internally Limited

0°Cto +125°C
-65°Cto +150°C

230°C

Conditions unless otherwise noted: IouT =350 mA, CiN =2.2uF, CouT = 1uF,

PART NUMBER LM79M05C LM79M12C LM79M15C
OUTPUT VOLTAGE -5V —-12v —-15V
INPUT VOLTAGE (unless otherwise specified) -10v -19V -23Vv UNITS
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | MIN TYP MAX
Vo Output Voltage Tj=25°C -48 -50 -52|-115 -120 -125]|-144 -150 -156 \
5 mA < loyTt < 350 mA ~-4.75 ~525| -11.4 -126 [-1425 -15.75 v
(-25< VNS -7) | (-27<V|N<S-145) | (-30< V)y < —-17.5) v
AVp  Line Regulation Tj=25°C, (Note 2) 8 50 5 80 5 80 mV
(-25< VNS =) (=30< VNS ~-145) | (- < VNS -17.5) v
2 30 3 30 3 50 mV
(-18< V)N < -8) (-25< VN<~15) | (-2B< V)N <-18) v
AVp Load Regulation Tj=25°C, (Note 2)
5mA < IgyT < 0.5A 30 100 30 240 30 240 mv
Iq Quiescent Current Tj=25°C 1 2 15 3 1.5 3 mA
Alg  Quiescent Current With Line 0.4 0.4 0.4 mA
Change (-25<VIN<~8) [(-30<V|N<-145) | (-30< V|Ny<€-27) v
With Load,
5 mA < loyT < 350 mA 0.4 0.4 0.4 mA
Vn Output Noise Voltage| TA =25°C, 10 Hz < f < 100 Hz 750 400 400 uv
Ripple Rejection =120 Hz 54 66 54 70 54 70 dB
(1B VINS-8) | (-25<V|N<-15) |(-30< Vyy<~175) v
Dropout Voltage Tj=25°C, Ioyt =0.5A 1.1 1.1 1.1 v
loMAX Peak Output Current | Tj=25°C 800 800 800 A
Average Temperature | loyT =5 mA, 04 ~0.8 -1.0 mvi/°C
Coefficient of 0°C < Tj< 100°C
Output Volitage

Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (64) is 70 °C/W (no
heat sink) and 12°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.
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Connection Diagrams

OUTPUT

/Z\ INPUT
. : / (CASE)
o

GND

Metal Can Package TO-5 (H)
Order Number:
LM79MO5CH
LM79M12CH
LM79M15CH

See Package HO3B

INPUT
[ —————JOUuTPUT
O [ IneuT
[——————GNnD
I
FRONT VIEW

Power Package TO-202 (P)
Order Number:

LM79MO5CP
LM79M12CP
LM79M15CP

See Package PO3A

For Tab Bend TO-202
Order Number:
LM79MO5CP TB
LM79M12CP TB
LM79M15CP TB
See Package PO3E
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LM1524/LM2524/LM3524

National
Semiconductor
LM1524/LM2524/LM3524

Regulating Pulse Width Modulator

General Description

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 is rated for
operation from —~55°C to +125°C and is packaged in
a hermetic 16-lead DIP (J). The LM2524 and LM3524
are rated for operation from 0°C to +70°C and are

packaged in either a hermetic 16-lead DIP (J) or a
16-lead molded DIP (N).

Features

® 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

® 5V, 50 mA linear regulator output available to user

Block and Connection Diagrams

18
REFERENCE
QO VREF

15
Viy O~

il

1
INV (NPUT O

ERROR
AMPLIFIER

NLINPUT é—‘

- 5V

9
TION Opemem

. 5V
+CL SENSE Oy +
cL
5
~CL SENSE Qg —

10 1%
SHUTDOWN O==AAA~4

COMPARATOR

1ok

5V

REGULATOR

SVTOALL
r INTERNAL CIRCUITRY

%% '

12
5|v 4 COLLECTOR A
[
a
>T 1"
= EMITTER A
a 13
COLLECTOR B
= ——
14
— EMITTER B
hl I'_I L—I L 5 OSCILLATOR
ouTPUT

0SCILLATOR

Gnnaj Jr'

Dual-In-Line Package

| YV
INV INPUT —d b= vier
1!
wrinegr =2 S Vi
osc oueur - L4 ewirrens
4 13
+CL SENSE = covLectors
s 12
~CL SENSE ~ < coLLecTora
Ry = t EMITTER A
1
o= 2. snuToown
s s
6ND — - compensaion
TOP VIEW

Order Number LM1524J, LM2524J
or LM3524
See NS Package J16A

Order Number LM2524N
or LM3524N
See NS Package N16A
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Absolute Maximum Ratings

Input Voltage

Reference Voltage, Forced
Reference Output Current
Output Current {Each Output)

Oscillator Charging Current (Pin 6 or 7)
Internal Power Dissipation (Note 1)

Operating Temperature Range
LM1524
LM2524/LM3524

40V
6V

50 mA
100 mA
5mA
w

-65°C to +125°C

0°C to +70°C

Electrical Characteristics

Unless otherwise stated, these specifications apply for Ta =
LM2524 and LM3524, VN = 20V, and f = 20 kHz. Typical values other than temperature coe

Maximum Junction Temperature
(J Package)
(N Package)

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

150°C
125°C
-65°C to +150°C
300°C

—56°C to +125°C for the LM1524 and 0°C to +70°C for the
fficients, are at T = 25°C.

LM1524/
PARAMETER CONDITIONS LM2524 LM3524 UNITS
MIN TYP | MAX | MIN TYP | MAX
Reference Section
Output Voltage 48 5.0 52 4.6 5.0 54 \
Line Regulation VIN = 840V 10 20 10 30 mvV
Load Regulation I = 0-20 mA 20 50 20 50 mV
Ripple Rejection f=120Hz, Ta = 25°C 66 66 dB
Short-Circuit Qutput Current VREF=0,Ta=25°C 100 100 mA
Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 %
Long Term Stability TAa=25C 20 20 mV/khr
Oscillator Section
Maximum Frequency CT =0.001 uF, RT =2k§2 350 350 kHz
Initial Accuracy RT and CT constant 5 5 %
Frequency Change with Voltage VN = 8-40V, Ta = 25°C 1 1 %
Frequency Change with Temperature| Over Operating Temperature Range 2 2 %
Output Amplitude (Pin 3) Ta=25C 35 3.5 v
Output Pulse Width (Pin 3) CT=001uF, TA=25°C 05 0.5 us
Error Amplifier Section
Input Offset Voltage VM = 2.5V 05 5 2 10 mV
input Bias Current Vcm = 2.5V 2 10 2 10 LA
Open Loop Voltage Gain 72 80 60 80 dB
Common-Mode Input Voltage Range | Ta = 25°C 18 3.4 1.8 34 v
Common-Mode Rejection Ratio Ta=25°C 70 70 dB
Small Signal Bandwidth Ay=0dB, Tpo= 25°C 3 3 MHz
Output Voltage Swing TA= 25°C 0.5 38 0.5 3.8 \
Comparator Section
Maximum Duty Cycle % Each Output ON 45 45 %
Input Threshold (Pin 9) Zero Duty Cycle 1 1 \
Input Threshold (Pin 9} Maximum Duty Cycle 35 3.5 \Y
Input Bias Current -1 -1 uA
Current Limiting Section
Sense Voltage V(Pin 2) — V(Pin 1) 250 mV, 190 200 [ 210 180 200 | 220 mVv
Pin9=2V,Ta=25C
Sense Voltage T.C. 0.2 0.2 mv/°C
Common-Mode Voltage -0.7 1 - 0.7 1 \
Output Section (Each Output)
Collector-Emitter Voltage 40 40 v
Collector Leakage Current VCE = 40V 0.1 50 0.1 50 MA
Saturation Voltage Ic =50 mA 1 2 1 2 v
Emitter Output Voltage VN = 20V, g = —250 A 17 18 17 18 Y
Rise Time {10% to 90%) RC =2k, Ta=25°C 0.2 0.2 us
Fali Time (90% to 10%} Rc=2kQ, Ta=25"C 0.1 0.1 us
Total Standby Current ViN = 40V, Pins 1,4,7,8 11 5 10 5 10 mA
and 14 are grounded, Pin 2= 2V,
Al Other inputs and Outputs Open

1 d

Note 1: For operation at
to ambient, and devices in the N

es, devi in the J p

p , kage must be derated based on a thermal resistance of 100°C/W, junction
kage must be derated based on a thermal resistance of 150° C/W, junction to ambient.
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LM1524/LM2524/LM3524

Typical Performance Characteristics

Pp — POWER DISSIPATION (W)

VsaT - SATURATION VOLTAGE (V)

Ig —~ STANDBY CURRENT (mA)

Maximum Average Power
Dissipation (J Package)

8yp = 100°CW
10 -
N\
01
~75-50 25 0 25 50 75 100 125
Tp — AMBIENT TEMPERATURE (°C)
Output Transistor Saturation
Voltage
25
20 >
gyt =50 mA /
15
.//
10
05 tguT = 10 mA

0
~75-50 25 0 25 50 75 100 125
T — AMBIENT TEMPERATURE (°C)

Standby Current

Tp=25°C
lout REF =0mA

Vs

L4

4.0

I

.0 {
§ 10 15 20 25 30 35 40

Vi - INPUT VOLTAGE (V)

Pp -~ POWER DISSIPATION (W)

Vg — EMITTER VOLTAGE (V)

Ig ~ STANDBY CURRENT (mA)

Maximum Average Power
Dissipation (N Package}

638 = 150°CW

8.1

0 15 30 45 60 75
Ta — AMBIENT TEMPERATURE (°C)

Output Transistor Emitter
Voltage
19.0

T T
Vi =200V

-
18 Ig=—025mA

182

Ig=-10mA
‘/

118

—75-50 25 0 25 50 75 100 125
Ta - AMBIENT TEMPERATURE (°C)

Standby Current

a6

42
\\
N
38 N
vy =20V s ]:]
[ =0m,
aa Leng 15
, 11 AND 14 =0V

PINS1,4,7,8, 11
PINS 3, 5,6, ..10, 12,13= DPlEM

~75-50 25 0 25 &0 75 100 125
Ta — AMBIENT TEMPERATURE (°C)

S

3.0

ip - OUTPUT CURRENT (mA) THRESHOLD VOLTAGE AT PIN 8 (V)

Vi — SENSE VOLTAGE (mV)

Maximum and Minimum
Duty Cycle Threshold
Voltage

38
AXIMUM DUTY CYCLE
8
34 |
- >
LA
32
VN = 8-20V
Ry =6k
€y =001 uF
12 +—
MINIMUM DUTY CYCLE
10 —
08
04

—75-50-25 0 25 50 75 100 125
Tp — AMBIENT TEMPERATURE (°C)

Reference and Switching
Transistor Peak Output
Current

125
N
100 S
75
50
25 |- Vi =8-40v 4
REFERENCE OUTPUT, AV, = 100 mV
SWITCHING QUTPUT, Vg > 2.5V
1 1 ] 1 1 1 1

]
-75 60 -25 0 25 50 75 100 125
Ta — AMBIENT TEMPERATURE (°C)

Current Limit Sense Voltage
(VPir 4 — VPin 5)

20 ———————
(VeiN 2~ VpiN 1) 250 mV
Vping =20V

210

200

190 _,‘/

180

170

~75-50 -25 0 26 50 75 100 125
Ta — AMBIENT TEMPERATURE (°C)
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Test Circuit

ViN O—e
8-40V
ISR ¢!
b i, w
13
Cg ®
L] N oUTPUTS
; ta -0
O—=foscour LM1524/LM2524/LM3528 1
15 e
?— VREF 1
NI INV SHUT +Cp —Ct Ea b
INPUT  INPUT  COMP  DOWN  SENSE _ SENSE Ry Cr GND
WLz !| !s 10 4 5 6 7 8
4 3
> >
S % SR
1 ‘
4 .
0.1 uF - 10k 10k cr
|
>
Q% 1k
GND O- ¢ - >

Functional Description
INTERNAL VOLTAGE REGULATOR

The LM3524 has on chip a 5V, 50 mA, short circuit
protected voltage regulator. This voitage regulator
provides a supply for all internal circuitry of the device
and can be used as an external reference.

For input voltages of less than 8V the 5V output should
be shorted to pin 15, VN, which disables the 5V regu-
lator. With these pins shorted the input voltage must
be limited to a maximum of 6V. If input voltages of
6—8V are to be used, a pre-regulator, as shown in
Figure 1, must be added.

Vin
LM3524
VREF

LM330P

T g."INuF Ji

ViN
5.5V -8V

3,

E
)
=

~
o
<
l“—l |——4+ 3
©
S
*
°
=
o

*Minimum Co of 10 uF required for stability.
FIGURE 1
OSCILLATOR

The LM3524 provides a stable on-board oscillator. Its
frequency is set by an external resistor, RT and capac-
itor, CT. A graph of RT, CT vs oscillator frequency is
shown in Figure 2. The oscillator’s output provides the
signals for triggering an internal flip-flop, which directs
the PWM information to the outputs, and a blanking
pulse to turn off both outputs during transitions to
ensure that cross conduction does not occur. The width
of the blanking pulse, or dead time, is controlled by the
value of CT, as shown in Figure 3. The recommended

values of RT are 1.8 kQ to 100 k€2, and for CT,
0.001 uF to 0.1 uF.

100
i Cr = 0.001 uF,
50 Ht
g 1} Cr = 0.002 uF
o b
o Cy = 0.005 uF—— L 4
2 IO /
73 T=00tu
& 10 YAy
o -
H
£ 5
z
i
£ . by =014
Cy=0.02uFA l Cy = 0.05 uF
R TP v
1 2 5 10 20 50100200 500 1k
OSCILLATOR PERIOD (us)
FIGURE 2
Rl e
Tp=25°C
= 4
3
g 4
=4 5
= 4
2 A
=
o
5
g o
=2
o
0.1
0001 0.004 000 004 01
Cr (uF)
FIGURE 3
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LM1524/LM2524/LM3524

Functional Description (continued)

ERROR AMPLIFIER CURRENT LIMITING
The error amplifier is a differential input, transcon- The function of the current limit amplifier is to over-
ductance amplifier. Its gain, nominally 80 dB, is set by ride the error amplifier’s output and take control of the
either feedback or output loading. This output loading pulse width. The output duty cycle drops to about
can be done with either purely resistive or a combination 25% when a current limit sense voltage of 200 mV is
of resistive and reactive components. A graph of the applied between the +C|_ and —C(_ terminals. Increasing
amplifier's gain vs output load resistance is shown in ~ the sense voltage approximately 5% results in a 0%
Figure 4. output duty cycle. Care should be taken to ensure the
—0.7V to +1.0V input common-mode range is not
The output of the amplifier, or input to the pulse width exceeded.

modulator, can be overridden easily as its output
impedance is very high (Zo ~ 5 MQ2). For this reason
a DC voltage can be applied to pin 9 which will override

the error amplifier and force a particular duty cycle to OUTPUT STAGES

the outputs. An example of this could be a non-regu-

lating motor speed control where a variable voltage was The outputs of the LM3524 are NPN transistors, ca-

applied to pin 9 to control motor speed. A graph of the pable of a maximum current of 100 mA. These tran-

output duty cycle vs the voltage on pin 9 is shown in sistors are driven 180° out of phase and have non-

Figure 5. committed open collectors and emitters as shown in
Figure 6.

The amplifier’s inputs have a common-mode input range
of 1.8V-3.4V. The on board regulator is useful for
biasing the inputs to within this range.

v 50
% ﬂ|_=°° .‘
1 \
= Ry =1M N 40 ,/
= =
S 60 |Ru 300k - £
-]
w 40 Ry = 30k I
[Z] N\ o
< \ >
s \ £
S 2 N a
10
o | RL=RESISTANCE FROMPIN g \
TO GND
1 L L 1 o
10 100 1k 10k 100k 1M 10M 1 15 2 25 3 35 4
FREQUENCY (Hz) VOLTAGE ON PIN 9 (V)
FIGURE 4 FIGURE 5§
Ca
ouTPUT
DRIVE
Ea
INVERTER
Cg
Ep

FIGURE 6
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Typical Applications

Vo

Viy O
Re
AAA
A A4
5k DESIGN EQUATIONS
- v
INV VR u RE = sx(;§~ 1)
NI VIN )
O— 0sc E D1
Sk Sk +C cB N—#—o v, foscz —
L imm2e ° ° SC= TRyer
s Ca
Ry Ea ——J—-‘ - 2.5V N2 (Vo — VIN}
cr sop—O fosclo Vo2
T— GND COMP L
— ] —
—_cn Co= o (Vo VIN)
Rt or 50k fosc Ve Vo
Vin
lo(MAX) =liN —
l 0.001 uF of Vo
GND & L J—o GND
FIGURE 7. Positive Regulator, Step-Up Basic Configuration (lIN(MAX) = 80 mA)
Rg
AN—
Vin [o
?———— INV VR
NI ViN
O~ 0sc Ep
5k 5k o ¢
I L imasz B
€ Ca
Ry Ep
cr so —O
l GND cOMP
Ry cr 50k
’ 0.001 uF
GND L Iv 4

FIGURE 8. Positive Regulator, Step-Up Boosted Current Configuration

——O GNO
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LM1524/LM2524/LM3524

Typical Applications (continued)

Rf
2'A'A%
Vin O—
DESIGN EQUATIONS
5k L, (Vo )
‘ RE=5k2(—2-1
F— INV VR F ‘2.5
NI Vin
O— 0sc Eg CURRENT LIMIT
5k 5k SENSE VOLT
¥ U s B u ReL = ——
T0 RCL‘_ _cL cA ——— o(MAX)
Rt Ep L YYY \—Lﬁ) Vo . 1
cr spp=-O osc = RT CT
GND comp
L s L1 =25V Vin - Vo)
2 R ¢ 50k l D1 g Co o Vin fosc
< T
e, < VIN— Vol VoT?
0.001 uF © " T8 AV, VN1
—— ® — L—o GND Vi
| AX) = IN——
RoL o(MAX) = lIN Vo
RETURN O 1 AAA~ r
TO —CL PIN TO +Cy PIN
FIGURE 9. Positive Regulator, Step-Down Basic Configuration (1} (MAX) = 80 mA)
Rp
A AA
L1
———
Vin © ¢ a1 ——Y YY" g v,
5k
NV Vp
NI Vin
O—{ o0sC Ep
5k 5k " ¢ _
< ] "L LM3524 B ]v
[ J'— € Ca +
.
7 RT Ep p———isg x D1 — Co
[ Cy S0 ~—O B
l GND comp
R 50k
T oy
I 0.001 uF
& & I. 4 GND

FIGURE 10. Positive Regulator, Step-Down Boosted Current Configuration
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Typical Applications (continued)

Re DESIGN EQUATIONS
AAA
A\ A A
Vo
Rg=[(1-—=)R1
Vi O— F ( 25)
R1 1
5k 5k fosc:ﬁ;
9 " o
v VR L= 25ViN Vo
St Nt ViN ) fosc Vo * Vinl 1o
s O— 0sC Eg
s, Ml g . A_Vf__"%’_\_,__)
= +VIN
¢, ca 0 ) o '0SC Vo
Ry Ea Vo
Cr sp p—~O
GND comp
> 4
§ Rr 50k L1 __‘Tc,
< — CT
nau1ys__I__
GND O~—0———@———& ® -— & J—o GND

FIGURE 11. Boosted Current Polarity Inverter

BASIC SWITCHING REGULATOR THEORY AND
APPLICATIONS

The basic circuit of a step-down switching regulator
circuit is shown in Figure 12, along with a practical
circuit design using the LM3524 in Figure 15.

The circuit works as follows: Q1 is used as a switch,
which has ON and OFF times controlled by the pulse
width modulator. When Q1 is ON, power is drawn from
VN and supptlied to the load through L1; VA is at
approximately V|N, D1 is reverse biased, and Co is

N

VsaT
———

PWM

vin O

charging. When Q1 turns OFF the inductor L1 will
force VA negative to keep the current flowing in it,
D1 will start conducting and the load current will flow
through D1 and L1. The voltage at VA is smoothed by
the L1, Cq filter giving a clean DC output. The current
flowing through L1 is equal to the nominal DC load
current plus some Alp which is due to the changing
voltage across it. A good rule of thumb is to set
Algpp=40% lo.

FIGURE 12. Basic Step-Down Switching Regulator

an*

LN

'

/\

40% 1,
1

VA "——‘DN—’“—‘UFF" |

)V e—ane—

.

T

FIGURE 13
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LM1524/LM2524/LM3524

Typical Applications (continued)

di
From the relation V| = L— Al ~——
dt L1

ALY = (VIN- Vol toN Al = Vo toFF
L1 ’ L1

Neglecting VSAT, VD, and settling Al ¥ = A1

tON 1ON
Vo™ V|IN (*) = VIN(—);
tOFF +tON T

where T = Total Period

The above shows the relation between Vjp, Vo and
duty cycle.

tON
hIN(DC) = louT(DC) {—————).
tON + tOFF

as Q1 only conducts during tON.

PiN = hiN(DC)VIN = Uo(DCﬁ( VIN

tON + tOFF)
Po=1o0Vo

The efficiency, 1, of the circuit is:

_Po _ loVo
AN lo{tON)VIN+H{VSAT toN + VD1tOFF) lo
T T
= Vo for VAT = Vp1=1V.
Vo+1

nMAX will be further decreased due to switching losses
in Q1. For this reason Q1 should be selected to have
the maximum possible fT, which implies very fast rise
and fall times.

CALCULATING INDUCTOR L1

(anhe 1 (A s

= — ., tOFF
(VIN — Vo! Vo

(At e L1 (A -
+
(VIN— Vo) Vo

_ O4lol1 0aioL1
(VIN ~ Vo) Vo

tON +tOFF =T =

Solving the above for L1

2.5 Vo(VIN -V,
L= olVIN ~ Vol
loVin f

where: L1 is in Henrys
f is switching frequency in Hz

CALCULATING OUTPUT FILTER CAPACITOR Co:

Figure 14 shows L1's current with respect to Q1’s
tON and tQFF times. This current must flow to the
load and Co. Cg's current will then be the difference
between I, and |g.

lco=1L— 1o

From Figure 14 it can be seen that current will be
flowing into Cq for the second half of top through the
first half of tQfF, or a time , toN/2 + tQFF/2. The
current flowing for this time is Al /4. The resulting
AV or AV is described by:

1 Al t t
gL (0, r7)

4 2 2

. N_L(tON + tOFF)

4C 2
VolT — toN) VoT
Since Al =—————  and t =—
L 0 ON Vin
VoT
T-5- 2
Vo VIN/(T\ = (VIN = Vo) VoT
AVop.p = -
4C L1 2 8V|NColL1

_(VIN=VolVo T2

° 8AVoVNL1T

1

where: Cis in farads, T is —_—
switching frequency

AV is p-p output ripple

The inductor’s current cannot be allowed to fall to
zero, as this would cause the inductor to saturate. For
this reason some minimum |o is required as shown
below:

(VIN = Vol toN _ [(VIN— Vol Vo

_ lo{MIN) =
Since AlLY = Al "= 041, 2L1 2V NL1
an”~ ap*
'S lo
/ t 2 \, /\
I
v
(COI.I.EC'I’O‘R ‘M:I" o8 l \/ \'— lo(MIN}
OF PNP)
FIGURE 14
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Typical Applications (continued)

A complete step-down switching regulator schematic,
using the LM3524, is illustrated in Figure 15. Transis-
tors Q1 and Q2 have been added to boost the output
to 1A. The 5V regulator of the LM3524 has been
divided in half to bias the error amplifier’s non-inverting
input to within its common-mode range. Since each
output transistor is on for half the period, actually
45%, they have been paralleled to allow longer possible
duty cycles, up to 90%. This makes a lower possible
input voltage. The output voltage is set by:

Vo=V (1 R‘)
= +—),
o= NI I+ ‘

where V]| is the voltage at the error amplifier’s non-
inverting input.

Resistor R3 sets the current limit to:

200 mV 200 mV
R3 0.15

=13A.

Figure 16 and 17 show a PC board layout and stuffing
diagram for the 6V, 1A regulator of Figure 15. The
regulator’s performance is listed in Table 1.

Rt
5k
A"V‘V
[X]
v ar* - Vo=5V
N el Y Y g Vo =
>8v O el,= 1A
:: R10 f=20 kHz
1 @
<
% R9
< R8
RS 1: 510
sk 5k Vin
VWA~ A AAA VREF Ca
] Ea [
R2
it A3 ikA - ¢ x I:S—L . cs
W uF =g = 01 4F MAAEN B n.1ur1— 500 uF
D1
R6 Lm3524 MRB50
6.5k
VW Ry Ep <
c1
0.01 4F
[ ;___——I cr [N
compP '
I GND T
c2
0.01 uF
R?
30k
® GND
R3
0.15
RETURN —AAA~

*Mounted to Staver Heatsink No. V5-1.

Q1 =BD344
Q2 = 2N5023

L1 = > 40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core.

FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator
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LM1524/LM2524/LM3524

Typical Applications (continueq)

TABLE |
TYPICAL
PARAMETER CONDITIONS CHARACTERISTICS

Output Voltage VIN =10V, Ig = 1A 5V
Switching Frequency VIN = 10V, [p = 1A 20 kHz
Short Circuit VIN = 10V 1.3A
Current Limit
Load Regulation VIN = 10V, 3mVv

lo=02-1A
Line Regulation AVIN =10- 20V, 6 mV

lo=1A
Efficiency VIN =10V, 15 = 1A 80%
Output Ripple VIN =10V, o= 1A 10 mVp-p

FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side

FIGURE 17. Stuffing Diagram, Component Side.

0"
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Typical Applications (continued)
THE STEP-UP SWITCHING REGULATOR

Figure 18 shows the basic circuit for a step-up switching
regulator. In this circuit Q1 is used as a switch to alter-
nately apply V|N across inductor L1. During the time,
toN. Q1 is ON and energy is drawn from V|N and
stored in L1;D1is reverse biased and |q is supplied from
the charge stored in Co. When Q1 opens, tQFF, voltage
V1 will rise positively to the point where D1 turns

ViN

ON. The output current is now supplied through L1,D1
to the load and any charge lost from Cq during tON is
replenished. Here also, as in the step-down regulator,
the current through L1 has a DC component plus some
Aly. AlL is again selected to be approximately 40%
of IL. Figure 19 shows the inductor’s current in relation
to Q1‘s ON and OFF times.

tON

ore] ]

T

FIGURE 18. Basic Step-Up Switching Reguiator

AI|_+

2~

'

-~ 1

iL oo N \/ =40% 'L(uc)
:vn ——
ton tOFF ™
vi >0V e —————
T |
FIGURE 19
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LM1524/LM2524/LM3524

Typical Applications (continued)

VLT Vint
FromAIL=—L— AIL“‘zi“—O—ri
L L1

_ (Vo= VINI
and Al :__O_L':“’ﬂ

Since AlL* = AlL™, VINtON = VotOFF ~ VINIOFF,

and neglecting VgAT and Vp1

1
Vo=~ VIN (1 +. ON )
tOFF

The above equation shows the relationship between
VIN. Vo and duty cycle.

In calculating input current I|N(DC), which equals the
inductor’s DC current, assume first 100% efficiency:

PiN = lIN(DC)VIN

10N
PouT =10Vo=lo VIN(1 +tOFF >

forn =100%, PouT = PIN

tON
lo VIN (1 + —) =liN(DC) VIN
tOFF

tON
IIN(DC) = |o<1 + —)
tOFF

This equation shows that the input, or inductor, current
is larger than the output current by the factor (1 + toN/
tOFF). Since this factor is the same as the relation
between Vg and VN, [IN(DC) can also be expressed as:

| I(Vo\
IN(DC) = -
(DC) °V| )

So far it is assumed 1 = 100%, where the actual effi-
ciency or nmAX Wwill be somewhat less due to the
saturation voltage of Q1 and forward on voltage of D1.
The internal power loss due to these voltages is the
average I current flowing, or IiN, through either
VSAT or Vp1. For VSAT = Vp1 = 1V this power
loss becomes IIN(DC) (1V). nMAX is then:

Po Volo Volo

IMAX = 5—= =
PIN Volo + IIN (1V) tON
Volo + I 1+ —

tOFF

t
From Vg = VN (1 + _-O_N)
tOFF,
v
Mmax = IN
VIN+1

This equation assumes only DC losses, however nMAX
is further decreased because of the switching time of
Q1 and D1.

In calculating the output capacitor Co it can be seen
that Cqy supplies g during toN. The voltage change on
Co during this time will be some AV = AV, or the

-output ripple of the regulator. Calculation of Cq is:

1otON lotON
= or Co=

A
o AVe

T VIN
From Vo =VIN[—}; tOFF=—T
tOFF Vo

1
where T = toN + tOFF = f_
\ Vo—V
tON=T- —IN—T = T(L——Iﬂ) therefore:
Vo o
Vo~ VIN
IOT(—°——) lo{Vo = VIN)
Co= Vo = | ———————
_— fAVoVo
AVq

where: Cq is in farads, f is the switching frequency,
AV is the p-p output ripple

Caiculation of inductor L1 is as follows:

_Vinton

LTTL,—

, since during tON,

V(N is applied across L1

\
Algpp =041 =04N = 0.4Io(ﬁ), therefore:

VINtON . T(Vo—VIN!
L1 =—————— andsince QN =————
Vo Vo
0.41,|
VIN

L= 25 V|N2(V° = VIN)
floVo2

where :L1 is in henrys, f is the switching frequency in Hz
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Typical Applications (continued)

To apply the above theory, a complete step-up switch-
ing regulator is shown in Figure 20. Since V|N is 5V,
VREF is tied to VIN. The input voltage is divided by
2 to bias the error amplifier’s inverting input. The
output voltage is:

\ (1 R2) \ 25 (1 R2)
= +—]e =25 + —
ouT R1 INV R1

The network D1, C1 forms a slow start circuit.

This holds the output of the error amplifier initially
low thus reducing the duty-cycle to a minimum. Without
the slow start circuit the inductor may saturate at
turn-on because it has to supply high peak currents
to charge the output capacitor from OV. It should

also be noted that this circuit has no supply rejection.
By adding a reference voltage at the non-inverting
input to the error amplifier, see Figure 21, the input
voltage variations are rejected.

The LM3524 can also be used in inductorless switching
regulators. Figure 22 shows a polarity inverter which
if connected to Figure 20 provides a —15V unregulated
output.

MOTOR SPEED CONTROL

Figure 23 shows a regulating series DC motor speed
control circuit using the LM3524 for the control and
drive for the motor and the LM2907 as a speed sensor
for the feedback network.

R2
12k
VAVA'
L
v S0 Vo= 15V
o- 2 O
< < D.
‘= 2% 4: 240 MRE50
<
w [ BD345
1N9148
VIN
VREF Ca 2N2219
‘b
S 24k
% NI Cg P
S R3
>
S22 M 1
+ _ 2:: NV E _ +
I ha— ! & L L
SuF ﬂ_n.mr A Lm3524 A n.mr_}_ 500 uF
3k
VWA~ Ry Eg
D1
0.02 4F INg14
| C COMP =g
i GND
80k
+
—iL c1
0.001 uF 5 uF
GND O— l 4 Iv O GND
L1 => 25 turns No. 24 wire on Ferroxcube No. K300502 Torroid core.
FIGURE 20. 15V, 0.5A Step-Up Switching Regulator
100 uF 1N914B
FROM JUNCTION o __+ -15V
OF L1, D2 @25mA
TO NON-INVERTING N9128 o1 uF 100 4F
INPUT OF LM3524 1. “
I+
(V, ~2.49V) GND O g 4 @—0O GND
FIGURE 21 FIGURE 22
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National
Semiconductor

Voltage Regulators

LM2930 3-Terminal Positive Regulator

General Description

The LM2930 3-terminal positive voltage regulator
features an ability to source 150mA of output current
with an input-output differential of 0.6V or less.
Efficient use of low input voltages obtained, for exam-
ple, from an automotive battery during cold crank
conditions, allows 5V circuitry to be properly powered
with supply voltages as low as 5.6V. Familiar regulator
features such as current limit and thermal overload
protection are also provided.

Designed primarily for automotive applications, the
LM2930 and all regulated circuitry are protected from
reverse battery installations or 2 battery jumps. During
line transients, such as a load dump (40V) when the input
voltage to the regulator can momentarily exceed the

Features

m Input-output differential less than 0.6V
m Output current in excess of 150mA

B Reverse battery protection

m 40V load dump protection

m Internal short circuit current limit

® Internal thermal overload protection

B Mirror-image insertion protection

Voltage Range

specified maximum operating voltage, the regulator will | M2930P-5.0TB 5v
automatically shut down to protect both internal circuits | \M2g30P-8.0TB 8V
and the load. The LM2930 cannot be harmed by tem-
porary mirror-image insertion.
Fixed outputs of 5V and 8V are available in the plastic
TO-202 power package.
Schematic and Connection Diagrams
T R |
o3 SR SR8 SR
m ") an S __E{; o -~ Su ;:m $sn
a2
R2
I‘, R13
360 1 a25 | 27 A ke
[ ]
S R10 4 az6 a8 ouT
01 $w
a
R16 §
oz K-5VOUTS
5.2k-8VOUT¢
llwfd—..-
031 I (
Q3o
& a3z Q33
<tns b
i[mu
< SRis SR17
¢ 3", woos A 4
GND
GND
Order Numb
LM2930-50 TB [ —————33 outPuT
LM2930-8.0 T8 O ——————em
See Package PO3E . —
FRONT VIEW
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LM2930

Absolute Maximum Ratings

Input Voltage

Operating Range 26V
Overvoitage Protection 40V
Reverse Voltage (100 ms) -12v
Reverse Voitage (DC) -6V

Internal Power Dissipation (Note 1)
Operating Temperature Range

Internally Limited
—40°Cto +85°C

Maximum Junction Temperature 125°C
Storage Temperature Range -65°Cto +150°C
Lead Temperature (Soldering, 10 seconds) 230°C

Electrical Characteristics
LM2930P-5.0TB (V)y =14V, Ig=150mA, T] =25°C, C2=10uF, unless otherwise specified)

(Note 2)

Parameter Conditions Min Typ | Max Units
Output Voltage 6V < Vjy < 26V, 5mA < 15 < 150mA, -40°C < T, < +125°C 45 5 5.5 \
Line Regulation 9V < V) < 18V, lp=5mA 7 25 mVv

6V < V) <26V I5=5mA 30 80 mV
Load Regulation 5mA < Iy < 160mA 14 50 mV
Output Impedance 100mAp & 10mA rms, 100 Hz-10kHz 200 mQ
Quiescent Current lo=10mA 4 7 mA
lo=150mA 30 40 mA
Output Noise Voltage 10 Hz-100 kHz 140 uvrms
Long Term Stability 20 mV/1000 hr
Ripple Rejection fo=120Hz 56 dB
Dropout Voitage lo=150mA 0.3 0.6 \Y
Output Voltage Under
Transient Conditions -12V < V) € 40V, R =100Q -03 | 55 "
Electrical Characteristics (Note 2)
LM2930P-8.0TB (V) =14V, I5=150mA, Ti=25°C, C2=10uF, unless otherwise specified}

Parameter Conditions Min Typ Max Units
Output Voltage 9.4V < V), <26V, 5mA < |y < 150mA, -40°C < T; < +125°C 7.2 8 8.8 \
Line Regulation 9.4V < V), € 16V, [=5mA 12 50 mv

9.4V V€26V Ip=5mA 50 100 mV
Load Regulation SmA < |y € 160mA 25 50 mv
Output Impedance 100mApc & 10mA rms, 100 Hz-10kHz 300 mQ
Quiescent Current lo=10mA 4 7 mA

Io=150mA 30 40 mA
Output Noise Voltage 10 Hz-100 kHz 170 uvrms
Long Term Stability 30 mV/1000 hr
Ripple Rejection fo=120Hz 52 d8
Dropout Voltage lo=150mA 0.3 0.6 \
Output Voltage Under
Transient Conditions -12V € Vjy € 4V, R =100Q -03| 88 \

Note 1: Thermal resistance without a heat sink for ji ion to case is 12°C/W and for case to ambient temperature is 70 °C/W.

Note 22 All ch are with a capacitor across the input of 0.1 uF and a capacitor across the output of 10 «F. All characteristics except noise
voltage and ripple rejection ratio are measured using pulse techniques (ty <10 ms, duty cycle<5%). Output voltage ges due to changes in
temperature must be taken into account separately.
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Typical Performance Characteristics
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LM2930

Typical Performance Characteristics (continued)

Peak Output Current Quiescent Current
600 70 T
Viy = 14V
| T;=25°C
_ 500 7= 25°¢] g 8p0
£ Eow
£
= 400 S T,=-40°c =
=
§ / T:=125°C § ®
300 =Ti= .
3 / / ) E 30
5 /A =
= 200 =}
= 4 L 20
2 E] |
100 S
Lt
0 0
0 5 10 15 20 25 30 0 40 80 120 160 200
INPUT VOLTAGE (V) OUTPUT CURRENT {mA}
Quiescent Current Quiescent Current
2 n T T T
LM2930-5
z 20 = 60
£ ig =150 mA E
| ol 18 — 50
= =
w w
E 16 | g 4
3 - e 2 19 = 200 mA
E g 3 £ 30
z Ig =50 mA = | 10 = 150 mA
2 3 B D S —
Z 6 2 2 | I
S g = 1g =0 mA — A
o 3 10 f g =50m
lp=0 ™
0 1 0 1
—40 0 a0 80 120 160 0 10 20 30
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
Ripple Rejection Ripple Rejection
80 T T 80
1g =50 mA
\Vm —Vour =9V
S 60 2 w0
= =2
=] N e
E . N/ 5
e
2 \V4 E 40
= 2 z
L Vin ~ VouT =9V
fg = 120 Hz
o 0 1 | 1
1 10 100 1k 10k 100k 1M 0 50 100 150 200
FREQUENCY (Hz) OUTPUT CURRENT {mA)
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Typical Performance Characteristics (continued)

Output iImpedance Overvoltage Supply Current Reverse Supply Current
10 — 30 — 50 ,
:,0 A Ry = 1002 Ti=25°C
25 |-Tj=25°¢C 0
g 1 z <
8 1 =2 = 50
2 = -3
z 7 g g
£ 7 g 5 100 //
= 2 [x]
c ° ] >
> z L 2 -150
5 5 /" 3 v
o w
5 -200
0.01 ] -250
110 100 1k 10k 100k 1M 20 25 30 35 40 -2 -0 -8 6 -4 -2 O
FREQUENCY (Hz) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Output Voltage (Normalized
Output at Reverse Supply Output at Overvoltage to 1V at T;=25°C)
0.1 T T 02 T 1.005
Rp=e RL:; s
=28 Tj=25°C] -
= 0 & 1.000
2 3 015 =
o
[ w (=]
= 2 Z 0935
g -l Z =
g 1 2 E
5 =" = 3 0990
E ] g I
&
3 -02 2 005 =1 o
4+ F oo
& vy = 14V
-03 0 Zopgs0 L1 |
-2 -0 -8 6 -4 -2 0 30 35 a0 -40-20 0 20 40 60 80 100 120 140
INPUT VOLTAGE (V) INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C)
Typical Application
LM2930
VIn

UNREGULATED Vin  Vout HEGULATED
INPUT GND ouTPUT
+ cz&«l
T TV

* Required if regulator is located far from power supply filter
** C2 must be at least 10 uF to maintain stability. May be increased without bound. Locate as close as
possible to regulator.
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LM2930

Definition of Terms

Dropout Voltage: The input-output voltage differential at
which the circuit ceases to regulate against further
reduction in input voltage. Measured when the output
voltage has dropped 100 mV from the nominal value
obtained at 14V input, dropout voltage is dependent upon
load current and junction temperature.

Input Voltage: The DC voltage applied to the input ter-
minals with respect to ground.

Input-Output Differential: The voltage difference between
the unregulated input voltage and the regulated output
voitage for which the regulator will operate.

Line Regulation: The change in output voltage for a
change in the input voltage. The measurement is made
under conditions of low dissipation or by using pulse
techniques such that the average chip temperature is not
significantly affected.

Load Regulation: The change in output voltage for a
change in load current at constant chip temperature.

Long Term Stability: Output voltage stability under
accelerated life-test conditions after 1000 hours with
maximum rated voltage and junction temperature.

Output Noise Voitage: The rms AC voltage at the output,
with constant load and no input ripple, measured over a
specified frequency range.

Quiescent Current: That part of the positive input current
that does not contribute to the positive load current. The
regulator ground lead current.

Ripple Rejection: The ratio of the peak-to-peak input rip-
ple voltage to the peak-to-peak output ripple voltage.

Temperature Stability of Vo: The percentage change in
output voltage for a thermal variation from room
temperature to either temperature extreme.

Maximum Power Dissipation

s | INFINITE
bt HEAT SINK
2 6

= N0 cw HEAT sink ' YW

=

2 N

=] 4 i g N
« 7]

g 20°C/W HEAT SINK [~ N

-40 -20

20 40 60 80

AMBIENT TEMPERATURE (°C)
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BOOO Miinchen 21

West Germany

Tel: (089) 576091

Telex: 05-22772

National Semiconductor (UK) Ltd.

301 Harpur Centre
Horne Lane
Bedford MK40 1TR
United Kingdom
Tel: 0234-47147
Telex: 826 209

National Semiconductor
789 Ave. Houba de Strooper
1020 Bruxelles

Belgium

Tel: (02) 4783400

Telex: 61007

National Semiconductor Ltd.
Vodroffsve] 44 )

1900 Copenhagen V
Denmark

Tel: (01) 356533

Telex: 15179

Nati '~

Expansion 10000
28, rue de la Redoute
92-260 Fontenay aux Roses
France

Tel: 660.81.40

Telex: NSF250956

Mational Semiconductor SRL
Via Alberto Mario 26

20149 Milano

Italy

Tel: (02) 469 2B 64/469 24 31
Telex: 332835

MNati 1 e i e e Y =

ductor France

Algrytevagen 23
$-127 32 Skarholmen
Sweden

Tel: (B) 970835
Telex: 10731

£1980 National Semiconductor Corp. DA-CP7OM10/Printed in ULS.A

NS International Inc., Japan
Miyake Building

1-9 Yotsuya, Shinjuku-ku 160
Tokyo, Japan

Tel: (04) 355-5711

TWX: 232-2015 JSCJ-J

National Semiconductor (Hong Kong) Ltd.

8th Floor,

Cheung Kong Electronic Bldg.
4 Hing Yip Street

Kwun Tong

Kowloon, Hong Kong

Tel: 3-899235

Telex: 73866 NSEHK HX
Cable: NATSEMI

NS Electronics Pty. Lid.

Cnr. Stud Rd. & Mtn. Highway.
Bayswater, Victoria 3153
Australia

Tel: 03-729-6333

Telex: 32096

MNational Semiconductor (Pty.) Ltd.
Mo, 19100 Lower Delta Road
Singapore 3

Tel: 2700011 .

Telex: NAT SEMI RS 21402

National Semiconductor (Taiwan) Ltd.
3rd Floor, Apollo Bldg.,

No. 218-7 Chung Shiao E. Read,

Sec 4, Taipei, Taiwan

P.O. Box 68-332 Taipei

Tel: 7310393-4, 7310465-6

Telex: 22837 NSTW

Cable: NSTW Taipei

Mational Semiconductor (Hong Kong) Lid.

Korea Liaison Office
6th Floor, Kunwon Bldg.
1-2 Mookjung-Dong
Choong-Ku, Seoul
C.P.O. Box 7941 Seoul
Tel: 267-9473

Telex: K24942
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