





INTRODUCTION

Monolithic voltage regulators have been around for about a decade. A
considerable effort has been devoted to linear voltage regulators by
major IC manufacturers over the last few years, with recent emphasis
primarily concerning 3-terminal voltage regulators.

Of the various regulators introduced in the late sixties, one device
emerged as the industry standard: the uA723. A simple building block,
this circuit provided low output currents (by today’s standards), required
several external components and a fair amount of design considera-
tions. At last count, this product is produced by over a dozen manufac-
turers. The emergence of 3-terminal regulators (xA7800, uA78C,
. nA78M, wA78L, uA7900, nA79M) in the early seventies opened a new
avenue for regulators. Circuit complexity moved from outside to inside
the linear chip. Designers had at their disposal positive and negative
regulators with output currents up to 3 Ain a variety of packages but with
a limited number of fixed output voltages. The output voltage limitation
was solved by the introduction of the adjustable 4-terminal regulators
(78G, 78MG, 79G, 79MG) in the mid seventies. Energy conservation
programs of recent years have forced designers to be more conscious
about wasted power and as a result they have looked into switching
regulators. As a matter of fact, there are major switching regulator
design efforts in progress at various IC manufacturers as this book goes
to press.

The use of IC regulators is increasing at a rapid rate as the usage of
semiconductors is widening. Today, regulators are being used in a
variety of applications too numerous to list here. Fairchild is the industry
leader in voltage regulators and in fact, Fairchild regulators have be-
come industry standards.

This edition of “The Voltage Regulator Applications Handbook" signific-
antly different in format, covers a larger selection of products and appli-
cations than the 1974 edition and is intended to familiarize the designer
with the various regulators available from Fairchild as well as helping
him select the correct regulator circuit for his application. At the front of
this book is a complete regulator selection guide supplemented by an
industry cross reference. Chapter 1 describes the various blocks used in
regulators as well as the circuit descriptions of the individual regulators.
Chapter 2 covers testing procedures and reliability programs. Chapter 3
is devoted to regulator applications, and includes several important
precautions required in the design of regulator circuits. Chapter 4 offers
power supply design assistance, such as the selection of transformer,
rectifier and filter capacitors. Chapter 5 is devoted to power transistors
and Chapter 6 outlines the thermal considerations necessary with IC
regulators. Technical specification for all Fairchild regulators make up
Chapter 7. Definitions, packaging, mounting hardware and ordering
information are found in Section 8.
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VOLTAGE REGULATOR SELECTION

The selection of the proper regulator is not a simple decision and very much depends on the system
requirements and the limitations imposed by the system. There are no set rules; the selection process
may vary from one application to anotherand even from one designer to the next. The following steps are
recommended as a guide: - l

1. Determine the required output voltage Vour, output voltage tolerance, and maximum output cur- ==
rent lout(max). These three parameters somewhat narrow the selection. For instance, a system
requirement of 1% output voltage tolerance may preclude the 3-terminal regulators since these
devices are speciffed with a 5% tolerance over the operating temperature range unless a special
selection is made. ’

2. Using the Quick Selection Guide below and the Selection Guide by Output Current along with Table
6.2, make an initial selection.
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3. Determine the required input voltage such that
ViN(max) > VIN > VouT(max) ¥ VbO(max) + AVL + VR(pk)
where:
ViN(max) = Maximum allowable input vo[tage
VIN = Regulator input voltage under load
VouT(max) = Maximum output voltage of the regulator
Vbo(max) = Maximum dropout voltage
AVL = Maximum line voltage change
VR(pk) = Peak ripple voltage.
4. Ifa filt.ered dc supply is not available, refer to Chapter 4 for the power-supply design.
5. If a filtered supply is available, or if the selected voltage gives an input-output voltage differential
greater than 7 V, check the safe-area characteristics of the device chosen on the “Peak Output
Current as a Function of Input-Output Differential Voltage” graph from the data sheet to ensure that

sufficient load current is available from the regulator with the chosen input voltage.

6. If the current available is insufficent, either lower the input voltage, choose a device with a higher
rating or use a booster circuit (see Chapter 3).

7. Determine the maximum ambient temperature, TAa(max), and select an operating junction tempera-
ture equal to or less than Tyimax), keeping in mind that the lower the operating junction temperature,
the higher the reliability but the greater the heat-sinking requirement.

8. From Chapter 6, Thermal Considerations, determine the heat sink requirement for the selected
regulator.



VOLTAGE REGULATOR SELECTION GUIDE
BY DEVICE NUMBER
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uA104 Adjustable -8 -0.015} 0.012|0.1| 0.1 5 60 2 50 | 190| TO-100 7-123
Negative -50 -40
uA105 Adjustable |=8.5 45 | 0.012]0.06}| 0.1 2 60 3 190 | MINI DIP 7-117
Positive 50 30 40 | 190| TO-99
pnA1091 Fixed 7 4.7 1 1 2 4.2 2 5.5 45 | TO-3 7-47
Positive 35 53
nA2092 Fixed 7 4.7 1 1 2 4.2 2 5.5 45 | TO-3 7-47
Positive 35. 5.3 '
uA304 Adjustable -8 -0.035{ 0.02 |0.1 ]| 0.2 5 60 3 50 | 190 TO-100 7-123
Negative -40 -30
nA305 Adjustable 8.5 45 | 0.012|0.06| 0.1 2 60 3 190 | MINI DIP 7-117
Positive 40 30 40 | 190| TO-99
nA305A | Adjustable 8.5 45 | 0.045(0.06| 04 2 3 190 | MINI DIP 7-117
Negative 50 40 40 | 190| TO-99
uA309 Fixed 7 48 | 1 2 2 5.2 2 55| 45 [TO-3 7-51
Positive 35 5.2
uA376 Adjustable 9 5 0.025 [0.05] 05| 25 3 190 | MINI DIP 7-117
Positive 40 37 40 | 190| TO-99
uA723 Precision 9.5 2 0125105 | 02 4 58 3 50 | 190|TO-100 7-110
40 37 160| C DIP
190| P DIP
nA7805 Fixed 7 4.8 1 1 1 8 62 2.5 5 65 | TO-220 7-34
Positive 35 5.2 55 45 | TO-3 :
uA7806 Fixed 8 5.75 1 1 1 8 59 | 25 5 65 | TO-220 7-34
Positive 35 6.25 55| 45|TO-3
nA7808 Fixed 10 7.7 1 1 1 8 56 | 2.5 5 65 | TO-220 7-34
Positive 35 8.3 55| 45|TO-3
uA7812 Fixed 14 115 1 1 1 8 55 | 25 5 65 | TO-220 7-34
Positive 35 125 55| 45|TO-3
uA7815 Fixed 17 |. 144 1 1 1 8 54 | 25 5 65 | TO-220 7-34
Positive 35 15.6 55| 45| TO-3
uA7818 Fixed 20 17.3 1 1 1 8 53 | 25 5 65 | TO-220 7-34
Positive 35 18.7 55| 45]|TO-3
nA7824 Fixed 26 23 1 1 1 8 50 2.5 5 65 | TO-220 7-34
Positive 40 25 55| 45|TO-3
uA7885 | Fixed 10.5 8.2 1 1 1 8 54 2.5 5 65 | TO-220 7-34
Positive 35 8.8 55| 45| TO-3

NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon

: request. Refer to specific data sheet for details.

(
1Ty = -55°C to 150°C

| 2T = -98°C tn 180° 0 N i



VOLTAGE REGULATOR SELECTION-GUIDE
BY DEVICE NUMBER
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nA78C08 |Fixed 1 7.7 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
quitive 35 8.3 Watt
‘uA78C10 {Fixed 13 9.6 0.5 1 0.5 6 46 3 8 80 | Power® 7-14
Positive . 35 10.4 Watt
uA78C12 [Fixed N 15 1.5 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 35 125 Watt
uA78C15 |Fixed 18 14.4 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 35 15.6 Watt
nA78C17 |Fixed 20 16.3 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 35 177 Watt
uA78C18 |Fixed 21 173 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 35 18.7 Watt .
uA78C20 |[Fixed 23 19.2 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 40 208 Watt
uA78C22 |Fixed 25 211 0.5 1 0.5 6 46 3 8 80 | Power® 7-14
Positive 40 229 Watt
uA78C24 |Fixed 27 23 0.5 1 0.5 6 46 3 8 80 | Power* 7-14
Positive 40 25 Watt
uA78C82 |Fixed 1.2 7.9 0.5 1 0.5 6 46 3 8 80 | Power*® 7-14
Positive 35 8.5 Watt
uA78CB |Fixed 13.3 2 8 50 3 5 65 | TO-220 7-54
Positive 144 | 55| 45| TO-3
uA78G Adjustable 7.5 5 1 0.75 1 5 62 3| s 80 | Power® Watt | 7-90
Positive 4 30 6 47 | TO-3
uA78H05 |Fixed 8.5 4.8 5 1 2 10 60 | 35| 25| 38|TO-3 7-60
Positive 20 5.2
uAT8HO5A| Fixed 25 5 5 1 1 10 60 | 22 | 25| 38| TO-3 7-60
Positive
uA78H12 |Fixed 155 1.5 5 1 2 10 60 | 35| 25| 38| TO-3 7-60
: Positive 20 125
uA78H15 |Fixed 14.4 25| 38| TO-3 7-60
Positive 15.6
uA78HG | Adjustable 8.5 5 5 1 1 10 60 35| 25 38 | TO-3 7-60
Positive 25 20

NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon
request. Refer to specific data sheet for details.

*Similar to TO-202
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VOLTAGE REGULATOR SELECTION‘GQIDE
BY DEVICE NUMBER o
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uA78L05 |Fixed 7.2 48 0.1 2 1 38| 49 | 22 | 40 | 190 TO-39 7-3
| Positive 3 5.2 180 TO-92
nA78L09 |Fixed 11.2 8.64 0.1 2 1 4 43 | 2.2 | 40 | 190| TO-39 7-3
Positive 30 9.36 180| TO-92
uA78L12 |Fixed T14.2 11.5 0.1 2 1 6 42 | 22| 40 | 190{ TO-39 7-3
Positive 30 125 180 TO-92
uA78L15 |Fixed 17.2 14.4 0.1 2 1 6 39 | 22 | 40 | 190| TO-39 7-3
Positive 35 15.6 180| TO-92
pnA78L18 |Fixed 20.2 173 0.1 2 1 3 2.2 | 40 | 190{ TO-39 7-3
Positive 35 18.9 180/ TO-92
uA78L24 |Fixed 26.2 23.1 0.1 2 1 3 22 | 40 | 190| TO-39 7-3
Positive 40 24.9 180| TO-92
nA78L26 | Fixed 43 25 0.1 2 1 55| 43| 22 | 40 | 190| TO-39 1 73
Positive 30 27 180| TO-92
pA78L62 |Fixed 8.4 5.95 0.1 2 1 39 46 2.2 40 | 190| TO-39 7-3
Positive 30 6.45 180| TO-92
uA78L82 | Fixed 10.4 79 | 01 2 1 4 44 | 2.2 | 40 | 190| TO-39 7-3
Positive 30 8.5 180| TO-92
uA78MOS5 | Fixed 7.5 4.8 0.5 1 1 6 62| 22 5 70 | TO-220 7-22
Positive 35 5.2 25 185{ TO-39
8 80 | Power Watt*
uA78MO6 | Fixed 8.5 5.75 0.5 1 1 6 59 | 23 5 70 | TO-220 7-22
Positive 35 6.25 25 185| TO-39
8 80 | Power Watt*
- uA78MO08 | Fixed 10.5 7.7 0.5 1 1 6 56 | 2.3 5 70 | TO-220. 7-22
Positive 35 8.3 25 | 185| TO-39
8 80 | Power Watt*
uA78M12 | Fixed 145 115 0.5 1 1 6 55 23 5 70 | TO-220 7-22
Positive 35 125 25 | 185 TO-39
8 80 | Power Watt*
uA78M15 | Fixed 17.5 144 0.5 1 1 6 54 23 5 70 | TO-220 7-22
Positive 35 15.6 25 | 185 TO-39
8 80 | Power Watt*
uA78M20 | Fixed 225 19.0 0.5 1 1 6 53| 2.3 5 70 | TO-220 7-22
Positive 40 21 25 | 185 TO-39
8 80 | Power Watt” ‘
uA78M24 | Fixed 26.5 23 0.5 1 1 6 50| 2.3 5 70 | TO-220 7-22
Positive 40 25 25 | 185 TO-39
8 80 | Power Watt*

NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon
request. Refer to specific data sheet for details.

*Similar to TO-202
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VOLTAGE REGULATOR SELECTION GUIDE
BY DEVICE NUMBER '
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uA78MG | Adjustable 75 5 0.5 | 0.75 1 5| 62 3 25 | 185 | TO-39 7-102
Positive 40 30 1" 80| MINI DIP
8 80 | Power Watt*
uA78P05 | Fixed 25 5 10 1 1 10 60 25 2 38| T0O-3 TBA
Positive J
uA78S40 | Switching ] 2.5 13 1.5 2 100 160 | C DIP 7-128
40 40 190 | PDIP
nA7905 Fixed -73 -4.8 1 1 1 2 54 23| 55 45| TO-3 7-78
Negative -35 5.2 . 5 65| TO-220
nA7906 Fixed -8.3 -5.75 1 1 1 2 54 23| 55| 45| TO-3 7-78
i Negative -35 -6.256 5 65| TO-220
uA7908 Fixed -10.3 -7.7 1 1 1 2 54 23| 55| 45| TO-3 7-78
) Negative -35 -8.3 5 65| TO-220
uA7912 Fixed -14.5 -11.5 1 1 1 3 54 23| 55 45| TO-3 7-78
Negative 35 | -125 5 | 65| TO-220
nA7915 Fixed -17.6 -14.4 1 1 1 3 54| 23| 551 45| TO-3 7-78
Negative -35 -15.6 5 65| TO-220
nA7918 Fixed -20.7 -17.3 ' 1 1 1 3 54 23| 55| 45| TO-3 7-78
Negative -35 -18.7 5 65| TO-220
rAT7924 Adjustable -27 -23 1 1 1 3 54 23| 55| 45| TO-3 7-78
Negative -40 -25 5 65| TO-220
rA79G Adjustable -7 -2.23 1 1 1 2 50| 23 8 80 | Power Watt*| 7-90
Negative -40 -30 6 47| TO-3
uA79HG | Adjustable -7 -2.25 5 1 1 5 50 2 2 38| TO-3 7-98
Negative |. -40 -24
#ATOMOS | Fixed -7.5 48 0.5 1 1 2 54 1 5 70| TO-220 7-66
Negative -35 -5.2 25 | 185 TO-39
MATIMO6 | Fixed -7.35 -5.75 0.5 1 1 2 54 1 5 70| TO-220 7-66
Negative -35 -6.25 25| 185| TO-39
nA79MO08 | Fixed -94 7.7 0.5 1 1 2 54 1 5 70| TO-220 7-66
Negative -35 -8.3 25 | 185| TO-39
nA7T9M12 | Fixed -13.6| -11.5 0.5 1 1 3 54 1 5 70| TO-220 7-66
Negative 35 | -125 25 | 185 TO-39
nA79M15 | Fixed -16.7| -144 0.5 1 1 3 54 1 5 70| TO-220 7-66
Negative -35 -15.6 25 | 185 TO-39
#ATIM20 | Fixed 221| -19| os| 1| 1] 35 s4| 1| 5| 70| TO-220 7-66
Negative -40 -20 25| 185| TO-39

NOTE: Only commaercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon .
réquest. Refer to specific data sheet for details.

*Similar to TO-202
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VOLTAGE REGULATOR SELECTION GUIDE
BY DEVICE NUMBER )
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uAT9M24 | Fixed -26.1 -23 0.5 1 1 35] 54 1 5 70| TO-220 7-66
Negative -40 -25 25| 185] TO-39
uAT9MG | Adjustable -7 -2.23| 05 1 1 25| 50| 23| 25| 185 TO-39 7-102
Negative -30 -30 1" 80| MINI DIP
. 8 80| Power Watt®
SH123 Fixed " 20 5 3 2 2 10{ 60| 22| 25| 38| TO-3 7-58
Positive
SH223 Fixed 20 5 3 2 2 10| 60| 22| 25} 38| TO-3 7-58
Positive
SH323 Fixed 20 5 3 2 2 10f 60| 22| 25| 38| TO-3 7-58
Positive
SH1605 | Switching 40 25 5 30 35| 15| TO-3 TBA
20 (TYP)
SH1705 Fixed 25 5 5 1 1 10 22| 25| 38| TO-3 TBA
Positive

NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon
request. Refer to specific data sheet for details.

*Similar to TO-202
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VOLTAGE REGULATOR SELECTION GUIDE
BY OUTPUT CURRENT
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Fixed Positive 100 mA
1 ,uA?BLZG 26 | C.v| 100 50 | 43| 5.5 4.8 to 35 2.2 7-3
2| uA78LOS 50 | C.v| 150 60 | 41} 5.5 7.2t0 35 2.2 7-3
3|uA78L62 62 | C.V | 175 80 | 40| 5.5 8.4to 35 2.2 7-3
4| uAT8L8B2 82 [C. vV} 175 80 | 39| 55 10.4 to 35 2.2 7-3
5|{uAT8LO9 90 [C.v | 188 90 | 38| 5.5 11.2to 35 2.2 7-3
6|uAT8L12 12 |C.V| 250 | 100 | 37| 6.0 142 to 35 2.2 7-3
7| uAT8L1S 15 [ C. V| 300 150 | 34| 6.0 17.2to 35 2.2 7-3
8| AT8L18 18 |C.V | 300 | 170 | 33| 6.0 20.2 to 40 2.2 7-3
9| uA78L24 24 |.C.V | 300 | 200 | 31| 6.0 26.2 to 40 2.2 7-3
Fixed Positive 500 mA
10{«A78MQOS 50 M 50 50 | 62 6.0 8.0to 35 2.5 7-22
11| A78MO05 50 C 100 | 100 | 62| 6.0 7.5t0 35 2.5 7-22
12 |uA78M06 60 | M 60 60 | 59| 6.0 9.0 to 35 2.5 7-22
13 [nA78M06 6.0 C 100 120 | 59| 6.0 8.5t0 35 2.5 7-22
14 | uA78M08 8.0 M 60 80 | 56| 6.0 11to0 35 25 7-22
15| uA78M08 8.0 C 100 | 160 | 56| 6.0 10.5to 35 2.5 7-22
16 {LA78CO08 80 |C.Vv | 100 80 | 46 6.0 11to 35 3.0 7-14
17 {«AT8C10 10 C 100 { 100 | 55 6.0 13to 35 3.0 7-14
18 |uAT8M12 12 M 60 | 120 | 55| 6.0 15 to 35 2.5 7-22
19| A78M12 12 {C.V 100 240 | 55| 6.0 145 to 35 2.5 7-22
20 [uA78C12 12 C 100 | 120 | 46| 6.0 1510 35 3.0 7-14
21 |uAT8M15 15 M 60 150 | 54| 6.0 18 to 35 2.5 7-22
22 |uATBM15 15 C 100 | 300 | 54| 6.0 17.5to 35 25° 7-22

1 Operating junction temperature range: )
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range,
-40°C to +125°C; M = Extended Military, -565°C to +150°C.
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VOLTAGE REGULATOR SELECTION GUIDE
BY OUTPUT CURRENT
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Fixed Positive 500 mA (Cont'd)
1| uA78C15 15 C 100 | 150 | 46| 6.0 18to 35 | 3.0 7-14
24 uA78C17 17 C 100 | 170 | 52| 6.0 20to 35 | 3.0 7-14
3| nA78C18 18 C 100 | 180 | 46| 6.0 21t035 | 3.0 7-14
41 uAT8M20 20 M 60 | 200 | 53| 6.0 23t040 | 25 7-22
5| uA78M20 20 C 100 | 400 | S3 | 6.0 2251040 | 2.5 7-22
6| uA78C20 20 C 100 | 200 | 46 | 6.0 231040 | 3.0 7-14
7| uA78C22 22 C 100 | 220 | 53 | 6.0 245t040 | 25 7-14
8| nA78M24 24 M 60 | 240 | 50| 6.0 27t040 | 25 7-22
9| uA78M24 24 C 100 | 480 | SO | 6.0 2651040 | 25 7-22
10| uA78C24 24 C 100 | 240 | 46| 6.0 27to40 | 3.0 7-14
Fixed Negative 500 mA
11} uA79MOS | -5.0 M 50 | 100 | 54| 2.0 -75t0-35 | 25 7-22
12| uA79M05 | -5.0 C 50 | 100 | 54| 2.0 -73t0-35 | 23 7-22
13| vA79M06 | -6.0 M 60 | 120 | 54| 2.0 -85t0-35| 25 7-22
14| uA79M06 | -6.0 C 60 | 120 | 54| 2.0 -83t0-35| 23 7-22
' “15| nA79M08 | -8.0 M 80 | 160 | 54| 20 | -105t0-35| 2.5 7-22
\ 16| uA79M08 | -8.0 C 80, 160 | 541 20 | -103t0-35| 23 7-22
17| nA7TOM12 | -12 M 80 | 240 | 54| 30 | -145t0-35 | 25 7-22
18| uA79M12 | -12 C 80 {240 | 54| 3.0 | -143t0o-35| 23 7-22
19| uA79M15 | -15 M 80 | 240 | 54| 3.0 |-175t0-35 | 25 7-22
20| uA79M15 | -15 C 80 | 240 | 54 30 | -17.3t0-35 | 23 7-22
21| uA79M20 | -20 M 80 | 300 | 54| 35 | -225t0-40 | 25 7-22
22| uAT9M20 | -20 C 80 | 300 | 54| 3.5 | -223t0-40 | 23 7-22
23| uA79M24 | -24 M 80 | 300 | 54| 35 | -265t0-40 | 25 7-22
24| uAT9M24 | -24 C 80 | 300 | 54 ] 35 | -263t0o-40 | 2.3 7-22

1 Operating junction temperature range: , .
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range,
-40°C to +125°C; M = Extended Military, -55°C to +150°C.
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VOLTAGE REGULATOR SELECTION GUIDE
BY OUTPUT CURRENT
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Fixed Positive 1.0 A
1 |uA7805| 5.0 M | 50 50 | 68 6.0 80t035 | 30 7-34
2 |uA7805| 5.0 Cc |100 | 100 | 62 8.0 751035 | 25 7-34
3 |uA309 | 50 c | 50| 100| — 10 — — 7-51
4 |uA109 | 5.0 M| 50 | 100 | — 10 — — 7-47
5 |uA209 | 50 v | 50 | 100 | — 0| - — 7-47
6 |uA7806| 6.0 M | 60 60 | 65 6.0 90t035 | 3.0 7-34
7 |uA7806| 60 C |120 | 120 | 59 8.0 85t035 | 25 7-34
8 |uA7808( 8.0 M | 80 80 | 62 6.0 111035 | 30 7-34
9 |uA7808| 80 C | 160 | 160 | 56 80 | 105t035 | 25 7-34
10 { uA7885| 85 M | 85 85 | 60 60 | 115t035 | 30 7-34
11 |.A7885| 85 Cc | 170 | 170 | 54 | 8.0 111035 | 25 7-34
12| uA7812| 12 M | 120 | 120 | 61 6.0 151035 | 3.0 7-34
13 |uAT812] 12 C | 240 | 240 | 55 80 | 145t035 | 25 7-34
14 |uAT815| 15 M |150 | 150 | 60 | 60 | 18to35 | 30 7-34
15 |uAT815| 15 C | 300 | 300 | 54 | 80 | 1751035 | 25 7-34
16 |uA7818| 18 M [180 | 180 | 59 6.0 21t035 | 30 7-34
17 |zAT818| 18 c |360 | 360 | 53 80 | 205t035 | 25 7-34
18 |uAT824| 24 M | 240 | 240 | 56 6.0 27t040 | 3.0 7-34
19 |uAT824| 24 C |480 | 480 | 50 | 80 | 265t040 | 25 7-34
Fixed Negative 1.0 A
20 | uA7905| -5.0 M | 50 50 | 54 20 | -78t0-35 | 2.8 7-78
21| uA7905| -5.0 C | 100 | 100 | 54 20 | -73t0-35 | 23 7-78
22 | uA7906| -6.0 M| 60 60 | 54 | 20 | -88to-35| 28 7-78
23 | uA7906| -6.0 C | 120 | 120 | 54 20 | -83t0-35 | 23 7-78
24 | ,A7908| -8.0 M | 80 80 | 54 | 20 [-108to-35 | 28 7-78

1 Operating junction temperature range:
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range,
-40°C to +125°C; M = Extended Military, -55°C to +150°C.
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VOLTAGE REGULATOR SELECTION GUIDE
BY OUTPUT CURRENT
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Fixed Negative 1.0 A (Cont'd)
1 | uA7908 80 | Cc (160 160 (54 | 20 [-103t0-35| 2.3 7-78
2 |[uA7912 | 12 | M | 120 | 120 |54 | 30 |-148t0-35] 2.8 7-78
3 |uA7912 12 | C | 240 240 |54 | 30 |-143t0-35| 2.3 7-78
4 | uAT915 15 | M | 150 | 150 | 54 | 30 |-17.8t0-35] 2.8 7-78
5 | uA7915 15 | c | 300|300 |54 | 30 [-173t0-35| 23 7-78
6 |uAT918 18 | M | 180 | 180 |54 | 30 |-208t0-35| 238 7-78
7 |uA7918 18 | C |360| 360 |54 | 30 |-203t0-35| 23 7-78
8 |uA7924 24 | M | 240 | 240 |54 | 30 |-268t0-40| 28 7-78
9 |uA7924 24 | C |480 | 480 (54 | 30 |-263t0-40] 23 7-78
Fixed Positive 2.0 A
10|#A7sca [ 13.8 [ c ]150| 150 ]50 [ 8.0 | 17t025[ 25 | 7-54
Fixed Positive 3.0 A
11|sH123 50 | M | 25| 100 | — | 20 751020 | 25 7-58
12 |sH223 50 | M | 25| 100 | — | 20 75t020| 25 7-58
13 |SH323 50 | c | 25| 100 | —| 20 | 75t2]|25 7-58
Fixed Positive 5.0 A
14 {uA78HOS | 50 |C.m[120| 50 |60 | 10 85t025(35 | 7-60
15 |uA78HOSA| 50 |[C.M| 25| 50 |60 | 10 781025 | 2.3 TBA
16 | uA78H12 12| c|—[120|60]| 10| 155t025]|35 7-60
17 |uA78H15 15 | ¢ | 30| 30 |60 | 10 | 185t025| — 7-60
Fixed Positive 10 A
18 [ta78pos | 50 | ¢ [ 25| s0 [eo | 10 | 75t1040]25 ] TBA

1 Operating junction temperature range:
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range,
-40°C to +125°C; M = Extended Military, -55° C to +150°C.

* To be announced
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Positive Adjustable
1|uA105 12 45to030{M [0.06 0.1‘ 10| 20| 85t0o50| 3.0 7-117
2 | uA305 12 45t030{C |006| 01|10 | 20 8.5t040| 3.0 7-117
3 |nA376 25 50t0 37|C 0.1 05(10 (25 90to 40| 30 7-117
4| uA305A 45 45t040|C (006 | 04 — | 20 8.5t0 50| 3.0 7-117
5 |uA723 150 20to 37 (M 03015} 58 | 3.5 9.5t040( 3.0 7-110
6 |uAT723 150 20t0 37(C 05| 02| 58 | 40 95to 40| 3.0 7-110
7 |uAT8MG| 500 5.0to 30|M 1.0 10| 62 | 5.0 7.5t040| 3.0 7-102
8 {uA78BMG| 500 5.0to 30|C 1.0 10| 62 | 5.0 75t040| 25 7-102
9|uA78G | 1000 5.0 to 30|M 1.0 10| 68 | 5.0 7.5t040| 25 7-90
10 {uA78G | 1000 5.0 to 30{C 1.0 10| 62 | 50 7.5t040( 3.0 7-90
11| uA78HG | 5000 5.0 to 24|C 1.0 1.0 | 60 10 8.51t025| 35 7-60

Negative Adjustable

12 [uA104 25(-0.015to -40{M | 0.1 |SmV | 1.0 | 5.0 |-8.0 to -50| 2.0 7-123
13 |uA304 25(-0.035to -30{C | 0.1 [5mV | 1.0 | 5.0 (-8.0to -40| 2.0 7-123
14 |,AT9MG| 500| -2.23to -30(M | 10 1.0 | 50 | 25 |-70to -30| 2.5 7-102
15|uAT9MG| 500| -2.23to -30|C | 1.0 1.0 | 50 | 25 |-7.0to -30| 2.3 7-102
16 |uA79G [1000| -2.23t0 -30|M [ 1.0 | 20 | 50 | 2.0 |-7.0to -40| 2.8 7-90

17 |wA79G |1000| -2.23 to -30|C 10 | 20| 50 | 2.0 |-7.0t0 -40| 2.3 7-90
18 |uAT9HG (5000 -2.25 to -24|C,M[ 1.0 | 1.0 | 50 | 50 |-7.0to -40| 2.0 7-98
Adjustable Switching Regulator

19|uA78S |[1500| -1.3 to -40|M — — (100 | 2.0 |-2.5t0 -40| — 7-128
20 |xA78S | 1500 -1.3 to -40|C — — |100 | 2.0 |-2.5t0-40| — 7-128

1 Operating junction temperature range:
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range,
-40°C to +125°C; M = Extended Military, -55°C to +150°C.



IC VOLTAGE REGULATORS INDUSTRY CROSS_REFERENCE

Type Fairchild Type Fairchild Type Fairchild
Number Equivalent Number Equivalent Number Equivalent
MOTOROLA MOTOROLA (Cont'd) NATIONAL (Cont'd)
MC1723GC HAT23HC MC7912CK uAT7912KC LM320MP-12* HAT79M12AUC
MC1723G MA723HM MC7912CP uA7912UC LM320MP-15* HATIM16AUC
" MC1723LC uA723DC MC7915CK MAT915KC LM320MP-24* HA79M24AUC
MC1723L HAT723DM MC7915CP HAT7915UC LM320T-5 HMATI05UC
MC7805CK MAT805KC MC7924CK MAT924KC LM320T-6 UATI06UC
MC7805CP HAT805UC MC7924CP 1A7924UC LM320T-8 HAT908UC
MC7806CK HAT7806KC MC79G00CK HA79GKC LM320T-12 HAT7912UC
MC7806CP HAT7806UC MC79GO0OCT** MAT79GU1C LM320T-15 uA7915UC
MC7808CK uA7808KC MC79G00K HATIGKM LM320T-24 uA7924UC
MC7808CP uA7808UC MLM104G uA104HM LM340K-8 HA7808KC
MC7812CK HAT7812KC MLM105G HATOSHM LM340K-12 MA7812KC
MC7812CP HA7812UC MLM109K HAT09KM LM340K-15 HAT7815KC
MC7815CK #AT7815KC MLM205G H#A305HC LM340K-18 MAT7818KC
MC7815CP M#AT7815UC MLM209K MA209KM LM340K-24 HAT7824KC
MC7818CK HAT7818KC MLM304G M#A304HC LM340T-6 HAT7806UC
MC7818CP. HAT818UC MLM305 HA3OSAHC LM340T-8 HA7808UC
MC7824CK uA7824KC MLM309K #A309KC LM340T-12 uA7812UC
MC7824CP uA7824UC LM340T-15 HA7815UC
MC78G00CK uA78GKC NATIONAL LM340T-18 uA7818UC
MC78GOOCT uA78GU1C LM104H LA104HM LM341P-5 MA78MO5UC
MC78GO00K uA78GKM LM105H H#A105HM LM341P-6* MAT78MO6UC
MC78LO2CP HATBL26AWC LM109K MAT109KM LM341P-8* MAT78MO8UC
MC78LO5CP UuA78LOSAWC LM120K-5 HAT7905KM LM341P-12* MAT78M12UC
MC78LO6CP HATBLOBAWC LM120K-6 HAT7906KM LM341P-15* HAT78M15UC
»
MC78LO8CP UAT8L82AWC LM120K-8 LATI0BKM LM341P-24 uA78M24UC
McC78L12CP MAT78L12AWC LM120K-12 uAT7912KM LM376N HA376TC
MC78L13CP MA78L15AWC LM120K-15 HAT7915KM LM723CD HA732DC
MC78L18CP uA78L18AWC LM120K-24 MAT7924KM LM723D uAT723DM
MC78L24CP HMAT8BL24AWC LM140K-5 HAT7805KM LM723CH MAT723HC
MC78MO5CG HA78MO5HC LM140K-6 LA7806KM LM723CN HA723PC
MC78MO5CP UATBMOSUC LM140K-8 uAT808KM LM723H HAT23HM
MC78MO06CG HAT8MO6HC LM140K-12 UAT812KM LM7805KC UAT805KC
MC78MO06CP HA78MO6UC LM140K-15 UAT815KM LM7806KC UATB806KC
MC78MO08CG uAT8MO8BHC LM140K-18 HA7818LM LM7808KC MAT808KC
MC78MO08CP HA78MO8UC LM140K-24 UAT824KM LM7812KC HAT7812KC
MC78M12CG HA78M12HC LM209K UA209KM LM7815KC UAT815KC
MC78M12CP uA78M12UC . LM304H MA304HC LM7818KC HA7818KC
MC78M15CG HATBM15HC LM305AH uA305AHC LM7824KC UAT824KC
MC78M15CP MAT78M15UC LM305H H#A305HC LM78LOS5ACH MAT8BLOSAHC
MC78M20CG uA78M20HC LM309K LA309KC LM78LO5ACZ HAT78LOSAWC
MC78M20CP MAT78M20UC LM320KC-5 MAT7905KC LM78LO6ACH uATBLOBGAHC
MC78M24CG HAT78M24HC LM320KC-6 MAT906KC LM78LO6ACZ MATBLOGAWC
MC78M24CP uAT8M24UC LM320KC-8 HAT7908KC LM78LO8SACH MATBL82AHC
MC7905CK HAT7905KC LM320KC-12 HMAT912KC LM78LO8BACZ MAT8L82AWC
MC7905CP HAT7905UC LM320KC-15 HAT915KC LM78L12ACH MAT8L12AHC
MC7906CK UAT7906KC LM320KC-24 MAT924KC LM78L12AC2 MAT8L12AWC
MC7906CP MAT7906UC LM320MP-5* HATIMO5AUC LM78L15ACH HAT8L1S5AHC
MC7908CK UAT7908KC LM320MP-6* HATIMOBAUC LM78L15ACZ HAT78L15AWC
MC7908CP MA7908UC LM320MP-8* HATIMOBAUC LM78L18ACH uAT8L18BAHC

xxi

** Not Available is VIC package

* Not a direct replacement




IC VOLTAGE REGULATORS INDUSTRY CROSS REFERENCE

Type
Number

Fairchild
Equivalent

Type
Number

Fairchild
Equivalent

Type
Number

Fairchild
Equivalent

NATIONAL (Cont'd)

LM78L18ACZ
LM78L24ACH
LM78L24ACZ
LM7905T
LM7906T

LM7908T
LM7912T
LM7915T
LM7924T

uA723CK
HAT23F
uA723K
HA7805CDA
~ uA7805CU

HA7805DA
HA7806CDA
uAT7806CU
UAT806CDA
HAT808CDA

HA7808CU
HA7808DA
HA7812CDA
uA7812CU
uAT812DA

uAT815CDA
#A7815CU
HA7T815DA
uA7818CDA
uAT7818CU

HA7818DA
uAT7824CDA
HAT7824CU
uAT824DA
HA78GU1C

HAT8LO2ACDB
uAT8LO2ACS
MAT78LOSACDB
HA78LOSACS
HA78LO6ACDB

#A7T8LOBACS
HA78LOBACDB
HAT8LOBACS
MAT8L12ACDB
MAT8L12ACS

MAT8L15ACDB
HATBL15ACS
HAT8MO5CDB

MA78L1BAWC
HA78L18AHC
HA78L24AWC
HAT7905UC
HA7906UC

HAT908UC
uA7912UC
uA7915UC
uA7924UC

uAT23HC
uA723DM
HAT23HM
uA7805KC
uA7805UC

HAT805KM
HA7806KC
HA7806UC
UAT806KM
HAT7808KC

uA7808UC
uA7808KM
uAT812KC’
uA7812UC
LAT812KM

UATB15KC
HA7815UC
UAT815KM
uA7818KC
uA7818UC

HA7818KM
1A7824KC
uA7824UC
HAT824KM
UAT8GU1C

UATBL26AHC
UAT8L26AWC
UATBLOSAHC
UATBLOSAWC
uA78LOBAHC

UATBLOBAWC
UATBLB2AHC
LATBLB2AWC
UAT8L12AHC
UA78L12AWC

HA78BL15AHC
HA78L15AWC
HA78MOSHC

SIGNETICS (Cont'd)

HAT8MOS5CU
HA78MO5DB

HAT78MO6CDB
HAT78MO6CU
HAT78MO6DB
HA78M08CDB
HAT78MO8CU

MA78M08DB
HA78M12CDB
HA78M12CU
uA78M12DB
uA78M15CDB

“uA78M15CU

HAT78M15DB
uAT78M20CDB
HMAT78M20CU
uA78M20DB

uAT78M24CDB
HAT78M24CU
UHAT78M24DB
MAT78MGU1C
MAT9GU1IC

- MA79MGU1C

LM109DA
LM209DA
LM309DA

HA78MO5UC
HMAT78MO5HM

HA78MO6HC
HAT8MO6UC
MATBMO6HM
UMAT7BMOBHC
HA78MO8UC

uA78MOBHM
UA7T8M12HC
uA7T8M12UC
UAT8M12HM
UAT8M15HC

HAT78M15UC
HA78M15HM
HMAT8M20HC
UMAT8M20UC
HAT78M20HM

HAT78M24HC
HA78M24UC
HATB8M24HM
HAT8MGUIC
HAT79GU1IC

HATIMGU1C
HAT109KM
HA209KM
MA309KC

TEXAS INSTRUMENTS

LM104L
LM105L
LM304L
LM305AL
LM305L

LM376P
uAT23CL
MA723CJ
uAT723CN
HAT23ML

uA723MJ
uA7805CKC
uAT805MKA
uA7805CKC
uAT806CKC

MATB06MKA
#A7806CKC
HAT808CKA
HAT808MKA
UAT808CKC
HAT812CKA

MAT104HM
HAT105HM
MA304HC
HA305AHC
MA305HC

HA376TC
HAT23HC
uA723DC
uAT23PC
HAT23HM

HAT723DM

MAT7805KC
MAT895KM
HAT805UC
HAT806KC

HATS06KM
HAT806UC
HAT7808KC
HATB08KM
HAT808UC
HAT812KC

TEXAS INSTRUMENTS (Cont'd)

HAT812MKA
uAT812CKC
HAT7815CKA
HAT815MKA

UAT815CKC
uA7818CKC
HAT7818MKA
#A7818CKC
uAT824CKC

uAT7824MKM
HAT824CKC
uATBGC
HATBLO2ACLP
UATBLOSACLP

MATBLOGACLP
MATBLOBACLP
MATBL12ACLP
HATBL1SACLP
HA78MO5CKC

HAT8MOS5CLA
HAT78MOSMLA
HAT78MO6CKC
HAT8MO6CLA
HA78MO6MLA

HA78MO8CKC.
HA78MO8CLA
HA78MOSMLA
HAT78M12CKC
HA78M12CLA

HAT78M12MLA
MAT78M15CKC
HAT78BM15CLA
MATBM15MLA
HA78M20CKC

MAT78M20CLA
HAT8M20MLA
HA78M24CKC
HMAT8M24CLA
HATBM24MLA

HATBMGC
HATS05CKA
MAT7905CKC
uAT7905MKA
HAT7906CKA

HAT7906CKC
#A7306MKA
#AT7908CKA
HAT7908CKC
MAT7908MKA

uA7812KM
uA7812UC
UA7815KC
UAT815KM

uA7815UC
uA7818KC
UA7818KM
uA7818UC
uA7824KC

HAT824KM
uA7824UC
MAT78GU1IC
HAT8L26AWC
HATBLOSAWC

HAT8L62AWC
HATBLB2AWC
HAT8L12AWC
MAT78L15AWC
MAT78MO5UC

MAT78MOS5KC
HAT8MOS5KM
HAT78MO6UC
HAT8BMO6KC
HAT8MO6KM

MA78MO8UC
HAT78MOBKC
HAT78MOBKM
HA78M12UC
HA78M12KC

HMA78M12KM
MAT78M15UC
HAT8M15KC
HAT78M15KM
MAT8M20UC

HA78M20KC
HATBM20KM
HA78M24UC
HAT8M24KC
UATBM24KM

HAT7BMGU1C
HAT905KC
HAT7905UC
HAT7905KM
HAT906KC

HA7906UC
MAT906KM
MATI08KC
MAT7908UC
HAT7908KM
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|IC VOLTAGE REGULATORS INDUSTRY CROSS REFERENCE

Type
Number

Fairchild
Equivalent

Type
Number

Fairchild
Equivalent

Type
Number

Fairchild
Equivalent

TEXAS INSTRUMENTS (Cont'd)

HAT912CKA
HAT7912CKC
HAT7912MKA
HAT915CKA
uA7915CKC

HATI15MKA
MAT924CKA

uA7924CKC

MAT924MKA
HuA79GC

uA7912KC
uA7912UC
wAT912KM
uA7915KC
UAT915UC

uAT7915KM
uA7924KC
uA7924UC
uAT924KM
uA78GU1C

TEXAS INSTRUMENTS (Cont'd)

HA79MO5CKC
HA79MO6CKC
HATIMOBCKC
HMAT9M12CKC
HATIM15CKC

UATIM20CKC
UATIM24CKC
UATIMGC
SN52104L
SN52105L

HATIMOSAUC
HA79MOBAUC
HATIMOBAUC
HA79M12AUC
HA79M15AUC

HAT9M20AUC
HATIM24AUC
HA7IMGU1C
UA104HM
UA105HM

TEXAS INSTRUMENTS (Cont’'d)

SN52109LA***
SN52723J
SN52723L
SN72304L
SN72305L

SN72305AL
SN72309LA***
SN72376P
SN72723J
SN72723L
SN72723N

UA109KM
uA723DM
UAT23HM
UA304HC
UA305HC

UA305AHC
uA309KC
uA376TC
wA723DC
uAT23HC
uA723PC

Voltage Regulators to be Announced

TEXAS INSTRUMENTS FAIRCHILD EQUIVALENT

TL430 nA430
NATIONAL SEMICONDUCTORS FAIRCHILD EQUIVALENT

LM117 nA117

LM317 uA317

LM320 nA320

LM340 nA340

***Available in TO-5 type can only
- xxiii
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Chapter 1 :
IC VOLTAGE REGULATORS

IC regulators have eliminated the tedious-and repetitive task of designing power supply circuits. Today,
the designer has a wide choice of fixed or adjustable series-type regulators with either positive or
negative output voltages from 2.6 to 30 V and current capabilities from 10 mA to 2 A, as well as an
increasing number of switching regulators. Built-in protection circuits improve reliability and make IC
regulators virtually immune to failure modes normally encountered when dealing with discrete voltage
regulators. This chapter describes the internal circuit features of series-type regulators and the circuit
description of the various series regulators offered by Fairchild followed by switching regulator theory
and a description of the 78540 switching regulator.

INTERNAL CIRCUIT FEATURES ‘
Figure 71-1 shows a block diagram of a typical series-type IC voltage regulator in which an error amplifier
compares a reference voltage VRgg with a fraction of the output voltage derived from the feedback resis-
tors Ry and Rg. The error amplifier provides the necessary base drive to the series-pass element to maintain
a constant oGtput voltage level regardless of changes in input voltage or output current levels.

To assure a stable reference immune to line voltage and temperature variations, the voltage reference is
usually fed from a constant current source. If the current source is not self-starting, some type of start-up
circuit must be used. In addition to these basic blocks, most regulators have protection circuits to guard
against accidental shorts, excessive input-output differentials and thermal overloads.

Voltage Reference Circuit

The voltage reference is the most important part of the regulator since any abnormality observed in the
reference will also be seen at the output. Therefore, it must be stable, free of noise, and must have a low
temperature drift. It should also be reproducible with little variation in absolute value from device to de-
vice. Zener reference and band-gap or differential Vgg are the most widely used references in regulators
with the band-gap type the less noisy of the two.
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Fig. 1-1 Block Diagram of a Series-Type Voltage Regulator
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Fig. 1-3 Zener Voltage Reference Compensation
Fig. 1-2 uA723 Reference Technique Using Several Base-Emitter Diodes

Zener References

The uA723, the uA78C00 series, the negative series uA7900 regulators as well as the uA104/105 have
Zener voltage reference elements. There are various ways of obtaihing the required temperature stability
but the basic principles are the same. The technique is to compensate the positive temperature coeffi-
cient of a Zener diode with the negative coefficient of a base-emitter diode or diodes.

Figure 1-2 shows the voltage reference used in the #uA723 regulator. The current through the Zener diode
D1 is set by resistor R1. The temperature coefficient of the Q1 base-emitter voltage Vgg1 is determined
by Q1 collector current, which is set by the current source |1. The lower the value of | the higher the tem-
perature coefficient of Vgg4. Therefore, |1 is set to cancel the positive temperature coefficient of D1, thus
yielding a nominal reference of about 7.15 V.

Another Zener-derived reference is shown in Figure 7-3. Here, temperature compensation is achieved via
a string of diodes; m represents the number of diodes in the top portion of the circuit and n represents the
number in the bottom portion. The junction of R2 and transistor Qm has a positive temperature coeffi-
cient, while the junction of R1 and Qn has a negative temperature coefficient. The reference point VREF
is selected to give a temperature stable reference.

1-4



VRer = [ Vz = (M Vgg + n Vge) ] VBe 1-1)

- R1+R2
And simplifying
: R1 Vz +(n R2 — m R1) Vg

VREF = R1 + R2 -2

For a temperature stable reference

AVRer
AT

Assuming resistors R1 and R2 have the same temperature coefficient

F3

AVREF  R1+(nR2-mR1)

AT R1 + R2 1-3
To achieve a stable reference, therefore
AV AV
P4 BE
— == 2 — 1) — -4
R1 AT (n R m R1) AT (1-4)
or
R1 n
R2 m+K (1-5)
where
AVZ
K = AT nR2-mR1
Avge R1 (1-6)
AT
Substituting these values of K and 5_1 in Equation 1-2
R2
e Vz + KVgg
1+

n

Both of these Zener-derived voltage references offer some advantages. The circuit in Figure 1-2 provides
a higher reference voltage, approximately 7.15 V, which is buffered. Therefore, the user can draw some
current out of the reference terminal without appreciably affecting the reference. The circuit in Figure 7-3
is more complex but it offers a wide range of low voltage references. This reference has a high outputim-
pedance since it is not buffered, therefore no current can be drawn out without degrading the regulator.

Band-Gap References

Each of the uA7800, uA78M and uA78L positive regulators has a band-gap voltage reference derived from
the predictable temperature, current and voltage relationship in a base-emitter junction. To obtain a tem-
perature-compensated reference voltage, the positive temperature coefficient of the emitter-base voltage
differentjal between two transistors, operated at different current densities, is added to the negative tem-
perature coefficient of the emitter-base voltage (see Figure 1-4a). Transistor Q1 operates at a consider-
ably higher current density than Q2. The base-emitter differential voltage AVgg appears across R3.
Transistor Q2 is a gain stage and thus develops a voltage drop across R2 that is proportional to the drop
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3

across R3. Transistor Q3 provides additional gain and adjusts the reference vblt;ge VReE to a value equal
to the Q3 base-emitter drop plus the voltage across R2. The reference voltage can thus be expressed as

R2
VREF = VBE3 * VR2 = VBE3 * 7 AVBE * I83 R2 (1-8)

Neglecting the drop due to the Q3 base current

R2 kT, U1
V =V, + — —iIn — 1-9
REF=VBes* o3 N 5 (1-9)

where J = Current density; T = © Kelvin; k = Boltzmann constant; q = Electron Charge

To obtain a temperature stable reference, AVRgp/AT must be set to zero, or

3

AVRer  AVggs LRk (1-10)
- R2k 21 )
AT AT R3 q " 42

Assuming VBg1 = VBE3. the following must be satisfied
AVgg3 _R2k J1° R2 k R2

In 1-11)
AT R3 q J2 R3 q R (

where AV3gg4/AT is the negative temperature coefficient of the Q3 base-emitter voltage, k/q In
J1/J2 is the positive temperature coefficient of the base-emitter differential voltage of Q1 and Q2.

Therefore, by selecting the resistor ratios R2/R3 and R2/R1, a temperature compensated reference of
about 1.3 V is obtained. This reference is used in the uA78L00-series regulators.

To obtain a higher voltage reference, additional diodes can be added in series as shown in Figure 1-4b.
The reference then becomes:

\% Vgea + VRea + VRes + V, +R2 le R2 ‘ (1-12)
= = n= -

REF BE3 . BE4 BES BE6 R3 q R1

Resistors R1, R2 and R3 are selected so that the reference voltage is constant over the temperature range

and also has a nominal value of 5 V at room temperature. This reference is used in the uA7800/78MOO-

series positive regulators.

Current Sources

Stable current sources can easily be realized in monolithic circuits by taking advantage of the good match-
ing and tracking capability of monolithic components. Also, the IC designer can add as many active de-
vices as necessary without significantly increasing die area. A variety of current sources can be designed
by scaling emitter areas, thus removing much of the dependence on absolute resistor values.

"Operation of the reference circuit at a constant current level reduces fluctuations due to line-voltage var-

iations in the reference voltage and therefore in the output. The error amplifier is operated at a constant
current to reduce line-voltage induced errors or offsets at the output. The drive for the output stage is also
made constant to insure device operation over the intended line voltage and temperature ranges. In addi-
tion, the use of constant currents throughout the regulator causes the quiescent current to remain relative-
ly constant with line voltage and temperature variations.

Start-up Circuit
Certain current sources in regulator circuits are derived from the regulated output and, as a result, are
not self-starting. They, therefore, require some additional circuits to initiate and maintain the flow of cur-
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rent independent of output conditions. Figure 1-5 shows a typical start-up circuit. Zener diode D1 and
the emitter-follower transistor Q1 provide a fixed voltage at the base of Q2 through the divider network
of R2 and R3. When power is first applied to the circuit, collector and base currents of Q4 flow through
Q2. Once Q4 conducts, Q5, Q6 and Q7 also conduct and a regulated output is obtained. Normally, the
bias at the base of Q2 is set to a level lower than the reference voltage. Thus, when a regulated output is
obtained, Q3 turns on and Q2 turns off, diverting the collector and base currents of Q4 through the Q3
collector. The feedback voltage Vgg, the base-emitter voltage of Q3, and R4 set the pnp current sources
Q4, 05, Q6 and Q7.

Protection Circuits

Protective circuits are added on chip to improve reliability and to make regulators immune to certain
types of overloads. They protect the regulators against short circuit conditions (current limit), against ex-
cessive input-output.voltage differential conditions (safe area limit) and against excessive junction tem-
peratures (thermal lifit).

Current Limit or Short-Circuit Protection \
The most commonly used protection scheme is current limiting for guarding the output series-pass tran-
sistor against excessive output currents or short circuit conditions (see Figure 1-6). With low input-output
conditions when Zener diode D1 is not conducting, there is no current flowing through R1. The current
limiting transistor Q2, then, senses the voltage drop across the current limiting resistor R3. As the output
current increases, the drop across R3 increases; and, as a result, the Q2 base-emitter voltage increases
until Q2 begins to conduct thereby removing the base drive of the series-pass transistor Q1. No addi-
tional output current can be pulled out since any increase in the output current will cause Q2 to conduct
harder. This current-limit circuit has a slight disadvantage, /.e., the voltage developed across R3 adds to
the regulator drop-out voltage and degrades the load regulation and output impedance.

A simple way of getting around this problem is to pre-bias the base of the current-limit transistor Q2 with
a fraction of the base-emitter voltage of the series-pass transistor Q1 via R6 and R7 as shown in Figures
7-7a and b. In these three current-limit schemes, the output current decreases with increasing tempera-
ture since the base-emitter voltage of the current-limit transistor Q2 is the threshold for preventing the
flow of additional regulator output current.

Temperature-independent short-circuit current can be achieved with a slight increase in circuit com-
plexity. Figure 1-7c shows the circuit used in the xA79MOO-series negative regulators to obtain tempera-
ture independent peak output current. At low to medium output current levels, Q4 is on and Q5 and Q6
are off. When the voltage drop across R3 reaches a predetermined level, Q4 begins to turn off and current
is diverted to Q5, which in turn causes Q6 to turn on. Q1 and consequently Q2 base currents are thus
diverted and the output current is prevented from increasing any further. By proper choice of R1:R2 and
emitter area ratio of Q4 and Q5, the peak current is set to be independent of temperature.

Safe Operating Area (SOA)* Protection

Safe area protection is included in IC regulators to protect the series-pass transistor against excessive
power dissipation by reducing the collector current as the collector-emitter voltage is increased (Figure
1-6). When the input-output voltage differential exceeds the breakdown voltage differential of Zener
diode D1, current flows from the input to the output through D1, R1, R2 and R3. The voltage drop across
R3 and, therefore, the Q2 base voltage become a function of not only the output current but also the in-
put-output voltage differential. Hence, maximum output current is available when the input-output volt-
age differential is less than the D1 breakdown voltage. The safe area protection network reduces the
available output current lgyt as the input-output differential A(VlN‘VOUT) increases at a rate deter-
mined by :

.

AloyTt R2
= — 1-1
A(VIN - VouT) R1 R3 (1-13)

*See Chapter 5
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The safe area protection network thus reduces the available output current as the input-output differen-
tial increases and limits the regulator operation to within the safe operating area of the series-pass tran-
sistor. Note that the safe area protection network is lumped in with the short circuit protection network
and consequently both have the same temperature characteristics.

When selecting a regulator to operate with high input voltage or with high input-output voltage differen-
tial, it must be remembered that output current decreases with increased input-output voltage differen-
tial. Under heavy load and high input-voltage conditions, the safe area orotection circuit may cause a high
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output voltage device to latch up after a momentary short, since the input voltage becomes the input-
output differential during the short. The regulator may not be able to supply as much current after the
fault condition as before. Latching will not damage the regulator; interrupting the power, reducing the
load current or the input voltage momentarily will restore normal operation.

Thermal Overload Protection

A discrete regulator usually relies on current limiting for overload protection since there is no practical
way to sense junction temperature in a separate series-pass transistor. The dominant failure mechanism
of this type of regulator, then, is excessive heating of the series-pass transistor. In a monolithic regulator,
the series-pass transistor is contained within the thermal overload-protection circuit where its maximum
junction temperature is limited, independent of input voltage, type of overload or degree of package heat
sinking. It is, therefore, considerably more effective than current limiting by itself. An added bonus to
combined thermal and current overload protection is that a higher output current level under normal
conditions can be considered, since there is no excessive regulator heating when a load fault occurs.

The base-emitter junction of a transistor placed as close as practical to the series-pass transistor is used to
sense the chip temperature. The thermal shutdown transistor Q3 in Figure 1-6 is normally biased below
its activation threshold so that it does not affect normal operation of the circuit. However, if the chip tem-
perature rises above its maximum limit due to an overload, inadequate heat sinking or other condition,
the thermal shutdown transistor turns on, removing the base drive to the output transistor Q1 and shut-
ting down the regulator to prevent any further chip heating.

" Error Amplifier _
The error amplifier in a regulator can be a simple gain stage or can consist of several amplifier stages de-
pending on the regulator performance. It is an operational amplifier used in a negative feedback mode
where the reference is connected to the non-inverting input while the feedback signal from the regulated
output is divided down through a pair of feedback resistors (R4 and R5 in Figure 7-6). The output voltage
in this type of feedback configuration is

A
V, =V _—
out = VREF 517 A)
where A is the amplifier gain and B is the fraction of the output feedback or 8= _R5
R4+R5

Improved line and load regulation in regulators results from higher gain. As the amplifier gain is in-
creased, the output impedance drops and the regulator performance improves. Since the error amplifier
has a high gain, the output voltage equation can be written as follows.
Vo= YREF _ R4 TRS
outT~ T3 REF ~ oo
It is obvious that the lowest output voltage possible with this configuration is when R4 = O which results
when Vo1 = VREF (unity gain). To obtain a wide range of regulated output voltage, then, a low value of
VREF is an advantage. However, to obtain a high output voltage from a low reference, the feedback ratio

B must be low (in other words, high value of R4). As the loop gain decreases the regulator performance
" degrades, affecting such parameters as line and load regulation and output impedance.

The error amplifier, like an op amp, requires some compensation for stability. Most regulators have on-
chip compensation and, depending on the type or the application, may require additional external com-
pensation. Excessive compensation, however, causes the error amplifier gain to fall off at high frequen-
cies, thus deteriorating regulator performance. '

Series-Pass Element

The maximum input voltage and the maximum output current of the regulator determine the size of the
series-pass transistor. In the higher output current devices, such as the uA7800 and the uA7900 series,
the output transistor and its metallization pattern occupy nearly half of the die area.
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One of the benefits of including the series-pass transistor on the chip is that the integrated circuit needs
only three terminals, hence, an ordinary transistor power package can be used. Another important ad-
vantage is that thermal as well as current overload protection can be mcorporated on the chip in close
proximity to the series-pass device.

CIRCUIT DESCRIPTIONS OF SERIES REGULATORS

Certain portions of the various regulator circuits are common to one group within the regulator family.
For instance, the uA7800 and the uA78MOQO series are identical except for their series-pass transistors.
The 4-terminal adjustable regulators are identical to their 3-terminal counterparts (the uA78G and
MA7800, uA79G and uA7900, etc.) except for the feedback resistors. The following descriptions of the |
various regulator circuits, fixed-voltage devices followed by the adjustable types, are arbitrarily arranged
in order of increasing device terminals. The positive versions are followed by the negative counterparts.
A selection guide and short form data are provided in Chapter 2.

Positive 3-Terminal Regulators

The positive 3-terminal regulators cover the largest range of output current, from 100 mA to 5 A, output
voltages from 2.6 to 24 V, and are available in a variety of packages.

HA78L00 Series v ‘

The uA78LO0 series is the simplest of the 3-terminal regulators (Figure 1-8). It is capable of delivering
100 mA output current and is available in nine output voltages ranging from 2.6 to 24 V and two popular
packages, metal TO-39 and plastic TO-92. The start-up circuit, comprised of Zener diode D1, transistor
Q10 and resistors R14, R15, R16, provides a bias level that is less than the reference at the Q11 base.
Collector and base currents of Q6 flow through Q11 at the instant the power is turned on. When the
device reaches regulation, the reference causes Q8 to turn on thereby diverting the current from Q11.

-
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The output voltage also provides a constant current of about 2 mA to the reference through resistor
R5. The voltage reference is a band-gap type with a nominal value of 1.3 V consisting of Q1 through Q4
and R1 through R4. The error amplifier is a differential pair ¢onsisting of Q7 and Q8 with active pnp
loads, Q5 and Q6, for high gain. The current through the error amplifier is set by the reference voltage,
the base-emitter drop of Q8, and R8. The feedback resistors, R6 and R7, determine the output voltage.

Capacitor C1 is included on the chip for stability. The output stage uses a Darlington consisting of Q12
and Q14. Thermal-shutdown transistor Q9, which is physically placed near Q14, is pre-biased from the
start-up circuit at approximately 400 mV at 25°C and limits“the chip temperature to a safe value under
overload conditions. Short-circuit protection is achieved by Q13 which is pre-biased by a fraction of the
base-emitter voltage of the series-pass transistor. It should be noted that the uA78L0O series does not
need safe-area protection because the series-pass transistor is designed to handle the short circuit current
at the maximum input voltage. This may appear as an overdesign but, when dealing with current levels
this low, the die area needed to include safe area protection would be greater than the area used to over-
design the series-pass transistor.

HA78C00 Series

The wA78C00 series is a low cost regulator intended mainly for consumer applications. It is capable of
delivering 0.5 A current and is available in popular output voltages to 24 V in the Power Watt package,
(similar to TO-202). Figure 1-9 shows the equivalent circuit of the uA78C00 regulator. The reference is
derived from Zener diode D1 and compensated by the base-emitter voltage of the error amplifier Q4.
Additional gain is provided by Q7 and Q8 to the Darlington-connected emitter-follower output stage of
Q10 and Q11. The output stage is compensated by capacitor C1. A positive start-up condition is ensured
by FET transistor Q1 to provide base current to transistors Q2 and Q5. Q2 Q5 and Q6 then form a positive
feedback loop which raises the base voltage of Q2 until the reference Zener D1 conducts. Thermal
overload protection is achieved by transistor Q3. The bias to the base-emitter voltage of Q3 is derived
from D1 via Q2 and the divider network of R1 and R2. At high junction temperatures, Q3 turns on and
removes the drive to the output stage. Current limit transistor Q9 protects the device against accidental
shorts by sensing the voltage drop across R7 while Zener diode D2 along with Q9 and resistors R5, R6,
and R7 limit the power dissipation to a safe value.
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nA78MO00/uA7800 Series

The uA78MO00 and the uA7800 regulators are schematically identical (Figure 7-10); they differ only in
maximum current capability, 0.5 A and 1 A respectively. Component value differences (R9, R11, R16)
are shown with the uA7800 value in parenthesis. Transistors Q1 through Q7 and their associated resis-
tors constitute a temperature compensated reference of 5 V. The Darlington configuration, Q3 and Q4,
is the error amplifier lumped into the voltage reference. The error amplifier gain is increased by the pnp
transistor Q11 which acts as a buffer to drive the active collector load formed by the pnp current-source
transistor pair, Q8 and Q9.

The current through Q8 and Q9 is set up by the current through resistor R1. During regulator turn on, the
current in R1 flows first through transistor Q13, part of the start-up circuit containing Zener diode D1,
transistors Q12 and Q13, and resistors R5, R6 and R7. After the device is in regulation, Q13 is biased off
and the regulator takes dver setting the current in R1, which then flows through Q5 and Q10.

Thermal protection is provided by transistor Q14 with the base clamped by the resistive divider string,
R5, R6 and R7, in the start-up circuit. At a junction temperature of about 175°C, Q14 turns on and re-
moves the base current to the output stage, thus turning the series-pass transistor Q17 off and preventing
further increase in chip temperature.

The short-circuit protection transistor Q15 is pre-biased from the base-emitter voltage drop of the series-
pass transistor Q17 via resistors R12 and R21. As the output current increases, the drop across R11 in-
creases, causing the base voltage of Q15 to increase also. When the output current reaches the preset
level, Q15 begins to turn on, shunting the base current of the output stage and preventing any further
increase in output current.
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Safe-area protection, accomplished via resistors R11, R12, R13, Zener diode D2 and Q15, limits the in-
stantaneous power through the series-pass transistor to a safe value by decreasing the maximum regula-
tor current as the input-output voltage differential is.increased.

The uA7800 and uA78MO0Q are available in popular fixed output voltage options ranging from 5 to 24 V.
The output voltages are internally fixed during manufacture by selection of the feedback resistor ratio of
R19 and R20. The uA78MOO series is available in the metal TO-39 and plastic TO-220 while the uA7800
series is packaged in the metal TO-3 and plastic TO-220.

HA109 Series .

The uA109 series includes the uA109, uA209 and #A309 3-terminal regulators with fixed output volt-
ages of 5 V and 1 A output current capabilities. Schematically, the circuit is identical to that of the
UAT805 (Figure 1-10) except for R12 which is a 180 Q resistor; device operation is the same. The lower
value of R12 increases the peak output current and changes the characteristics of the safe-area circuit so
that the device can deliver higher output current for the same input-output voltage. The uA109 operates
over the full military temperature range while the uA209 is for industrial-temperature operation. The
1A309 is the relaxed version. All are packaged in the TO-3. .

HA78CB, 13.8 V, 2 A Positive Regulator

The uA78CB is a positive 13.8 V 2 A regulator available in metal TO-3 and plastic TO-220 packages.
It has the same features as the yA7800 series with 20 W dissipation capability. Schematically, it is
identical to the nA7800 of Figure 1-10 except for the short-circuit sense resistor R11 which is 0.2
Q) to set the peak current over 3 A at 25°C, and the feedback resistor R20 which is 8 k to set the
output voltage to a nominal value of 13.8 V. The device is intended as a fixed 13.8 V regulator for
home-base CB stations, and as an automotive power supply for driving accessories directly from the
AC line through a transformer, a full wave rectifier and a filter capacitor.

pA78H00 Series

The nA78H00 series are hybrid regulators with 5 A output current capability with all the inherent
characteristics of the monolithic 3-terminal regulators, /i.e., full thermal overload, short-circuit and
safe-area protection. The 78H00s are constructed using state-of-the-art hybrid circuit technology and are
packaged in hermetically sealed TO-3s providing 50 W power dissipation. They are available with 5, 12
and 15 V options. Each regulator consists of a xA78M00 monolithic chip driving a discrete series-pass
element Q1 and two short-circuit detection transistors Q2 and Q3 (Figure 71-11). A beryllium-oxide
substrate is used in conjuction with an isothermal layout to optimize the thermal characteristics of the
device and still maintain electrical isolation between the various chips. This ensures nearly ideal thermal
transfer between the series-pass device Q1 and the temperature sensing circuit within the uA78M00,
thus providing the thermal-limiting feature to the regulator. Output voltage Vo is derived from the
nA78MO00 chip which also provides the basic blocks for the regulator as well as serving as buffer and
driver for the series-pass element. When a load is placed across the output terminals, the load current
supplied by the uA78M00 is sensed by resistor R2 which then develops a voltage drop that forward
biases the emitter-base junction of Q1. At this time, the xA78MO00 begins to supply base current to Q1
which supplies the bulk of the load current (=95%) during operation.

The output circuit is designed so that the worst-case current requirement of the Q1 base added to the
current through R2 always remains below the current-limit threshold of the uA78M00. Resistor R1 in
conjuction with Q2 and Q3 make up a current sense and limit circuit to protect the series-pass device
from excessive current drain. As the output current begins to increase, the voltage drop across R1 starts
to forward bias the Q3 emitter-base junction. As Q3 conducts, its collector current flows through the Q2
base; thus Q2 begins to conduct and therefore shunts away some of the current available to the Q1 base.
This process continues until a natural state of electrical equilibrium is reached, at which time 78H00isin a
current-limit mode of operation. Capacitor C1 provides frequency stability by adding a pole in the
output-circuit transfer function that lowers the overall loop gain below the critical levels at high fre-
quencies.
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Safe area protection is achieved by brute force. The series-pass transistor is capable of handling the
short-circuit current at the maximum input voltage rating of the 78H00. Output voltage sensing is per-
formed at the device output pin so that the error amplifier can correct for any output voltage errors
caused by finite impedances in the output circuit such as lead bonds and metal traces.

Negative 3-Terminal Regulators

The negative 3-terminal regulators are the complements of the positive regulators discussed above. They
are available in the same output voltage options, have the same protective features, and can be used in
combination with positive regulators or by themselves. They are available with 0.5 A output current
(4A79MO00) in TO-39 and TO-220 packages, and 1 A output (#A7900) in TO-3 and TO-220 packages.

HA79MOO Series

The equivalent circuit for the uA79MOO series is shown in Figure 1-12. The start-up circuit consists of
Zener diode D1 and transistors Q1 and Q2. Once the regulator starts, transistor Q2 is turned off and the
reference Zener diode D2 is biased from a current source transistor Q7 whose current is set by the Zener
reference D2, Q3, Q4 and the reference resistors R1, R2 and R20. The reference circuit has two temper-
ature compensated levels. The lower reference is'a —2.23 V derived from Zener diode D2 and transistors
Q3 and Q4. This reference is used in the 5 to 8 V output options. Higher output voltage options usea—6.2 V
reference derived from D2, Q6, Q7 and their associated resistors. Note that a fraction of the Q6 base-
emitter voltage obtained from R3 and R4 compensates for the positive temperature coefficient of Zener
diode D2. The purpose of the two voltage references is to allow a wide output voltage range without a
sacrifice in device performance as explained in the Error Amplifier section.

The voltage reference circuit also provides the bias for the error amplifier consisting of Q10 through Q13
via Q9 and R8. The error amplifier is a differential pair with an active load, Q14 and Q15. The reference
input (—2.23 V or —6.20 V) to the error amplifier is applied to the base of Q10 (non-inverting input) white
the error voltage is applied from the feedback network of R24 and R25 to the base of Q11 (inverting in-
put). The output of the error amplifier is fed to the series-pass transistor Q20 via Q17, R12 and Q18.
Frequency compensation of the error amplifier is accomplished with resistors R9, R10 and capacitors C1
and C2. In addition, an external capacitor (from output to ground) is necessary since the series-pass tran-
sistor is operating in the common-emitter mode.
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The uA79MO00 series has three protective circuits. Short-circuit protection is provided by sensing the
voltage drop across R13. When this drop exceeds 130 mV, transistor Q22 is biased off and Q19 and Q21
are turned on, shunting base drive from Q17 via Q19. As explained earlier in this chapter, the shortcircuit
current is made nearly temperature independent by selecting the area ratio of Q21 and Q22 and the
resistance ratio of R17 and R19. R16, R18 and C3 provide compensation for the short-circuit protection
circuit, preventing oscillations during short circuit conditions. Thermal overload protection is provided
by @5, Q16, R2 and R11. When the Vgg of Q5 decreases sufficiently with rising temperature, Q16 is
turned on and current is shunted from Q17. Finally, the safe-area protection circuit, formed by Q23, D3
and resistors R21 and R30, detects the collector-to-emitter voltage of the series-pass transistor Q20 and
decreases the maximum available regulator current as the input-output differential voltage is increased.

HA7900 Series

The uA7900 series is very similar to the uA79MO00 series except for the short circuit protection scheme
(Figure 1-13). By removing Q22 and its associated resistors from the £A79M00, the peak output current of
the uA7900 is made temperature dependent with a negative temperature coefficient just like the positive
3-terminal regulators.

Positive Adjustable Regulators

Although versatile and easy to use, the 3-terminal regulator has one drawback — the output voltage is
internally fixed, thereby limiting the user to around a half-dozen popular output voltages. Applications
requiring variable or non-standard output voltages dictate the use of either external components with
the 3-terminal devices at a sacrifice in performance or multi-terminal devices at an increase in com-
plexity.

HA78MGInA78GIuA78HG Positive Adjustable 4-Terminal Regulators

The 4-terminal regulator has solved the dilemma by offering all of the unique features of it 3-terminal
counterpart along with an adjustable output determined by an external resistor ratio. The equivalent
circuit diagram of the uA78MG/nA78G regulators in Figure 1-14 is identical to that of the nA78MO00/
nA7800 series in Figure 1-10 except that the feedback resistors are omitted and the base of Q6 is brought
out as the Control terminal. Component value differences (R9, R11, R16) are shown with the 78G values
in parentheses. The uA78MG is a 0.5 A device while the uA78G is a 1 A device. The output current
capability can be increased substantially by the use of one or more external transistors. With an available
control or feedback terminal and two external resistors, the designer can set the output voltage any-
where from 5 to 30V. The uA78MG is availablein the Power Watt, (similar to TO-202) the power mini DIP
or the 4-lead TO-39 package. The uA78G is offered in the Power Watt (similar to TO-202) and the 4-lead
TO-3 packages.
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The 78HG hybrid 4-terminal adjustable regulator with 5 A output current capability is schematically
identical to the 78H00 series (Figure 1-11) except that the feedback resistors RA and RB are omitted and
the inverting input of the error amplifier is brought out as the control terminal. The regulator consists of a
nA78MG monolithic chip driving a discrete series-pass transistor Q1 and two short-circuit detection
transistors Q2 and Q3. Just as the 78H00 series, the 78HG has all the inherent characteristics of the
monolithic regulators and is constructed using state-of-the-art hybrid circuit technology. It is packaged
in the 4-lead TO-3 package and is capable of 50 W power dissipation.

nA723 Precision Regulator _
The nA723, commonly regarded as a universal building block (Figure 1-15) in power supply design, is
available in the 14-lead ceramic or plastic DIP and the 10-lead TO-100 and has the following features.

Internally generated reference voltage directly available in buffered form.

Both inputs of the error amplifier available for use with other than positive grounded configurations.

Voltage level shifting available (Vz output) through an internal Zener diode (14-lead DIP version only).

[
[ J
@ Collector of the internal series-pass device available at a separate lead (Vo).
[
® Adjustable output voltage from 2 to 37 V.

[ J

Output current to 150 mA with no external pass transistor.

Bias supplies for the entire circuit are obtained by first generating a stabilized voltage with respect to the
V+ line across Zener diode D1, which is supplied with a constant currentfrom FET Q1. The Zener voltage
is then used to drive the bias voltage that controls the current sources to the rest of the regulator. The
basic voltage reference elements are Zener diode D2 and the Q6 base-emitter voltage. Q4 and Q5 provide
current as well as buffering to D2 so that current may be taken from the reference terminal for certain
applications. Resistor R7 and MOS capacitor C1 are included on the chip to eliminate the need for
external compensation of the reference loop. Note that the full 7.1 V of the reference need not be tied to
the error amplifier. For applications requiring output voltages less than 7.1V, a fraction of the reference
can be taken to the non-inverting input of the error amplifier by merely adding a pair of resistors to divide
down the reference.
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The error amplifier consists of the differential pair Q11 and Q12 driven by current source Q13 which is
mirrored from Q7 by Q10. The active load for Q12 is a pnp current source Q8; therefore, in a balanced
condition, /.e., when Q11 and Q12 base voltages are equal, Q11 and Q12 collector currents are both
equal. Q11 collector is returned to a stabilized voltage source in the reference supply to maintain high
line rejection in the amplifier. In operation, VREgF. or a voltage derived from VREF, is applied to the
noninverting input (Q11 base) and a voltage proportional to the required output voltage is applied to the
inverting input, Q12 base. When the feedback loop is closed via the nA723 output stage and an external
series-pass transistor, if used, the two error amplifier inputs are forced into a balanced condition, thus
defining the output voltage in terms of VR and the appropftiate resistor ratios.

The output stage consists of a double emitter follower, Q14 and Q15, to prevent excessive loading on
the Q12 collector. This, in conjunction with the high impedance of the active load, Q8, allows ade-
quate gain to be obtained from the single stage amplifier. This also simplifies frequency compensation;
a single capacitor conrected from Q12 collector, Comp terminal, to either Q12 base or ground is
sufficient to provide stable operation in all applications. Zener diode D3, available in the dual in-line
package version only, is included for level shifting purposes.

Transistor Q16 is the current limiting transistor. When an external current-sensing resistor forward biases
the Q16 base-emitter junction at.a particular load-current level, the Q16 collector sinks most of the avail-
able current from the current source Q8. This cuts off the output stage and limits the output current.
Note, by applying a command signal to the base, the current limiting transistor can be used to turn the
regulator output voltage completely off.

nA105 Series Regulators

The pA105 series includes the pA105 and uA305, each rated with a maximum output current of 12 mA,
the ©A305A rated at 45 mA and the wA376 rated at 25 mA (Figure 1-16). These regulators have an
adjustable output voltage range as low as 4.5 V. They are packaged in the 8-lead TO-99 or 8-lead Mini Dip.
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The nA105 voltage reference is derived from Zener diode D1 and transistors Q10, Q8 and Q1. By proper
selection of R2, R3 and R4, atemperature stable reference of 1.7 V is obtained at the base of Q2. This point
is accessible to the user at Reference Bypass, pin 5, so that an external capacitor can be added to bypass
any noise coming from the reference Zener diode D1. Start-up of the regulator is achieved through FET
Q18 and the multi-collector pnp current-source transistor Q12, which provides the bias current for the
reference as well as the error amplifier and the output stage.

The differential pair, Q2 and Q3, forms the first stage of the error amplifier which has a gain of 20. The 1.7
V reference is internally tied to the non-inverting input of the error amplifier and is brought out for
external bypassing of the reference. This configuration differs from that of the £A723 since it commits
the reference to the non-inverting input and restricts the user to a fixed reference (1.7 V). The inverting
input of the error amplifier is the base of Q3 and is brought out to the Feedback terminal. The second
stage of the error amplifier consists of Q4 and Q5 with one of the collectors of Q12 as the load. In normal
operation, both stages of the error amplifier are balanced over the device operating temperature range,
regardless of the absolute value of components, thus giving the error amplifier a good drift characteris-
tic. Frequency compensation is accomplished with internal capacitor C1, which prevents loop oscilla-
tions due to the high gain of the error amplifier, and an external integrating capacitor around the error
amplifier, which makes the error amplifier insensitive to loading conditions.

The-@utput stage is a double emitter follower consisting of Q14 and Q15. Transistors Q6 and Q16 per-
form the current-limiting function by removing the drive to the output stage when an overload condition
is sensed externally between Current Limit and Regulated Output terminals. Q17 prevents latch-up that
may occur with Inw output voltage settings. Without Q17, should Q3 saturate, it would cut off the second
stage of the error amplifier, Q4 and Q5, and cause the output voltage to latch at a voltage nearly equal to
the unregulated input.

Negative Adjustable Regulators
Negative regulators are not widely used as positive regulators, therefore, as one might expect, the
selection is not as large. Nevertheless, sufficient options are available to cover most applications.

79MGI79G Negative Adjustable 4-Terminal Regulators

The 78MG/79G negative adjustable regulators are similar to their positive counterparts, the 78MG/78G
4-terminal adjustable regulators, and are offered in the same package options. They are derived from the
nA79MO00 and 1A7900 respectively, using the lower of the two available references. Except for the
feedback resistors, the uA79MG is schematically identical to the uA79MO00 (compare Figures 1-12 and
1-17), and the nA79G to the uA7900 (Figures 1-13 and 1-18). In the nA79MG/79G, the base of Q11 is
brought out as the Control terminal. Device operation is the same except that output adjustment of the
RATIMG/79G is left to the user’s choice of a pair of external resistors. Both the 79MG and the 79G have an
adjustable output range from —30 to —2.23 V with input voltage range from —40 to —7 V. They are
designed to deliver continuous load currents of up to 0.5 A for the 79MG and 1 A for the 79G.

#4104 Series Regulators

The #A104 family includes the #A104 and the uA304 regulators that can supply up to 25 mA output
current without external pass transistors. The voltage reference and error amplifier circuits are designed
80 that the output voltage range is adjustable from O to —30 V for the £A304 and O to —40 V for the uA104.
They are packaged in the 10-lead TO-100.
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Figure 1-19 shows the equivalent circuit of the xA104 famijly. The reference voltage between the
Reference and Reference-Supply terminals is derived from Zener diode D1 and compensated by the
series network, Q7, R4, Q2, Q1, Q4, Q5, and R3. This configuration yields a compensated reference of
—2.4V. When a known value resistor is placed between these two terminals, the collector currents of Q1
and Q2 can be fixed. A second resistor connected between the Common and Adjustment terminals
provides the reference to the error amplifier, Q18 and Q19, through R17. Emitter-follower transistors Q18
and Q19 drive the common-base dual pnp transistor Q17. Epitaxial FET Q9 biases the current-source
transistors Q12 and Q13. By using active collector loads and a triple Darlington output stage, sufficient
gainis achieved to prevent the output stage from loading the input stage. R14 limits the base drive to Q23
during saturation, a condition that may occur with low input voltages. The error amplifier operates with
common-mode voltages up to ground and consequently the regulator functions with output voltages to
0 V. To prevent the reference circuit from saturating with low input-output differentials, the inverting
input of the error amplifier is connected through the divider network of R15 and R16 to the output. R17
matches the impedaice seen by the Q19 base and also minimizes offset errors in the amplifier.
Transistor ms, is the current limiter and the current limit loop is compensated by R11 and C1.

For stable device operation, an external capacitor is required between output and common. On-chip
capacitor C2 compensates for the series resistance of the external capacitor and is brought to the outside
for use if additional compensation is required.
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SWITCHING REGULATORS

Series-pass regulators have dominated the power supply regulator market because they are simple,
easy to use, offer high performance, and a wide range of high quality circuits is available from a number
of manufacturers. Increasing concern about wasted power has caused designers to seriously consider
switching regulators, which are not only much more efficient but also provide output voltages higher or
lower than the input voltage supplied. In addition, they can provide an output voltage of the opposite
polarity. &

The switching mode voltage regulator offers the advantage of high efficiency over the more common
series or shunt regulation schemes. This is particularly apparent when there is a large difference
between the input voltage and the regulated output voltage. Consider, for example, a voltage regulator
with 28 V input and an output of 5V at 1 A. A conventional series regulator would require a drop of 23V
across the pass transistor. Thus, 23 W are wasted, and the efficiency is only 18%. Switching regulators,
however, can be simply designed to give efficiencies greater than 75% under the same input and output
restrictions.

Switching regulators are also useful in applications where cost, rather than efficiency, is the prime
design criterion. The designer may trade the cost of a high power series pass transistor for a slight
increase in circuit complexity that allows the use of lower power switching transistors.

One area of caution when using switching regulators is the generation of electromagnetic and radio
frequency interference (EMI and RFI). Solutions to these problems generally revolve around the use of
feed-through low pass filters isolating the lines to the regulator, and careful mechanical design to
suppress radiated interference.

Switching regulators do have some drawbacks. They are complex, require some external components,
and should be used with some degree of care. They generate noise and an output ripple, and are slower
to respond to transient load conditions. However, these disadvantages can be minimized and are
overshadowed by the very high efficiency (up to 90%) of switching regulators. With good control
electronics, attention to timing, and some filtering, switching regulators can be used in power supply
designs that provide lower operating costs and reduce power dissipation. A new integrated circuit
switching regulator subsystem, the uA78S40, makes possible a variety of switching or series-pass
regulator systems with minimum external parts.

Switching regulators are capable of storing energy and cycling on and off as necessary to supply
adequate power to the load. They store energy in inductors and capacitors, which do not dissipate
power. (Series-pass regulators apply the input/output differential voltage across a pass transistor, which
dees dissipate power.) Output transistors act as switches with the on/off cycle rate determined by the
input/output voltages and the load current. Control circuitry monitors the output voltage and modifies
timing to maintain a constant output voltage. While the regulator is off, energy is stored in an output
capacitor which averages the current flow to the load. The basic modes of operation provide increased,
decreased, or inverted voltage at the output from a fixed input voltage.

Figure 1-20 illustrates the three basic operating modes of a switching regulator. The same basic
components — a switch, a diode to direct current, an inductor and a capacitor to store energy — are used
for the step-down, step-up, and inverting modes.

Step-Down Regulator

A simple step-down voltage regulator is shown in Figure 1-20a. When Switch Sq closes, the voltage
V rises close to VN (VIN-Vs), and the voltage VA-Vou T is applied across the inductor causing the
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current to increase from zero at a rate of (VA-VoyT)/L. This current flows from the switch through
the inductor and into the load and output capacitor. If the instantaneous inductor current, iL, is less
than the load current, the capacitor provides the additional current and Vo1 decreases slightly.
When i exceeds the output current the remaining current flows into the capacitor, increasing
VourT: iL will increase until the switch turns off. At this instant, since the inductor current cannot
change instantly, Vp falls to —Vp so diode D4 can turn on and provide the inductor current. The
voltage across the inductor is now —(VoyTt + Vp): so the inductor current will change at a rate of
—(VouT + Vp)L. The inductor current continues to fall toward zero until S1 turns on again, and
the cycle is repeated. The electronics in the system controls the on- and off-time of Sq so that the
average inductor current equals the output current; the average capacitor current will be zero and
VouT will remain constant. The control circuit generally consists of an oscillator whose on-and off-
times are set so that i|_will increase to a maximum current of Ip and then decrease to zero, and a
sense circuit that senses the output voltage and increases the off-time (by blocking the oscillator
output) if Vo increases too high. In this type of system a maximum igyT of Ipk/2 is possible,
and for igyT less then Ip /2 the control circuit increases the off-time by an amount such that the
average i equals iQyT-

The peak current for a step-down regulator is determined by the input voltage, switch voltage, out-
put voltage, inductor size, and the switch on-time, or conversely the on-time is set to give the de-
sired peak current.

VIN - Vs - Vour
lpk = L *ton
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In a similar manner, the off-time for i_to drop to zero is related to Ipk, VOyT, Vp. and L.

Vout + Vp
ka = ——L—_ * toff
Y

-

The ideal ratio of typ, to togf is a function of VN, VoyT. VD, and Vs,

ton _  Vout +Vp ~
toff VIN ~ Vs - Vout

The maximum output current for this timing is

louT(MAX) = lpk/2

the average input current is Ip/2 times the percentage of time the switch is on.

| ok, __ton __'pk, _Vout +VD
IN@VO) ™2 “ton +toff 2 VIN - Vs + VD

The efficiency of this regulator is

‘ V VIN - Vg + V
EFFICIENCY = —0QUT __  TIN~ *S* D
Vout +Vp VIN

If Vg and Vp go to zero the efficiency goes to 100%; therefore if Vg and Vp are small compared to VN
and Vg very high efficiencies can be achieved. The ripple on the output is a function of Ip, tgp, toff
and Cq and can always be reduced by increasing Cq without affecting any other portion of the circuit.

(ton + toff)

VPEAK RIPPLE = Ipk *—g ¢

Step-Up Regulator

Switching regulators operating in a step-up mode, Figure 7-20b, provide an output voltage greater
than the input voltage. In the case of a step-up regulator, when the switch closes, the applied volt-
age drops to almost zero (Vp = Vg), and voltage V|N-Vg is applied across the inductor, causing the
inductor current to increase linearly. Because the applied voltage is less than the output voltage,
the diode is reverse-biased and current cannot flow to the output. Again, when the switch opens,
the inductor current cannot change instantly, and the applied voltage changes to the total of the
output voltage plus the diode voltage. At this time current can flow through the diode to the load
capacitor, and the inductor current decreases at a linear rate, determined by VoyT1-Vp-V|N. Timing
adjustments control the average diode current (ID1) so it is equal to the load current. The diode
current can only flow during off-time, so the maximum output current is (Ip/2) (toff/ton +toff). If
the load current is less than the maximum output current, off-time is increased by a dead time with
no current to the output. Input current can flow during both on and off-times, so the ‘average input
current is always greater than the maximum output current.

i
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The on-time in a step-up regulator is a function of V|, Vs, and L while to¢¢ is a function of VN, VOUT.
Vp. and L.

e o okt
N viN-Vs
off = Vout + Vb - ViN

-

The tgn, to toff ratio is a function of circuit voltages as is the maximum output current.

ton VouT +VD - VIN
toff VIN - Vs

lpk,  VIN-Vs

| =
OUTIMAX)I 72 Vout + Vb - Vs
lpk
lIN(AVG) = ——

The efficiency is also a function of VN, VoyT. Vs, and Vp and approaches 100% as Vg and Vp .
become small compared with V|N and VoyT-

VIN- Vs, Vout
VIN Vout +VD - Vs

EFFICIENCY =

Output ripple is a function of Ipk, loyT. toff. and Cg and can again be reduced by increasing Co
without affecting circuit performance.

ok — lour? _ toff

Vv =
PEAK RIPPLE 2 ok Co

Voltage Inverter Regulator

The basic voltage inverter is shown in Figure 1-20c. This circuit generates a negative output for a positive
input. When Sq turns on, Vp rises to V|N-Vs, and this voltage is impressed on the inductor, causing
current to increase at a linear rate. When S turns off, the inductor current cannot change instantane-
ously, so Vp drops to (—-VoyTt — Vo). forward biasing D4. Current. now decays at a linear rate. ip1
supplies current to the output capacitor and load and its average value mustbe equal to the load current.
Input current flows only when S is on and is therefore equal to Ipk/2 ¢ (topiton + toff)-
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The basic formulas for the voltage inverter are shown below. As in the other circuits, optimum tgp
and tqff values are functions of V|N, VoyuT. Vs, Vp. and L while the ratio of ton/tofs is dependent
only on the voltages. loyT(max) is always less than lp/2, but then so is the average input current.
Efficiency depends on input and output voltages and is basically independent of current level. Rip-
ple can be minimized as usual by increasing the value of Cp.

VIN - Vs
Ipk =— [ ‘ton

IVout!+ VD
lpk = LL"—'toff

A

ton IVoutl+ VD
toff VIN-Vs

| _ ek, VIN - Vs
OUT(MAX) 2 ViNy +!VouTt!+ VD - Vs
| _ 'pk |VQUT|+ Vp
INGave) = =y TVouTl+ Vo — V
IN +1VouTl+ Vp - Vg
ViN -V Vout!
EFFiciENCY = YIN—Vs | NVourt

VIN |V0UT|+ Vb

(pk — lour?  tof

\ = .
PEAK RIPPLE 2 ok Co

The 1A78S40 Universal Regulator

In order to operate effectively in step-down, step-up, and inverting modes, a switching regulator should
have several functional building blocks common to all of its operational modes, minimizing the need for
external parts and maximizing its versatility. The ©A78S40 universal regulator meets this goal and
allows a wide variety of regulators to be built with minimum external parts. This regulator’s functional
blocks are illustrated in Figure 1-27 and outlined below; design formulas are shown in Table 1-1.

o A Current-Controlled Oscillator

o A Temperature-Compensated Current-Limiting Circuit
o A Temperature-Compensated Voltage Reference

® An Error Amplifier

® A Power-Switching Circuit

o A High-Gain Amplifier

The current-controlled oscillator has drive circuitry for the transistor power switch. Oscillator frequency
is set by an external capacitor so it can be varied according to application. The oscillator duty cycle is
internally fixed at 8:1. A current-limiting circuit controls oscillator on-time, adjusting the duty cycle for
optimum timing. This temperature-compensated current-limiting circuit senses the switching transistor
current across an external resistor and modifies the oscillator on-time, limiting the peak current and
protecting the switching transistors.
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CHARACTERISTIC STEP DOWN STEP UP INVERTING
h Vout.+ Vp - V. Vin+|VouTl+Vp-V.
ok 2 louT(max) 2loutimax) o —2TT P TS 2 1oy riman @ YutlVourlVo-Vs
Vin - Vs ViN - Vs
Rsc 0.33 Vllpk 0.33 V/ip - 0.33 Vilgy
ton lox = L low s L fo - L
ViN - Vs — Vour ViN - Vs VIN- Vs
toft okt ekt ekt
. Vout + Vb Vout + Vp - VIn [Vout! + Vp
E3
ton Vout + Vp Vout + Vp — ViN IVout!| + Vp
tott ViN - Vs - Vout ViN - Vs ViN - Vs
L Vout + Vo toft Voutr * Vo ~VIN | gy IVoutl+ Vp o
lok Ipk lok
Cr (uF) 45x 1073 tots(us) 45X 1073 Lotf(us) 45X 1073 totf(us)
. 2
Co Jok* (lon + tor) (lox = louT)” * tors (lok — lout)” * tots
8 Vripple 2 lpk * Vripple 2ok * Viipple
Efficiency ViN - Vs + Vp Vout ViN - Vs Vourt ViN - Vs [Vour|
Vin Vout + Vp Vin Vout + Vp - Vs Vin |Vout! + Vp
I'(Nb/(é‘;gfoad o, _Vour *+Vo ok lok IVout! + Vp
condition) 2 Vin ~ Vs + Vp 2 2 Vin +IVout |+Vp-Vs
Veioo! lok (ton + toff) (pk - 'ouv)z. Lot (lok - 'our)z. Lot
ripple 8 Co 2 lpi Co 2 g Co

= Table 1-1. 78540 Design Formulas

A 1.3V temperature-compensated voltage reference source can provide up to 10 mA of current without
an external pass transistor. A high-gain differential comparator disables the power switch when the
output voltage becomes too high. A power Darlington switching transistor handles 1.5 A of current and
can withstand up to 40 V. The switch collectors and the emitter drive are externally available to allow
optimized connection of the switch. A power-switching diode handles 1.5 A of forward current and 40 V
of reverse voltage.

The high-gain independent operational amplifier has 150 mA output current capability and a separate
positive voltage supply connection. Its input common mode range/inc/udes ground. It may be connected
to-provide series-pass regulation or feedback control for switching regulators.

This switching regulator can operate over a wide range of power conditions, from battery power to
high-voltage, high-current supplies. Low voltage requirements with minimum current drain make the
regulator very useful in battery or 5V systems. It typically operates from 2.2to 40V dc. Atthe 5V level, the
regulator draws only 2 mA. A low standby-current drain significantly improves regulator efficiency in
low-power applications and greatly increases battery lifetime in battery applications. This high efficiency
in low-power applications is not typical of other switching systems. Combined with the capability of the
pA78S40 to handle up to 40 V input and provide as much as 1.5 A switching current, efficient low power
_.operation makes the regulator performance over a wide operating range unmatched.
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Fig. 1-21 . A78S40 Universal Regulator Partitioning

Using a versatile circuit such as this requires some care, but the benefits are well worth the attention
since this IC subsystem provides the user with the flexibilty for optimizing power supply performance. A
critical parameter is oscillator timing. Although the on-time/off-time ratio is internally fixed at 8:1, the
user can adjust this ratio down through the proper selection of peak current, the oscillator capacitor
value, the inductor value, and the inputioutput voltages. Peak current is determined solely by the
current-limiting circuit. Selection of the timing capacitor is based on the off-time required. The user
should establish the off-time and let the current-limiting circuit modify the on-time. This off-time can be
set by the user for either intermittent or continous operation. For intermittent operation, the user should
set the off-time equal to the time required for the inductor current to drop to zero. For continuous

‘operation, the off-time should be set at something less than the time required for the inductor current to-

drop to zero. When operated in the continuous mode, average inductor current exceeds 1/2 of the peak
current, making more power available at the output. However, timing is very critical (see box on
following page), and if on-time and off-time periods are too short, switching losses can significantly
reduce efficiency. With this regulator, on-time and off-time should be kept greater than 10 us.

Switching is accomplished by a Darlington pair with the switch emitter as well as both transistor
collectors available for external connection. Either the collector inputs or the emitter output can be used.
If the emitter output is used, the collector inputs can be shorted, resulting in a switch voltage of 1.6 V
typical. If the collector inputs are used with the emitter grounded, the user must consider the perfor-
mance tradeoffs between shorting both collectors or using the switch output. System performance is
affected by the input and output voltages, the output current, and the expected variations of the input
voltage. If both collectars are shorted, there is no switching loss due to base current (switch voltage is
typically 1.1 V). If the switch output is used, base drive through the driver is provided by connecting an
external resistor to the input voltage line {switching voltage is typically 0.5 V). A switching diode in the
circuit is capable of handling voltage up to 40 V and current up to 1.5 A for both step-up and step-down
modes. To use the regulator for inverting applications, an external diode is required because the diode
voltage drops below the circuit common.
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SWITCHING REGULATOR TIMING CONSIDERATIONS

Optimization of regulator on-time and off-time depends on CIRCUIT VARIABLES such as
inductance and switch and diode voltage — and on SYSTEM VARIABLES such as input/
output voltages. Consider the following conditions and consequences.

e On-time too short — Inductor peak current isn't high enough, so the maximum output
current is reduced. However, efficiency does not suffer.

® On-time too long, or off-time too short — Without current limiting, after several cycles the
inductor current will exceed the expected peak current and continue to increase, which
could lead te excessive current flow and DEVICE DESTRUCTION.

e Off-time too long — Inductor current falls to zero and stays there for some time before the
switch turns on again. Consequently, average inductor current is less than half of peak
current, and the available output current is reduced. However, efficiency does not suffer.

® On-time too long — Current limiting for the switch is unacceptable when the inductor
current is constant at the peak current, because inductor voltage drops to zero. Therefore,
switch voltage increases {to V|N-VoyT), creating a large efficiency loss and possibly
DESTROYING the switch.

e Off-time too short with on-time adjusted by current limit — No efficiency is lost, but the
inductor current does not drop to zero. Therefore, average inductor current is in excess of
half of peak current, and the maximum output current exceeds half of the peak current.
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Chapter 2
TESTING AND RELIABILITY

TESTING VOLTAGE REGULATORS

All Fairchild voltage regulators are factory-tested with automated equipment to ascertain that they meet
or exceed guaranteed specifications. The testing equipment gperates at relatively high speeds and
automatically measures output voltage tolerances, line and load regulation, quiescent current, short-
circuit current, and a long list of other voltage regulator parameters. To adequately interpret published
voltage-regulator specifications, it is advisable to have some understanding of the testing as performed at
Fairchild. This is also important for customer incoming inspection, as some correlation is necessary
between factory testing and customer acceptance testing.

Individual parameter tests performed on Fairchild voltage regulators require only a few milliseconds,soa
complete regulator test can be accomplished in a fraction of asecond. Such short testing times mean that
the device junction temperature is very close to ambient. If the devices were tested under steady-state
conditions, costs would unfortunately increase, and the increased expense would be passed on to the
customer. Consequently, published parameters are based on fast testing and usually specified with a
constant junction temperature of 25°C. Exceptions are noted in the individual data sheet tables.

When a regulator is operated with high dissipation, however, the effect of temperature drift must be
evaluated or at least considered. For example, a uA7805 1 A positive voltage regulator with a junction
temperature of 25°C, a 10V input, and a load current variation of 1.5 Ahas a guaranteed load regulation of
less than 50 mV for military-grade units and less than 100 mV for commercial-grade units. Under steady-
state testing conditions, as opposed to pulsed testing conditions, junction temperature would increase
by 30°C to 55° C (based on a 4° C/W junction-to-case thermal resistance and an infinite heat sink). The
nA7805 regulator has a temperature coefficient of -1.1 mV/° C, so a 30° C junction-temperature increase

means an output voltage drift of -33 mV. This drift must be considered if load regulation is being
measured under steady-state conditions.

Incoming inspection tests should accomodate these conditions. One approach would be to duplicate the
testing procedure used by manufacturing, i.e., maintain a constant junction temperature of 25°C. If
steady-state testing is performed during acceptance evaluation, a correlation between the method used
in incoming inspection and the method used by Fairchild must be established. In this case, the
temperature coefficients of each regulator type must be considered.

3-Terminal Regulators
Testing of 3-terminal regulators is performed at input voltages that reflect actual use conditions. The
input-output voltage differential considers all of the variations associated with nominal, unregulated

power supplies. For example, a 12 V regulator (uA7812) test uses a 7 V 1/0O voltage differential and
considers the following parameters:

e Device Input-Output Voltage Differential - 2 V Nominal

e Line Voltage Reference - 10%

e Filtered Supply Ripple - 10%

e Line Regulation - 10%

e Diode Drop and Source Impedance Variations - 1 V.
This is expressed in the following equation:

VIN =VouT(max) + (ViN - VouT) + Ripple + Line Reg+Vp=126V+2V+146V+16V+1V=18.66V

A 12V régulator, then, is not only tested with a guard band, but the input voltage range used allows for

greater variation than is present in actual operating conditions. All Fairchild 3-terminal regulator tests are
based on similar practical considerations.
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Figure 2-1 shows a self-contained load-pulsing circuit that can be used for measuring load regulation of
either a positive or negative regulator. The uAS555 timer operates in the astable mode as a free-running
multivibrator. Transistors Q2 and Q4, along with the load resistors RL, provide the required loading
across the regulator outputs. The on and off times of Q2 and Q4 are set by potentiometers R2 and R4.
Transistors Q2 and Q4 must be capable of handling the load current levels to be measured. Line
regulation of positive or negative regulators can be measured using the circuits in Figure 2-2. Here a
pulse generator switches the input voltages between ViN (min) and VIN (max) but a similar arrangement
could be used by substituting a uA555 timer for the pulse generator.

Ripple Rejection

Ripple rejection is the ratio (in dB) of the regulator input ac component (or the output of the sine wave
generator) to the output ac component of the device undertest. Its measurement is quite straightforward.
Ripple rejection of Fairchild regulators is normally specified at a load current of 30 to 50% of the rated
output of the device. This is more realistic than the 20 mA or so specified by some other manufacturers. A
regulator with good ripple rejection at low output currents may not necessarily maintain this feature at
moderate-to-high current levels unless special effortis made during the layout of the integrated circuit to
keep the reference circuit on isotherms (equal temperature lines) and away from the heat source (series-
pass element).

VIN (MAX) O-
4.7k
2N6126
390 )
NL POSITIVE )
Vin (MIN) O Pt : IN CecuLaToR OYT O + Vour
0-‘1 270 pF com
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. T °
a. For Pasitive Regulators
] 1
50 0 =
+ +
100 0 . =2uF T 1uF SR
2N2907 CoMm
0
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S3900
>
b—bl——O-Vm (MIN)
-r—Kznsns
<
:: 4Tk
-O-Vin (MAX)
. b. For Negative Regulators
Fig. 2-2 Line Regulation Test Circuits
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Figure 2-3 shows two simple circuits for measuring ripple rejection of positive and negative regulators.
The 5k potentiometers in both circuits provide the bias necessary to produce the dc level of the input

voltage to the regulator. The sine-wave generators are used to produce the ac component of the regulator
input voltage.

Life Test and Burn-In (See Figure 2-4)

Burn-in information is provided here as a guide to perform regulator life testing. The burn-in performed
by Fairchild is based on the thermal resistance of the regulator package. The power dissipation level is
selected so that the junction temperature is near the maximum specified level (150° C for most products).
The power level is then determined based on the chosen ambient. In general, burn-in is performed at
25° C ambient without a heat sink but it can also be done with a heat sink or a different ambient.

Example: Determine-a burn-in circuit, operating at a 25° C ambient, for a uA7805 in the TO-220 package.
From the data sheet’

6,_a = 65°C/W max

_ TJ (max) - TA _ 150 - 25
0y A 65

Pp =192 W

If RL = 300 and the effects of 1q are neglected,

Vourt

Pp = VIN - VouT)

or

ViN = PD< RL ) + Vour =165V
Vout

If the same circuit is used at an ambient of 125°C,
RL

Vin = Pp
<VOUT

Note that the value of the load resistor chosen here (30 ) is arbitrary. Any other value giving output
currents within the rating of the device could be used. If the burn-in is to be performed at more than one
temperature, selecting a common load resistor for all temperatures and changing the input voltage to
give the required power dissipations simplifies the design and construction of the burn-in fixtures.

)+ vour = B L L 5oray
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Device Design
Inherent component reliability is a function of the product/process design. New Fairchild regulator
designs as well as modifications or extensions of existing designs with known performance and reliability

characteristics are rigorously evaluated. Three different factors in the manufacture of an IC significantly
affect its reliability.

The Silicon Chip — Fairchild’s design-technology capability utilizes epitaxial layer to achieve the
desired electrical parameter characteristics. The surface influences long-term gain and voltage/leak-
age stability. The metallization determines mechanical integrity and current distribution.

Chip Assembly — The process and materials used to assemble the chip and package must preserve
the inherent reliability of the chip and be inherently reliable to withstand thermal, mechanical and
electrical stresses. .

=

The Package — The package must effectively transfer heat from the chip to the outside world and
protect the chip during handling and use. n

Incoming Quality Control (1QC)

All purchased materials for Fairchild voltage regulators are controlled through central specification

control, product engineering, and reliability and quality assurance (R&QA) located in Mountain View.

Materials are purchased and inspected per control documents using three IQC methods.

Direct visual and mechanical i'nspection
Functional testing
Composition analysis utilizing chemical and x-ray techniques from both internal and external sources.

In addition to centralized IQC, each manufacturing facility has a local, fully equipped IQC department.
These facilities concentrate on cleanliness, plating quality and functionality. A computer file is made on
each vendor’'s performance and quarterly reports are generated and analyzed.

Wafer Manufacture '

All wafers used to fabricate Fairchild voltage regulators are made at Fairchild. This includes crystal
pulling, slicing, polishing and epitaxial layer growth. Fairchild voltage-regulator designs rely on accurate
control of thickness and resistivity over a three-inch diameter wafer. All critical operations have laminar-
flow clean-air hoods directly over the work areas. Wafer fabrication is essentially a series of maskingand
furnace cycles in which geometries are defined and impurities (dopants) introduced to form emitter, base
and resistor regions. Daily controls are maintained on furnace temperatures to within +1° C. Resistivities
(ps) of diffused layers are recorded on every run. Each masking step defines a new portion of the device
geometry. A post develop inspection is performed to assure that each wafer has been properly exposed
and chemically developed before final etching. When the masking and etching procedures are complet-
ed, a final inspection assures that the geometry is properly aligned, etched and cleaned. Following each
production masking step, a sample inspection is performed by quality control inspectors to verify correct
process implementation.

After masking and diffusion, the metallization process completes wafer manufacture. Fairchild uses
electron-beam evaporation techniques to deposit gold and aluminum. Deposits are controlled through
utilization of automated process sequencing,which includes an automatic thickness controller. Every
run is gated through a first optical (1st opt.) inspection before it leaves the wafer fabrication area.
Cleanliness, mask alignment, metal adherence (front and back) and general workmanship are inspected.
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Watfer Testing

Before the wafers are scribed and broken into dice for assembly onto headers or shipment to a customer
as probed dice, they are electrically sorted. Each wafer is automatically probed with multiple tests to
duplicate or correlate the dice to the final product test requirements. Rejected dice are ink marked and

later scrapped. A final quality control gate is performed before the probed wafers can be forwarded to
assembly.

Device Assembly

After the wafers are scribed and broken, a second optical (2nd opt ) QC inspection is performed. The dice
are inspected for wafer fabrication (handling) damage, as well as for defects which may cause assembly
problems. or resuit in Iatent reliability problems.

Monitors are performed on both assembly equipment and operators. Machines are shut down if defect
control limits are exceeded and suspect material is rejected and 100% screened. Key items inspected are
die orientation, voids under die, proper bond formation, wirepull strength and cleanliness.

A third optical (3rd opt.) gate is performed prior to final device sealing. If rejected, the lotis 100% screened
by production and resubmitted to QC. Accepted lots are sent to the final seal operation, where the
packages are monitored for weld strength and hermeticity (except plastic packages).

Device Testing
Before shipment, all devices are 100% production tested to the following minimum inspection levels.

Functional dc 0.25% AQL
25°C dc 0.65% AQL
25°C ac 1.5% AQL
Temperature dc 1.5% AQL
Mechanical/Visual 0.65% AQL
Marking Performance 15/0 LTPD
Fine Leak 1.0% AQL
Gross Leak 0.4% AQL

Customers with special testing requirements are accommodated through an internal specification
system. All internal test specifications formatted from customer documents are signed off by QA before
they can be issued to the test area.

Device Application

The total reliability effort is completed full-cycle with the customer. Operation in the customer applica-
tion is the final consideration in device reliability. Howeach device is handled during system assembly by
the customer, heat-sunk (mounted) and cooled during operation, and the amount of overload stresses
(due to the system malfunction or misuse) greatly impacts the device reliability. Thus, the customer’s
specification requirements, the manufacturer’s device design, manufacture, test, the actual circuit into

which the device is inserted and the equipment containing that circuitin the field all affectthe device and
reliability. .

Fallure Analysis

Failure analysis results performed by customers and by Fairchild on returned devices provide one of the
most important inputs for consideration in Fairchild’s total linear reliability concept. Failures generated
by line monitors, life tests and field applications are analyzed to provide corrective action in terms of
product design, assembly and testing methods. A scanning electron microscope (SEM) and an Auger
electron microscope for chemical analysis are available for inspection of materials.
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Reliability Monitor and Control

Line Monitors

Line monitors are used to monitor the production line on a weekly basis. These monitors are designed to -
provide a constant feedback on product reliability. The following assembly/test monitors are conducted
on a routine basis.

-

Assembly Test
Package integrity High-temperature reverse bias
Lead integrity Intermittent operating life (power cycling)
Die integtity High-temperature storage
Die-attach integrity Temperature cycling
Bond integrity Thermal shock

' Autoclave*

85% R.H./85°C biased*

*Applied to plastic devices only.

Extended Reliability Tests

In conjunction with the weekly line-monitor program, Fairchild employs an extended reliability test
program which is designed to reflect the long-term stability of Fairchild’s regulator products. A summary
of these reliability tests is shown in Table 2-1.

Quality and Reliability Data
Supplemental brochures are published on an annual basis which provide detailed failure rate data.
Please contact Fairchild Sales Offices for additional reliability and quality information.

HI REL PROCESSING — MIL-M-38510/MIL STD-883

A unique “company”, within Fairchild Linear, is totally dedicated to the processing of high reliability
proqucts and to serving the special needs of the HI REL community. It consists of marketing, engineer-
ing, production control, manufacturing and quality assurance. Fairchild’s HI REL processing facilities
are among the most modern and sophisticated in the semiconductor industry. Screening procedures are
set up to conform to the most recent version of MIL-STD-883, in conjunction with MIL-M-38510, which
establishes standardized requirements for design, material, performance, control and documentation
needed to achieve prescribed levels of device quality and reliability.

HI REL Unique Il Program

Fairchild’s Unique Il program fills a longstanding need for a definite and comprehensive program

covering HI REL semiconductor products...a program offering users a selection among multi-level

screening flows and reliability requirements...a program providing clear and precise definitions on all

areas of contractual performance...a program designed to reduce the high costs and delivery delays

normally associated with HI REL. The objectives and benefits of the Unique Il program for integrated

circuits are these:

e Offers a full spectrum of processing options, including full compliance JAN and 883 Classes S B,
and C.

e Offers full compllance with JAN MIL-M-38510 and emphasizes the importance of this program.

e Accommodates the special needs of users’ source control and specification control drawings.

e Offers models to aid users in development of source control drawings.
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e Takes the mystery out of in-house processing to MIL-STD-883 and to MIL-M-38510 detail specifica-

tions. The Unique Il program is definitive as to the similarities and differences in these requirements.
e Provides users with alternatives that may be used when JAN slash sheets or QPLs are unavailable, or

for programs that demand the highest level of quality and reliability.

=
.

Fairchild offers a complete processing capability to fulfill requirements ranging from the least demand-
ing to the most complex, including the following:

Scanning Electron Microscope (SEM) Inspection -
Level A Visual

Bond Pull and Die Shear Testing g

Read and Record and A Drift Parameters

Particle Impact Noise Detection (Pin-D) Testing

Group A, B, C and D Qualitication Testing.

Standard Unique Il processing flows are given on the following pages; special flows will be quoted onan
individual basis.

'~ MATRIX VI— COMMERCIAL AND INDUSTRIAL RELIABILITY PROGRAM

Commercial and industrial users increasingly demand optimized quality and reliability for the semicon-
ductor integrated circuits purchased for their systems. Specific factors —increased integrated circuit
usage per board, high costs for receiving inspection, pc board and systems repair, and the frequently
immeasurable cost associated with field failures — require the user to attain high quality and reliability
coupled with total cost. Matrix VI is designed to meet these user requirements.

Fairchild's Matrix VI Program offers a broad spectrum of screens and high technology/high volume
integrated circuit products to meet the user's quality and reliability requirements typically associated
- with the commercial and industrial marketplace. There are two screening options for each package type,
each with a separate degree of reliability and cost level. To simplify a cost-effective analysis, reliability
factors have been assigned to each screening level. (See following pages.)

Itis the goal of Matrix VI to achieve the highest possible reliability consistent with the user’'s needs and to

avoid “over-buying”. Cost-effective reliability is the essence of Matrix VI, the most comprehensive
program of its kind now offered to the industrial/commercial marketplace.
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JAN PART NUMBERING SYSTEM

J M 38510/ 101 01 B G C

JAN DESIGNATOR

Cannot be marked with “'J"*
unless qualified on Part |
or Part 1! of QLP-38510

-

Defines
Device
Type

LEAD FINISH
A Hot Solder DIP
B Tin Plate
C Gold Plate
X Any of the above

9 |
General Procurement Spec.
PACKAGE TYPE
A 14-lead Y, x '/, Flatpak
B 14-lead Y/, x 4 Flatpak
C 14-lead Y, x %, DIP
I D 14-lead Y, x ¥ Flatpak
E 16-lead Y, x ¥, DIP
REFERS TO DETAIL SPEC F 16-lead '/, x ¥, Flatpak
G 8-lead Can
101 Op Amps H 10-lead Y, x Y/, Flatpak
102 Voltage Regulators I 10-lead Can
103 Comparators J 24-lead ', x 1Y, DIP
104 Interface K 24-lead ¥, x '/, Flatpak
105 733 L 24-lead 3 x '; Flatpak
106 Voltage Followers X 3-lead TO-5 Can
107 3-Terminal Voltage Regulators Y 2-lead TO-3 Can
108 Transistor Arrays Z 24-lead '/, x ¥, Flatpak
109 Timers
110 Quad Op Amps
PROCESSING LEVEL
A
B
Cc
LINEAR JAN GENERIC
PART NUMBERS — EXAMPLES
JM38510/ o1 02 03 04 05 06 o7 08 09 10
101 741 747 101A 108A 2101 2108 118
102 723
103 710 7M1 106 1M 21
104 55107 55108 9614 9615 55113 7831 7832 7820 7830
105 733
106 102 110 2110
107 109 78M05 78M12 78M15 78M24 7805 7812 7815 7824
108 3018 3045
109 555 556
110 148 149 4741 4136 124

Note: Dated material. Please contact Fairchild for latest revisions.
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HI REL PROCESS SCREENING REQUIREMENTS
: JAN M38510
MIL-STD-883A CLASS CLASS
TEST METHODS DESCRIPTION B c
Preseal Visual Cond. A Maximum Visual Criteria PRESEAL VISUAL PRESEAL VISUAL
MTD. 2010 Cond. B. Optimum Visual Criteria COND. 8 COND. B
| |
Bond Strength Bond strength is monitored on a sample BOND STRENGTH BOND STRENGTH
MTD 2011 basis three times per shift per machine COND. D COND. D
I T
Devices are hermetically sealed for
Seal hd compliance to MIL-STD-883 requirements SEAL SEAL
T |
High T St BAKE BAKE
i 1008 Cond CTsig = 150°C COND. C MIN COND. C MIN
24 HRS. 24 HRS.
TEMP CYCLE TEMP CYCLE
Temperature Cycle ¢,y ¢ —g50/150°C 10 cycles COND. C COND. C
MTD 1010
Constant Acceler- CENTRIFUGE CENTRIFUGE
ation Cond. E 30000 G's Xy, X3. Yy, Yo COND. E COND. E
MTD 2001 Y ONLY Yy ONLY
| |
Hermetic Seal Cond. A Fine-Helium 5x10™8 cc/sec HERMETICITY HERMETICITY
Cond. B Fine-Radiflo 5x10 8 cc/sec COND. A/B COND. A/B
MTD 1014 Cond. C Gross-FC43/Hot 10-3 cc/sec or COND. C COND.C
Gross-FC78/Vacuum 10-5 cc/sec
|
Pre Burn-in 25°C dc electrical testing PRE B/l ELECT
Electrical to remove rejects prior to 25°C de
MTD 5004 submission to burn-in screen
I
Burn-in Screen Cond. A, Cond. B, Cond. C BURN IN*®
MTD 1015 Cond. D, Cond. E, Cond F 160 HRS 125°C
|
Post Burn-in Post Burn-in electrical screening to cull PST B/I ELECT ELECTRICAL
Electrical out devices which failed as a result of 25°C dc 25°C dc
MTD 5004 burn-in. Test Parameters may include:, +125°C dc 25°C FUNCTIONAL
25°C dc, 125°C dc, -55°C dc, 25°C dc, —55°C dc
25°C ac and 25°C Functional tests. 25°C ac
5 10% PDA
Quality Conformance  Group A: Electrical Characteristics . QUALITY QUALITY
Inspection Group B: Package oriented Tests CONFORMANCE CONFORMANCE
MTD 5005 Group C: Life Tests Gp A,B,C Gp A,B,C
Group D:'Environmental Tests and D and D
| |
External Visual 3X. 10X magnification: Verify dimensions, EXTERNAL EXTERNAL
MTD 2009 configuration, lead structure, marking VISUAL VISUAL
and workmanship 100% 100%
RELIABILITY Figure of Merit 15 2
. JM38510/ JM38510/
ORDERING  Part Number 101018CB 10101cCB
Part Marking JM38510/ JM38510/
101018CB 10101CCcB8
NOTE: RELIABILITY Figure of Merit is the Reliability Improvement Factor from RADC Raeliability Notebook,
Vol. Il, RADC-TR-67-108, Table X11-6, page 419.
*Time Temperature Curve (method 1015) may be used.
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CLASS

(883S)

[

CLASS
Ql

(883C)

PRESEAL VISUAL
ND. A
2010

PRESEAL VISUAL

BOND STRENGTH
ACCEPTANCE
2011 COND. D

BAKE
COND. C MIN
1008 24 HRS.

THERMAL SHOCK
COND. A
1011

TEMP CYCLE
COND.C
1010

CLASS
o] ]
(8838)
PRESEAL VISUAL
2010
BOND STRENGTH
ACCEPTANCE
2011 COND. D
SEAL
BAKE
COND. C MIN
1008 24 HRS.
TEMP CYCLE
COND.C
1010

COND. B
2010 »
BOND STRENGTH
ACCEPTANCE
2011 COND. D
SEAL
BAKE
COND. C MIN
1008 24 HRS.
TEMP CYCLE
COND.C
1010

MECHANICAL SHOCK
COND. B, Y1
2002
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PRE B/I ELECT

5°C D
s004 2> ¢OC
BURN-IN
1015 240 HRS

5004

POST 8/1 ELECT
25°C DC
125°C DC
—55°CDC
25°C AC
25°C FUNCTIONAL

2012

RADIOGRAPHY
2 VIEWS

5005 GP A,B,C&D

QUALITY
CONFORMANCE

2009

EXTERNAL VISUAL
100%

KA741 DMQS

PRE B/I ELECT

5004 25°CDC
BURN-IN
160 HRS
1015

POST B/I ELECT
25°C DC
125°C DC
—55°CDC
25°C AC
25°C FUNCTIONAL
5004

QUALITY
CONFORMANCE
5005 CP A.B,C&D

EXTERNAL VISUAL
1
2009

uA741 DMQB

| Rhdind

ELECTRICAL
25°C DC
25°C FUNCTIONAL

65004

QUALITY
CONFORMANCE
5005 GP A, B,C & D

EXTERNAL VISUAL
100%
2009

#A741 DMQC
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MATRIX VI PROCESS FLOW OPTIONS & COST EFFECTIVENESS

a

DIE VISUAL
FAIRCHILD FICF-ST-2011

Wt
KEY
I DIE ATTACH/WIRE BOND J 100% OPERATION

]

PRESEAL VISUAL
FAIRCHILD FICF-ST-2011

PRESEAL VISUAL

L FINAL SEAL J

[

PLASTIC MOLDED DEVICES HERMETIC PACKAGED DEVICES ]
(PC, TC, UC) (DC, HC, KC, RC) TEMP CYCLE
883/1010/C
5 CYCLES

DC & FUNCTIONAL DC & FUNCTIONAL
+25°C

+26°C

QA ACCEPTANCE

FINE LEAK, 883/1014/B, 1% AQL
GROSS LEAK 883/1014/C, 0.4% AQL
FUNCTIONAL, +25°C. 0.15% AQL

QA ACCEPTANCE
FUNCTIONAL, +25°C, 0.15% AQL
DC, +25°C, 0.65% AQL

DC, +70°C, 1.5% AQL

DC, 0°C, 1.5% AQL

FINISHED GOODS STORES

|

LEVEL 1, LEVEL 2, LEVEL 3, LEVEL 4, LEVEL 5, LEVEL 6,
(PC) (PCQM) (DC) (DCQM) (PCQR) (DCQR)

1

MARK _] r MARK J I MARK J [ MARK J I MARK J Ii MARK




THERMAL SHOCK
LIQUID-TO-LIQUID
0°C TO +100°C
883/1011/A

]

DC, +25°C

FUNCTIONAL, +100°C
("HOT RAIL")

|

1% PDA LOT REJECTION
CRITERIA APPLIED TO
LOTS EXHIBITING MORE
THAN 1% INTERMITTENTS

y

THERMAL SHOCK
LIQUID-TO-LIQUID
0°C TO +100°C
883/1011/A

|

y

BURN-IN 883/1015
160 HRS, +125°C (1

BURN-IN 883/1015

160 HRS, +125°C

n

A

—DC, +26°C

DC & FUNCTIONAL

+25°C

FUNCTIONAL, +100°C
(“HOT RAIL)

DC & FUNCTIONAL
+26°C

]

1% PDA LOT REJECTION
CRITERIA APPLIED TO
LOTS EXHIBITING MORE
THAN 1% INTERMITTENTS

1e-¢

THROUGH HOT RAIL TEST THROUGH HOT RAIL TEST

INE LEAK, 883/1014/8,
% AQL; GROSS LEAK,
83/1014/C, 0.4% AQL;

FINE LEAK 883/1014/8B,
1% AQL; GROSS LEAK,
883/1014/C, 0.4% AQL;

QA ACCEPTANCE
FUNC;IONAL +25°C,

UNCTIONAL +25°C,

.15% AQL; DC, 0°C,

% AQL; DC, +25°C,

.25% AQL; DC, +70°C, 1%
QL; AC, +25°C, 1% AQL

FUNCTIONAL +25°C,
0.15% AQL: DC, 0°C,

1% AQL; DC, +25°C,
0.25% AQL; DC, +70°C, 1%
AQL; AC, +25°C, 1% AQL

FUNCTIONAL, +25°C, 0.15% AQL
DC, 0°C, 1% AQL

DC, +25°C, 0.25% AQL
DC. +70°C, 1% AQL
AC, +25°C, 1% AQL

| PACK I L PACK I [ PACK J r PACK J I PACK ] l PACK I

DC, +70°C, 1% AQL
C. L

COST EFFECTIVENESS ANALYSIS

RELIABILITY FACTOR REUABILITY FACTOR
x

RELIABILITY FACTOR
=1X 76X -98X (@

RELIABILITY FACTOR RELIABILITY FACTOR RELIABILITY FACTOR
TIX 2 14X

.3X
QUALITY GUARANTEE

QUALITY GUARANTEE QUALITY GUARANTEE QUALITY GUARANTEE QUALITY GUARANTEE QUALITY GUARANTEE
ON FUNCTIONALITY ON FUNCTIONALITY ON FUNCTIONALITY ON FUNCTIONAUITY ON FUNCTIONALITY ON FUNCTIONALITY
=0.28% AQL = 0.156% AQL =0.2% AQL =0.16% AQL =0.16% Al =0.15% AQL

QL
COST SEQUENCE 1 COST SEQUENCE 2 COST SEQUENCE 3 COST SEQUENCE 4 COST SEQUENCE 5 COST SEQUENCE 8

NOTE:
(1) Temperature Accelerated Testing may be used for MIL-STD-883 method 1015 Test Condition F.
(2) Burn-In has the same relative effectiveness for plastic molded devices as for ceramic/hermetic packaged devices. Assuming a controlled (air conditioned and constant power) field applica-

tion/environment, the reliability factor would be approximately 9x. But should the field application be in a less controlied and power on/off application, the reliability would be approxi-
mately 7.6X.
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Chapter 3
IC VOLTAGE REGULATOR APPLICATIONS

A few of the most popular and widely used series as well as switching regulator applications are -
discussed in this chapter. There is also a compendium of regulator applications for each Fairchild
regulator at the end of this chapter. Similarities and differences in regulator types are described in
Chapter 1.

SELECTING THE CORRECT SERIES TYPE REGULATOR

The regulator selection guides provide concise tables of key regulator specifications by device
number, or by ascending lgyT. Select the device that provides the desired output voltage and cur-
rent, then proceed as follows.

Determine the required input voltage (VN).

ViN(max) = VIN > VO(max) T VDO(max) T AVL + VR(pk)

where

VIN(méx) = Maximum allowable input voltage VDO(max)= Maximum dropout voltage
VIN = Regulator input voltage under load AV = Maximum line voltage change
VO(max) = Maximum output voltage of regulator VR(pk) = Peak ripple voltage

Also determine TA(max) = Maximum ambient temperature and select Tj < T j(max)
from the data sheet and see Chapter 6 for thermal and heat-sink requirements.

DESIGN PRECAUTIONS

When designing and laying out a regulator circuit, follow these guidelines to save time, money and
simplify design.

©® Keep all ground leads as short as possible. Use ground conductors sufficiently large enough to handle

rated currents to reduce unwanted voltage drops across leads, and to minimize heating effects and
lead inductance.

@ Use single-point grounding at the regulator common terminal whenever possible to prevent circulat-
ing currents or ground loops.

@ When using the adjustable multi-terminal regulators, especially at high output current levels, de-
rive the feedback sense voltage from across the load rather than from across the regulator to
improve circuit performance.

® Note that some devices are offered with the case or tab connected to either ground (positive reg-
ulators) or to the input (negative regulators). For example, the pA78G 4-terminal positive adjust-
able regulator is offered in an aluminum (TO-3) type or plastic Power Watt (similar to TO-202)
package with the case or tab connected to common. In the complementary or negative version,
the ©A79G, the case or tab is connected to the negative input. Precautions should be taken to
avoid accidentally grounding the case or tab of negative regulators. Negative regulators should
be electrically insulated from the mounting surface, or the mounting surface should be insulated
from ground or chassis.

BYPASSING
Monolithic 3 and 4-terminal regulators are particularly attractive for providing local on card regulation
because of the small number of required external components. Positive regulators, in general, use npn
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emitter-follower output stages whereas negative regulators use npn common-emitter stages with the load
connected to the collector. The emitter-follower output-stage configuration is not used in negative regu-
lators because monolithic pnp series-pass transistors are difficult to make. Because of their output-stage
configurations, positive regulators are more stable than negative regulators; therefore, bypassing of posi-
tive regulators can be omitted in certain applications. It is a good practice, however, to use bypass ca-
pacitors at all times. Input bypass capacitors (0.33 uF) for positive 3 and 4-terminal regulators are re-
quired if the regulator is located an appreciable distance from the power supply filter. Output bypass ca-
pacitors (0.1 uF) are not normally needed but they do improve the transient response of the regulator.

On the other hand, bypass capacitors are a must for stable operation of the 3 and 4-terminal nega-
- tive regulators over the input voltage and output current ranges. The bypass capacitors (2 uF on the
input, 1 uF on the output) should be mylar, ceramic or tantalum with good high frequency charac-
teristics. If more than one bypass capacitor source or more than one type is used, stability should
be checked on each-source or type. Stable operation with one capacitor from one vendor may not
necessarily result in stable operation with a capacitor of the same type from a second vendor, since
the characteristics of the capacitors may vary.

Regulator output impedance is in the order of 100 mQQ or less and increases as a function of frequency
above 10 kHz due to the gain rolloff of the error amplifier. A tantalum electrolytic bypass capacitor con-
nected to the regulator output will maintain low impedance for frequencies up to 1 MHz. A ceramic ca-
pacitor should be placed in parallel with the tantalum capacitor for driving fast switching loads to com-
pensate for the rising impedance of the electrolytic capacitor above 1 MHz. If switching loads are distributed
over a large area, additional ceramic bypass capacitors should be located at the loads. Very large-value
output bypass capacitors should not be used unless adequate measures are taken to prevent the output
from rising above the input, or to avoid discharging the bypass capacitor through the series-pass transistor
of the regulator if the input is accidentally grounded. A reverse-biased diode connected from input to out-
put is normally sufficient to achieve this protection.

To assure stable operation of a regulator using the xA723, dc and ac performance of the internal gain
stage and external components must be determined. Then, the required compensation may be applied
using standard operational amplifier techniques. Compensatlon of uA723 circuits is explained in detail
on pages 3-26 and 3-27.

PROTECTION CIRCUITS )

Internal protection circuits are provided in all 3 and 4-terminal voltage regulators to improve relia-
bility and make these regulators immune to certain types of overloads. These on-chip components
protect the regulators against short-circuit conditions (current limit), excessive input-output voltage
differential conditions (safe-area limit) and excessive junction temperatures (thermal limit). The pro-
tection circuits protect the device against abuse and fault conditions that may be encountered oc-
casionally. Continuous operation of the device under fault conditions such as a short or in a ther-
mal shutdown mode is nat a recommended procedure.

Proper attention must be paid to the safe-area protection network when 3 and 4-terminal regulators are
operating with excessive input voltage or excessive input-output differential-voltage conditions. In addi-
tion to reducing the available output current with high input-output differential conditions, the safe-area
protection network may, under certain conditions, cause the device to latch-up if the output is shorted to
ground. This situation is aggravated as the input voltage, load current or the operating junction tempera-
ture is increased. This mode of operation does not damage the device but power {(input voltage or load
current) must be interrupted momentarily for the device to recover from the latched condition. The de-
tails of the protection circuits are discussed in Chapter 1.

Precautions must also be taken to avoid regulator operation beyond its maximum ratings. Switching
transients exceeding the maximum input voltage rating of a regulator, for instance, can destroy a regu-
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lator. These transients, which occur especially if the regulator input voltage is switched instantane-
ously rather than ramped by the natural smoothing provided by the ac line and the filter capacitors,
are usually hard to track and normally caused by lead inductance and fast switching currents. Good
quality bypass capacitors that have low series resistance cause the inrush current to increase
further, thereby causing a higher magnitude transient at the input of the regulator. In such cases, a
lower quality and cheaper bypass capacitor may be the answer.

Because of their output stage configurations, positive regulators source current and negative reg-
ulators sink current. These restrictions should be kept in mind and, under no circumstance, should
a regulator output terminal be allowed to go more than a few volts higher than the regulated out-
put of the regulator. The power should be turned off before removing or inserting a regulator into a
test socket. However, if it is necessary to insert a regulator into a “’live’’ socket, care must be taken
to ensure that the common terminal connection is made prior to, or simultaneously with, the input
terminal connection. In the absence of the common terminal connection, the output voltage of the
regulator is 1 or 2 V below the input voltage. This type of fault condition can cause an excessive
output voltage which may adversely affect the circuits supplied by the regulator. If the common
terminal is quickly connected, the regulator can be destroyed. Also, damage to the regulator may
result from the discharging of the bypass capacitor through the output and common terminals.

THERMAL CONSIDERATIONS

The thermal properties and limitations of voltage regulators are extremely important in circuit design.,
Whether or not a heat sink is required should be determined before the circuit is laid out. See Chapter 6
for a detailed discussion of thermal considerations and how to choose the proper heat sink.

APPLICATIONS :
The capabilities of regulators can be increased beyond their basic capacities by the addition of external
components. Two or more regulators can be connected to increase output current, or widen the input
and output voltage ranges. The applications discussed are divided into the following seven groups: '

® Fixed Positive — 3-Terminal Regulators

o Fixed Negative — 3-Terminal Regulators

® Adjustable Positive — 3 and 4-Terminal Regulators

¢ Adjustable Negative — 3 and 4-Terminal Regulators

¢ Dual Regulators — Tracking and Non-tracking Regulators

® Precision Multi-terminal Regulators — uA723

e Switching Regulators

Note that apart from power and current considerations, the uA7800, uA78M00, xA78C00 and
pA78LO0 are interchangeable in most positive 3-terminal regulator applications, and the wA7900
and pA79MO00 in 3-terminal negative regulator applications. The same applies for their 4-terminal
counterparts. Appropriate changes may be necessary, however, in the external components when
changing from one regulator to another. Line and load regulation data provided for the applications

pertain to the circuit using the specific device indicated. This data would naturally vary somewhat
with the use of different devices and is not meant to be a worst-case representation.

Fixed Positive 3-Terminal Regulators

Basic Regulator Configuration

The basic’ configuration of the 3-terminal positive regulator with a bypass capacitor and single-point
grounding is shown-in Figure 3-17. Currents in excess of the output capability of the basic 3-terminal regu-
lators can be obtained with the circuit shown in Figure 3-2. Resistor R1 determines the point at which
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the external series-pass transistor Q1 begins to conduct; its value is determined by the following formula.

VBE1

‘ lOUT(max)
IREG(max) ~ Bt (min)

R1 =

where fqq > 10

Maximum available current with this circuit is expressed as follows.

A © Veg
IoUT(max) = R01 | |IREG(max) ~ g7~

It should be noted that Q1 is not short-circuit protected but protection can be achieved by adding a
short-circuit sense resistor Rgc and a pnp transistor Q2 as shown in Figure 3-3. In this circuit, Q2 must be
able to handle the short-circuit current of the regulator since, when Q1 is bypassed, the regulator goes
into the short-circuit mode. The short-circuit current is determined by the base-emitter voltage of Q2 and
the short-circuit resistor Rgc.

VBE2
Rsc = 7
Isc
+V| +Vi
IN N 3-TERMINAL our °
POSITIVE
CIN REGULATOR Ccout
0.33 uF coM 0.1 uF

COMMON COMMON

SINGLE POINT GROUND

Fig. 3-1. Basic 3-Terminal Positive Regulator with Bypass Capacitors

a1
2N3792

IREG lout
R1 (max) (max)
60 —

+VIN O—6—A—4 IN  ,A7805 OUT -O tVo
COM
A<0.33 uF ==0.14F
COMMON O— l O COMMON
NOTES:

Line Regulation: lgyt = 100 mA, AV|\ =5V, AVg'= 1 mV
Load Regulation: V|N'= 10V, AlgyT =5 A, AVg = 10 mV

Fig. 3-2. High Current Voltage Regulator
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Another method of achieving short-circuit protection with an external series-pass element is to use a
diode as shown in Figure 3-4. Resistors R1 and R2 are used to set the ratio of the current handled by the
regulator and the series-pass transistor, so that, assuming the diode drop Vp{1 = VgEg1

R1__ N
R2 IReG

Maximum current achievable with this circuit is expressed as follows.

(R1 + R2)
10UT(max) = T IREG(max)

By proper selection of tha regulator and transistor heat sinks, the thermal protection of the regulator can
be extended to the series-pass transistor. This circuit has one drawback — the dropout voltage is

considerably higher than that in the circuit of Figure 3-3. This is due to the voltage drop across the current
sharing resistors R1 and R2.

RsC Q1
WVING _ A 2N3792

R1 az

6Q 2N6124

VWA IN  pA78XX OUT O +Vo

coM
>R 0.33 uF < 0.1 4F

COMMONO—— l O COMMON

Fig. 3-3. High Output Current Voltage Regulator (Short Circuit Protected)

R1 Q1 1
0.40Q 2N3792 —_—
+ViN O—¢
1 ’ R3
——» IREG 6Q
y _— IN  uA7805 OUT -0 +Vo
R2
D1
20 1N4003 COM
<033 4F Z<0.14F
COMMON O— l O COMMON
NOTES:
Line Regulation: AV Ny =10V, lgyt =3 A, AVg = 1 mV
p Load Regulation: V 5y = 12V, AlgyT = 5 A, AVg = 30 mV

Fig. 3-4. 5-Amp Regulator (with Short Circuit Protection)
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Parallel Regulators

To obtain higher output current without using a power transistor as a booster, several regulators in
parallel may be used. Regulation of the overall system can be improved if the individual devices are
matched for output voltages as shown in Figure 3-5. If the outputs are not matched, it is likely that the
output current will not be shared between the regulators and, as a result, some of the regulators will
operate at or near the current limit while others are at their quiescent no-load levels.

Excessive InputlOutput Differential

When a regulator is operating with a large input-output differential, the addition of a series resistor with
the input extends the operating range of the device by sharing the power dissipation, see Figure 3-6. The
value of the series resistor R1 must be low enough so that, under worst-case conditions, (lowest sup-
ply voltage, highest output voitage, and highest load) the device remains in regulation. R1 can be
calculated as follows.

Vs(min) = VO(max) = VDO(max)

R1 =
IoUT(max) * !Q(max)
+VINO IN uA7806 OUT O +Vo

COM

IN uA7806 OUT
COoM

IN uA7806 OUT

0.33 uF =X CcoM A<0.1 4F
COMMON O—4 O COMMON

SINGLE POINT GROUND

NOTES:
Line Regulation: IgyT = 1A, AVjy = 10V, AVgoyt =3 mV
Load Regulation: Vi = 10V, Algyt = 1.5 A, AVg = 30 mV, AlgyT = 2.5 A, AVg = 66 mV

Fig. 3-5. Parallel Operation of Regulators (High Output Current without a Power Transistor) -
Output Voitages Matched to +50 mV
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where

VS(min) is the minimum supply voltage
VDO(max) is the maximum dropout voltage
IQ(max) is the maximum quiescent current

Maximum regulator dissipation, however, occurs with highest supply voltage and highest load current.

PD(max) = [VIN(max) - VO(min)] louT(max)
where

ViIN(max) = VYS(max) - ['OUT(max) + |Q(max)] R1

For a constant load, the regulator input voltage varies by the same amount as the supply voltage and con-
sequently the line regulation of the device remains essentially the same.

For load regulation, assuming constant supply voltage, the combined effects of the change at the input

due to the voltage change across R1 must be taken into consideration. In this configuration, as the load
is increased, the regulator input voltage decreases and the net result, in most cases, is a slight degrada-
tion in the performance of the regulator since these two effects are additive.

The load regulation can therefore be calculated as follows.

Load regulation at constant Vg = load regulation at constant V|N + line regulation

Example: Assume a supply range of 25 to 35V used with auA78M12 regulator delivering an output current
of 100 to 300 mA.

From the data sheet: Vo(min) = 11.4 V
vo(max) =126V
Assume VpQ(max) = 2.5V,

IQ(max) = 6 mA

_25-126-25

R .300 + .006

=339
With this value of R1 and a load varying from 100 to 300 mA, the input voltage to the regulator varies,

AV|N = AlgyT R1=66V

R1 V) REGULATOR vo
IN out
‘ COM w .
Vs ] lour
fro
o—

Fig. 3-8. Reducing Power Dissipation in a Regulator with Dropping Resistor R1
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The effect of the 6.6 V change at the regulator input under the worst case condition is 50/14 x 6.6 =
24 mV additional change at the output terminal. The inclusion of the 33 } reduces the maximum
power dissipation of the regulator as shown below.

From PD(max) =(35-11.4) x 0.306 = 7.22 W (without R1),
To PD(max)= (35 -33x0.306 - 11.4) x .306 = 4.13 W (with R1)

Note that the power dissipation is shared between the regulator and R1.

Input Voltage > ViN(max)

When a regulator is used with supply voltages greater than the rated regulator maximum input
voltage, the circuit shown in Figure 3-7 can be used. This circuit essentially provides a constant
voltage to the regulator with supply voltage variations. The choice of Zener diode voltage is dic-
tated by ViN(min) of the regulator and VBg(max) of Q1.

High Output Voltages

Figure 3-8 shows a simple circuit that can be used to obtain an output voltage greater than the standard
fixed voltages available. The quiescent current biases Zener diode D1 and the regulator common terminal
rides on the pedestal established by D1. If the Zener must be operated at currents greater than the quies-
cent current level of the regulator, then R1 can be used to increase the Zener current. If, on the other
hand, lower Zener current is satisfactory, R1 can be placed in parallel with D1 to shunt some of the
current. Caution: this circuit configuration cannot utilize the thermal shutdown or short-circuit protec-
tion features of the regulator if the input voltage exceeds the maximum input voltage rating of the
regulator.

Figure 3-9 can be used to take advantage of the protective features of the regulator. Here too, the regu-
lator common terminal operates on the pedestal established by Zener diode D1. Zener diode D2 and the
Darlington configuration of Q1, Q2 reduces the regulator input-voltage to a safe value. The Darlington
configuration prevents loading of Zener diode D2, and thus maintains a high level of regulation. Diode
D3 protects the regulator against accidental shorts by clamping the common terminal of the regulator to
a diode drop above the shorted output.

Remote Shutdown

Electronic shutdown is used in some applicatons where, under certain conditions, the removal of power
from the load is desired. This function can easily be achieved with multi-terminal regulators, such as the
nA723, uA105, uA104, since these regulators are either equipped with shutdown capability or the
non-inverting input of the error amplifier is accessible (See Figure 3-67). With the 4-terminal regulators,
the control terminal is the inverting input and therefore some external parts are necessary to turn off
these devices. The same applies for the 3-terminal devices. The 3-terminal regulator circuit of Figure 3-10
has a remote shutdown feature. Under normal conditions, Q2 is on and provides the base current of Q1.

a1
2N3716 VIN

+VsO IN wA7812 OUT -0 +Vo
COM
== 0.33 4F 2R 0.1 4F
45 V< VNS 55V D1
IN 4N\ 20v
COMMON O— Ll l O COMMON

Fig. 3-7. Regulator Input Circuit for input Voltage Source Greater than VIN(max‘)r
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-0 Vo & 4V

+VIN IN wA7824 OUT
R1
com OPTIONAL
A<~ 0.33 uF To'1 uF SEE TEXT
D1
Lq 1N968A -
(20 V)
COMMONO- 1 O COMMON
= NOTES:

Line Regulation: AV;y = 10V, IgyT = 0.5 A, AVg = 60 mV
Load Regulation: Vi =60V, Algyt = 1A, AVg =70 mV

Fig. 3-8. High Output Voltage Regulator, No Short-Circuit Protection

Q2
- HVINO IN3714 N ourt Vo & 44V
75-85V
uA7824
com
0.33 4F 0.1 uF==
N )
D1
20V
— _OCOMMON

COMMONO—

NOTES:

1

Line Regulation: gyt = 1A, AV|N = 10V, AV = 230 mV
Load Regulation: Vi =75V, Aloyt = 1A, AVg = 18 mV

Fig. 3-9. High Output Voltage Regulator with Short-Circuit Protection

+VINO

R3
LOGIC
INPUT

o POSITIVE
N geguLator OYT O+ o
com
= 0.33 4F == 0.1 4F
ai T r
Q2
—O COMMON

COMMON O~

1

Fig. 3-10. Remote Shutdown
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Q1 acts as a switch and is either in saturation, when the signal to the base of Q2 is high, oris off when the
signal to the base of Q2 is low. It must have a current rating equal to the load current. Turn-off time is
dependent on C2 and the load current; the higher the load current, the faster the turn-off time.

Constant Current Regulator
Any 3-terminal regulator can be used as a constant-current regulator as shown in Figure 3-11. The
current lgyT which dictates the regulator type to be used is determined by this equation.

Vo -
lout = g7 *la

where VQ is the regulator output voltage and IQ is the quiescent current.

The input voltage V|}q must be high enough to accommodate the dropout voltage at the low end, but
must not exceed the maximum input voltage rating at the high end.

Fixed Negative 3-Terminal Voltage Regulators

Since negative voltage regulators are complements of the positive voltage regulator, almost all the posi-
tive-regulator applications can be converted into negative versions by appropriate changes in the polarity
of the input voltages. If external active components such as series-pass transistors are used, they should
be the complements of those used in the positive-regulator application, i.e., npn transistors replaced by
pnp and vice versa. The basic configuration of the 3-terminal negative voltage regulator is shown in Fig-
ure 3-12, below.

3-TERMINAL
+VINO IN  POSITIVE OUT
REGULATOR
COM vo :E a1
L .
=0.33 4F Lig—» l 0.1 4F out
<
A{RL
COMMON O— -
our =22 +10
R1

Fig. 3-11. Constant Current Regulator (Positive Output)

VIN N 3.reRmINAL OUT| -Vo
NEGATIVE
REGULATOR
CIN Cout

COM

Fig. 3-12. Basic 3-Terminal Negative Regulator with Bypass Capacitors
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Figures 3-13 and 3-14 show the negative complements of the positive voltage-regulator circuits in
Figures 3-2, 3-3 to obtain higher output currents, while F/gure 3-15 shows a negative current regulator
with an output current expressed as follows.

Vo
lout=R/7 *la

[ Q1 ‘ 1
e 2N3716 2T,
-VIN —0O Vo
R1
- 6 a N NEGATIVE o _4
= VVv »
REGULATOR
IREG CoM
:‘(2ouF ? <+ 1.04F

COMMON O _]_ ~-OCOMMON

Fig. 3-13. High Output Negative Current, Short-Circuit Protected Regulator

a1
Rsc 2N3716
o —O -Vo

R1

60 Qz

2N6121 | v NEGATIVE . | {
REGULATOR
CcoM
~L2.ouf‘ S1.0u4F
COMMON O— —O COMMON
___l Rsc = YBE(O2)
isc

Fig. 3-14. High Negative Current Voltage Regulator

3-TERMINAL
REGULATOR

e 1
j{m

-0 IN out »
NEGATIVE l

AL
A9

A AA
\AAs

-Vo
| =2+
ouT "1 Q

Fig. 3-15. Negative Current Regulator
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Adjustable Positive 3. and 4-Terminal Voltage Regulators

The circuits covered so far are restricted to the fixed voltages of the 3-terminal regulators. With some ex-
ternal components, the normal output voltage of a 3-terminal regulator can be changed to meet other
voltage requirements. This often results in a slight degradation of the regulator parameters; therefore,
before selecting a 3-terminal regulator for these applications, an adjustable 4-terminal regulator should
be considered. Usually, the same function can be attained by an adjustable regulator with fewer com-
ponents and no sacrifice in performance.

Non-Standard Fixed Positive Output Voltage Regulator -

Non-standard regulated output voltages greater than the regulator voltage can be obtained from a fixed
3-terminal regulator as shown in Figure 3-16. The voltage pedestal developed across R2 is added to the
normal regulated output voltage, VREG-

R2
VouT = VREG (1 + ﬁ;) + 1qR2

The current through R1 is set much higher than Iq to minimize the effects of the change in IQ that occurs
with a change in the load current or the input voltage. The values of R1 and R2 can be calculated as fol-
lows.

v
R1 = REG
IR1
and
Vo - V
R - 0 REG
IR1 + la
if IR1 = 5lQ, then
_VReG
5lq
+VIN O IN  ,A7815 OUT, * O tvo
coM VREG S R1
=< 0.33 4F Ll»o =% l 14700
12vVs<VINS 22V S R2
2270
COMMON O J_ O COMMON

NOTES:
WithR2=00Q, Vo = 14.85V
Line Regulation: AViy =10V, IoyT=0.5 A, AVo =6 mV
Load Regulation: AlgyT=1A, Vjy =25V, AVgo = 28 mV
WithR2=27Q,Vg=16V
Line Regulation: AV)N =10V, IgyT=0.5 A, AVg =8 mV
Load Regulation: Algyt= 1A, V)5 =26V, AVg =32 mV

Fig. 16. Non-Standard Fixed Positive Output Volitage Regulator
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and

_Vo - VReg

R2 6lq

Example: Assuming 16 V output from a uA7815 and Iq = 5.1 mA, with R1 =470 Q

1
IR1 === =319 mA
_16-15
R2 = 37 =27Q

To compensate for fluctuations in quiescent current, output voltage tolerance and resistor tolerance, R2
may have to be an adjustable resistor if a tight tolerance V( is desired.

Another method of obtaining non-standard output voltages or adjustable outputs from a fixed 3-terminal
regulator is to use an operational amplifier as shown in Figure 3-17. The voltage pedestal developed
across R2 is added to the normal regulated ou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>