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EinfuUhrung

Dieses Netzteil wurde speziell flir deinen Kurs entwickelt.

Es ist einerseits ein Lehrstick, andererseits kann es spater sinnvoll
eingesetzt werden. Zu diesem Zweck wurden ausschliesslich Bauteile
verwendet, die "immer und uberall" erhaltlich sind bzw. einfach durch
ahnliche ersetzt werden kénnen.

Bei der Konstruktion wurde darauf geachtet, dass alle Arbeitsgange der
Gerateherstellung (soweit mdglich) bertcksichtigt wurden.

=  Printherstellung und Bestlickung

» Verdrahtung mittels Kabelbaum / Drahtzugliste

= Herstellen von Frontplatten mittels GEDAKOP™

= Mech. Bearbeiten von Frontplatte / Rickwand (Stanzen, Bohren,...)
= Einstellen von Trimmern (Kalibrieren)

» Verdrahtung von 230V Netzspannung / Erdung

= Inbetriebnahme / Funktionskontrolle

Hinweise zum Bestucken der Platine :
Es ist sehr vorteilhaft zuerst die niedrigsten Bauteile (Drahtbriicken,

Widerstande etc.) zu besticken, weil man sonst eventuell nicht mehr
herankommt.
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Blockschema

Anzeige Strom

AC AC
230 vV ‘ 1...19V
AC DC }
[ [ |
Transformator Gleichrichter Bereich Stellglied Strombegrenzung
Siebelko D1, T1 T2 R1, R5
GL1
3, C11 \
C4, C12
Istwert
< PI
Sollwert {{éazgelung
RIZ —— >

IC1

R

Anzeige Spannung
DVM

Schaltungsbeschreibung

Die Netzspannung wird durch den Transformator, welcher zwei
Sekundarwicklungen besitzt, in 2 x 12 V heruntertransformiert. Diese
Spannungen werden mittels des Brlickengleichrichters GL1 gleichgerichtet
und mittels C3, C11 (LOW) und C4, C12 (HIGH) gesiebt.

DC

Flr den Fall, dass die Ausgangsspannung kleiner als ca. 11V ist, ist der
Transistor T1 gesperrt und am Kollektor von T2 steht nur die halbe
gleichgerichtete Spannung durch D1 an. (ca. 15 V)

Ansonsten (Sollwert, bestimmt durch R12 ist grosser als der Wert,
bestimmt durch R26, R27 und die Referenzspannung) schaltet der als
Schmitt - Trigger funktionierende OPAMP IC1d und Uber T1 steht nun die
volle Spannung am Kollektor von T2 an (ca. 30V). Dies wird mittels LED
an der Frontplatte angezeigt.
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Durch diese Massnahme kann die Verlustleistung erheblich reduziert
werden.

Sollte der Ausgang kurzgeschlossen werden, so wird mittels OPAMP IC1b
automatisch in den unteren Bereich (LOW) geschaltet. Dies geschieht
mittels T3, der die Spannung am (+) Eingang von IC1d auf ca. 0.2 V
herunterzieht, was auf jeden Fall kleiner als die Vergleichsspannung am
(-) Eingang ist.

Die Regelung ubernimmt IC2 (LM723, UA723, etc.). Die Ausgangs-
spannung wird stetig nachgeregelt, sodass die Spannung am

(-) Eingang (Pin4) stets der Sollspannung am (+) Eingang (Pin5)
entspricht.

Dabei wird standig der Spannungsabfall Gber R1 (bzw. R5) liberwacht.
Sollte dieser Wert grosser als 0.6 V werden, dann geht die Regelung zur
Konstantstromregelung Uber. Die Ausgangsspannung sinkt nun soweit, bis
der Maximalwert erreicht ist. Dies wird mittels IC1a detektiert, welcher die
LEDs entsprechend umschaltet.

FREQUENCY
COMPENSATION

v
7
sl 9 Ve

INVERTING
INPUT

TEMPERATURE \
COMPENSATED
ZENER VOLTAGE

REFERENCE
AMPLIFIER

2

4 ERROR

SERIES PASS
Vaer AMPLIFIER

TRANSISTOR
3

NON-INVERTING Vour
INPUT
CURRENT
LIMITER
v
5 10 1 z
V- CURRENT CURRENT
LIMIT SENSE
DS008563-4

Abb. 1 : Innenbeschaltung des LM723

&Nutional Semiconductor
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Schema
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Printplatte / Bestickungsplan
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Hauptplatine (oben) und LED-Anzeige bzw. TO-220 Adapter (unten)

-1 169
e @
N0 %,

Bei Verwendung von Europakarten kann die Adapterplatine (rechts) sehr
hilfreich sein, sie dient dem Anschluss der auf dem Kihlkérper montierten
Leistungstransistoren ( zwei Stick erforderlich ).

Die LED-Platine (links) wird mit vier LED’s (2mA) und 4 x 10 kQ bestuckt.
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Printplatte




Stlckliste (PCB)

Gehause

Wert neu

Best.-

[\ [

1 C1 100u C2 2u2 822161 0.65
2 C2 470p C2

3 C3 4700u,35V ELKO7.5-18.5 802599 2.85
4 C4 4700u,35V ELKO7.5-18.5 802599 2.85
5 C5 1u C2 2u2 822161 0.65
6 C6 47u 35V ELKO5-8.5 801213 1.51
7 Cc7 1u C2 2u2 822161 0.65
8 C8 1u C2 2u2 822161 0.65
9 C9 100u / 63V ELKO5-8.5 801213 1.51
10 C10 1u C2 2u2 822161 0.65
11 C11 4700u,35V ELKO7.5-18.5 802599 2.85
12 C12 4700u,35V ELKO7.5-18.5 802599 2.85
13 C13 4u7 802638 0.86
14 C14 1u ELKO2.5-7.5 2u2 822161 0.65
15 C16 1u C2 2u2 822161 0.65
16 D1 BY500 D7 PS 301R Lager

ELL

17 D2 ZPD9V1 D4

19 LED GRN LED2ST
20 LED GRN LED2ST
21 LED GRN LED2ST
25 LED GRN LED2ST
26 10k R4 R4
27 10k R4 R4
28 10k R4 R4
29 10k R4 R4
30 GL1 B250C7000 BRUCKE2B
31 IC1 LM324N / TLO74 DIL14
32 IC2 LM723 DIL14
33 IC3 LM317 TO-92C 649225 0.75
42 R1 0R39 2W R8
43 R2 560 R4
44 R3 47 R4
45 R4 1k2 R4
46 R5 100 64W 740016 2.15
47 R6 47 R4
48 R7 430k R4
49 R8 100k R4
50 R9 50K 64W 743305 2.26
51 R10 390 R4

52 R11 1k5 R4

53 R12 22k Potentiometer distrelec 742710 2.42
54 R13 11k R4

55 R14 47k R4

56 R15 10k R4

57 R16 750 R4

58 R17 10k R4

59 R18 1M R4

60 R19 560k R4

61 R20 10k R4

62 R21 2k2 R4

63 R22 1M R4
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64 R23 47 R4
65 R24 68k R4
66 R25 82 R4
67 R26 10k R4
68 R27 22k R4
69 R28 47 R4
70 R29 12k R4
71 R30 47 R4
72 R31 240 R4
73 R32 4k7 R4
74 R33 1k5 R4
75 R34 1™ R4
76 R35 12k R4
77 R36 68k R4
78 T1 TIP137 TO-220
79 T2 TIP132 TO-220
80 T3 BC546B TO-92C
81 T4 BC546B TO-92C
82 DC/DC-Wandler TMA2412S SIL-4X distrelec 361833 12.91
Und was sonst noch erforderlich ist :
Trafo 2x12V Reichelt RKT 5012
Gehause Lager ELL
Montagesatz Lager ELL
Netzschalter Lager ELL
LCD-Modul 200 mV m. Bel.
Drehspulinstr. 50 uA
Knopf passend zu Poti
Buchsen 4 mm Lager ELL
09.06.2007 - FRANK 10




Als Gehause dient das von ELV angebotene Serie 7000 Gehause.

Es ist in vielen Farben erhaltlich. Schau dir die Muster im Elektrolager an
und entscheide dich dann.

Hersteller : www.elv.de, Best.-Nr.: 70-390-25 (schwarz) oder
Best.-Nr.: 70-355-99 (grau) oder Best.-Nr.: 70-044-91 (glasklar).

Es sind stets zwei Gehausehalbschalen und ein Montagesatz erforderlich.
Die nachfolgende Frontplatte / Rliickwand ist passend zu diesem Gehause.

Bei Verwendung anderer Gehause sind jene entsprechend anzupassen.

Frontplatte

POWER u I ETH
L H L =\ W W
e O..18V
20 A
PETH-49

LABORATORY POWER SUPPLY
ETH D-PHYS LERNENDENAUSBILDUNG

Die Frontplatte hat die Grosse 246 x 64 mm.

Du kannst die im Anhang angegebene Vorlage verwenden oder dir deine
eigene Frontplatte entwerfen.

Dazu kannst du die Software von http://www.schaeffer-ag.de verwenden.
(Frontplattendesigner, gratis)

Die Frontplatte kannst du von http://www.changpuak.ch/electronics
herunterladen. (Projekt: PETH-49 Power Supply)
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Die Rickwand hat die Grdsse 246 x 64 mm.

Du brauchst hier im Wesentlichen drei Ausschnitte. Einen flr den
Sicherungshalter, einen flir den Kaltgeratestecker und einen, um die
Leistungstransistoren direkt an den Kihlkérper schrauben zu kénnen.

Im Anhang ist eine Masshaltige Abbildung.

LCD-Modul

Das LCD-Modul ist von Reichelt. Es kann Spannungen von +/- 200 mV
anzeigen. Best.-Nr.: LDP-340 LCD
Lieferant: http://www.reichelt.de

Das Datenblatt ist im Anhang.

Du musst eine Brlicke (P2) einléten um den Dezimalpunkt an der richtigen
Stelle anzuzeigen.

LDP_34O LCD Abb. links :

O OFr1 Anschliisse des LCD
- Voltmeters.

O O P3

+9V -9V +IN -IN
OO0 OO0
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Drehspulinstrument / Skala

Das Drehspulinstrument ist von Monacor. Es kann Stréme im Bereich
0...50 pA anzeigen. (Siehe Abschnitt Inbetriebnahme)

Du kannst die im Anhang angegebene Skala verwenden oder deine eigene
entwerfen.

Du brauchst dazu die Software von :
http://tonnesoftware.com/meter.html (gratis)

Die vorgeschlagene Skala findest du bei
http://www.changpuak.ch/electronics
(Projekt: PETH-49 Power Supply)

Bodenplatte

Die Bodenplatte hat die Grésse 232 x 110 mm.
Du kannst auch andere Grossen verwenden.

Eine Masshaltige Abbildung findet sich im Anhang.
Das Blech sollte eine Dicke von 2.5 mm +/- 0.5 haben. Wenn du ein

Gehause aus Plexiglas nimmst, ware auch ein Boden aus Plexiglas méglich
- man kann dann die Platine von unten sehen. (d ~ 4 mm )
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Kuhlkorper

Der Kuhlkdrper ist von Reichelt. Er misst 50 x 160 x 40 mm.
Best.-Nr.: V6506E. Lieferant: http://www.reichelt.de

Rin = 1.2 K/W (thermischer Widerstand)

Das bedeutet, dass pro Watt Verlustleistung eine Temperaturerhéhung
von 1.2 Kelvin (oder Grad Celsius) stattfindet.

Nehmen wir an, dass die Ausgangsspannung 13.8 V sei und der Laststrom
betrage 1.0 A. Die Transistoren mussen dann eine Leistung von

(24V * 1.4142) - (2 * 0.6 V) (Gleichrichter) * 1.0 A

= (32.741 - 13.8) * 1 A in Warme umwandeln.

Das entspricht 18.941 W. Der Kiihlkérper erwdrmt sich dann auf T=25°C
(Raumtemperatur) + 18.941 * 1.2 K/W also 47.729 °C.

Auf welche Temperatur erwarmt sich der

Kuhlkérper, wenn Ua = 5.2 V und I = 1.8 A betragt ?
(Netzteil schaltet auf "LOW" 1)

Lésung : Py = (12V * 1.4142 - 0.6 V-5.2V ) * 1.8 A
OT = Py * 1.2 K/W = 24.128 °C

Tabs = 25 °C + 8T = 49.128 °C

Abb. rechts :

Bild des Kiuhlkérpers.
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Verdrahtungsplan

Der in der Industrie Ubliche Verdrahtungsplan kannst du leicht selbst
herstellen. Mache dies als Ubung hier selbst.

Start

Ziel

Signal

Farbe

Bemerkung
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Inbetriebnahme

Wenn das Gerat komplett zusammengebaut ist, kbnnen wir es in Betrieb
nehmen.

Stelle dazu den Trimmer (R5) flr die Strombegrenzung ganz nach links.
Stelle den Trimmer (R9) flr die Stromanzeige ganz nach links.
Drehe das Potentiometer flir die Spannung ganz nach links.
Schliesse das Netzteil mit einem Regel-Trenntrafo an das 230V Netz an.
Drehe nun die Spannung langsam in Richtung 230V (100%).

Wenn der Strom plétzlich stark steigt liegt ein Fehler vor !

Prife nochmals alle Verbindungen.
Wenn der Strom klein bleibt (~20 mA) dann scheint kein Fehler
vorzuliegen. Schliesse nun einen Lastwiderstand von 10 Q / = 20W an.
Drehe den Spannungsregler nach rechts, bis das LCD 10.0 V anzeigt.
Drehe nun den Widerstand R9 soweit nach rechts, bis das

Drehspulinstrument 1.0 A anzeigt.

Falls keine LED leuchtet :

Orientierung kontrollieren !

Die auf dem Layout flache Seite
kennzeichnet die Kathode.

Dieser Ansschluss (Kathode) Anode

Kathode

ist auch kurzer.
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Wichtiger Hinweis :

Viele Datenblatter sind nur auszugsweise wiedergegeben, um die
wichtigsten Merkmale schnell griffbereit zu haben.

Falls ausfihrliche Datenblatter gewlinscht sind, so mége man sie sich
direkt auf der Webpage des Herstellers beschaffen.

Datenblatt LM 723 (Auszug)
Datenblatt LM 317 (Auszug)
Datenblatt TIP 132 / TIP 137
Datenblatt BC 546 (Auszug)
Datenblatt TL 074 (Auszug)
Datenblatt LCD

Frontplatte (Masshaltige Zeichnung)
RUckwand (Masshaltige Zeichnung)
Bodenplatte (Masshaltige Zeichnung)
Skala (Masshaltige Zeichnung)

DC/DC Wandler (TMA2412S)
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Datenblatt LM723 (Auszuq)

June 1999

National Semiconductor

LM723/LM723C
Voltage Regulator

General Description

The LM723/LM723C is a voltage regulator designed prima-
rily for series regulator applications. By itself, it will supply
output currents up to 150 mA, but external transistors can be
added to provide any desired load current. The circuit fea-
tures extremely low standby current drain, and provision is
made for either linear or foldback current limiting.

The LM723/LM723C is also useful in a wide range of other
applications such as a shunt regulator, a current regulator or
a temperature controller.

The LM723C is identical to the LM723 except that the
LM723C has its performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

m 150 mA output current without external pass transistor

m Output currents in excess of 10A possible by adding
external transistors

® Input voltage 40V max

m Output voltage adjustable from 2V to 37V

m Can be used as either a linear or a switching regulator

Connection Diagrams

Dual-In-Line Package

U/
ne—1 14f-Nc
a | FREQUENCY
CURRENT LIMIT— 2 13} CovpansaTion
CURRENT SENSE—{ 3 12+
INVERTING INPUT—] 4 1f-v,
NON-INVERTING
inpuT ] 10=Vour
Vrer =18 vz
v-—7 8l-nc
DS008563-2
Top View

Order Number LM723J/883 or LM723CN
See NS Package J14A or N14A

Metal Can Package

CURRENT
LMt

CURRENT FREQUENCY

SENSE 0 e COMPENSATION
INVERTING
INPUT 0 v
NON-INVERTING
INPUT (D ve
Vaer 0 Vour

DS008563-3
Note: Pin 5 connected to case.
Top View
Order Number LM723H, LM723H/883 or LM723CH
See NS Package H10C

© 1999 National Semiconductor Corporation DS008563
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Connection Diagrams (continued)

CURRENT
LIMIT

CURRENT
SENSE

Top View
Order Number LM723E/883
See NS Package E20A

Equivalent Circuit*

v
‘1

INVERTING

TEMPERATURE INPUT

COMPENSATED /4
ZENER
e Veer ERROR
AMPLIFIER AMPLIFIER

DS008563-20

FREQUENCY
COMPENSATION

Ve

SERIES PASS
TRANSISTOR

Vour

CURRENT
LIMITER

R1R2

Note: R3 =
° R1+ R2

for minimum temperature drift.

Typical Performance

Regulated Output Voltage 5V
Line Regulation (AVy = 3V) 0.5mV
Load Regulation (Al_ = 50 mA) 1.5mV

(Vout = 2 to 7 Volts)

V.
5 10 1 ?
V- CURRENT CURRENT
LmIT SENSE
DS008563-4
*Pin numbers refer to metal can package.
Vin
vt Vee
Vour
Vrer
Rsc
w3 AAA REGULATED
Lm723¢ —VVv oUTPUT
SRl
) cs
P R3
[ INV. — W\
> —T—
I.BREF Sw vl v 1100 pF
DS008563-8

FIGURE 1. Basic Low Voltage Regulator

www.national.com 2
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Absolute Maximum Ratings mote 1) Cavity DIP (Note 2) 900 MW
If Military/Aerospace specified devices are required, Molded DIP (Note 2) 860 mw
please contact the National Semiconductor Sales Office/ Operating Temperature Range
Distributors for availability and specifications. LM723 -55°C to +150°C
{MNote 10) LM723C 0°C to +70°C
- - Storage Temperature Range
Continuous voksge Tom V* o V- i ESTe
; . Molded DIP -55°C to +150°C
Inpu.t-Output Vo.ltage Ciffermriti] a0y Lead Temperature (Soldering, 4 sec. max.)
Maximum Amplifier Input Voltage ; =
(Either Input) 8.5V Hermetic Package 300°C
Maximum Amplifier Input Voltage Plastic Package 260°C
(Differential) 5V ESD Tolerance 1200V
Current from V> 25 mA {Human body model, 1.5 k£2 in series with 100 pF)
Current from Ve 15 mA
Internal Power Dissipation
Metal Can (Note 2) 800 mwW/
Electrical Characteristics (Nete 3) (Note 10
Parameter Conditions LM723 LM723C Units
Min | Typ | Max | Min | Typ | Max
Line Regulation Vi = 12V to Wy, = 158V 0.01| 01 001 | 01 | % Vaur
-55°C < T, < +125°C 03 % Vour
0°C < Ta < +70°C 03 | %vaour
Vi = 12V to V), = 40V 0.02| 02 01| 05| %Veur
Load Regulation I.=1 mAtol_ =50 mA 0.03 | 0.15 0.03 | 0.2 Yo N
-55°C < T, < +125°C 06 % Vo
0°C < T, < +70°C 06 | %Vour
Ripple Rejection f=50Hzto 10 kHz, Ceer = 0 74 74 dB
f=50Hzto 10 kHz, Crer = 5 WF 86 86 dB
Average Temperature Coeffic- -85°C < T, < +125°C 0.002 [0.015 %FC
ient of Output Voltage (Note 8) 0°C = T, < +70°C 0.003)0.015 %l C
Short Circuit Current Limit Rge = 108, Vot = 0 65 65 mA
Reference Voltage 6.95|7.15| 7.35 |6.80| 7.15 | 7.50 V
Output Noise Voltage BW = 100 Hz to 10 kHz, Cer = 0 86 86 pvrms
BW = 100 Hz to 10 kHz, Czer = 5 pF 25 25 HVrms
Long Term Stability 0.05 0.05 %1000 hrs
Standby Current Drain I, =0,V =30V 1.7 | 35 1.7 | 40 mA
Input Voltage Range 9.5 40 | 95 40 V
Output Voltage Range 2.0 37 |20 37 V
Input-Output Voltage Differential 3.0 38 | 3.0 38 v
0. Molded DIP 105 “CAN
0,n Cavity DIP 150 “CAN
=N H10C Board Mount in Still Air 165 165 "GN
N7 H10C Board Mount in 400 LF/Min Air Flow 66 66 "GN
0, 22 22 “CAN
Note 1: "Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits
MNete 2: See derating curves for maximum power rating ahave 25°C
Note 3: Unless otherwise specified, Ta = 25°C, Wiy = V¥* = Vo = 12V, V™ =0 Vour = 5V, 1L = 1 mA, Rge = 0, ©y = 100 pF, Crer = 0 and divider impedance as
seen by error amplifier < 10 k&2 connected as shown in Figure 7. Line and load regulation specifications are given for the condition of constant chip termperature. Tem-
perature drifts must be taken into account separately for high dissipation conditions
Neote d4: Ly is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009 in. air gap
MNete 5: Figures in parentheses may be used if R1/R2 divider is placed on opposite input of error amp
Note 6: Replace R1/R2 in figures with divider shown in Figure 13
Nete 7: V" and V- must be connected to @ +3Y or greater supply
Nete 8: For metal can applications where %7 is required, an external 6.2% zener diode should be connected in series with Va7

3 wiwind national com
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Electrical Characteristics (Note 3) (Note 10) (Continued)

Note 9: Guaranteed by correlation to other tests.

Note 10: A military RETS specification is available on request. At the time of printing, the LM723 RETS specification complied with the Min and Max limits in this
table. The LM723E, H, and J may also be procured as a Standard Military Drawing

Typical Performance Characteristics

Load Regulation
Characteristics with
Current Limiting

0.05
I |

2 0 : 1! !ssc
2 =-85"C{ |
> 005 u e
5 I
z o Ta=25C—] NI
= Ta=125°C T
S -0.15
3
2
3

202 | Vour=+5V, Vi = +12V E

b Rsc = 100 +———1
e LT

0 5 10 15 20 25 30
OUTPUT CURRENT (mA)
DS008563-22

Current Limiting
Characteristics

12 Vour = 5V, Vg = +12V
B Rsc = 102
= 10
5
<
b
= 08
= F—— T4 = 125°C
2 06 ——}
E | [ Ta=25C ——s
= |
@04 [ Ta=-55°C =t
g
= 02
2
2
0

0 20 40 60 80 100

OUTPUT CURRENT (mA)
DS008563-25

Line Transient Response

6.0 —r—r— 40
s INPUT VOLTAGE

E ]
= a0l 20 S
=] " . -
g s
3 20 0 3
g2 z
w AN} 0UTPUT VOLTAGE—] Ll
g, —— .
ot Vin = +12V 4 s
o >
5 Vour = +6V 2
5 20 fl=1mA 40 2
5 Ta=25°C =
© g LBl 6.0

I 5 15 25 35 45
TIME (us)

DS008563-28

Load Regulation
Characteristics with
Current Limiting

0.1
Vour =5V, Vjy = +12V
Rsc = 1002
- 0
3 ]
= o N
I -u ‘
z A\ N\
£ N
< -02 5
3 Ta=25C 0 ]
N EEEA
- T T 1 \
| Ta=125°C
e Ll 11 1Y

0 20 40 60 80 100

OUTPUT CURRENT (mA)
DS008563-23

Current Limiting
Characteristics vs
Junction Temperature

08 200
s T 1]
I} SENSE VOLTAGE
I 01 160 =
5 EH
g 06 \ 120 g
w06 [LIMIT CURRENT H
2 Pl N 2
8 1175 NN S
£ 05 | N 80
s ¢ ~ =
= ~ 2
£ LIMIT CURRENT |t~ 3
w04 Rec = 100 a0 =
o< 'sC
o< | Il
1
“ 03 L1 0

-50 0 50 100 150

JUNCTION TEMPERATURE (C)
DS008563-26

Load Transient Response

12
s LOAD CURRENT
2 10
E 8.0 \ [
E v 3
o 40 2
] <
8 OUTPUT VOLTAGE [\ -0 s

0 E
[ - Vi = +12V E
S Vour=+5v] -20 3
5 IL=40 2
2 4.0 L mA
E v have |

80 =
-5 5 15 25 35 45
TIME (us)

DS008563-29

Load & Line Regulation vs
Input-Output Voltage

Differential
03 Vour = +5V
Rsc=0
L 02 Ta=+25°C
>3 AV =43V
IL=1mA
=0 o
H]
g - LINE
T 0
3 T _LOAD
w Vour = +5V
-0.1 |Rsc=0  —f—1 <
Ta=25°C
-0.2 Ic=1mAtol_=50mA

-5 5 15 25 35 a5

Vin = Vour (V)
DS008563-24

Standby Current Drain vs
Input Voltage

20
T
18 Tp=-55°C ——
Y -
14 Ta=25°C
E 12 ]
3 10 Ta=125°C ——
%
= 08
2 06
13
04—
out = VRer
02 | %
e

0 10 20 30 40 50

INPUT VOLTAGE (V)
DS008563-27

Output Impedence vs

Frequency
10 -
Vour =+5V 1]
Viy = +12V
2 Rsc=0
o Ta=25C |
g M soma ]
Z ]
o
2
H
[
5
S
£
2
o

FREQUENCY (Hz)

DS008563-30

www.national.com

09.06.2007 - FRANK

21



National
Semiconductor

LM117/LM317A/LM317

April 2007

3-Terminal Adjustable Regulator

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A over a
1.2V to 37V output range. They are exceptionally easy to use
and require only two external resistors to set the output volt-
age. Further, both line and load regulation are better than
standard fixed regulators. Also, the LM117 is packaged in
standard transistor packages which are easily mounted and
handled.

In addition to higher performance than fixed regulators, the
LM117 series offers full overload protection available only in
IC's. Included on the chip are current limit, thermal overload
protection and safe area protection. All overload protection
circuitry remains fully functional even if the adjustment termi-
nal is disconnected.

Normally, no capacitors are needed unless the device is sit-
uated more than 6 inches from the input filter capacitors in
which case an input bypass is needed. An optional output ca-
pacitor can be added to improve transient response. The
adjustment terminal can be bypassed to achieve very high
ripple rejection ratios which are difficult to achieve with stan-
dard 3-terminal regulators.

Besides replacing fixed regulators, the LM117 is useful in a
wide variety of other applications. Since the regulator is “float-
ing” and sees only the input-to-output differential voltage,
supplies of several hundred volts can be regulated as long as

the maximum input to output differential is not exceeded, i.e.,
avoid short-circuiting the output.

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

For applications requiring greater output current, see LM150
series (3A) and LM138 series (5A) data sheets. For the neg-
ative complement, see LM137 series data sheet.

Features

Guaranteed 1% output voltage tolerance (LM317A)
Guaranteed max. 0.01%/V line regulation (LM317A)
Guaranteed max. 0.3% load regulation (LM117)
Guaranteed 1.5A output current

Adjustable output down to 1.2V

Current limit constant with temperature

P+ Product Enhancement tested

80 dB ripple rejection

QOutput is short-circuit protected

Typical Applications

1.2V-25V Adjustable Regulator

LM117
Viy 2 28v—@—VIN  Vour vout!!
ADJ
R1
240
c1* * c2t
—1 0.1F ﬂr\ 1uF
R2
5k

906301
Full output current not available at high input-output voltages
*Needed if device is more than 6 inches from filter capacitors.

tOptional—improves transient response. Qutput capacitors in the range
of 1pF to 1000pF of aluminum or tantalum electrolytic are commonly used
to provide improved output impedance and rejection of transients.

R2
ttVout = 1.25V (1 =+ E) + lapJ(R2)

LM117/LM317A/LM317 Package Options

piurion St | Package | o)
LM117, LM317 K TO-3 | 15A
LM317 T [ T0-220 | 15A
LM317 s | To263 | 15A
LM317A, LM317 EMP |sOT-223| 1.0A
LM117,LM317A,LM317 | H | TO-39 | 054
LM117 E Lcc | osaA
LM317A, LM317 MDT | TO-252 | 0.5A

SOT-223 vs. TO-252 (D-Pak)

Packages
= d
A==
T0-252

b A
S0T-223
906354

Scale 1:1

© 2007 National Semiconductor Corporation 9063
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LM117/LM317A/LM317

Connection Diagrams

TO-3 (K)
Metal Can Package

ADJUSTMENT Vin

906330
CASE IS OUTPUT
Bottom View
Steel Package
NS Package Number KO2A or K02C

TO-263 (S)
Surface-Mount Package
[ IINPUT
TAB IS
OUTPUT [ I0ouTPUT
L
[ 3 ADJ
906335
Top View
TO-263 (S)

Surface-Mount Package

LN

906336

Side View
NS Package Number TS3B

TO-39 (H)
Metal Can Package

o) INPUT
O-=— ADJUSTMENT

ouTPUT

906331
CASE IS OUTPUT

Bottom View
NS Package Number HO3A

TO-220 (T)
Plastic Package

O I VOUT

ADJ — ] ViN

Vour

. 906332
Front View

NS Package Number TO3B

Ceramic Leadless
Chip Carrier (E)
OUTPUT

906334
Top View
NS Package Number E20A
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LM117/LM317A/LM317

Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required, LM117
please contact the National Semiconductor Sales Office/

Preconditioning

Thermal Limit Burn-In

Distributors for availability and specifications. LM317A
Power Dissipation Internally Limited EMBT7
Input-Output Voltage Differential +40V, -0.3V
Storage Temperature —65°C to +150°C
Lead Temperature

Metal Package (Soldering, 10 seconds) 300°C
Plastic Package (Soldering, 4 seconds) 260°C
ESD Tolerance (Note 5) 3 kV

LM117 Electrical Characteristics (Note 3)

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range. Unless otherwise specified, V= Vo1 =5V, and I ;1 = 10 mA.

Operating Temperature Range

-55°C £T, < +150°C
-40°C £ T, £ 4125°C
0°C =T, £+4125°C

All Devices 100%

LM117 (Note 2)

Parameter Conditions - -
Min Typ Max Units
VSV -V < 40V,
Reference Voltage in = Vour) 1.20 1.25 1.30 v
10MA < 1507 = lax
0.01 0.02
i i < . < %
Line Regulation 3V £ (Vi - Vour) S 40V (Note 4) 0.02 0.05 YoV
. 0.1 0.3
Load Regulation 10 mA £ o7 £ lyax (Note 4) 03 ] %
Thermal Regulation 20 ms Pulse 0.03 0.07 Yo/ W
Adjustment Pin Current 50 100 pA
10mMA Sl 51
Adjustment Fin Current Change Gl e 0.2 5 pA
AV S (V) - V) S 40V
Temperature Stability T € Ty S Toax 1 %
Minimum Load Current (Vi = Vour) =40V 35 5 mA
(Viy = Vour) 15V
K Package 1.5 2.2 34 A
CursHEL it H, E Package 0.5 0.8 1.8
Vi = Vour) = 40V
K Package 0.3 0.4 A
H, E Package 0.15 0.20
RMS Output Noise, % of V5 1 10 Hz £f <10 kHz 0.003 %
Vour=10V,1=120Hz, C,, =0 pF 65 dB
Ripple Rejection Ratio col! 20)
Vi p=10V,f=120Hz, C, ;= 10 pF 66 80 dB
Long-Term Stability T,=125°C, 1000 hrs 03 1 %
. K (TO-3) Package 2
Ihe;”_“a' ?eec‘:'Stance' Bue H (TO-36) Package 21 °CIW
unction-to-L-ase E (LCC) Package 12
Thermal Resistance, 6 ,, K (TO-3) Package 39
Junction-to-Ambient H (TO-39) Package 186 “C/W
(No Heat Sink) E (LCC) Package 88
www.national.com 4
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LM317A and LM317 Electrical Characteristics (note 3)

Specifications with standard type face are for T | = 25°C, and those with boldface type apply over full Operating Temperature

Range. Unless otherwise specified, V| - Vo= 5V, and 5,1 = 10 mA.

" LM317A LM317
Parameter Conditions 5 3 A
Min Typ Max Min Typ | Max | Units
1.238 | 1.250 | 1.262 - 1.25 - v
Reference Voltage V= -V <40V
4 Vi =Vour) ’ 1.225 | 1.250 1270 | 1.20 | 125 [ 130 | V
10 MA S 7 = lyay
0.005 | 0.01 0.01 | 0.04
i i < = < %,
Line Regulation V= (V) = Vo =40V (Note 4) 001 | 0.02 0.02 | 0.07 Yol
; 0.1 0.5 0.1 0.5
Load Regulation 10 mA £ 17 < |y (Note 4) 0.3 1 03 | 15 %
Thermal Regulation 20 ms Pulse 0.04 | 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 100 HA
10MA Sl 7 S|
Adjustment Pin Current Change LT = 0.2 5 0.2 5 pA
3V S (V) = Vgyr) S40V
Temperature Stability Tun =TS Tyax 1 1 %
Minimum Load Current (Vi = Vour) =40V 35 10 3.5 10 mA
(Vi = Vour) 15V
K, T, S Packages - - - 1.5 2.2 3.4
EMP Package 1.5 2.2 34 1.5 2.2 34 A
Current Limit H, MDT Packages 0.5 0.8 1.8 0.5 0.8 1.8
(Viy = Vour) =40V
K, T, S Packages - - 015 | 0.40
EMP Package 0.112 ] 0.30 0112 | 0.30 A
H, MDT Packages 0.075| 0.20 0.075 | 0.20
RMS Output Noise, % of Vi 10Hz < f<10kHz 0.003 0.003 %
) o . Vour=10V, f=120 Hz, C,p = 0 pF 65 65 dB
Ripple Rejection Ratio
Vour=10V, =120 Hz, C,p, = 10 pF 66 80 66 80 dB
Long-Term Stability T,=125°C, 1000 hrs 0.3 1 0.3 1 %
K (TO-3) Package - 2
T (TO-220) Package - 4
Thermal Resistance, 6 - S (TO-263) Package - 4 AN
Junction-to-Case EMP (SOT-223) Package 235 235
H (TO-39) Package 21 21
MDT (TO-252) Package 12 12
K (TO-3) Package - 39
. T (TO-220) Package - 50
Iher?a' ?eZ'StE_”CT Ous S (TO-263) Package (Note 6) . 50 oW
S”CHW”; g'_ :’ L EMP (SOT-223) Package (Note 6) 140 140
(bl Heal Sinkj H (TO-39) Package 186 186
MDT (TO-252) Package {(Note 6) 103 103

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and lest conditions, see the Elecirical Characteristics.
The guaranteed specifications apply only for the test conditions listed.

Note 2: Refer to RETS117H drawing for the LM117H, or the RETS117K for the LM 117K military specifications.

Note 3: I, = 1.5A for the K (TO-3), T (TO-220), and S ({T(-263) packages. |y . = 1.0A for the EMP (SOT-223) package. |y, = 0.5A for the H (T(G-39), MDT
(T0-252), and E {LCC) packages. Device power dissipation {Pp) 1s imited by ambient temperature (T,), device maximum junction temperature (T ), and package
themmal resistance (8 ). The maximum allowable power dissipation al any temperature is - Ppgy g = ((Tjaag - Ta)/8,4)- All Min. and Max. limits are guaranteed
1o National's Average Oulgoing Cuality Level (AOQL).

Note 4: Regulation 1s measured at a constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects

are covered under the specifications for thermal regulation.

Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: When surface mount packages are used (TO-263, SOT-223, TO-252), the junction to ambient thermal resistance can be reduced by increasing the PC
board copper area that is thermally connected to the package. See the Applications Hints section for heatsink techniques.
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LM117/LM317A/LM317

02

OUTPUT VOLTAGE DEVIATION (%)
S
E=Y

-1.0

55

50

45

40

ADJUSTMENT CURRENT (uA)

35

1.260

1.250

1.240

1.230

REFERENCE VOLTAGE (V)

1.220

Load Regulation

|

lour = 0.5A___

lout I= 1.5’A\

| Vi =15V
Voyt =10V

| ||

TEMPERATURE (°C)

Adjustment Current
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906337

TEMPERATURE (°C)

Temperature Stability
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906339

'<ERERN

N
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TEMPERATURE (°C)

906341

OUTPUT CURRENT (A)

INPUT-OUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

Typical Performance Characteristics Output Capacitor = 0 uF unless otherwise noted

Current Limit

3
F=F\| T.S.K
2 R Tt \ PACKAGE DEVICES |
TN
N\
T] =150°C T] ==559C
1 — \;\\e -
i SRS
H PACKAGE DEVICES =
0 L i 1 L
0 10 20 30 40
INPUT-OUTPUT BIFFERENTIAL (Vi
906338
Dropout Voltage
3'0 T T 1 |
AVgyt =100 mv
25
lour = 1.
~\\\\nm 5A
> U loyr = 1A
20 N —
~:\:\ lpyr = 500 mA
N
15 ~
louT = 200 mA /I%\
loyr = 20 mA
1.0 A TR

-75 -50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

906340

Minimum Operating Current
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LZIEWTV/VLZLENT/ZLENT

Ripple Rejection Ripple Rejection
100 100 T
ML [ J loyr = 500 mA
ADJ = 10uF - ViN=15V ]
80 80 -y~ 10t Vm| 10V
o o OUT = -
s \\ Capy=0 = / Tj=25°C |
g g ™ S 5 RCURIAN
£ £ \
n 3 N\
[*%}
z ViN-Vourt =5V g
= lou = 500 mA s N\
0 =120,
Ti =25°C
0 ] | 1 0
0 5 10 15 20 25 30 35 10 100 1k 10k 100k 1M
OUTPUT VOLTAGE (V) FREQUENCY (Hz)
906343 906344
Ripple Rejection Output Impedance
100 10 g :
80 / \ u Vpyr = 10V
= - loyt = 500 mA
2 MM /N (heaou - 10aF 8 100 Ep g
z AN | T —
g 60 i IBRBEA E CADJ =0 il
NC =0 -
i NADS e S S
i = 7 7
o 40 = ’I v 4
o VIN = 15V =
E Vout =10V = 10—2 CADJ““#FE
20 42 = :
£=120 Hz = — 2
Ti = 25°C
0 L L LLLE 10_3
0.01 0.1 1 10 10 100 1k 10k 100k M
OUTPUT CURRENT (A) FREQUENCY (Hz)
906345 3906346
Line Transient Response Load Transient Response
15 3
10 I = 2
w1 €L =1uF; Cppy = 10uF <> B
E?, 05 —A N Sz 1 CL=":GADJ-0A
g5 #ECEU:CAnrﬂ N e -
> = | b = L o =1.,F- =
’_E 1 [ [} >3 —C = 1uF;Capy 10uF
>3 o L Voyur=10V L = vy = 15V
&> -05 [-YOUT Ea IN
Eo loyt = 50 mA v S -2 Vut = 10V ]
o -1.0 "Tj=25°c 2 -3 INL = 50 mA 4
-15 = T T. = 25°C
_ P = 15 j
w2 10 i
£55 05 s o \
>z 0 b 0
0 10 20 a 40 = 0 10 20 30 40
TIME (us) TIME {us)
906347 906348

09.06.2007 - FRANK

www.national.com



LM117/LM317A/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V reference
voltage, Vyper, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant current |,
then flows through the output set resistor R2, giving an output
voltage of

R2
Vout = VRer (1 + ﬁ) + lapyR2

LM117

—dViNn  Vour
ADJ

Vour

906305

FIGURE 1.

Since the 100uA current from the adjustment terminal repre-
sents an error term, the LM117 was designed to minimize
Iapy @nd make it very constant with line and load changes. To
do this, all quiescent operating current is returned to the out-
put establishing a minimum load current requirement. If there
is insufficient load on the output, the output will rise.

EXTERNAL CAPACITORS

An input bypass capacitor is recommended. A 0.1uF disc or
1uF solid tantalum on the input is suitable input bypassing for
almost all applications. The device is more sensitive to the
absence of input bypassing when adjustment or output ca-
pacitors are used but the above values will eliminate the
possibility of problems.

The adjustment terminal can be bypassed to ground on the
LM117 to improve ripple rejection. This bypass capacitor pre-
vents ripple from being amplified as the output voltage is
increased. With a 10 uF bypass capacitor 80dB ripple rejec-
tion is obtainable at any output level. Increases over 10 yF do
not appreciably improve the ripple rejection at frequencies
above 120Hz. If the bypass capacitor is used, it is sometimes
necessary to include protection diodes to prevent the capac-
itor from discharging through internal low current paths and
damaging the device.

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

Although the LM117 is stable with no output capacitors, like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1 pF solid tantalum (or 25 pF

aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10 uF will merely improve the loop stability and output
impedance.

LOAD REGULATION

The LM117 is capable of providing extremely good load reg-
ulation but a few precautions are needed to obtain maximum
performance. The current set resistor connected between the
adjustment terminal and the output terminal (usually 240Q)
should be tied directly to the output (case) of the regulator
rather than near the load. This eliminates line drops from ap-
pearing effectively in series with the reference and degrading
regulation. For example, a 15V regulator with 0.05Q resis-
tance between the regulator and load will have a load regu-
lation due to line resistance of 0.05Q x | . If the set resistor is
connected near the load the effective line resistance will be
0.05Q (1 + R2/R1) orin this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regulator
and 240Q set resistor.

LM117

Rg

Vin=—{ViN  Vour
ADJ

906306

FIGURE 2. Regulator with Line Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using two separate leads
to the case. However, with the TO-39 package, care should
be taken to minimize the wire length of the output lead. The
ground of R2 can be retumed near the ground of the load to
provide remote ground sensing and improve load regulation.

PROTECTION DIODES

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

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

The bypass capacitor on the adjustment terminal can dis-
charge through a low current junction. Discharge occurs when
eitherthe input, orthe output, is shorted. Internal to the LM117
is a 50Q resistor which limits the peak discharge current. No
protection is needed for output voltages of 25V or less and 10
WF capacitance. Figure 3 shows an LM117 with protection
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LM117/LM317A/LM317

Application Hints

In operation, the LM117 develops a nominal 1.25V reference
voltage, Vpcr, between the output and adjustment terminal.
The reference voltage is impressed across program resistor
R1 and, since the voltage is constant, a constant current [,
then flows through the output set resistor R2, giving an output
voltage of

R2
Vout = VRer (1 + m) + lapgR2

LM117

—d VN Vourt
ADJ

Vour

906305

FIGURE 1.

Since the 100uA current from the adjustment terminal repre-
sents an error term, the LM117 was designed to minimize
lapy @and make it very constant with line and load changes. To
do this, all quiescent operating current is returned to the out-
put establishing a minimum load current requirement. If there
is insufficient load on the output, the output will rise.

EXTERNAL CAPACITORS

An input bypass capacitor is recommended. A 0.1uF disc or
1uF solid tantalum on the input is suitable input bypassing for
almost all applications. The device is more sensitive to the
absence of input bypassing when adjustment or output ca-
pacitors are used but the above values will eliminate the
possibility of problems.

The adjustment terminal can be bypassed to ground on the
LM117 to improve ripple rejection. This bypass capacitor pre-
vents ripple from being amplified as the output voltage is
increased. With a 10 puF bypass capacitor 80dB ripple rejec-
tion is obtainable at any output level. Increases over 10 uF do
not appreciably improve the ripple rejection at frequencies
above 120Hz. If the bypass capacitor is used, itis sometimes
necessary to include protection diodes to prevent the capac-
itor from discharging through internal low current paths and
damaging the device.

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

Although the LM117 is stable with no output capacitors, like
any feedback circuit, certain values of external capacitance
can cause excessive ringing. This occurs with values be-
tween 500 pF and 5000 pF. A 1 uF solid tantalum (or 25 pF

aluminum electrolytic) on the output swamps this effect and
insures stability. Any increase of the load capacitance larger
than 10 pF will merely improve the loop stability and output
impedance.

LOAD REGULATION

The LM117 is capable of providing extremely good load reg-
ulation but a few precautions are needed to obtain maximum
performance. The current set resistor connected between the
adjustment terminal and the output terminal (usually 240Q)
should be tied directly to the output (case) of the regulator
rather than near the load. This eliminates line drops from ap-
pearing effectively in series with the reference and degrading
regulation. For example, a 15V regulator with 0.05Q resis-
tance between the regulator and load will have a load regu-
lation due to line resistance of 0.05Q x | . If the set resistoris
connected near the load the effective line resistance will be
0.05Q (1 + R2/R1) orin this case, 11.5 times worse.

Figure 2 shows the effect of resistance between the regulator
and 240Q set resistor.

LM117

R

Vin=—VIN VouT
ADJ

906306

FIGURE 2. Regulator with Line Resistance in Output Lead

With the TO-3 package, it is easy to minimize the resistance
from the case to the set resistor, by using two separate leads
to the case. However, with the TO-39 package, care should
be taken to minimize the wire length of the output lead. The
ground of R2 can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

PROTECTION DIODES

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

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

The bypass capacitor on the adjustment terminal can dis-
charge through alow currentjunction. Discharge occurs when
eitherthe input, orthe output, is shorted. Internal to the LM117
is a 50Q resistor which limits the peak discharge current. No
protection is needed for output voltages of 25V or less and 10
WF capacitance. Figure 3 shows an LM117 with protection

www.hational.com
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diodes included for use with outputs greater than 25V and
high values of output capacitance.

Vin

908307

R2
Vout = 1.25V (1 + a) + 1apyR2

D1 protects against C1
D2 protects against C2

FIGURE 3. Regulator with Protection Diodes

HEATSINK REQUIREMENTS

The LM317 regulators have intemnal thermal shutdown to pro-
tect the device from over-heating. Under all operating condi-
tions, the junction temperature of the LM317 should not
exceed the rated maximum junction temperature (T j) of 150°
C for the LM117, or 125°C for the LM317A and LM317. A
heatsink may be required depending on the maximum device
power dissipation and the maximum ambient temperature of
the application. To determine if a heatsink is needed, the
power dissipated by the regulator, Py, must be calculated:

Pp={Vin=Vour) x I + (Viy x lg) ®

Figure 4 shows the voltage and currents which are presentin
the circuit.

The next parameter which must be calculated is the maximum
allowable temperature rise, Tgyaxy:

TR(MAX) = TJ(MAX) - TA(MAX) (4)

where Ty ax, Is the maximum allowable junction temperature
(150°C for the LM117, or 125°C for the LM317A/LM317), and
Tamax) is the maximum ambient temperature which will be
encountered in the application.

Using the calculated values for Tgyax, and Pp, the maximum
allowable value for the junction-to-ambient thermal resistance
(8,,) can be calculated:

8a = (Trmax)/ Pp) (5)

=
<<
o
<
3

LOAD

i

_|_ GND

906360

FIGURE 4. Power Dissipation Diagram

If the calculated maximum allowable thermal resistance is
higher than the actual package rating, then no additional work
is needed. If the calculated maximum allowable thermal re-
sistance is lower than the actual package rating either the
power dissipation (Pp) needs to be reduced, the maximum
ambient temperature T,yax, Needs to be reduced, the ther-
mal resistance (6 ,) must be lowered by adding a heatsink,
or some combination of these.

If a heatsink is needed, the value can be calculated from the
formula:

Bha S (B8 - Bcy +80) ®)

where (8, is the thermal resistance of the contact area be-
tween the device case and the heatsink surface, and 6, is
thermal resistance from the junction of the die to surface of
the package case.

When a value for 6,_y, is found using the equation shown, a
heatsink must be selected that has a value that is less than,
or equal to, this number.

The 8,_,) rating is specified numerically by the heatsink man-
ufacturer in the catalog, or shown in a curve that plots tem-
perature rise vs power dissipation for the heatsink.

HEATSINKING SURFACE MOUNT PACKAGES

The TO-263 (S), SOT-223 (EMP) and TO-252 (MDT) pack-
ages use a copper plane on the PCB and the PCB itself as a
heatsink. To optimize the heat sinking ability of the plane and
PCB, solder the tab of the package to the plane.

HEATSINKING THE SOT-223 PACKAGE

Figure 5 and Figure 6 show the information for the SOT-223
package. Figure 6 assumes a e(J_A) of 74°C/W for 1 ounce
copper and 51°C/W for 2 ounce copper and a maximum junc-
tion temperature of 125°C. Please see AN-1028 for thermal
enhancement techniques to be used with SOT-223 and
TO-252 packages.

09.06.2007 - FRANK
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TIP132
K’I TIP135 TIP137

COMPLEMENTARY SILICON POWER
DARLINGTON TRANSISTORS

= STMicroelectronics PREFERRED
SALESTYPES

APPLICATION
= LINEAR AND SWITCHING INDUSTRIAL
EQUIPMENT

DESCRIPTION
The TIP132 is a silicon Epitaxial-Base NPN TO-220
power transistor in  monolithic Darlington
configuration, mounted in Jedec TO-220 plastic
package. It is intented for use in power linear and
switching applications.

The complementary PNP type is TIP137 .
Also TIP135 is a PNP type. INTERNAL SCHEMATIC DIAGRAM

SCO7840 E e (;) N SCO7850 E . (;) B
RiTyp.=5KQ Rz Typ. =150Q

ABSOLUTE MAXIMUM RATINGS

Symbel Parameter Value Unit
NPN TIP132
PNP TIP135 TIP137
Vceo Collector-Base Voltage (I = 0) 60 100 3
VceEo Collector-Emitter Voltage (Ig = 0) 60 100 v
Vepo Emitter-Base Voltage (Ic = 0) Vv
le Collector Current A
lcm Collector Peak Current 12 A
Ig Base Current 0.3 A
Ptst Total Dissipation at Tcase < 25 °C 70 W
Tsms<25 °C 2 W
Tetg Storage Temperature -65 to 150 0w
T; Max. Operating Junction Temperature 150 G

* Far PNP types voltage and current values are negative.

October 1999 1/4
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TIP132 / TIP135 / TIP137

THERMAL DATA

Rinj-case |Thermal Resistance Junction-case Max 1.78 °CIW
Rinj-amp  |Thermal Resistance Junction-ambient Max 63.5 ‘CIW
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
lceo Collector Cut-off Ve = Half Rated Veeo 0.5 mA
Current (Is = 0)
lceo Collector Cut-off Vcg = Rated Vego 0.2 mA
Current (Ie = 0)
lEBO Emitter Cut-off Current |Vgg =5V 5 mA
(lc = 0)
Vceo(sus)” |Collector-Emitter lc = 30 mA
Sustaining Voltage for TIP135 60 vV
(Iz = 0) for TIP132/TIP137 100 v
Vcesaty® |Collector-Emitter lc=4A lg = 16 mA 2 v
Saturation Voltage lc=6A I = 30 mA 4 \
Vee* Base-Emitter Voltage lc=4A Vee=4V 2.5 \
hee* DC Current Gain lc=1A Vece=4V 500
lc=4A Vee=4V 1000 15000

* Pulsed: Pulse duration = 300 ps, duty cycle 1.5 %
For PNP types voltage and current values are negative.

Safe Operating Areas

GC73201

g (A)

4

3 Ie MA¥ PULSETRULSE OPERATION®

. — 10 ms ]
10 & I Mﬁ}\X }CD}N}T}IP,‘I S X 100 ms B
6 N N LY lns mil
+|D.C. OPERATION \ H
X oms ]
2[* FOR SINGLE NON ‘{
REPETITIVE PULSE
10° —=——rrrm Y
s o\
4| TIP135 ‘
TIP132-137 i
2
SO ‘
10 0 2 4 5 8 1 2 4 68 3 2 4 68
10 10 10 Vee (V)

2/4

Power Derating Curve

GC73210

Piot (W)
70

5G
N
50 AN

40 \

. LY

20

100

1 50 T‘:QEE( DC)

1572
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Philips Semiconductors

NPN general purpose transistors

Product specification

BC546; BC547

FEATURES

* Low current (max. 100 mA)
» Low voltage (max. 65 V).

APPLICATIONS

s General purpose switching and amplification.

DESCRIPTION

NPN transistor in a TO-92; SOT54 plastic package.

PNP complements: BC556 and BC557.

PINNING
PIN DESCRIPTION
1 emitter
2 base
3 collector
1
2 i
3 i
Fe—— 2—<
1
MAM 182
Fig.1 Simplified outline (TO-92; SOT54)
and symbol.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
BC546 - 80 \%
BC547 - 50 \%
VecEo collector-emitter voltage open base
BC546 - 65 \%
BC547 - 45 \%
VERO emitter-base voltage open cellector
BC546 - 6 \%
BC547 - 6 \'%
le collector current (DC) - 100 mA
lem peak collector current - 200 mA
lem peak base current - 200 mA
Piot total power dissipation Tamb < 25 °C; note 1 - 500 mvv
Tstg storage temperature -85 +150 °C
T; junction temperature - 150 SE
Tamb operating ambient temperature —65 +150 °C
Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 15
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Philips Semiconductors

Product specification

NPN general purpose transistors

BC546; BC547

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rthja thermal resistance from junction to ambient note 1 0.25 Kimv
Note
1. Transistor mounted on an FR4 printed-circuit board.
CHARACTERISTICS
Tj= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lcpo collector cut-off current lg=0 Vep=30V - - 15 nA
le=0, Vep=30V, Tj= 150 °C - - 5 WA
lego emitter cut-off current lc=0;Vegg=5V - - 100 nA
hre DC current gain le =10 uA; Ve =5V,
BC546A see Figs2,3and 4 _ 90 -
BC546B; BC547B - 150 -
BC547C - 270 -
DC current gain lc=2mA, Veg=5V,
BC546A see Figs 2,3 and 4 10 |180 |220
BC546B; BC547B 200 290 450
BC547C 420 520 800
BC547 110 - 800
BC546 110 - 450
VCEsat collector-emitter saturation lc=10mA; Ig=05mA - 90 250 mV
voltage le =100 mA; Ig =5 mA - 200 600 my
VBEsat base-emitter saturation voltage |[lg=10mA; lg=05 mA; note 1 - 700 - mV
lc =100 mA; Ig =5 mA; note 1 - 900 - my
VBE base-emitter voltage lc=2mA Veg=5V, note 2 580 660 700 mV
lc=10mA, Vce=5V - - 770 mV
Ce collector capacitance le=ie=0;Vecg=10V,f=1MHz - 1.5 - pF
Ce emitter capacitance lc=ig=0;VEp =05V, f=1MHz |- 11 - pF
fr transition frequency lc=10mA; V=5V, f=100 MHz | 100 - - MHz
F noise figure le =200 uA;, Vee=5V, - 2 10 dB
Rs=2k®, f=1kHz, B=200Hz
Notes

1. Vpesat decreases by about 1.7 mV/K with increasing temperature.

2. Vpg decreases by about 2 mV/K with increasing temperature.

1999 Apr 15
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Philips Semiconductors Product specification

NPN general purpose transistors BC546; BC547

MEHTZZ
250

hFE

200
VCE =5V

150

100

i \

0
102 10 1 10 102 Ic (MA) 104

BC546A.

Fig.2 DC current gain; typical values.

MEBH 724

300
hre - VeE=5V
L
™
\\
™,
200 \

100 \\

10-2 101 1 10 102 I (MA) 100

BC546B; BC547B.

Fig.3 DC current gain; typical values.

1999 Apr 15 4
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Philips Semiconductors

Product specification

NPN general purpose transistors BC546, BC547

600

MEHTZ5

hFE —

400

P

200

0
102

BCS47C.

101 1 10 102 Ig (MA) 102

Fig.4 DC current gain; typical values.

1998 Apr 15
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TLO74
Ky[ TLO74A - TLO74B

®

LOW NOISE J-FET QUAD OPERATIONAL AMPLIFIERS

WIDE COMMON-MODE (UP TO V™) AND
DIFFERENTIAL VOLTAGE RANGE

B LOW INPUT BIAS AND OFFSET CURRENT
B LOW NOISE &, = 15nVAHz (typ)

B OUTPUT SHORT-CIRCUIT PROTECTION

B HIGH INPUT IMPEDANCE J-FET INPUT Dib1a

STAGE

B LOW HARMONIC DISTORTION : 0.01% (typ)
B INTERNAL FREQUENCY COMPENSATION
B LATCH UP FREE OPERATION
B HIGH SLEW RATE : 13V/us (typ) 5
5014
(Plastic Micropackage)

DESCRIPTION shiiai s

Package
The TLO74, TLO74A and TLO74B are high speed Part Number [ Temperature Range T 5

J—FET input quad operational amplifiers incorpo-

; ; E -55¢° o . .
rating well matched, high voltage J-FET and bipo- TCOFEMAMIEN RO'E, +129°C
. . " Fn TLO741/AI/BI -40°C, +105°C . .
lar transistors in @ monolithic integrated circuit. - .
TLO74C/AC/BC 0°C, +70°C . .

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

(Plastic Package)

Example : TLO74IN

N = Dual in Line Package (DIP;

D = Small Outline Package (Se)) - also available in Tape & Reel (DT)

output 1 1 [] T | ] 14 output 4
Inverting Input 1 2 [* _*:l 13 Inverting Input 4
Non-inverting Input 1 3 [J +*:l 12 Non-inverting Input 4
veet 4 [ 1 11 Vee-
Non-inverting Input 2 5 [q. ;:l 10 Non-inverting Input 3
Inverting Input 2 6 [* *:| 9 Inverting Input 3
output 2 7 [ |1 8 Output 3

March 2001

1M1
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TLO74- TLOT4A - TLO74B

SCHEMATIC DIAGRAM

Voo ' [
N
Non-invertin
inpu? L
Inve_rtingg
inpu [}
100¢Y 2000
[ ] Output
1009 114 TLO74
30k
- g
— IJ
| -
8.2k {}
1.3k 35k 1.3k 35k 100Q
Voo [}
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter TLO74M, AM, BM | TLO74l, Al, Bl | TLO74C, AC, BC | Unit
Ve | Supply voltage - note +18 v
Vi Input Voltage - note 2 £15 v
Vig Differential Input Voltage - note ¥ 30 v
Piot Power Dissipation 680 mwW
Output Short-circuit Duration - note ) Infinite
Toper | Operating Free-air Temperature Range -55 to +125 -40to +105 0to+70 °C
Tstg Storage Temperature Range -65 to +150 °C
1. Allvoltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the zero reference
level is ?he midpoint between V- * and \/gc’.

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
3. Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

4. The gtutpl.lt mc';iydbe shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not exceede

g

2M1
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TLO74 - TLO74A - TLO74B

ELECTRICAL CHARACTERISTICS
Vee = 215V, Tomp = +25°C (unless otherwise specified)

TLO741,M,AC,Al,AM
i S S TLO74C
Symbol Parameter BC,BLBM Unit
Min. | Typ. | Max.| Min. | Typ. | Max.
Input Offset Voltage (Rg =50Q) mv
Tamb = +25°C TLO74 3 10 3 10
TLO74A 3 6
Vi TLO74B 1 3
Trin < Tamb < Tmax TLO74 13 13
TLO74A 7
TLO74B 5
DVjo |Input Offset Voltage Drift 10 10 wvrC
Input Offset Current - note !
lig Tamp = +25°C 5 | 100 5 | 100 | pA
Tmin B Tamb < Tmax 4 10 nA
Input Bias Current-note 1
lip Tamp = +25°C 20 | 200 30 | 200 | pA
T Tamb < Trnax 20 20 nA
Large Signal Voltage Gain (R = 2k, V, = £10V) vimy
Avd Tamb = +25°C 50 | 200 25 | 200
Tmin = Tamb oS Tmax 25 15
Supply Voltage Rejection Ratio (Rg = 5002) dB
SVR Tamb = +25°C 80 86 70 86
Trin € Tamb < Trmax 80 70
Supply Current, no load, per amplifier mA
lec Tamp = +25°C 14 | 25 14| 25
Tmin € Tamb < Trax 2.5 2.5
Viem |Input Common Mode Voltage Range = :125 =i TJS A
Common Mode Rejection Ratio (Rg = 50€2) dB
CMR Tamp = +25°C 80 86 70 86
Triin € Tamb < Tmax 80 70
Output Short-circuit Current mA
los Tamp = +25°C 10 | 40 | 60 | 10 | 40 | B0
TrinE Tamb: = T 10 50 10 60
Output Voltage Swing \
Tamb = +25°C RL = 2kQ 10 | 12 10 | 12
Vopp RL = 10kQ 12 | 135 12 | 135
Tmin < Tamb < Tmax RL = 2kQ 10 10
RL = 10kQ 1z 12
SR Slew Rate (Tymp = +25°C) Vius
Vip = 10V, R = 2kQ, C = 100pF, unity gain 8 13 8 13
¢ |Rise Time (Tomp = +25°C) us
r Vin = 20mV, R = 2kQ, C| = 100pF, unity gain 0.1 0.1
K Overshoot (Tymp = +25°C) %
o Vin = 20mV, R = 2kQ, C| = 100pF, unity gain 10 10
Gain Bandwidth Product (T, = +25°C) MHz
GBP V,, = 10mV, R, = 2kQ, C, = 100pF, f= 100kHz 2 | 3 2 | 3
R; |Input Resistance 1012 1012 Q
1S77 311
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TLO74- TLO74A - TLO74B

TL074BIbM,B.T(é,GI,AM, TLO74C
Symbol Parameter =2 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Total Harmonic Distortion (T, = +25°C) o
THD f=1kHz, R = 2kQ,C_ = 100pF, A, = 20dB, 4o
0.01 0.01
Vo= 2V
e Equivalent Input Noise Voltage nyv
fl Rg=100Q, f = 1KHz 15 15 JHz
@m |Phase Margin 45 45 degrees|
Channel separation dB
VoilVoo A, =100 120 120
1. Theinput bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.
4 kys
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Datenblatt LCD

_PeakTech

LDP-340 LCD
Ie-ctellig

& Breiter Anwendungshbereich, z, B Volt-fAmperemeter-, Thermom eter, PH-\Wert-, dB-Yert-, Watt-,
Kapazitats-, Lux- und LCR-MefRgerte

&« 200 mv Eingangsempfindlichkeit

« mit Hirtergrundbel euchtung

# problemloser Einbau durch einfache Klippr ontage

# keine galvanische Trennung

@ Betriehsspannung: 9 % fir LCD- und 7-12 % fur LED-Module
& yveranderbare Kommastelle

« Mellprinzip: Doppelflanken-a/0-Unwand er

max. Bngandspannung 1999 mvy DC

max, Anzeige 1999 ([ 3¥e-stellig), mit autom atischer Polarititsanzeige
Ziffernhihe 8mm

Mefifol oe 2.3 % pro Sekunde

Genauigkeit + 0,5 % (bei23°C £ 5°C bei RH von < 80 % fbhel 239 C £ 52
EingaHQSMdérStand = 100 MO

Uherl;ue.rei.chzénz. “1’; E;r;c.ﬁeint ii‘n ximzei.gefel;:l.

."-..-"B.I.’|L.E;t| é'i.s.tung. .1 mADC . .

Dezimalstelle .- it Kurzschlufstecker wihlbar

Uberspannungsschutz 600 % DCf AC eff

Abmessungen 47 w 20 % 16 mm

Frontplattenaussschnitt (B 2 H) 43 % 19 mm
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Ruckwand
(1:1)
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Bodenplatte
(1:1)

232 x 110 mm

Bodenplatte :
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Skala
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TRACO DC/DC-Konverter
POWEH TMA Serie, 1 Watt

Merkmale

4 SIL-Gehause

4 Single- und Dudl-Ausgang

4 E/A-lsolation 1000 VDC

4 Hoher Wirkungsgrad bis 81%

4 Arbeitstemperaturbereich —40°C bis +85°C
4 Industriestandard Pin-Out

9 100% Burn-in (8 Std.)

4 Bleifreier Aufbau, RoHS-konform

4 3 Jahre Garantie

Die TMA-Serie sind ulirdkleine, isolierte 1 W DC/DC-Konverter im SIL- Gehéuse.
Aufgrund des kleinen Platzbedarfs von nur 1.2 cm? sind sie die idecle Losung fir
eine Vielzahl platzkritische Anwendungen auf der Printkartenebene. Dank des Auf-
baus in SMD-Technologie sind diese Konverter sehr zuverléssig und kostenginsfig.

Modelle

Bestellnummer Eingangsspannung Ausgangsspannung Ausgangsstrom max. Wirkungsgrad typ.
TMA 05055 5VYDC 200 mA 71%
TMA 05125 12 VDC 80 mA 78 %
TMA 05155 5VDC £ 10% 15 VDC 85 mA 78 %
TMA 0505D + 5VYDC +100 mA 72 %
TMA 0512D +12 VDC + 40 mA 78 %
TMA 0515D +15VDC + 35mA 72%
TMA 12055 5¥YDC 200 mA 73%
TMA 1212S 12 VDC 80 mA 80 %
TMA 12155 15 VDC 65 mA 80 %

12 VDC £ 10%
TMA 1205D + 5VDC +100 mA 74 %
TMA 1212D +12 VDC + 40 mA 81 %
TMA 1215D +15VYDC + 35mA 81 %
TMA 15055 5VYDC 200 mA 73%
TMA 15128 12 VDC 80 mA 80 %
TMA 15155 15 VDC + 10% 15 VDC 45 mA 80 %
TMA 1505D + 5VDC +100 mA 74 %
TMA 1512D +12 VDC + 40 mA 81 %
TMA 1515D +15VDC + 35mA 81 %
TMA 24055 5VYDC 200 mA 71 %
TMA 24128 12 VDC 80 mA 78 %
TMA 24155 24 VDC % 10% 15 VDC 85 mA 72 %
TMA 2405D + 5VDC +100 mA 72%
TMA 2412D +12 VDC + 40 mA 72 %
TMA 2415D +15VYDC + 35mA 80 %
www.tracopower.com Seite 1/3
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TRACO DC/DC-Konverter
POWER TMA Serie 1 Watt

Eingangsspezifikationen

Eingangsstrom bei Leerlauf / Vollast 5 Uein Modelle 30 mA / 260 mA typ.
12 Uein Modelle 12 mA / 110 mA typ.
15 Uein Modelle 12 mA / 100 mA typ.
24 Uein Modelle 7mA /55 mAtyp.

Transiente Uberspannung 5 Uein Modelle @V max.
(1 sec. max) 12 Uein Modelle 18 V max.
15 Uein Madelle 21 V max.
24 Uein podelle 30 Y max.

Verpolungsschutz 0.3 A max.

Reflekfierter Ripp|e5rrom Reduzierung durch externen 1-3.3 pF
Po |yesrerfi Im-Kondensator

Eingangsfilter interne Kondensatoren

Ausgangsspezifikationen

Einstellgenavigkeit der Ausgangsspannung +3%
Spannungssymmetrie (AModelle mit Dualausgang) + 1% max
Rege|c1bweichungen - Emg@ngsdnderung +12% /1% Anderung Uein

- lastanderung 20 - 100 % + 10 % max.
Restwelligkeit (20 AMHz Bandbreite] 75 mV pk-pk max.
Tempero’rurkoefﬁzienr +002%/K
Kurzschluf3schutz 1 sec. max.
Kapazitive Last - Madelle mit Singleausgang 220 pF max.

- Modelle mit Dualausgang 100 pF max.
Temperaturbereich — Belrieb -40°C ... +85°C

— Gehduselemperatur +25°C max.

- lagerung —40°C ... +105°C
Luftfeuchtigkeit {nicht betavend) 95 % rel H max.
Zuverléssigkeit, kalkulierte MTBF (AII-HDRK217E) > 2 Mio. Std. bei +25°C
Isolationsspannung Eingang/Ausgang 1000 ¥DC
Isolationskapazitat Fingang/Ausgang 60 pF typ.
Isolationswiderstand Eingang/Ausgang > 1000 MO
Schaltfrequenz 100 kHz typ. (Fulsfrequenzmodulation)
Frequenzéinderung iiber den gesamten Regelbereich + 30 % max.

Alle Spezifikationen bei Neminal-Eingangsspannung, Yellast und +25°C nach Autwérmzeit, ausgenommen anders spezifiziert.

www.lracopower.com Seite 2/3
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TRACO
POWER

DC/DC-Konverter
TMA Serie

1 Watt

Physikalische Spezifikationen

Gehdusematerial

Kunststoff

(UL 944-0 Klasse)

Modslle mit Sl'ng|edusgong:

Gewicht
M

21g

odelle mit Dualausgeng: 2.6 g

max. 265°C / 10 sec.

Lottemperatur

Gehéuseabmessungen mm (inches)

[
a Pin Single Dudl
- i 1 +Uein (Vec) | +Uein (Ved)
g2 o
O o T 2 | -Uein (GND) | —Uein (GND)
o
y / 4 -Uaus —Uaus
0.5 L H H H H ) (%i‘i 5 Kein Pin Common
ooz 4
23 L 6 +Uaus +Uaus
|04 |2.54| 508 |2.54|2.54 0.5 poz
co.o;? 0] [0.2) 00 o)
19.5 p77) -
! — o
Unteransicht 3| 2| & & _é
SR = o>
l 2 1 & ¢ of By
1 A
0.500 &
Toleranz +0.25(0.01)
Pins: +0.05 [0.002)
Technische Anderungen vorbehalien
TRACO e 10!
ELECTRONIC AG
- CH-8002 Zirich
Seite 3/3

Jenatschstrasse 1

Tel. +41 43311 4511 - Fax +41 43311 4545 -
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