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Abstract

This thesis is an application of triaxial accelerometer to measure vibration
shock and acceleration of machine. In measurement is used two piezoBEAM sensor for
measure acceleration of a small machine at different position. Measuring range of piczoBEAM
is between + 50 g. PiezoBEAM sensor use principle of piezoelectric that the force acting on
measuring element is proportional to acceleration in accordance with Neswton's law: F=ma.
An electric charge is generated proportional to the force. The output signal from sensor is
converted into proportional voltage about 0-5 volts by external amplifier. The output signal is
converted into digital by analog tc digital converter with 8 channel multiplexer. The triaxial
piezoelectric accelerometer interfaces with the microcontroller 8031. The microcontroller use
for sending data to microcomputer via RS 232 serial port. Microcomputer use C language
software to process, sampling data. This software is }JSS(‘. to find maximum, minimum and
average level of measuring range and it can display, print, compare the old data for indication
repair condition to user. The graph plot from continuous or single data which can be selected
and display all channels simultancously. Motor and engines effects cause the acceleration of
machine that generally have any level which could be measured and stored. For predict the
variation of acceleration level or frequency that we know the trouble on machine and we
could be analysis to improve or repair machine. Hence, we can protect machine before it

failure which it can work all the time.
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Overload vibration
shock (< 0.2 ms)
Sensitivity
+ 5% at 100 Hz, 3 g

Threshold, nom
Linearity, nom
Time constant, nom
Resonant frequency (mounted)
Frequency range (+5%)
Phase shift

4 .... 2000 Hz (4 ... 5000 Hz)
Transverse sensitivity
Base strain sensitivity

at 250 L€

Operating temperature range
Storage temperature range
Temperature coefficient

of sensitivity
Supply current
Supply voltage

Output bias voltage

Output impedance
Input impedance
Output voltage,full scale
Output current
at 4 mA supply
Sensitivity change
in function of the supply

current, 2 ... 8§ mA, typ.

mV/g

HLE, s
%

KHz

Hz
/°

%

g/HE

vDC

vDC

149

mA

%

+80
10,000
100

1000

+1

~22

05 ... 5K

(<5

<l

<0.001

+1
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Mass g 14.5

Ground insulation MQ2 10
Housing material Aluminium hard anodized
Magnetic holding force, nom N 12.2
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Input Characteristics
Constant Feed Current mA 4
Full Scale Signal Vpp 20
Transfer Characteristics
Gain 1

Frequency Range(+5% ) Hz.kHz 0.07...>200

(with 1 meg load & 10 VPP) *

Input/output Coupling AC



Output Characteristics

Full Scale Signal Voltage VPP 20
Current mA -
Impedance Q 100 (in series with 47 LLF )
Power Source external 24-32 V DC
4 mA
Physicl
Size LXHXW inch  3.8X1.7X1.1
Weight g 65
Connectors
Input BNC (neg)
Output BNC (pos)
Power banana jacks
Front Panel Meter no
Environmental

Operating temperature
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void init_port(port,code)
int port;
unsigned char code;
{
union REG r;
o
r.x.dx = port; /¥ RNYIDYNDIADYNTUF/
rhah = 0; /* BoalaFunuomy 0 vnshnwsvuaousy
¥y v
rhal = code; /* SHAAAMUUISUAY */
int86 ( Ox14,&r,&rn);
}
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void sport( port,c )
int port;
char c;

{

union REGS 13

rx.dx = port; FMUARINIRY BT A%/

rhal = sy ideantsdey

rhah = 1; piladumnoa 1 mthiidedeya 1 ludy
int86(0x14,&r,&r);

if (rhah & 128)( /+as9aban 7%

, [13 % % 13
printf( send error in serial port );
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exit ( 1);
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Data Ready 0
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Parity Error 2
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Break-Detect Error 4
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Time-out Error 7
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Change in clear-to-send 0
Change in data-set-ready 1
Trailing-edge ring detector 2
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union REGS r
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while (! ( check_stat ( port ) & 256 ))
i 3 a A a e
if (kbhit ()){ Avnanielnisnasg*/
getch ();
exit ( 1);
)
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rx.dx = port ; AU UANVUIBUYND TN */
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SFe e e ok e e sfe e ke she sk sk e e Sk S e ke sk Sk ke sk sk sk sk sk ke sk sk

3 SERIAL PORT INTERFACING

oot sl sk st ke ok s ek sk e ke ek ok

: PROJECT : TRIAXIAL ACCELEROMETER

; BY MR.JIRA WONGANANCHAI 35102090
: MR. NIPON PROMSEE 35102100
; MR. PANYA KUJIRAPRASERT 735102105

o 3ok ofe she sfe ofe she ke She b ke 3 sfe she she ok afe st sk ke s Sk ke ke sk e ok e ok sk Sfe e e e sk o e ok ok ke dfe st ok sk e e she ke e e sfe S she sfe ofe she ke sie sk she sk sk ke sk ske sk sfesk s kot
]

g Start == N A —

ORG 0000H
MOV  RI1,00H

POWER_ON : DINZ RI,POWER_ON

INIT_REG : MOV A#0OH :Clear accumulater
MOV  PSW #10H ;Choose bank 2

; - —-Initial regiter-m-n-mmmmmm e

SERIAL : CLR EA ;Disable interrupt
ORL PCON#80H K=2
MOV TMOD#20H ;8 bit reload
MOV SCON,#52H ;Serial 8 bit
MOV THI1#0FAH ;Set baud rate =9600
-SETB TR1 ;Start timer]

SETB P3.7



CLR P3.6

RX 1 BYTE :

JNB RL$
CLR RI
MOV A,SBUF

Select chanel

CH1 :

CH2 :

CH3 :

CH4 :

CHS :

CINE A#"a",CH2
CLR==P3"3

CLR P34
CCR.OP3Y
CALL WR

JMP  RXIBYTE
CINE A#'b",CH3
CLR P33

CLLR P34
SETB P3.5
CALL WR

JMP  RXIBYTE
CINE A#'c",CH4
CLR P33
SETB P34

CLR" £R3%
CALL WR

JMP RXIBYTE
CINE A#"'d",CHS
CLR P33
SETB P34

SETB P3.5
CALL WR

Ji\/ﬂ’ RXIBYTE

CINE A #"e",CH6

Recieve data for select

;Wait until RI="1"

JIf A="a" then CH1 selected

;If A="b" then CH2 selected

JIf A="c" then CH3 selected

JIf A="d" then CH4 selected

JIf A="e" then CHS5 selected
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CHG6 :

SETB P33
CLR. P34
CLR P3.5
CALL WR

JMP RXIBYTE
CINE A#'f"RXIBYTE
SETB P3.3

CLR P34
SETB P3.5
CALL WR

JMP  RXIBYTE

---Write data-—-----cceummeee

WR : SETB P3.6

;I A="f" then CHG6 selected
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NOP

NOP

CLR P3.6

CALL EOC

CALL ADC

RET

e —— Check end of conversion —----ce-eooocooooo o __

BOC: 2B P3.2,$ ;Wait EOC='1T"

RET

SRaanSITTT=6YTE {o8efMal port-----—---— oo

ADC: MOV API ;Save 1 byte

JNB TI$ ;Wait until TI='1"

CLR TI

MOV  SBUF,A

RET

END_PG : END

-End of program--——-— oo
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PiezoBEAM®-Triaxial-Beschleunigungsaufnehmer

Accéléromatre PiezoBEAM® triaxial
PiezoBEAM® Triaxial Accelerometer

Ed

Giogt 2

N
8.8692

Type

8692B5, 8692B50

Hochempfindlicher  Triaxial-Beschleunigungs-
aufnehmer mit eingebautem Ladungsverstérker
und niederohmigem  Spannungsausgang.
Haupteinsatzgebiet ist die mehrkanalige Mo-
dalanalyse. Trotz leichter Bauweise (159) hohe
Empfindlichkeit (100, 1000 mV/g). Der massei-
solierte Aufnehmer wird direkt auf das Messob-
jekt aufgeklebt. Kompatibel zu allen im Pro-
gramm stehenden Kupplern.

Accélérometre triaxial avec sensibilité élevée,
amplificateur de charge Intégré et tension de
sortie 4 basse impédance. Utilisation principale
en analyse modale. Sensibilité élevée (100,
1000 mV/g), malgré construction légére (159).
Le capteur isolé par rapport & la masse est
collé directement sur I'objet & mesurer. Compa-
tible avec tous le coupleurs disponibles.

4-PIN pos. Klebbare Montageoberflache
Microtech Surface de montage adhésive
, DR-45-6 Adhesive mounting surface

B
Magnetische Montageobetfléche
Surface de montage magnétique
Magnetic mounting surface

Triaxial accelerometer with high sensitivity,
built-in charge amplifier and low-impedance
voltage output. Main applicaticn field is modal
analysis. High sensitivity (100, 1000 mV/g) de-
spite lightweight construction (15g). The
ground insulated transducer is glued direclly
onto the object to be measured. Compatible
with all couplers available in the program.

Technische Daten z Données techniques Technical Data
Typ Type Type | . 869285 8692850
Bereich Gamme Range g 46 150
Oberlast Vibration Surcharge Vibration Overload Vibration g 18 +80
Schock (0,2 ms) Choc (50,2 ms) Shock (£0,2 ms) g 7000 10 000

Empfindlichkeit Sensibllité Sensitivity mv/g 1000 100

+5 % bei 100 Hz, 3 Gimse +5 % & 100 Hz, 3 Gims 45 % at 100 Hz, 3 gms
Ansprechschwelle, nom. Seull de réponse, nom. Threshold, nom. HGrms 120 1000
Linearitét, nom. Linéarité, nom. Linearity, nom. % *1 11
Zeltkonstante, nom. Constante de temps, nom. Time constant, nom. S 1 1
Resonanzfrequenz (montiert) Fréquence de résonance (monté) Resonant frequency (mounted)  kHz =9 =22
Frequenzberelch (£5 %) Gamme de fréquence (t5 %) Frequency range (15 %) Hz 05..2k 05 .56k
Phasgenverschiebung Déphasage Phase shiit

4 ...2000 Hz (4 ... 5000 Hz) 4 ...2000 Hz (4 ... 5000 Hz) 4 ... 2000 Hz (4 ... 5000 Hz) L2 <5 (<5)
Seltenempfindlicheit Sensibilité latérale Transverse sensitivity % <1 <1
Basisdehnungsempfindlichkeit Sensiblilité de sollicitation a I'extension Base strain sensitivity glue <0,001 <0,001

bei 250 pe a 250 pe at 250 pe
Betriebstemperaturbereich Gamme de temperature d'utllisation Operating temperature rang2 °C 0i..: 65 0...65
Lagerungstemperaturbereich Gamme de temperature de stockage Storage temperature range °G -23...93 -23 .. 93
Temperaturkoeffizient Coefficient de température Temperature coefficient %/[°C -0,01 +0,02

der Empfindlichkeit de la sensibilité of sensitivity
Spelsestrom Courant d'alimentation Supply current mA 2. 18 2.8
Spelisespannung Tension d'alimentation Supply voitage vDC 20...30 20 ..30
Ausgangsruhespannung Tension de repos Output bias voltage vDC 11 43 11 43
Ausgangsimpedanz Impédance de sortle Output impedance Q <500 <100
Elngangsimpedanz Impédance d'entrée Input Impedance kQ >100 >100
Ausgangsspannung,Vollbereich Tenslon de sortle, pleine gamme Output voltage, fuil scale v 5 +5
Ausgangsstrom Courant de sortie Output current mA 2 2

bei 4 mA-Speisung avec alimentation 4 mA at 4 mA supply
Empfindlichkeltsdnderung Changement de la sensibilité Sensitivity change % £1 £

in Abhéingigkeit des en fonction du courant in function of the supply

Speisestroms, 2 ... 8 MA, typ. d'alimentation, 2 ... 8 mA, typ. current, 2 ... 8 mA, typ.
Masse Masse Mass g 14,5 14,5
Masselsolation isolation par rapport & la masse Ground insulation MQ 10 10
Geh#usewerkstoff Matériau du boitier Housing materlal Aluminium, hard anodized
Magnetische Haltekraft, nom. Force retenante magnétique, nom. Magnetic holding force, nom. N 12,2 12,2
1 g=9,80665m:s2 1m-s2=01019.. g 1inch = 25,4 mm; 1 Nm = 0,73756... Ibft; 1 g = 0,03527... oz

Kiatlor Instrumaente AG, CH-8408 Wintertht

witzerl

d, Tel (052) 83 11 11

Kistler Instrument Corp., Amherst, MY 14228-2171, LUSA, Phone (716) 691-5100
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Beschreibung

Der PiezoBEAM®-Triaxial-Beschleunigungsauf-
nehmer besteht im wesentlichen aus dem Auf-
nehmergehduse aus hart eloxiertem Alumi-
nium, einem piezoelektrischen Messelement
und einem eingebauten Ladungsverstarker.

Am Ausgang des hochempfindlichen Aufneh-
mers steht wie bei allen Piezotron®-Beschleuni-
gungsaufnehmern ein niederohmiges Span-

nungssignal zur Verfugung, das proportional .

zur Beschleunigung ist.

Fur die Speisung und Signalaufbereitung kén-
nen alle im Programm befindlichen Kuppler
verwendet werden.

Anwendung

Wegen seines leichten Gewichts, seinen klei-
nen Abmessungen und seiner hohen Empfind-
lichkeit eignet sich der PiezoBEAM®-Triaxial-
Beschleunigungsaufnehmer besonders gut fur
Vibrations- und Schwingungsuntersuchungen
an Strukturen sowie fiir die Modalanalyse.

Montage
Es sind zwei Montagearten méglich:

® Mit dem internen Magneten
e Klebemontage mittels Petro-Wachs

Zubehor
® Petro-Wachs: Typ 8432
@ Verteilerkabel: Typ 1576
4-Pol-Stecker - 3 x BNC pos.,
1=02m
e \Verbindungskabel: Typ 1592

4-Pol-Kupplung - 4-Pol-Kupplung,
I=2m

Type 8692A..

Lk @—@EEEEEF 1

Description

L'accélérométre PiezoBEAM® triaxial est com-
posé principalement du boitier en aluminium
anodisé dur, de I'élément de mesure piézo-
¢lectrique et d'un amplificateur de charge in-
corporé.

Tout comme pour les accéléromatres & Piezo-
tron®, un signal de tension & basse impé-
dance, proportionnel & I'accélération, est dis-
ponible a la sortie de cet accélérometre trés
sensible.

Tous les coupleurs du programme peuvent &tre
utilisés pour I'alimentation et le traitement des
signaux.

Application

A cause de son poids réduit, de ses dimen-
sions réduites et de sa sensibilité ¢élevée, I'ac-
céléromatre PiezoBEAM® triaxial est tout spé-
cialement recommandé pour investigations de
vibrations et d'oscillations dans structures mé-
caniques ainsi que pour I'analyse modale.

Montage
Deux méthodes de montage sont possibles:

° Montage a I'aide de I'aimant incorporé
e Collage avec Petrowax

Accessoires
e Cire Petrowax: lype 8432
e (Cable de distiibution: type 1576

connecteur & 4 poles ~ 3 x BNC pos.,
I=02m

e (Cable de connexion:
prise & 4 poles — prise a 4 poles,
I=2m

type 1592

Description

The PiezoBEAM® triaxial accelerometer con-
sists of the transducer housing made of hard
anodized aluminium, a piezoelectric measuring
element and a built-in charge amplifier.

As with all Piezotron®accelerometers, a low-im-
pedance voltage signal, proportional to the ap-
plied acceleration, is available at the output of
this highly sensitive accelerometer.

All couplers available in the program can be
used for power supply and signal processing.

Application

Because of its low weight, low profile and high
sensitivity, the PiezoBEAM® triaxial accelero-
meter Is especially well suited for investigations
of vibrations and oscilations in mechanical
structures as well as for modal analysis.

Mounting
Two mounling methods are possible:

@ Mounting with built-in magnet
e Adhesive mounting with Petro wax.

Accessories
@ Pelro wax: Type 8432
® Interconnect cable: Type 1576
4-pin jack - 3 x BNC pos.,
1=02m
® Connecling cable: Type 1592

4-pin jack ... 4-pin jack,
| £2m

Type 1592




PIEZOTRON-KUPPLER
COUPLEURS PIEZOTRON
PIEZOTRON COUPLERS

12.021
Type

6108, 5112, 5116, 5120

Kuppier zur Speisung von Piczotron-Aufnehmern
mit Konstantstrom und zur Signalaufbereitung
(Zweeileiter-System). Vier Typen fiir verschiedene
Anforderungen. Ausfihrungen fiir externe Spei-
sung, Ratterie- und Netzspeisung, sowie mit Fil-
tern und einstellbarer Verstirkung. Méglichkeit
zur Uberwachung des Aufnehmerstromkreises.

Piezotron™ ist ein eingetragenes Warenzeichen
der Kistler Instrumente AG, Winterthur.

Type 5108

Type 5116

TECHNISCHE DATEN

Coupleurs pour alimentation de capteurs Piézo-
tron avec un courant censtant et peur la conver-
sion du signal (systétme & deux conducteurs).
Quatre modeéles pour des exigences différentes
sont disponibles. il exista des coupleurs pour une
alimentation extérieure, une alimentation assurée
par les batteries ou par le réseau ainsi qu‘avec des
filtres et un ampiificateur réglable. Possibilité de
surveillance du circuit du capteur.

Piézotron® est une marque déposée de Kistler
instrumente AG, Winterthur,

Type 5112

Piezotion couplers serve to power Piezotron
transducers with a constant current and perform
signal conditioning (two-wire system). Piezotron
couplers come in four models to meet a wvide
range of requirements. They are cither externally,
battery or mains powered, incotporate plug-in fil-
ters (depending on model) and an adjustable am-
plifier feature. Monitoring of the transducer pow-
er circuit is also possible.

Piezotron™ is the registered trademark of Kistler
Instrumente AG, Winterthur.

Type 65120

DONNEES TECHNIQUES

TECHNICAL DATA

Wistter Instrurmente A, CH-BA03 Wintedhur, Switzedand, Jel (05

Speisestrom Verstirkung Frequenzhereich Filter Ausgangs Spannungs- Abmessungen | Masse
(z1:5%) impedanz versorgung
Ceurant Gain Gamune de Filtre Impédance de Alimentation Rirnensions Massa
fréguence sortie
(:1:5"%) g
Current Gain Frequency range Filter Output Power supply Dimensions Mass
{5%0) impedance
Type mA - Hz.. kHz - Q \% mm
5108 4 1 0,07...2>200 — 100 ) 24...32= ¢} 100 x 45 % 30 65
5112 2 1 0,07...>200 - 100 bi 3x9v= o) 120 « 55 x 55 300
5116 2,518 1 0,07...200 a) al 20 220/110== 150 x 75 x 85 535
6120 2...18 0,5...5 0...180, al a) | 20 220/ 110 == 150 » 75 x 85 225
Betriebstemperatuibereich °C 0y, .50 Température d’utilisation °C 0...50 Operating temperature range °€ 10:::50
a) nhne Filter, fir Filter siehe «ZUBCEHORY a) sans filtre, pour filtres voir «ACCESSOIRESy a) without filter, for filters see «ACCESSORIESH
b)in Serie mit 47 ,«F b)) en série avec 47 uF b)in series with 47
¢} duich externe Spannungsquelle c) alimentation axterne c) external power supply
d) Typ 1IEC 6722 (Travsistorbatterie) d) type IEC GF22 (pile transistor) d) type IEC 6F22 (transistor battary)

Ambtiest NY

14120, USA, Phore (716) 6315100

!
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KUPPLER TYP 5108

Dieser Kuppler bendétigt eine externe Speisung,
die nicht stabilisiert zu werden braucht, d.h. es
kénnen z.B. einfache Netzteile oder Fahrzeugbat-
terien eingesetzt werden. Der Kuppler ist mit ei-
nem Verpolschutz ausgestattet.

Das Instrument kann dank seiner geringen Ab-
messungen direkt auf ein Anzeigegerat, z.B. ein
Oszilloskop aufgesteckt werden. Da Wechsel-
spannungskopplung verwendet wird, ist clie Auf-
nehmerruhespannung dem Ausgangssignal nicht
tiberlagert.

KUPPLER TYP 5112

Fir die Speisung dieses Kupplers werden drei 9V-
Batterien bendtigt. Um deren Lebensdauer zu
vergrossern, wird ein Speisestrom von nur 2 mA
verwendet. Mit dem eingebauten Zeigerinstru-
ment kann der Aufnehmerkreis auf Kurzschluss
und Unterbrechung berwacht sowie ein Batte-
rietest durchgefiihit werden. Da Wechselspan-
nungskopplung verwendet wird, ist die Aufneh-
merruhespahnung  dem Ausgangssignal nicht
iiberlagert.

KUPPLER TYP 5116

Dieser Kuppler ist netzgespeist, verfugt iiber eine
einstellbare Konstantstromauelle und kann mit
verschiedenen Filtern ausgeriistet werden. Mit
dem eingebauten Zeigerinstrument kann der Auf-
nehmerkreis auf Kurzschluss und Unterbrechung
barwacht werden. Da Wechselspannungskopp-
lung verwendet wird, ist die Aufnehmerruhespan-
nung dem Ausgangssignal nicht tiberlagert.

KUPPLER TYP 5120

Dieser Kuppler entspricht in seinen Eigenschaften
dem Typ 5116, bietet jedoch folgende Vorteile:
Der Typ 5120 kann sowochl mit Wechsel- als auch
mit Gleichspannungskopplung betrieben werden,
was besonders fiir Aufnehmer mit langer Zeitkon-
stante geeignet ist. Der Nullpunkt ist dabei Zwi-
schen £2,5V einstellbar.
Zusatzlich ist die Verstdrkung
schen 0,5 und 5 einstellbar.

des Kuppiers zwi-

AATTERY TEST

INPUT

3.9V Battery

L
i

—

Type 5120

weur

G

ourrur

COUPLEUR TYPE 5108

Ce coupleur requiert une alimentation extérieure
qui peut eue nonstabilisée: il peut s'agir, par
exemple, de simple alimer:ations électriques ou
de batteries de voiture. Le coupleur est muni
d'une sécurité contre l'inversion des poles.
Grace a ses dimensions compactes, I'instrument
peut étre monté directement sur un indicateur,
par exemple sur un oscilloscope. Comme le cou-
plage s'effectue avec une tension alternative, 1a
tension de tepos du capteur ne se superpose pas
au signal de sortie.

COUPLEUR TYPE 5112

L'alimentation de ce coupleur requiert trois batte-
ries de 9V. Pour prolonger leur durée, un courant
slectrique de seulerment 21nA est utilisé. L'afficha-
ge incorporé permet de surveiller tout court-
circuit et toute interruption dans le circuit du cap-
teur et de controler la batterie. Comme le coupla-
go s'offoctue avec uno tension alternative, la ten-
sion de repos du capteur ne se superpose pas au
signal de sortie.

COUPLEUR TYPE 5116

Ce coupleur est alimenté par le réseau, dispose
d'une source de courant constant réglable et peut
swre muni de différents filtres. L’affichage incor-
poré permet de surveiller tout court-circuit et tou-
te interruption dans le circuit du capteur. Comme
le couplage s'effectue avec une tension alternati-
ve, la tension de repos du capteur ne se Superpo-
se pas au signal de sortie.

¢OUPLEUR TYPE 5120

Ce coupleur posséde les mames qualités que le
type 5116 mars présente les avantages suivants: le
type 5120 fonctionne avec un couplage par ten-
sion alternative ou par tension continue, ce qui
convient surtout aux capteurs 4 longue constante
de temps. La peosition z6r0 est réglable entre
+2,6V.

En outre, Famplification du coupleur est reglable
entre 0,5 et 5.___

Scles —

ourrur
anr it
—o
220 K1
2201110V 50 80 Hr
Pios ta Filter

]

o Z SR
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COUPLER MODEL 5108

Power for this coupler is derived externally and
does rot need stabilising, i.e. it can be supplied
by car batterics or from the mains, for example.
Internal protection is provided to prevent damage
due to false polarity cormections.

The instrument’s small size and compact shape
permit easy. direct attachment o indicating in-
struments, eg. an oscilloscope. The Type 5108 is
AC coupled, thereby eliminating the transducer
bias voltage from the measured signal.

COUPLER MODEL 5112

Three 9-volt batteries powver this coupler. To ex-
tend the life of the batteries, the coupler operates
at a current of only 2mA. A pointer meter isincor-
porated in the coupler, indicating the integrity of
the transducer circuit and the battery condition.
The Type 5112 is AC coupled, thereby eliminating
the transducer bias voltage from the measured
signal.

COUPLER MODEL 5116

The Type 5116 coupler is a line powered coupler
equipped with an adjustable constant current
source and may be equipped with various filters.
A pointer meter is incorporated in the coupler, in-
dicating the integrity of the transducer circuit.
The Type 5116 is AC coupled, thereby eliminating
the transducer bias voltage from the measured
signal.

COUPLER MODEL 5120

The Type 5120 coupler incorporates all the fea-
tres of the Type 5116, and offers the following
advantages: The Type 5120 can be either AC or
DC coupled, which is particularly suitable for
transducers with a fong time constant. The zero
point is adjustatiie between +2,5V.
Furthermore, the coupler's amplification can e
sot between 0,5 and 5.




FUNKTIONSBESCHREIBUNG

Alle Kuppler besitzen Stromquellen. Diese ist bei
den Typen 5116 und 5120 einstellbar. Der Strom
dient der Energieversorgung des Impedanzwand-
lers im Piezotron-Aufnehmer. Dieser ist iber ein
gewdhnliches, zweiadriges Kabel anschliessbar,
iiber welches auch das Messignal zum Kuppler
gelangt (Zweileiter-System).

Die wechselspannungsgekoppelten Typen 5108,
5112 und 5116 entfernen den meist unerwiinsch-
ten Gleichspannungsanteil des Messignals, der
von der Gleichstromversorgung des Aufnehmers
stammt. Der Typ 5120 ldsst sowohl Gleich- als
auch Wechselspannungskopplung zu.

Wechselspannungskopplung (AC) wird fiir dyna-
mische Messungen verwendet, Gleichspannungs-
kopplung (DC) erlaubt eine quasistatische Kali-
brierung einiger Piezotron-Aufnehmer.

Die Typen 5116 und 5120 kénnen mit Tiefpassfil-
tern ausgestattet werden, siche «ZUBEHOR».

BETRIEB

Den Kuppler mit Betriebsenergie versorgen, siche
«TECHNISCHE DATEN». Die netzgespeisten
Kuppler sind auf die auf der Unterseite angegebe-
ne Spannung eingestellt. Zur Umstellung dieser
Spannung sowie zum Sicherungstausch ist das
Gerét von der Unterseite her zu 6ffnen (Achtung:
spannungsfihrende Teile).

Anschluss des Piezotron-Aufnehmers an  die
Buchse /nput mit beliebigem Kabel, z.B. Typ
1761A..., sieche «ZUBEHORy. Hochisolierende
und rauscharme Kabel sind nicht notwendig.

Anschluss eines Verbindungskabels zwischen der
Buchse Qutput und einem Anzeige- oder Regi-
striergerédt, z.B. mit dem Kabel Typ 1601B... Der
Typ 5108 kann direkt auf ein Anzeigegerdt ge-
steckt werden. Soll an diesen Kuppler dennoch
ein Kabel angeschlossen werden, kann dafiir z.B.
das Kabel Typ 16038B... verwendet werden.

Beim Typ 5120 kann der Nullpunkt des Ausgangs-
signals mit dem Potentiometer Zero Adjust einge-
stellt und in der Stellung Zero des Schalters ange-
zeigt werden.

EINGANGSKREISUBERWACHUNG

Die Eingangskreisiiberwachung erfolgt durch
Messen des Gleichspannungsanteils des Aufneh-
mersignals durch ein Voltmeter. Wird der Typ
5108 verwendet, muss ein Voltmeter dem Auf-
nehmer parallel geschaltet werden. Bei den restli-
chen Kupplern kann das eingebaute Instrument
verwendet werden. Beim Typ 5120 ist auf B/as zu
schalten.

Eine Anzeige zwischen 0 und 3V bzw. tiber 20V
(rote Felder) bedeutet Kurzschiuss bzw. Unter-
brechung des Aufnehmerkreises, eine Anzeige
zwischen 3 und 20V (griines Feld) bedeutet nor-
malen Betrieb.

KOPPLUNG

Die Typen 5108, 5112 und 5116 sind wechselspan-
nungsgekoppelt (AC). Der Typ 5120 ist je nach
Stellung des Schalters wechselspannungs- bzw.
gleichspannungsgekoppelt AC bzw. DC.

EINSTELLUNG DER VERSTARKUNG

Die Kuppler Typ 5108, 5112 und 5116 haben die
fixe Verstarkung 1. Der Typ 5120 ist werksseitig
ebenfalls auf Verstarkung 1 eingestellt, doch kann
diese im Bereich 0,5...5 gedndert werden. Dazu
ist die Riickwand abzunehmen (Achtung: span-
nungsfihrende Teile} und das sich ganz links
oben befindliche Potentiometer zu justieren. Zur
Bestimmung der Verstarkung wird ein Generator
1V/1000 Hz an den Eingang /nput angeschlossen
und die Spannung am Ausgang Output gemes-
sen.

DESCRIPTION DU FONCTIONNEMENT

Tous les coupleurs possédent une source de cou-
rant. Pour les types 5116 et 5120, elle est réglable.
Le courant sert & l'approvisionnement énergéti-
que du convertisseur d'impédance dans le cap-
teur Pi¢zotron. Celui-ci peut étre raccordé a un
cAble ordinaire & deux conducteurs par lequel le
signal parvient aussi au coupleur (systéme 4 deux
conducteurs).

Les coupleurs types 5108, 5112 et 5116 avec un
couplage par tension alternative suppriment la
tension continue du signal qui provient de I'appro-
visionnement en courant continu du capteur, Le
coupleur type 5120 permet un couplage par ten-
sion continue ou par tension alternative.

Le couplage par tension alternative (AC) est utili-
sé pour les mesures dynamiques; le couplage par
tension continue (DC) permet un étalonnage
quasistatique de quelques capteurs Piézotron.

Les coupleurs type 5116 et 5120 peuvent étre
munis de filtres passe-bas, cf. «k ACCESSOIRES».

FONCTIONNEMENT

Alimenter le coupleur en courant électrique, cf.
«DONNEES TECHNIQUES». Les coupleurs ali-
mentés par le réseau sont réglés sur la tension in-
diquée a la partie inférieure. Le changement de
cette tension et des fusibles doit s’effectuer en
ouvrant l'appareil par la partie inférieure. (Atten-
tion: piéces sous tension). ’

Raccordement du capteur Piézotron 3 la douille
Input par u:n cable ordinaire par exemple le type
1716A. .., cf. «<ACCESSOIRES». Les cibles avec
une grande isolation et traitement contre le bruit
de fond ne sont pas nécessaires.

Raccordement d’un cable de connexion entre la
douille Qutput et un indicateur ou enregistreur,
par exemple par le cdble type 1601B...Le cou-
pleur type 5108 peut étre monté directement sur
un indicateur. Si un cable doit étre raccordé 3 ce
coupleur, il faut employer, par exemple, le c8ble
type 1603B... . :

Pour le coupleur type 5120, le point Zero du signal
de sortie peut étre réglé avec le potentiometre
Zero Adjust et indiqué a la position Zero du com-
mutateur.

SURVEILLANCE DU CIRCUIT DE L'ENTREE

La surveillance du circuit de I'entrée s’effectue en
mesurant avec un voltmetre la tension continu du
signal du capteur. Sile coupleur type 5108 est uti-
lisé, un voltmétre doit étre branché parallglement
au capteur. Quant aux autres coupleurs, I'instru-
ment intégré peut étre utilisé. Pour le coupleur ty-
pe 5120, il faut cornmuter sur Bias.

Une indication située entre 0 et 3V, respective-
ment a plus de 20V (zones rouges) signifie un
court-circuit, respectivement une interruption du
circuit du capteur; une indication située entre 3 et
20V (zone verte) signifie un fonctionnement nor-
mal.

COUPLAGE

Les coupleurs types 5108, 5112 et 5116 sont cou-
plés par une tension alternative (AC). Le coupleur
5120 est couplé par une tension alternative ou
continue en fonction de la position AC ou OC du
commutateur.

REGLAGE DE L'AMPLIFICATION

Les coupleurs types 5108, 5112 et 5116 ont une
amplification fixe réglée sur 1. Le coupleur type
65120 comprend aussi une amplification réglée
I'usine sur 1, mais elle peut &tre variée entre 0,5 et
5. Dans ce but, il faut enlever le dos de I'appareil
(attention: pieéces sous tens.on) et ajuster le po-
tentiometie situé en haut tout & gauche. Pour dé-
terminer I'amplification, un générateur de
1V/1000 Hz est raccordé a I'entrée /nput et la ten-
sion est mesurée A 13 sortie Qutput.
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DESCRIPTION OF FUNCTION

All couplers have constant currents which are ad-
justable in the case of the Types 5116 and 5120 .
The current powers the impedance converter in
the Piezotron transducer. The transducer can be
connected via a conventional 2-lead cabls, which
is also used to transmit the measured signal to the
coupler (two-wire system).

The AC coupled models Type 5108, 5112and 5116
eliminate the -in most cases undesirable- DC vol-
tage from the measured signal originating from
the transducer’s DC power supply. The Type 5120
can be either AC or DC coupled.

AC coupling is used for dynamic measurernents,
whereas DC coupling allows quasistatic calibra-
tion of some Piezotron transducers.

The Types 5116 and 5120 may be equipped with
low-pass filters, see «kACCESSORIES».

OPERATION

Apply power to the coupler, see «TECHNICAL
DATA». The mains powered couplers are to be
set at the voltage indicated on their bottom. Open
the instrument from the bottom to change the
voltage or replace the fuses. (Caution: live con-
ductors!)

Connect the Piezotron transducer to the /nput
socket with any cable, e.g. type 1761A.. ., see
«ACCESSORIES». Highly insulated and low-
noise cables are not essential.

Attach a connecting cable between the Output
socket and an indicating or recording instrument,
e.g. with a Type 16018 cable. The Type 5108 can
be connected directly to anindicating instrument.
Should, however, a cable be connected to this
coupler, use the cable Type 1603B..., for ex-
ample.

On the Type 5120, the zero point of the measured
signal can be set by means of the Zero Adjust po-
tentiometer and is indicated in the Zero switch po-
sition.

INPUT CIRCUIT MONITORING

The input circuit is monitored by destermining the
DC voltage of the transducer signal through a
voltmeter. When using a Type 5108 coupler, con-
nect the voltmeter parallel to the transducer, In
the case of the other couplers, use the incorpora-
ted meter. When using the Type 5120 coupler,
switch to Bias.

A reading of between 0 and 3V or above 20V (red
sector) indicates that the input circuit is shortcut
or open, a reading of between 3V and 20V (green
sector) indicates normal operation.

COUPLING

The Types 5108, 5112 and 5116 are AC coupled.
Depending on the switch setting, the 5120 cou-
pler can be either AC or DC coupled.

SETTING THE AMPLIFICATION

The couplers Types 5108, 5112 and 5116 have a
fixed amplification factor of 1. The model 5120 is
factory set at 1, but the amplification factor may
subsequently be altered between 0,5 and 5. For
altering the amplification, remove the back panel
(caution: live connectors), and adjust the poten-
tiometer located in the top left-hand corner. A ge-
nerator 1V/1000 Hz is connected to the /nput end
and the voltage at the Output end is measured to
determine the amplification.
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EINSTELLUNG DER STROMQUELLE

Die Kuppler Typ 5108 und 5112 haben eine fix ein-
gestellte Stromquelle von 4 mA bzw. 2 mA. Dic
Typen 5116 und 5120 sind werksseitig ebenfalis
aul 4 mA eingestellt, doch kann dies im Bereich
2...18 mA geidndert werden. Eine Erhohung des
Speisestroms ist nur bei Auftreten von hochfre-
quenten Sighalen und gleichzeitig langen Kabeln
notwendig. Dazu ist die Rickwand abzunehmen
(Achtung: spannungsfihrende Teile) und das sich
in der linken unteren Ecke befindliche Potentio-
meter zu justieren. Dazu ist ein Amperemeter zwi-
schen den Eingang /nput und die Elektronikmasse
zu schalten. Falls Piezotron-Aufnehmer mit Stro-
men von mehr als 4 mA betricben werden, muss
eine Einschrinkung ihres Betriebstemperaturbe-
reichs in Kauf genommen werden.

Die folgende Tabelle gibt die héchste brauchbare
signalfrequenz in Abhéngigkeit von Speisestrom
und Kabellinge (Kabeinapszitdt) an:

Maximale Signalfrequenz

REGLAGE DE LA SOURCE DU COURANT

Les coupleurs types 5108 et 5112 ont une source
de courant réglée d I'usine & 4 mA respectivement
2 mA. Les coupleurs 5116 et 5120 ont aussi un
courant de 4 mA, mais celui-ci peut étre régleé
entre 2 et 18 mA. Une augmentation du courant
d’alimentation est seulement nécessaire si des
signaux de haute fréquence apparaissent et en
méme temps avec des longs cables. Dans ce but,
il faut enlever le dos de I'appareil (attention: pié-
ces sous tension) et ajuster le potentiométre situé
en bas dans le coin gauche. En outre, il faut bran-
cher un ampéremétie entre I'entrée /nput et la
masse de I'électronique. Au cas ol les capteurs
Piézotron fonctionnent evec un courant dépas-
sant 4 mA, il faut tenir compte d’un abaissement
de leur température de fonctionnement.

Le tableau suivant indique la fréquence de signal
maximale utilisable en fonction du courant d'ali-
mentation et de la longueur (capacité) de cable.

Fréquence du signal maximale

SETTING THE CURRENT SOURCE

The coupler Types 5108 and 5112 have a current
source factory set at 4 mA and 2 mA respectively.
The Types 5116 and 5120 are also powered by
4 mA, but this can be altered in the range of
2...18 mA. Increasing the current is only neces-
sary when high-frequency signals are transmitted
via long cables. When altering the current, remo-
ve the back panel (caution: live conductors), and
set the potentiometer located in the bottom left-
hand corner. In addition, connect an ammeter
between the /nput and electronics ground.
Should Piezotron transducers need to be pow-
ered by a current higher than 4 mA, the operating
temperature range is reduced.

The following table indicates the highest useful
signal frequency as a function of current and
cable length (cable capacity).

Maximum Signal Frequency

2m/200pF 5m/500pF 10m/1InF 20m/2nF 50m/5nF 100m/10nF 200m/20nF 500m/50nF 1000m/100nF

2mA| 320 kHz 130 65 30 13 6,5 3 1,3 0.6
4 mA 960 kHz 380 190 100 38 20 10 3,8 2
8 mA| 2250 kHz 900 450 225 90 15 20 9 4,5
18mA| 5500 kHz | 2200 1100 550 220 110 55 2 17

ZUBEHOR ACCESSOIRES ACCESSORIES

Kabel Céables Cables

Typ 1761A2 l= 2m Type 1761A2 I= Zyn Type 1761A2 l= 2m

Typ 1761A5 I= 5m Type 1761A5 I= 5m Type 1761A5 I= 5m

Typ 1761A10 I=10m Type 1761A10 1=10 m Type 1761A10 1=10m

Typ 1761Asp...m =t awm Type 1761Asp..m I=...m Type 1761Asp...m I=...m

Tiefpassfilter (auf Anfrage)

Filtres passe-bas (sclon demande)

Low-pass Filters (on request)

Typ/Type — 1 dB bei/a/at -3 dB bei/a/at —20 dB bei/a/at
5316 96 kHz 1=20% 180 kHz £10% 470 kHz +20%
5316A... a) 0,54-fc£20% fc £10% 2,6-fc £20%

| B31BA. .. b) 0,54-fc £20% fc £10% 2,6-fc £20% :

a) fc gem3ss Reihe E6: 1 kHz...220 kHz
b) fc gemiss Reihe EG: 10 Hz.. .680 Hz

a) fc selon série E6: 1 kHz...220 kHz
b) fc selon sarie EG: 10 Hz...680 Hz

a) fc according to series E6: 1 kHz...220 kHz
b) fc according to series E6: 10 Hz...680 Hz

Notch filters

Kerbfilter Filtre d'encoches

(Bandsperrfilter) 6dB/Oktave (auf Anfrage) 6dB/octave (selon demande) 6dB/octave (on request)
Typ/Type Sperrfrequenz Fur Aufnehmer —3 dB bei

Fréquence de blocage Pour capteur —3dBa
Notch frequency For transducer —3 dB at

5320A1 540430 kHz 6038 260410 kHz
5320A2 160+ 5 kHz 601A 67+ 5kHz
5320A3 42+ 2 kHz 8002 (808A) 17+ 2 kHz
5320A4 60+ 3 kHz 8044 (805A) 26+ 3 kHz
5320A8 10010 kHz 606A 50+ 5kHz
5320A9 315415 kHz 602A, 6018 125410 kHz

LIEFERFORMEN UND LIEFERUMFANG

Typ 5108 Piezotron-Kuppler fir Fremdspeisung
(24...32 VvV DC)

Piezotron-Kuppler mit Batterie-
speisung

Piezotron-Kuppler mit Netzspeisung,
Filter einsetzbar

Piezotron-Kuppler mit Netzspeisung,
einstellbare Verstirkung, Filter ein-
setzbar

Typ 5112
Typ 5116

Typ 5120

Lieferumfang: Siehe Angaben auf Preisliste.

COMMANDE ET FOURNITURE

Type 5108 Coupleur Piezotron, alimentation
externe (24...32 V DC)

Type 5112 Coupleur Piezotron, alimentation par
piles

Type 5116 Coupleur Piezotron, alimenté par
réseau, filtre & insérer

Type 5120 Coupleur Piezotron, aliment# par
réseau, gain ajustable, filtre & insérer

Etendu de la fourniture: selon prix-courant.

SUPPLY FORMS AND SCOPE OF DELIVERY

Type 5108 Piezotron Coupler, externally powe-
red (24..32 Vv DC)

Type 5112 Piezotron Coupler, battery powered

Type 5116 Piezotron Coupler, line powered,
filter to be inserted

Type 5120 Piezotron Coupler, line powered,
adjustable gain, filter to be inserted

Scope of delivery: see data on the price list.

Kistler Instrumente AG, CH:8408 Winterthur, Switzerland, Tal. (052) 83 11 11

Kistler Instrument Corp., Amherst, MY 14120, USA, Phone (716) £31-5100
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ADC0808/ADC0809

Nationai
Semiconductor

ADC0808/ADCO0809 8-Bit P Compatible A/D Converters

with 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compati-
ble control logic. The 8-bit A/D converter uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatability, and con-
sumes minimal power. These features make this device
ideally suited to applications from process and machine
control to consumer and automotive applications. For 16-
channel multiplexer with common output (sample/hold pcrt)
see ADCO0816 data sheet. (Sea AN-247 for more informa-
tion.)

Features

® Easy interface to all microprocessors

® Operates ratiometrically or with 5 Vpg or analog span
adjusted voltage reference

No zero or full-scale adjust required

8-channel multiplexer with address logic

0V to 5V input rangs with single 5V power supply
Outputs meet TTL voltage lavel specifications
Standard hermatic or molded 28-pin DIP package
28-pin molded chip carrier package

ADCO0808 equivalent to MM74C949

ADCO0809 equivalent to MM74C949-1

Key Specifications

A Resolution 8 Bits
m Total Unadjusted Error +1% LSB and +1 LSB
m Single Supply 5Vpg
" Low Power 15 mW
m Conversion Time 100 ps

Block Diagram
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o
Absolute Maximum Ratings (votes 1&2) Operating Conditions (Notes 1 & 2)
If Military/Aerospace specified devices are required, Temperature Range (Note 1) TMiNSTA S TMAX
please contact the National Semiconductor Sales ADC0808CJ —55°C<Ta< +125°C
office/Distributors for availability and specifications. ADCO80BCCJ, ADCO808CCN,
siipply Yoltads (Vo) (hota 2) : B8V ADC0809CCN ~40°CG<Tp< +85C
Voltage at Any Pin —0.3Vto (Vgo +0.3V) ADCO0808CCV, ADC0803CCV -40°C < Ta < +85C
Except Control Inputs Rarige of Veg (Note 1) 45 Vpc 10 6.0 Vog
Voltage at Control Inputs —-0.3Vto + 15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range -65"Cto +150°C
package Dissipation at Tp =25°C 875 mW
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic) 260°C
Dual-In-Line Package (ceramic) 300°C
Molded Chip Carrier Package
Vapor Phase (60 seconds) sl ®
Infrared (15 seconds) 220°C
ESD Susceptibility (Note 11) 400V
Electrical Characteristics
Converter Specifications: Voc=5 Vpc=Vrer+, VReF(-)=GND, TMin<Ta<Tmax and fo k=640 kHz unlsss otherwise
stated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error e + 4 LsB
(Note 5) Tmin to Tpax +Y, 1.S8
ADC0809
Total Unadjusted Error 0°Cto 70°C =4 LS8
(Note 5) TMmin to TMAX_ E3VA LS8
Input Resistance From Ref(+-) ta Ref(—) 1.0 a9 k)
Analog Input Voltage Range | (Note 4) V(+ ) ar V(-) GND —-0.10 Vee+0.10 Voc
VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vee Veg+0.1 v
VRer(+)+V -
-ﬂﬂ*—)—z——ﬁﬁﬂ——’ Voltage, Center of Ladder : Vee/2-0.1 | Veera | Veg/2+0.1 v
VREF(-) Voltage, Bottom of Ladder Measurad at Rei(-) rd.1 0 v
Iin Comparator Input Current fo =640 kHz, (Note 6) -2 +0.5 2 pA

Electrical Characteristics

Digital Levels and DC Speclfications: ADCO0808CJ 4.5V<Vop<5.5V, - 55°C<Tas +125°C unless otherwise noted
ADC0808CCJ, ADC0808CCN, ADC0808CCV, ADCO808CCN and ADCCB09CCV, 4.75<Vec<5.25Y, —40°C<Ta< +85°C un-
less otherwise noted

Symbol ' Parameter Conditions L Min Typ I Max ] Units
ANALOG MULTIPLEXER
loFF(+) OFF Channel Leakage Current Ve =5V, ViN=5V,
Ta=25C 10 200 nA
TMIN to Tmax 1.0 uA
loFF(—) OFF Channel Leakage Current Veo=5V, ViN=0,
Ta=25C -200 -10 nA
TMmIN to TMAX 1.0 nA

608004V/808000V



ADC0808/ADC0809

Electrical Characteristics (continueq)
Digital Levels and DC Specifications: ADC0808CJ 4.5V<Vee<5.5V, —55°C<TA< +125°C unless otherwise noted

ADC0808CCJ, ADCO808CCN, ARC0O808CCV, ADCOB0ICCN and ADCO80SCCV, 4.75<Vpc<5.25V, —40°C< Th< +85°C un-
less otherwise noted

Symbol l Parameter Conditions Min ' Typ I Max [ Units
CONTROL INPUTS
ViNG1) Logical 1" Input Voltage Vecc—1.5 v
Vin) Logical “0" Input Voltage 1.5 v
lingny Logical 1" Input Current ViN= 15V 1.0 A
(The Control Inputs)
liNG) Logical 0" Input Current ViN=0 -1.0 pA
(The Control Inputs)
lce Supply Current foLk =640 kHz 0.3 3.0 mA
DATA OUTPUTS AND EOC (INTERRUPT)
VouTt() Logical “1" Output Voltage lo= —360 pA Vec—0.4 v
VouT() Logical 0" Output Voltage lo=1.6 mA 0.45
VouT(o) Logical 0" Qutput Voltage EOC lo=1.2mA 0.45 v
lout TRI-STATE Output Current Vo =5V 3 pA
Vo=0 -3 A

Electrical Characteristics
Timing Specifications Vee = VRer(+) =5V, VREF(-)=GND, t=t=20 ns and Ta = 25°C unless otherwise notad.

Y

Symbol Parameter Conditlons Min Typ Max Units
tws Minimum Start Pulse Width (Figurs 5) 100 200 ns
tWALE Minimum ALE Pulse Width . (Figure 5) 100 200 ns
tg Minimum Address Set-Up Time (Figure 5) 25 50 ns
tH Minimum Address Hold Time (Figure 5) 25 | BO ns
to Analog MUX Delay Time Rg == 00 (Figure &) 1 25 "ouS
From ALE
thi1, tHo QE Control to Q Logic State C =50 pF, R =10k (Figure 8) 125 250 ns
tiH, ton OE Control to Hi-Z C =10 pF, Ry = 10k (Figure ) ze 250 ns
te Conversion Time fe =640 kHz, (Figure 5) (Note 7) 90 100 116 nS
fe Clock Frequency 10 640 1280 kHz
teoc EQC Delay Time (Figure 5) 0 8+2 usS Clock
Periods
CiN Input Capacitance At Control Inputs 10 - 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs, (Nota 12) 10 15 pF
Capacitance

Note 1: Absolute Maximum Ratings indicata limits bayond which damage to the device may occur. OC and AC alectrical specifications do not apply whan oparating
tha device beyond its specified cperating conditions. 2

Note 2: All voltages are measurad with respact to GND, tinless othewise spacified.

Note 3: A zener diode exists, intemally, from Vog to GND and has a typical breakdown voitage of 7 Vpc.

Nota 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diods drop below ground or one diode drop
greater than the Vegn supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vi does not exceed the supply voltage

by more than 100 mV, the output code will be comect. To achieve an absolute 0Vpg to 5Vpc input voltage range will therefore require a minimum suopty vottags of
4.800 Vpc over temperature variations, initlal tolerance and loading.

Note 5: Total unadjusted eror includes offset, full-scale, linearity, and multiplexer errors. Sea Figure 3. None of thase A/Ds requirss a zero or full-scale ad|ust.
Howaever, If an &ll zero code is desired for an analog input other than 0.0V, or If a narow full-scala span exists (for example: 0.5V to 4.5V full-scals) the referance
voltages can be adjusted to achieve this. See Figurs 13.

Note 6: Comparator input current Is a bias current Into or out of the chopper atabilized comparator. Tha blas current varas directly with clock trequency and has
little temperature dependence (Figure 8). See paragraph 4.0,

Note 7: The outputs of the data registar are updated one clock cycle before the rsing edge of EOC.
Mote 8: Human body model, 100 pF discharged through a 1.5 kN resistor.
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Functional Description

Multiplexer. The device contains an 8-channel single-end-
ad analog signal mulliplexer. A particular input channel is
selected by using the address decoder. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal.

TABLE |

SELECTED ADDRESS LINE
ANALOG CHANNEL C B A
INO L L L

IN1 L L H

IN2 L H L

IN3 L H H

IN4 H 1= L

INS H L H

INB H H L

IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its 8-
bit analog-to-digital converter. The converter is designed

to give fast, accurate, and repeatable conversions over a
wide range of temparatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter’s digital outputs are positive true.

The 2586R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltags.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + 4, LSB
and succeeding output transitions occur avery 1 LLSB later
up to full-scals.

The successive approximation register (SAR) performs 8 it-
arations to approximate ths input voltaga. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shov's a typical example of a 3-bit converter. In the
ADCO0808, ADCO0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
1

REF(+) Oy

Lt ™
L —

1%4R

256R

%R

Vi

T0
. P~ COMPARATOR
INPUT

REF(-) Ol

TL/H/5872-2

FIGURE 1. Resistor Ladder and Switch Tres
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ADC0808/ADC0809
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Functional Description (continueq)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EQC) output to the SC input. If used in this
mods, an external start conversion pulse should be applied
after power up. End-of-conversion will go low batween 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the

m

T
=-FULLSCALE

10 IDEAL CURVE -< ERROR = i/2LSB
a 1

o

(X}

= 100

2

£

5 o -

o L= NONLINEARITY = 1/2 158
Q

S oo r- -3

NONLINEARITY = —1/2 LS8
oa1| -
-

000 Vin
0/8 1/3 2/8 3/ 43 5/8 63 118

VIN AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transfer Curve

comparator drift which has the greatest influence on the
repeatability of the device. A chopper-stabilized comparator
provides the most effective method of satisfying all the con-
verter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter axtramely
insensitive to temperature, long term drift and input offset
errors.

Figure 4 shows a typical error curve for the ADCO0B08 as
measured using the procedures outlined in AN-179.

£ ___INFINITE RESOLUTION

m PERFECT CONVERTER

1o ~|Trlz)L:5 IDEAL 38IT CONVERTER
w TAL
g m unanwusTeD 1 =
ERROR 1
=100 ; -11sp
= ABSOLUTE
S o)s ACCURACY
S oo ~172158
QUANTIZATION
001 ERROR
000 Vin

4
0/8 1/8 2/8 3/8 4/8 578 6/8 18
ViN AS FRACTION OF FULL.SCALE

FIGURE 3. 3-Bit A/D Absaluta Accuracy Curve

/—HEFEHENCE LINE

nuannzms{ | I !
ERROR
ot [ I [ '
INPUT OV FULL

VOLTAGE

SCALE
TL/H/5872-3

FIGURE 4. Typical Error Curve
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Connection Diagrams

Dual-In-Line Package Molded Chip Carrier Package
< m O
IN3—]1 28}—-N2 888 49T, T,
N4 —{2 27 f—IN1 | T I I |
w5 —s 26 i 25 24 25 22 21 20 19
-4
IN6—]{ 4 25} A00 A N0 —126 1812
N7 {5 24}-A00 8 Ni—27 17f-270s8
START —{6 23}-00 ¢ IN2—28 ) o Vﬂg(')
£foc—7 2|~ ALE N1 15f-2
2758 21f-2""uss i -2’
OUTPUT ENABLE—{9 204272 i 13}~GND
cLock—{10 19273 N6 —4 12} Vrer (+)
Vo dit 18 =274 N 5 6 7 8 9 10 I
o N N T T T 11
Veer (+) {12 17}=2"%s8 5 Eoge w8
= < 3 >
GND—{13 16 = Vpgr (=) 5 e Wy % 2
27714 15276 .
=
&
TL/H/5872-11 g
Order Number ADC0808CCN, ADC0809CCN, TUH/5672-12
ADC0808CCJ or ADC0808CJ Order Number ADC0808CCV or ADC0B09CCV
See NS Package J28A or N28A See NS Package V28A

Timing Diagram
|‘~—m-——1

=0 RN B e s e gl L

START

ALE m;
= WALE-~
STABLE AOORESS
ADORESS 80% ‘ (sw
— L
s tw
anatos \/ - STABLE \'/
eyt ﬁ A
<
Lse
COMPARATOR
InPuT
(INTERNAL NOOE)
|

fpene '

ENASLE

EOC

TU/H/56872-4
FIGURE 5
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ADC0808/ADC0809

FIGURE 6. Comparator iy vs Viy
(Vec = VRrer=5Y)

TRI-STATE Test Circuits and Timing Diagrams

L1, thi ti4, CL=10 pF
Vee «,I..._
N a
uTPUT ““5’;%
ENABLE A
GND Lt

M -
Typical Performance Characteristics
15 T 2 n—
fe = 1200 kHz Ta=85°C
' /
< o0s /7/ _5; Tp=125°C N
z . 1 = 640 kHz < . N
Z fo * 640 KHz g T~
£ 4 /V/V/ : Q/ \\
Tp=-40°C
<t fe = 1200 kHz
-15 l 0 !
0 125 25 15 5 0 125 2.5 175 5
Vig (V) YiN (V)
TL/H/56872-5

FIGURE 7. Multiplexer Roy vs VN

(Vec=VRep=5V)

th1, CL=50 pF

'!
| A
- 50%

10%

GNO

)
ouTPUT
enaLe O | i un toH——] f
Cy, 10k Vou 4o
l ouTPyT 0%

" tyo, CL=50 pF

1y [
0%

50%
10%

tou, tho ton, C = 10 pF
vee vee —Iy
Vee
ouTPUT 0%
10k ENABLE 50%
GND W"l
UTPUT (5 ;
ENABLE . i |‘“ OH
L Vee =
T ouTPUT
10%
= = vou
FIGURE 8

tHo—
50%

TL/H/5872-6
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Applications Information
OPERATION

1,0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physicai variable being
measured is expressed as a percentage of full-scale which
is not necessarily related to an absolute standard. The volt-
age input to the ADC0808 is expressed by the equation

ViN_ _ Dx
Vis=Vz DMmAx—DmiN
Vin = Input voltage into the ADC0808
Vis = Full-scale voltage
Vz=Zero voltage
Dy = Data point being measured
Dmax = Maximum data limit
Dpin = Minimum data limit

(@)

A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
directly proportional to the output voitage which is'a ratio of
the full-scale voltage across it. Since the data is represent-
ed as a proportion of full-scale, reference requirements are
greatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiomaters, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scals
voltage to the standard volt. For example, if
Vee=VRer=5.12V, then the full-scala range is divided into
256 standard steps. The smallest standard step is 1 LSB
which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The valtages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which
is referenced to the supply. The voitagss at the top, center
and bottom of the ladder must be controlled to maintain
proper operation.

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(—),
sheuld not be more negative than ground. The center of the
ladder voltage must also be near the center of the supply
because the analog switch tree changes from N-channel
switches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be sasily
met in ground referenced systems.

Flgure 10 shows a ground referenced system with a sepa-
rate supply and refersnce. In this system, the supply must
be trimmed to maltch the reference voltage. For instance, it
a 5.12V is used, the supply should be adjusted to the samse
vattage within 0.1V.

Vee
L L Qoeri

In7

-

D)
.
°
03
-
.

* Ino

1

wa

DIGITAL
oUTPUT
Qgur|- PROPORTIONAL
TO ANALOG
INPUT

v v
LS8 Qoffagl N, "IN
VRer  Vco

478V VoG = VRER S5.25V

REF(-)

ADCosna

* Ratlomnetric transducars
TL/H/5872-7

FIGURE 9. Ratiometric Conversion System
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ADC0808/ADC0809

Appiications Information (continued)

The ADC0808 needs less than a milliamp of supply current
so developing the supply from the reference is readily ac-
complished. In Figure 171 a ground referenced system Is
shown which generates the supply from the reference. The
buffer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12.
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor.

]

The top and bottom ladder voltages cannot exceed Vg
and ground, respectively, but they can be symmetrically less
than Ve and greeater than ground. The center of the ladder
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LSB steps decreased) by using a symmetrical reference
system. In Figure 13, a 2.5V reference is symmatrically cen-
tered about Vpg/2 since the same current flows in identical
resistors. This system with a 2.5V. reference allows the LSB
bit to be half the size of a 5V reference system.

vee
SUPPLY

VReF

Vee

REF(+)

In7
L4
.

.
In0
REF(-)
GND

MSB
DIGITAL
OUTPUT
Ayt REFERENCED
0
GRIUND
LSB v
Qoyt = , LN
VRer

ADCO0808

4.75V < Voo = Vper < 5.25V

FIGURE 10. Ground Referenced
Converslon System Using Trimmed Supply

v
v cc
T MSB
® REF(+ DIGITAL QUTPUT
5 v 2 Qour REFERENCED 10
i O— w7 GROUND
Vin { O— E
O~ Ina.
Vin
REF(-) Ls8 Qout = —
&l Ve
Ow |0 475V < Vog = Vagr < 525V

ADC080%
TL/H/5672-8

FIGURE 11: Ground Referanced Convers!on System with
Reference Generating Voc Supply
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Applications Information (continued)

10-15 Vg

LM3298

LM301A

1000 pF

REF(+)

+ 104F
— s0LID
TANTALUM

-t

< P> GND
REF(-)

FIGURE 12. Typlcal Reference and Supply Clreuit

RAi

5V

3.75V

1.25V

25V
REFERENCE Rg

wasisiing

Vee

M.
REF(+) 2
In7
.
: DIGITAL OUTPUT

PROPORTIONAL TO
a

p QLT ANALOG INPUT
< 1,25V < VN € 1.75V
no
REF(-)

LS8
GND Ra=Ag

“Ratiomatric transducers

TL/H/56872-9

FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS
The transition between adjacent codes N and N + 1 is given
by:

N 1
ViN= ~VReF(-)| =—=+=—] £V +VREF(=
IN {(VREF(+) REF( ))[255 S‘ZJ TUE} REF(~) (2)

The center of an output code N is given by:
N
Vw{NnEFH)—VnEF(—))[ﬁ]iVTUE} +VREF(-) @)
The output code N for an arbitrary input are the integers
within the range:

Vin—VReF(-
N = ——IN" TREF! %256 + Absoluta Accuracy (4)
VREF(+) = VREF(~)

where: V|y = Voltage at comparator input
VRer(+)= Voltage at Ref(+)
VRer(—)=Voltage at Ref(—)
VTue = Total unadjusted error voltage (typically
VREF(+)+512)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the peri.
odic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average valus of the comparator input current varies
directly with clock frequency and with Viy as shown in Fig-
ure 6.

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as ths tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

If input filter capacitors are desirad for noise reduction and
signal conditioning they will tend to average out the dynamiz
comparator input current. It will then take on the character-
istics of a DC bias current whose sffact car| be predicted
conventionally. ‘

608000V/80800QV



ADC0808/ADCG809

Typical Application

READ .
_J INTERRUPT
500 kHz —{ CLK 0€
ADDRESS 5.000V—{ v EOC INTERRUPT
DECONE REF(+)

0.000V —f

(AD4-ADI5)* VREF(-)

2= 087 MS8

START 2= —— 086

ALE =3 pm» 085

WAITE .
24— 84
ADO— A 275 083
Dcogo
AD1~—{B :ncoau; 2-8 ———P 082
AD2 —{C 2-7 ——p 081

2-8 ———> 080 Lss

S5V SUPPLY ( )
1V

cc 1 Ving
GND .
-5V
GROUND = # ANALOG

. INPUT RANGE

.

o f—Vix 1

TU/H/5872-10
" Address latches needed for 8085 and SC/MP interfacing tha ADCOB08 to a microprocessor
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Gircuit, Made 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMAe$2eR/W | VMAe¢$eR/W | TRQA or IROB (Thru PIA)
Ordering Information
TEMPERATURE RANGE —40°C to +85°C ~55°Cto +125C
Error + 1/, LSB Unadjusted ADC0808CCN ADC0808CCV ADC0808CCJ ADCO0808CJ
+1 LSB Unadjusted ADC0809CCN ADC0809CCV
Package Outline N28A Molded DIP V28A Molded Chip Carrier | J28A Ceramic DIP | J28A Ceramic DIP
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National
Semiconductor

General Description

The LM79XX series of 3-terminal requlators is available with
fixed output voltages of —5V, —12V, and —15V. These de-
vices need only one external companent—a compensation
capacitor at the output. The LM79XX series is packaged in
.the TO-220 power package and is capable. of supplying
"1.5A of output current.

These regulators employ internal current limiting safe area
b protaction and thermal shutdown for protection against vir-
tually all overload conditions.

Low ground pin current of the LM79XX series allows output
| voltage to be easily boosted above the preset value with a
resistor divider. The low quiescent current drain of

LM79XX Series 3-Terminal Negative Regulators

these devices with a specified maximum change with line
and load ensures good regulation in the voltage boosted
mode.
For applications requiring other voltages, see LM137 data
sheet.

Features

® Thermal, short circuit and safe area protection
m High ripple rejection

m 1.5A output current

¥ 4% preset output voltage

Typical Applications

+15V, 1 Amp Tracking Regulators

Load Regulation at Al = 1A

Tamparature Stability
Output Noise 10Hz < f < 10 kHz

outputs.

lators.

Output Ripple, Cipy = 3000 pF, I = 1A

Wi LM340T 15V 90 Vour (+) 15V
Ra*
104
1%
cas* 01
B —— ns* 1N4DO1
10k
1%
|
250F
TL 48’ —O COMMON
c2 _-Lt
cse - N M 250F
25uF Sk 4y
T QUTPUT TRIM } o))
T0 ~15.0V
Vi LM7915CT 2O Vour () 15V

Performance (Typical)

TL/H/7340-1
(-15) (+15)
40mv 2mv
100 uVrms 100 pnVrms
50 mv 50 mv
150 pVrms 150 uVrms

‘Resigtor tolaranca of R4 and AR5 determine matching of (+) and (—)

“*Necessary only if raw supply filtar capacitors ara more than 3 from requ-

XX6ZNWT



LM79XX

Absolute Maximum Ratings

If Milltary/Aerospace specified devices are required, (Vo =
please contact the Natlonal Semiconductor Sales

Input-Output Differential
(Vo = 3V)
12V and 15V)

o Jaeg

LY
»

Office/Distributors for avallabllity and specifications. Power Plssipati?n (Note 1) |nterna;|y”‘
Input Veltage Operating Junction Temperature Range 0°C to 4
(Vo = 5V) —35v Storage Temperature Range —65°Ct

(Vo = 12V and 15V) - 40V Lead Tempsrature (Soldering, 10 sec.)
Electrical Characteristics conditions unless otherwise noted: loyt = 500 mA, Ciy
Ol

0°C < Ty < +125°C, Power Dissipation < 1.5W.

= 2.2 pF, Coyy:

Part Number LM7905C ‘J
Output Voltage 5V 3
Input Voltage (unless otherwise specifled) -10vV a
Symbol Parameter Conditions Min ( Typ [ Max g :_
Vo Output Voltage T | i2ad5i0 -4.8 ~50 -52 |
5mA < loyt < 1A, 5d.75 -5.25
P < 15W (-20 < VN € —=7) ;
AVo Line Regulation Ty = 25°C, (Note 2) 8 50
(=25 s VNS —=7)
2 15 K
(=12 < V|N < —-8) i
AVo Load Regulation Ty = 25°C, (Note 2) 28]
5mA < lguT S 1.5A 15 100
250 mA < loyTt < 750 mA 5 50 1
la Quiescent Current Ty =25°C 1 2 H
Alg Quigscent Current With Line 0.5 b
Change (=25 < Vin & —=7) ;
With Load, 5 mA < lgyt < 'A 0.5 &
Vo Output Noise Voltage Ta = 25°C, 10 Hz < f £ 100 Hz 125 H
Ripple Rsjection f=120Hz 54 66
(—18 < Viy € —8)
Dropout Voltage Ty = 25°C, loyt = 1A 1.1
loMAX Peak Output Current Ty = 25C 2.2
Average Temperature lout = 5 mA, 0.4 i
Coefficient of 0C < T, <100°C o
Output Voltage
Typical Applications (continued) 4
Varlable Qutput E
[+ I &
B =
—p— 250F 9
cl c2
2.2.F i ¢ i b:
soLI0 — SOLID
TANTALUM h2 T TANTALUM
1
INPUT : LM79XXCT ouTPUT
TL/H/7340-2

“Improves transient response and ripple rejection. Do not increase beyond 50 pf.
R1 + R2
R2 )
Selact R2 as follows:
LM7905CT 30002

LM7912CT 750N
LM7915CT 1k

Vout = VseT (
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}'ctrical Characteristics (continued) Conditions unless otherwise notad: loyr = 500 mA, Gy = 2.2 uF,

= | uF, 0°C < Ty < +125°C, Power Dissipation = 1.5W.
Part Number LM7912C LM7915C
Output Voltage 12v 15V
Units
5 [nput Volitage (unless otherwise specified) -19V —23V
Parameter Conditions Min I Typ I Max Min ] Typ i Max
Output Voltage Ty =25C -115 -120 -125| —144 —150 -156 v
5mA < oyt < 1A, ~11.4 -12.6| —14.25 ~15.75| Vv
P< 15W (—27 < VN < —14.5) (=30 < Viy < —17.5) v
Line Regulation Ty = 25°C, (Note 2) 5 80 5 100 mv
i (—30 < Vjy £ —14.5) (=30 < Viys —17.5) v
3 30 3 50 mV
-22 < VN € —16) (—26 < Vi < —20) v
Load Regulation Ty = 25°C, (Note 2) 15 200 15 200 mV
5mA < oyt < 1.5A 15 200 15 200 mV
250 mA < lgyT < 750 mA 5 75 5 75 mV
Quiescent Current Ty = 26°C 1.5 3 1.5 3 mA
? | Quiescent Current With Line 0.5 0.5 mA
* | Change (—30 < Viy < —14.5) (=30 <Viy s —17.5) v
3 With Load, 5 mA < lgyt < 1A 0.5 0.5 mA
" | Output Noise Voltage | Ty = 25°C, 10Hz < f < 100 Hz 300 375 v
Ripple Rejaction f =120 Hz 54 70 54 70 d8
(25 < Vg £ —15) (=30 < Vjy< —17.5) v
Oropout Voltage Ty = 25°C.loyr = 1A 1.1 (% v
Peak Output Current | Ty = 25°C 2.2 2.2 A
Average Temperature | loyt = 5 mA, -0.8 1.0 mv/°C
Coefficient of 0C < T, < 100°C
" | Output Voltage

B 1: For calculations of junction temperature risa dus to powar dissipation, thermal resistance junction to ambient (8 ;) is 50°C/W (no heat sink) and 5°C/W
hts haat sink).

2 Requlation is measured at a constant junction termperature by pulsa testing with a low duty cycle. Changes in output voltaga dus to heating effects must be
i into account.

pical Applications (continued)

Pty

)
e

MW capacitance in excess of 100 pF, a
dioda from input to output
tc.) will protect the requlator from

Puoyy

H [0

Fixed Regulator

LuF

LMT9XXCT

TL/H/7340-3

i requlator is separated from filter ca-
by more than 3°. For valua given, ca-
Must be solid tantalum. 25 pF alumnum

may ba substituted.

without limit.
Currant

input shors.

1uf

A\ Lo
1

for stability. For vaiue givan, capacitor
solid tantalum. 25 pF aluminum elec-
3y ba substituted. Values given may be

ourruTt

Dual Trimmed Supply

+5.0V

01
IN4001

-O coM

184001

-5.0v

TL/H/7340-4
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pical Applications (continued)

b
|
|

1

LM7905CT

bightness increasas until ij = 5V/R1 (I can ba set

mnection Diagrams
TO-3 Package

Y
0

cnn/

QuTPUT

L~

Bottom View

See NS Package Number KC02A

+ 2N4143
cit __1_.
25uF -T—

Fr Number LM7905CK, LM7912CK or LM7915CK

R2 U} '-1_"
100k
é 8V - 15V
é 8ULB
(D ) 1154
o1 MAX TURN-ON
CURRENT
+ IN457 £
C2 v
25uF
R1*

TL/H/7340-9
as low as 1 pA)

gsary only if raw supply filtar capacitor is mora than 2 from LM7905CT

T0O-220 Package

—— e L0

Tyemm—— -\ "L
[ —==—Wclo

TL/H/7340-10 3 TL/H/7340-11

Top View
Order Number LM7905CT, LM7912CT or LM7915CT
See NS Package Number TO3B
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National
Semiconductor

#General Description
“he LM78XX series of three terminal requlators is available

#¥qulation, sliminating the distribution problems associated
y single point requlation. The voltages. available allow
se regulators to be used in logic systems, instrumenta-
, HiFi, and other solid state electronic equipment. Al-

jo LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
inking is provided. Current limiting is included to limit the

kthe output transistor is provided to limit internal power dissi-
ation. If internal power dissipation becomes too high for

i hoat sinking provided, the thermal shutdown circuit

f es over preventing the IC from overheating.

4 C_énsiderable effort was expanded to make the LM78XX se-

; of requlators easy to use and mininize the number

of external components. It is not necessary to bypass the
output, although this does improve transient response. Input
bypassing is needed only if the regulator is located far from
the filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

m Output current in excess of 1A

® Internal thermal overload protection

No external components required
Output transistor safe area protection
Intarnal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range
LM7805C 5V
LM7812C 12V
LM7815C 15V

Connection Diagram

S

A

S
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s
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>
>

<
<
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INPuT

Metal Can Package
TO-3 (K)
Aluminum

¢ QUTPUT—

INPUT —
:"' TW/H/7748-2

Bottom View

g

<

<

Vv

AN

aureut
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

A

Vaer

Plastic Package
TO-220 (T)
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TL/H/T746-3
Top View
Order Number LM7805CT,

LM7812CT or LM7815CT
See NS Package Number TO3B
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LM78XX

Absolute Maximum Ratings

If Military/Aerospace specifled devices are required, Maximum Junction Temperature

please contact the Natlonal Semiconductor Sales (K Package)

Office/Distributors for availability and specifications. (T Package)

Input Voltage (Vo = 5V, 12V and 15V) 35V Storage Temperature Range —85°Cto;
Internal Power Dissipation (Note 1) Internally Limited Lead Temperature (Soldering, 10 sec.) i
Operating Temperature Range (Tp) 0°Cto +70°C TO-3 Package K

TO-220 Package T

Electrical Characteristics LM78XXC (Note 2)0°C < Tj < 125°C unless otherwise noted.

Output Voltage 5V 12v
Input Voltage (unless otherwise noted) oV 19v
Symbeol Parameter Conditions Min I Typ l Max | Min ] Typ I Max
Vo Output Voltage Tj=25C,5mA <o < 1A . 9, 5.2 | 115 12 125
Pp £ 15W,5mA < Ig < 1A 4.75 5251 11.4 12.6
VMIN < VIN € VMAX (7.5 S VN < 20) | (14,5 < V|ny £ 27)
AVg Line Regulation lo = 500 mA|Tj = 25°C 3 50 4 120
AViN (7 < Viy £25) | 145 < V)y £ 30)
'€ R T #H1R5°C 50 120
AViN (8 < VN s 20) (15 < Viy £27)
lo 1A Ti = 25°C 50 120
AViN (7.5 < VN £ 20) | (14.86 S VN £27)
0°C'< T] < +125°C 25 60
AViN (B<ViN<12) | (16 < Viy < 22)
AVg Load Regulation Tj=25C [5mA < ]o < 1.5A A B0 12 \eey
250 mA < lg < 750 mA 25 60
5mAl<]lo < JALOIC £TSsimtesC 50 120
la Quiescent Current lo £ 1A Tj = 25°C 8 8
0°CiL-Tj-5 41250 8.5 8.5
Aln Quisscent Current ~ [5mA < 1o < 1A 0.5 0.5
Change T = 25°C. 10 < 1A 1.0 1.0
VMIN € VIN € ViMax (7.5 < Viy £ 20) | (14.8 < Vs 27)
lo < 500 MA, 0°C & T| < +125°C i.0 1.0
i VMIN $ VIN € Vmax (7 < Vin < 25) | (145 < ViN< 30)
VN Output Noise Voltage|Ta =25°C, 10 Hz < f < 100 kHz 40 75
AViNn | Ripple Rejection lo < 1A, T} = 25°Cor 62 80 €5 72
AVout t = 120 Hz{ 1o < 500 mA 62 55
0°C < Tj < +125°C ;
VMIN € VIN € VMax (8 < Viy <18) (15<ViN<25) |(185s Vy < 25.
Ro Dropout Voltage Tj = 25°C, loyt = 1A 2.0 2.0
Output Resistance  |f = 1 kHz 8 18
Short-Circuit Current [Tj = 25°C 2 1.5
Peak Output Current |Tj = 25°C 2.4 2.4
Average TC of Voyt |0°C < Tj < +125°C, 1o = 5 mA 0.6 15
Vin Input Voltage
Required to Maintain |Tj = 25°C, Ip < 1A 7.5 14.6
Line Regulation

Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of ff"‘_
package (T) is typically 4'C/W junction to case and 50°C/W case to ambiant. ¥
Note 2: All characteristics are measured with capacitor across tha input of 0.22 uF, and a capacitor across tha output of 0.1pF. All characteristics 8xc
voltage and ripple rejection ratio are measured using pulse techniques (t < 10 ms, duty cycle < 5%). Output voltage changes dus to changes ™
temperature must ba taken into account saparately.
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LM117A/LM117/LM317A/LM317
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
voltage. Further, both line and !oad regulation are better
than standard fixed requlators. Also, the LM117 is packaged
in standard transistor packages which are easily mounted
and handled.

In addition to higher performance than fixed reqgulators, 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 ter-
minal is disconnected.

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

Besides replacing fixed regulators, the LM117 is usefut in a
wide variety of other applications. Since the regulator is
“floating”" and sees only the input-to-output differantial voit-
age, supplies of several hundred volts can be requlated as
long as the maximum input to output differential is not ex-
ceeded, 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. Sup-
plies with electronic shutdown can be achieved by clamping
the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

The LM117 series devices with a "K' suffix are packaged in
standard TO-3 transistor packages, while those with an ““H"
suffix are in a solid Kovar-base TO-39 transistor package.
The LM117A and LM117 are rated for operation from
—55°C to +150°C, the LM317A from —40°C to + 125°C,
and the LM317 from 0°C to +125°C. The LM317AT and the
LM317T are available in a TO-220 plastic package and the
LM317MP in a TO-202 plastic packags.

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

LM117 Series Packages and Power Capabllity

Par;ﬁfl‘:::ber Package F?:\:/e; leos:c;!n
N\ Dissipation Current
K TO-3 20W 1.5A
H TO-39 2W 0.5A
T4 TO-220 20W 1.5A
MP TO-202 2w 0.5A
Features

® Guaranteed 1% output voltage tolerance
(LM117A, LM317A)
m Guaranteed max. 0.01%/V line regulation
(LM117A, LM317A)
m Guarantzed max. 0.3% load regulation
(LM117A, LM117)

Guaranteed 1.5A output current
Adjustable output down ta 1.2V
Current limit constant with temperature
100% electrical burn-in
80 dB ripple rejection
Output is short-circuit protected

Typical Applications

1.2V-25V Adjustable Regulator

[Tl
iz Y p—vaur!t
‘_‘ 5
L c2
0.AuF T wF
<
A2
e
b—

= TL/H/9063~ 1
Full output current not available at high incut-outout voltages
“Needed if device is mora than 8 inches from filtar capacitors.
tOptional—imoproves transient responsa. Outout capacitors in the rangs of
1 wF to 1000 uF ot aluminum or tantalum alactrolytic are commonly used
to provide improved output impadance and rajection of transients.

" A2
Fteur = 125V (1= =2 ¢ LoyRo)

Digitally Selected Outputs

LM

v

l LN ;v""'[

At
10

il | | l

INPUTS

*Sats maximum Yoyr
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Vour

TL/H/9063 -2
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LM117A/LM117/LM317A/LM317

Absolute Maximum Ratings (ot 1)
If Military/Aerospace specified devices are required,

please contact the Natlonal

Semiconductor Sales

Office/Distributors for availability and specifications.

(Note 2)
Power Dissipation

Input-Output Voltage Differential

Storage Temperature
Lead Temperature

Metal Package (Soldering, 10 seconds)
Plastic Package (Soldering, 4 seconds)

ESD Tolerance (Note 5)

Internally Limited
+40V, -0.3V
—65°Cto +150°C

300°C
260°C
3kv

Electrical Characteristics

Specifications with standard type face are for T; = 25°C, and those with boldface
ture Range. Unless otherwise specified, Viy — Vour = 5V, and louT =

Operating Temperature Range

—-55°C < Ty < +150°C |

—40°C < Ty < +125°C
0°C < Ty £ +125°C

LM117A/LM117
LM317A
LM317

Preconditioning

Thermal Limit Burn-In

10 mA. (Note 3)

All Davices 100%

type apply over full Operating Tempera-

Parameter Conditions ng117A o L Unll!'

Min Typ Max Min | Typ | Max 1

Reference Voltage 1.238 1.250 1.262 Vi
= <4 !

2Ls = Yo ov; 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30 | v §

10mA < loyt £ IMax, P < Pmax i :

Line Ragulation 3V < (VN — Vour) < 40V (Note 4) 0.005 | 0.01 0.01 | 0.02 | %/\
0.01 | 0.02 0.02 | 0.05 | %/Vi

Load Regulation 10mA < loyT < Imax (Note 4) 0.1 0.3 0.1 0.3 Yo j
0.3 1 0.3 1 %4

Thermal Regulation 20 ms Pulse 0.03 0.07 003 | 0.07 | %/W
Adjustment Pin Current 50 | too 50 | 100 | pAd
Adjustment Pin Current Change | 10 mA < Iyt < Iyax ;
0.2 5 0. 5 {

3V < (Vin = Vour) s 40V i i

Temperature Stability TMIN £ Ty € Tyax 1 1 % i
Minimum Load Current (ViN = VourT) = 40V 3.5 5 3.5 L] mA:
Current Limit (Min = Vour) £ 15V B
K Package 1.5 2.2 3.4 1.5 2.2 3.4 A%

H Package 0.5 0.8 1.8 0.5.| o8 1.8 Adl

Vin = Vour) = 40V {

K Package 0.3 0.4 03 | 04 A

H Package 0.15 0.2 0.15 0.2 At

RMS Output Noise, % of Voyt | 10 Hz < f € 10 kHz 0.003 0.003 % L
Gl

Rippl jacti i Vv =10V, f = 120 Hz, !
pple Rejaction Ratio ouT = 10V, f Hz P as g8t
Capy = 0 puF g

Vout = 10V, f = 120 Hz, :

8 ] %

o0 1 6 80 6 | 80 8%

Long-Term Stability Ty = 125°C, 1000 hrs 0.3 1 0.3 1 % 1
Thermal Resistance, K Package 2.3 3 2.3 3 °C/w
Junction-to-Case H Package 12 15 12 15 | *C/M
Thermal Resistance, Junction- | K Packagae 35 35 °C/W
to-Ambient (No Heat Sink) H Package 140 140 °C/W




]
Electrical Characteristics (continued)

ture Range. Unless otherwise specified, VIN = Vour = 5V, and lout

= 10 mA. (Note 3)

Specifications with standard type face are for Ty = 25°C, and those with boldface type apply over full Operating Tempera-

ENE 7
Parameter Conditions il i L Units
Min Typ Max Min Typ Max
Reference Voltage 1.238 1.250 1.262 3
3V s (Vi = Vour) < 4ov, 1.225 | 1.250 | 1.270 | 1.20 | 1.25 | 1.30| v
10mA < oyt < Imax, P < Pumax
Line Requlation 3V < (Vin = Vour) < 40V (Note 4) 0.005 | 0.01 0.01 | 0.04 | %/v
0.01 0.02 0.02 | 0.07 | %/V
Load Regulation 10 mA < loyt < Imax (Note 4) 0.1 0.5 0.1 0.5 %
0.3 1 0.3 1.5 %
Thermal Regulation 20 ms Pulse 0.04 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 100 nA
Adjustment Pin Current Change | 10 mA < louTt < Imax 0.2 5 0.2 5 i
3V < (Viy — Vour) = 40V
Temperature Stability TMIN € Ty < Tyax 1 1 %
Minimum Load Current (ViN = VouTt) = 40V 3.5 i0 3.5 10 mA
Current Limnit (Vin = Voug) £ 15V
Kand T Package 1.5 202 3.4 1.5 272 3.4 A
H Package Q.5 0.8 1.8 0.5 0.8 1.8 A
P Package 0.5 0.8 1.8 A
ViN = Vouyt) = 40V
K'and T Package 0.15 0.4 0.15 0.4 A
H Package ¢ 0.075 0.3 0.075 0.2 A
P Package e 0.075 | 0.2 A
AMS Output Noise, % of Voutr | 10Hz <t < 10kiHz I 0.003 0.003 %
i iecti ati =1 =
Ripple Rejection Ratio Vourt OV, f = 120 Hz, a5 = 48
EADJ = O0pF
Your = 10v. [ = 120 Hz, 68 80 86 | 80 a8
Capy = 10 uF
Long-Term Stability Ty = 125°C, 1000 hrs 0.3 0.3 1 %
Thermal Resistancs, Junction- K Package 23 3 2.3 3 *C/W
to-Case H Package 12 15 12 15 [ C/wW
T Packaga 4 5 4 *C/W
P Package 7 "C/W
Thermal Resistance, Junction- | K Package 35 35 "C/W
'o-Ambient (No Heat Sink) H Package 140 140 °C/W
T Package 50 50 *C/W
P Package | 80 °C/W

Note 1: Absolute Maximum Ratings indicate limits beyond which damage 1o the davice ma

Tha quarantaed spacifications apply only for the test conditinng listod.

the LM117K military specifications.
Note 3: Although power dissipation is internally limited, these specifications are aoplicable f,

Covared under the spacifications for thermal ragulation.
! Note s: Human body model, 100 pF discharged through a 1.5 kN resistor.

20W for the TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 packaqges and 0.5A for the T0O-39 and TO-20:
Min. and Max. columns) are guaranteed to National's AOQL (Average Outgoing Quality Leval).
Note 4: Regulation is measured at a constant junction temperaturs, using pulse testing with a low duty cycla. Changes in output voltage dus to heating effacts ara

y occur. Operating Ratings indicata conditions for which the davice is
Intended to be functional, but do not guarantee spacific performance limits. For quarantaed spacifications and test conditions, sea tha Electrical Charactenstics.

or maximum power dissi

Note 2: Refer to RETS1174H drawing for the LM117AH. the RETS117H drawing for the LM117H, the RETS117AK drawing for the LM117AK, or the RETS117K for

pations of 2W for the TO-39 and TO-202, and
2 packages. All limits (i.e., the numbers in the

cH|
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Typical Applications (continued)

5V Logic Regulator with Electronic Shutdown*

Vi V=35V

M117

Vi Vour|
ADJ

Vour
5V

r— 0.1uf

“Min. output = 1.2V

TL/H/9083-3

Adjustable Regulator with Improved

Vin

Ripple Rejectlon
LM117

tSolid tantalum

Vin Vour
ADJ
R1 o1+
€2 240 1N4002
0.1uF i
c3
N r X
+ >
c1 R2
l 5k
‘Discharges C1 if output is shorted to ground TL/H/9083-10

Vin

Slow Turn-On 15V Regulator

LM117

(Vin ~ Vaur

ADJ

c2

I 0.1uF

ViIN lv v
[

L \uf
I-Nu !

1N4002

c1
/1\ 25uF

<
)
i%zju M2

High Stabllity 10V Regulator

LM117

LM129A

RJ
287
1%

TL/H/9083-9

+

High Current Ad|ustable Regulator
3-LMI95'S IN PARALLEL

s C1

i

2N2905

LM117

R3
500

IVin ~ Vour
ADJ

¢ .
+
R§
% ]

2
10uF?

IN4002

Vour

c3

‘L
I E

b4l
10uF"
<L

+Solid tantalum

"Minimum load current = 30 mA

tOptional—improves ripple rajection

Vour
10v
A1
2%
5% e
1.5k
1%
TL/H/9063-11
TL/H/9083-12

LLEWT/VLIEWT/LLVNT/VY LN



LM117A/LM117/LM317A/LM317

Connection D|ag AMS (Ses Physical Dimension section for further information)

(TO-3)
Metal Can Package

ADJUSTMENT Vin

CASE IS OUTPUT

TL/H/9083-30
Bottom View

Steel Packages
Order Number LM117AK STEEL, LM117K STEEL,
LM317AK STEEL or LM317K STEEL
See NS Package Number K02A

Aluminum Packages
Order Number LM317AKC or LM317KC
See NS Package Number KC02A

(TO-220)
Plastic Package

A04 ViN

Vour
TL/H/9083-32
Front View

Order Number LM317AT or LM317T
See NS Package Number TO3R

(TO-39)
Metal Can Package

INPUT

O-==—— ADJUSTMENT

(— ouTPUT

CASE IS OUTPUT
Bottom View

TL/H/8063-31#
§
X

3
Order Number LM117AH, LM117H, LM317AH or LM317H‘§_

See NS Package Number H03A

(TO-202)
Plastic Package

O

- Vour

ADJ |

~=— VIN

Vour

Front View

Order Number LM317MP
See NS Package Number PO3A
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0P-07 Low Offset, Low Drift Operational Amplifier

general Description

e OP-07 has very low input offset voltage (25 .V max. for
0P-07A) which is obtained by trimming at the wafer stage.
imese low offset voltages generally sliminate any need for
aternal nulling. The OP-07 also features low input bias cur-
et (£2 nA for OP-07A) and high open-loop gain
1300 V/mV for OP-07A). The low offsets and high open-loop
gain make the OP-07 particularly useful for high-gain appli-
cations.

" The wide input voltage range of =13V minimum combined
with high CMRR of 110 dB and high input impedance pro-
wida high accuracy in tha non-inverting circuit configuration,
excellent linearity and gain accuracy can be maintained
even at high closed-loop gains.

‘Stability of offsets and gain with time or variation in temper-
alure is excellent.

The OP-07 is available in TO-39 metal can, ceramic or
molded DIP.

For improved specifications, sea the LM607.

Fits 725/108A/308A, 741, AD510 Sockets
Replaces the pA714

Features

u Low Vog 25 pV Max
m Low Vpg Drift 0.6 uV/°C Max
u Ultra-Stable vs Time 1.0 pV/Month Max
u Low Noise 0.6 nVp-p Max
® Wide Input Voltage Range +14V
u Wide Supply Voltage Rangs +3Vto 18V
|

L]

Applications

m Strain Gauge Amplifiers

m Thermocouple Amplifiers

m Precision Reference Buffer
m Analog Computing Functions

Connection Diagrams

Dual-In-Line Package

A oY

1 8
Vos TRIM — — Vo5 TRIM
7 7
-IN - — V4
83 6
+iN + — ouT
4 S
V= — ——N.C.

TL/H/10550-1
See NS Package Number JOBA or NOSE

|
H
i

Metal Can Package

V= (CASE)

TL/H/10550-2
See NS Package Number HOSC

;Ordering Information

Ta = 25°C HO8C Package NOSE Operating
VosMax 10-99 JOBA Plastic Temperature
(nV) CERDIP Range
25 OP-07AJ* OP-07AZ* MiL
75 OP-07EJ OP-07EZ OP-07EP COM
75 OoP-07J* OoP-072* MiIL
150 OP-07CJ 0OP-07CZ OP-07CP COM
150 OP-07DJ OP-07DP COM

*Faor devices processed in total compliance to military spacifications rafar to RETSOP07X for OP-07.

20-dO0



0oP-07

Absolute Maximum Ratings

It Military/Aerospace specitled devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for availabillty and specifications.

Supply Voltage + 22V
Internal Power Dissipation (Note 5) 500 mW
Differential Input Voltage +30V
Input Voltage (Note 6) ' +22Vv
Qutput Short-Circuit Duration Continuous

Electrical Characteristics

Storage Temperature Range

J and Z Packages ~65°C 10}-1\1
P Package ~65C g s
Lead Temparature (Soldering, 60 sec.) :
Junction Temperature ~65°C (ol

Operating Temperature Ranga;

OP-07A, OP-07, ~55Ctq.
OP-07E, QP-07C, OP-07D oc @

.
bind

Unless otherwise specified, Vg = 15V, To = 25°C. Boldface type refers to limits over —55°C < Ty < +125«¢;';4

v
Symbol Parameter Conditions OF 97A L e g
Min Typ Max Min Typ Max:
Vos Input Offset Voltage (Note 1) 10 25 30 759
(Note 1) 25 60 60 | 200!}
AVos/t | Long-Term Input Offset | (Note 2) ~:
. 0.2 1.0 0.2 »
Voltage Stability 10:_‘.
los Input Offset Current 0.3 2.0 0.4 284
0.8 4 1.2 [ s&%
I Input Bias Current +0.7 | £20 £1.0 | +3.0
.1 +4 & 2 +6:,
2np-p Input Noise Voltags 0.1 Hz to 10 Hz (Note 3) 0.35 0.6 0.35 0.6 [
en Input Noiss Voltage fo = 10 Hz (Note 3) 10.3 18.0 10.3 18.08
Density fo = 100 Hz (Note 3) 10.0 13.0 10.0 13.08
fo = 1000 Hz (Note 3) 9.6 11.0 9.6 11.0%'
inp'p Input Noise Current 0.1 Hz to 10 Hz (Note 3) 14 30 14 30:7
in Input Noise Current fo = 10 Hz (Note 3) =< 0.80 0.32 0.80G%
Density fo = 100 Hz (Note 3) 0.14 | 0.23 0.14 | 0237
fo = 1000 Hz (Note 3) 0.12 0.17 0.12 0.17'4:
! i
Rin Input Resistance (Note 4) ¥
0 0 :
Differential-Mode P Y . 4 '
RincM Input Resistance 200 200
Common-Mode
IVR Input Voltage Range +13.0 £14.0 +13.0 +14.0
£13.0 | £ 13.5 +13.0| +13.5
CMRR Common-Mode Vom = 13V 110 126 110 126 -
Rejection Ratio 108 124 108 123 A
PSRR Power Supply Vg = +3Vto £18V 4 10 4 10 ks
Rejection Ratio 5 20 5 20 |%
Avo Large-Signal AL > 2kN, Vo = =10V 300 500 200 500
Voltage Gain RL 2 2k}, Vg = 10V 200 400 150 400 “
AL > 5000, Vg = +0.5V, '
1 4 15i 400 il
Vg = +3V (Note 4) 2 o :
Vo Output Voltage Swing R 2 10k +12.5 +13.0 *12.5 £13.0
A2 2k0 =120 £12.8 *12.0 +12.8
Ry 2> 2k +12,0 | +12.8 +12.0( +12.6
RL 2 1kQ £10.5 +12.0 +10.5 +12.0




wotrical Characteristics (continued)
s otherwise specified, Vg = £ 15V, Tp = 25°C. Boldface type ralers to limits over —55°C < Ta £ +125°C

£0-dO

{ Parameter Conditions SR grar Units
Min Typ Max Min Typ Max
Slew Rate RL 2 2kQ (Note 3) 0.1 0.3 0.1 0.3 Vins
Closed-Loop Bandwidth AycL = +1 (Note 3) 0.4 0.6 0.4 0.6 MHz
5 VA = =
Ope-n Loop Output Vo = 0,lp =0 60 60 n
Resistance
Power Consumption Vs = +15V, No Load 75 120 75 120 mw
Vs = 3V, No Load 4 6 4 6
Offset Adj. Range Rp = 20kQ +4 +4 mvV
Average Input Offsst (Note 3) 0.2 0.6 0.3 1.3
Voltage Drift Without ,
External Trim e
n With External Trim Rp = 20kQ (Note 4) 0.2 0.8 0.3 1.3
i Average Input Offset (Note 3)
5 2 8 A/°
Current Drift 5 o M
Average Input Bias Drift (Note 3) 8 25 13 50 pA/°C
1 OP-07A grade Vg is measured approximataly ona minute after application of power. For all other grades Vog is measured approximataly 0.5 second after
of power,

2 Long-Term Offsat Voltage Stability refers to the averaged trend line of Vos vs time over extendad pariods after the first 30 days of oparation. Excluding the
hour of oparation, changes in Vog during the first 30 operating days are typically 2.5 uV. Parameter is sample tested.

% Sample tested.

& Guaranteed by dasign.

% The typical 8,4 of the H08 (T0-39) package is 155°C/W, the J08 (CERDIP) package is 92° C/W and the NOB (Molded DIP) is 100° C/W. Tha typical 8¢ of
f package i8 17.5° C/W. All numters apply for packages soldered directly into an stched circuit board.

}Fa supply voltages of Iess than +22V, the maximum input voitage is 0.5V bayond either supply.

plified Schematic

1
J sosve
= e 2 ass = Erety
: =4 s e i€ 3
. LT
A o &
It e a0
3 5 ) N
j " l E
- a
& 8 o o o I T . Sl
5 arr
) "4 e an n o
- K i 7 m aie 3
i ] —1
o et
o
x a1 o
- 23
A
. au - @ -
-u
o v A s ™
K oty au Cacll T
as7
sa ny "
: S o o s
a0
, ( oA SR
an
W ne o
us s L]
3 s m
v .
s
preatd
S TL/H/10550-3

"4 A28 are slectronically trimmed on chip at the factory for minimum offsat voltage.
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OP-07

Electrical Characteristics

Unless otherwise specified, Vs = +15V. Tx = 25°C. Boldface type refers to limits over 0°C < Tp < 70°C i¥;
.07 =
Symbol Parameter Conditions OP-aIE DF-97c B
Min Ty» Max Min Typ Mang !
Vos Input Offset Voltage (Note 1) 30 78 50 150-fas
45 130 85 | 25¢;
N 7 ey
Vos/t Lonq .Term Vos (Note 2) 03 15 04 s
Stability ”ﬁ‘»
los Input Offset Current 0.5 3.8 0.8 8.0:%
0.9 5.3 1.8 8.0%
Ig Input Bias Current £1.2 +4.0 +1.8 tZ'(E
t1.5 | £5.5 £2.2. | toigi
enp-p Input Noise Voltage 0.1 Hzto 10 Hz (Note 3) 0.35 0.6 0.38 0.855
2, Input Noise Voltage fo = 10Hz 10.3 18.0 10.5 20,03
Density fo = 100 Hz (Note 3) 10.0 13.0 10.2 13_'52 )
fo = 1000 Hz 9.6 | 11.0 98 | 115%
inp-p Input Noise Current 0.1 Hz to 10 Hz (Note 3) 14 30 15 35’55
in Input Noise Current fo =10 Hz 0.32 | 0.80 0.35 | 0.90%
Density fo = 100 Hz (Nota 3) 0.14 | 0.23 0.15 | o027%
fo = 1000 Hz 0.12 | 017 013 | 0.ig¥
Rin Input Resistance (Note 4; _ﬁ
1 5 e
Differential-Mode s 2 < X e
Ainem | Input Resistance e
160 120 B
Common-Mode -t
IVR Input Voltage Range =13.0 | £14.0 £13 14 i‘f
CMRRA | Common-Mode Vem = £13V 106 123 100 120 it
Rejection Ratio 103 | 123 97 120 | iff§
PSAA | Power Supply Vs = +3V 1o £ 18V 5 20 7 288
*
Rejection Ratio Vg = +3Vto £18V y/ 32 10 5173
Avo Large Signal Ry > 2Kk, Vo = +10V 200 500 120 400
Voltage Gain RL > 2kn 180 450 100 400 Lk
RL 2 5000, Vg = +0.5V, 7
1 400 10 400 :
Vg = +3V (Note 4) Vi 9 7 2
Vo Output Voltage Swing | Ry > 10 k) +125 | +13.0 +12.0 | +13.0 7
RL > 2k 2o 128 S5 ) £12.8 3
RL > 2kn £12.0| 12,8 +11.0| t12.6 i
RL > 1kO £105 | £1290 +12.0 '
SR Slew Rate Rl = 2k (Note 3) 0.1 0.3 0.1 0.3
BW Closed-Loop Bandwidth | Ayc = + 1 (Note 3) 0.4 0.6 0.4 0.6
Ao Output Resistance Vo =0,lo=0 60 60 “
Py Power Consumption Vg = +15V, No Load 75 120 80 150
Vs = %3V, No Load 4 6 4 8
Offset Adj. Range Rp = 20k} % 4
TCVos | Average Input Offset (Note 4) 0.3 1.3 0.5 1.8
Voltage Drift Without B
External Trim
TCVosn | With External Trim Rp = 20 kN (Nota 4) 0.3 1.3 0.4 1.6
TCl A t Offset Not
Clos Cverage Irfzu Offse (Note 3) a 1% 12 50
urrent Dri |
TClg Averagse Input Bias (Note 3) 13 3s 18 50 E

Current Drift




¥
i

otherwise specified, Vg = +15V, Ty =

25°C. Boldface type refers to limits over 0°C < Tp < + 70°C

Bz
{ctrical Characteristics

Parameter Conditions gl Units
Min Typ Max
Input Offset Voltage (Note 1) 80 150 v
85 250 ”
Long-Term Vg Stability (Note 2) 0.5 3.0 rV/Mo
Input Offset Current 0.8 6.0 -
x 1.6 8.0
Input Bias Current +20 +12.0 A
+3.0 +14.0
Input Noise Voltage 0.1 Hz to 10 Hz (Note 3) 0.38 0.65 nVp-p
Input Noise Voitage Density fo = 10Hz 10.5 20.0
fo = 100 Hz (Note 3) 10.3 135 nVv/JHz
fo = 1000 Hz 9.8 1.5
Input Noise Current 0.1 Hz to 10 Hz (Nota 3) 15 35 pAp-p
Input Noise Current Density fo = 10 Hz 0.35 0.90 pA/{Hz
fo = 100 Hz (Note 3) 0.15 0.27
fo = 1000 Hz 0.13 0.18
Input Resistance Differential-Mode (Note 4) 7 a1 M
Input Resistance Common-Mode 120 Gn
Input Voltage Range +13 +14 \
¢ | Common-Mode Vom = £13V 94 110 %
% Rejection Ratio 94 106
Power Supply Vg = #3Vto £ 18V 7 92 VIV
Rejection Ratio 10 34
] Large Signal RL €£2kN, Vo = £10V 120 400
¢ | Voltage Gain RL = 2k, Vg = £10V 100 400 VImy
5 RL 2 5000, Vg = *0.5V, as |
Vg =3V (Note 4)
Output Voltage Swing RL 2 10k £12.0 +13.0
AL 2 2k nrg 0 5] +12.8 v
RL 2 2kQ +11.0 | +12.6
AL 2 1k +12.0
| Slew Rate R = 2 kQ (Note 3) 0.1 0.3 V/ps
Closed-Loop Bandwidth AycL = + 1 (Note 3) 0.4 0.6 MHz
. | Output Resistance Vo=0,lg=0 60 0
;' | Power Consumption Vg = +15V, No Load 30 150 W
- Vg = +£3V, No Load 4 8
¢ | Offset Adj. Range Rp = 20 kN +4 mv
3 Average Input Offset (Note 4) 0.7 2.5 wV/°C
Voltage Drift Without
External Trim
With External Trim Rp = 20 k) (Note 4) 0.7 2.5 uVv/eC
Average Input Offset Current Drift (Note 3) 12 50 pA/°C
Average Input Bias Current Drift (Note 3) 18 50 pA/°C

7 grade Vng is measured approximately one minute after application of power. For all other grades Vos is measured approximataly 0.5 second after

f powar.

Term Offsat Voltage Stability refers to the averaged trend line of Vog vs Time over extanded periods after the first 30 days of operation. Excluding
U of oparation, changes in Vg during the first 30 operating days are typically 2.5 nV. Parameter is sample tested.

Tasted.
Ntead by design.

£0-dO



OP-07

Test Circuits

Offset Voltage Test Clrcuit

200 k2

son

+15v
1000 2 7

v - 6

W 3 g
1000 4
— -15v
A

TL/H/10550-4 2.5M0

Optional Oftset Nulling Circuit

TL/H/10550-5




SCL4009UB Inverting
SCL4010B Non-Inverting

CMOS

HEX BUFFERS/CONVERTERS

FEATURES

# Direct Drive of 2 TTL/DTL Loads
4 Operation from Single or Dual Supplies
# All Inputs Diode-Protected

-~

DESCRIPTION

The SCL4009UB and SCL40108B are single-chip
monolithic silicon integrated circuits containing
eighteen N-Channel and twelve P-Channel enhance-
ment-mode MOS transistors connected to form six
independent buffer/converter configurations. These
devices are designed for use as hex CMOS-to-DTL
or TTL logic level converters or hex CMOS current
drivers. Conversion ranges are from CMOS logic
operating at 3Vdc to 18Vdc supply levels to DTL
or TTL logic operating at 3Vdc to 6Vdc supply
levels. Conversion to logic output levels greater
than 6Vdc is permitted proving Vee SVpp.

SCHEMATIC DIAGRAMS

scL4009uB

tbc O vee,

::J o - .
» " P
Pyt
Yoo outPuT Vec
R - o
EN r;_' -j
s

s,

SCL40108B

‘—l . v
outPyT == ice

CONNECTION DIAGRAM
(all packages)

Vpp 6Y 6A. NC 5Y S5A 4Y 4A

| | | L | | 8

16 15 14 13 12 .11 10 9
sCL4009uUB ScL40108

1 2 2o3cand RN T 3

| | T | I I T

Vcc 1Y 1A 2Y 2A 3Y 3A Vgg

Add Suffix for i’ackage:

16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

LN Mmoo

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage VDD - Vss 3to 15 Vde
Vece - Vss 3t 15 Vdc
pydc V< Who
Operating Temperature Ta
C, D, F, H Device -591d +125 oC
E Device -40 to +85 0C
LOGIC DIAGRAMS
SCL4009UB SCL40108B

1A o’—F\/‘oJo 103> 1 oﬁb;z-o v

2A O— 02y 2a0° 52y
3A O ‘0 3y 3A o’—{\)_‘oav

5A O—~J, oo sy 54 0 >"osv
BA oi—{>0~o" 6Y 6A O > 56y
ve O Y =A ~z 02 Y = A
vee O— ‘C;‘>—I

vss O3 vss O—2

voo O—2 100 O—2




SC1L4009UB, SCL40108B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '*

7 3 2
PARAMETER Voo | conpiTions | Ttow il THIGH | Units
(Vde) Min. | Max. | Min. | Typ. [ Max.| Min. [ Max.
QUIESCENT DEVICE loo
CURRENT 5 |Vin=Vssor Vool  — | 1.0 — | 0005 1.0 - 30 | uAde
10 | All valid input [ 2.0 — {0.01 2.0 - 60
15 |combinations - 4.0 - [0.02 4.0 — 120
MINIMUM INPUT HIGH Vin
VOLTAGE 5 [Vo_ = 0.5V — 40 —--1275 4.0 - 4.0 Vdc
SCL4009UB 10 [Va =1.0V - 8.0 c—'155 8.0 - 8.0
15 [Vo = 1.5V - 12.0 — 18.25 12.0 - 12.0
lo. < TuA ;
MAXIMUM INPUT LOW Vi .
VOLTAGE 5 |Vou =3.6V 1.0 - T:08),2.25. — i.0 — | Vdc
SCL4009UB 10 |Vou =17.2V | 2,0 o 20 (45 - 2.0 -
15 [Vou = 10.8V Fol 1/ 3.0 | 6.75 % |-30]| -
. lo < 1uA
OQUTPUT LOW (SINK) oL ;
CURRENT 5 [Vo =04V 3.8 — 3.0 |40 - 22 — | mAdc
C, D, F, H device 10 |VoL =0.5V 10.0 = 8.0 |10 - 5.6 -
16 (Voo = 1.5V 30 - 24 36 — 16 -
Vin = Vss or Vg
E device 5 [VoL =04V 36 (= 3.0 40 - 241 — |mAdc
10 (Vo =0.5V 9.6 — 8.0 | 10" = 6.4 = |
15 (VoL = 1.5V 28 — | 2a |36 = | 200 [ QN
Vin = Vg or Vo
NOTES: ! Remaining Static Electrical Gharacteristics are listed under "SCLACOOB Series Family Specifications”.
! TLow =-55°C for C, D, F, H device
=-40°C for E device.
Trign = +125°C for C, D, F, H device
=+ 85°C for E device.
3 Vee = Voo
DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)
% Vpo Vee ; ;
PARAMETER (vde) (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME B
Driving CMOS toLm
, 5 5% 3 60 120 . ns
10 10 - — 35 70
15 15 - 28 56
Driving TTL/DTL ;
') 5 — 45 90 ns
L0 5 - 20 40
15 5 = 15 30
Driving CMOS temL
5 5 - 30 60 ns
10 10 - 18 36
15 15 — 1.2 24
Driving TTL/DTL
5 5 - 35 70 ns
10 5 - 15 30
15 5 - 10 20
OUTPUT TRANSITION TIME trim
5 5 - 150 300 ns
10 10 - 75 150
15 15 - 60 120
traL 5 5 - 30 80 ns
10 10 - 20 40
15 15 — %12 24
INPUT CAPACITANCE Cin
SCL4009uU8B - - - 10 15 pF
SCL40108 - - 5 7.5




SCLAOGHUB, SCLA010B s 3

& %5 Voo ORAIN VOLTAGE (Vde)
20 18" -16 -14 12 -10 B -6 4 2 0 £
A ! éva 5 g
cy/ ™= ] 2 SN
| A | # =
o o =
Ve = =10 Vde A5 2 w
! 20 = < 100 Vs = 15 Yde
L [z} = +
25 € 80
Voo = —15 Vde 3 S 5, !
cs 07 5 60 Vi = 10 Vde
35 = S i y
-40 ; 220 bV = 5 Vde T.l=251°C—
| boocto |
T~]=25|°+‘53 0 2 4 6§ 8 10 12 14_16 18 20
-50 Voo, DRAIN YOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
COLLECTOR SUPPLY YOUTS (Vo) + + 8 (Lt R E g COLLECTOR SUPPLY YOLTS (Ycc) » + 5] e (Tp) o122 €
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SCL4040AB

CMOS
12-STAGE BINARY COUNTER

FEATURES

12 Fully Static Stages

All 12 Buffered Outputs Available
Common Reset Line

8MHz Counting Rate @ 10Vdc
All Inputs Buffered

L B =4

DESCRIPTION

The SCL4040AB consists of 12-ripple-carry
binary counter stages with appropriate input buffers
and reset circuitry. The counter is reset to its “all
0’s” state by a high level on the Reset input. The
counter is advanced one count on the negative-
going transition of each input pulse. Isolation
from external noise and the effects of loads is pro-
vided by output buffering.

Applications include time delay circuits, counter
controls, and frequency dividers.

TRUTH TABLE

CONNECTION DIAGRAM
(all packages)

vbDQ11Q10 @8 Q4 R CL Qi
I S RN N A L ]
16 15 14 13 12 11 10 9

SCLA4040AB
1 2053, o4 9. 6 7 8
g K A O Y N e )
Q12 Q6 Q5 Q7 Q4 Q3 Q2 VSS

‘Add suffix for package:

C  16-pin Cerdip
D 16-pin Ceramic
3 16-pin Epoxy
F  16-pin Flat

H  Chip

Clock Reset Output State RECOMMENDED OPERATING CONDITIONS i
R 0 No Changa For maximum reliability: %
-~ 0 Advance to next DC Supply Voltage  Vpp-Vgg 3to 15 \/dr:i
2 Operating Temperature TA 1
x 1 All Qutputs are low C, D, F, H Device 55 to +125 0C !
X = Don’t Care » E Device <40 to +85 OC
s
3
LOGIC DIAGRAM i
cLocx o 22 23 Qa4 Q5 06 a7 28 09 010 Nl o112
(o) 19) T(fl (6) 3 ?(\) T(Zl T(-t', Tux! YHZ) Yll*}Tll'S) 1]
Z'& ! 1y o] Tl
[
A
Y g JA
|
L«%;w{}@—‘d e a L afe—a [ S J cL )
FF1 FF2 FFY FFa FFES THRU FFI2
I [ L ) 3 cL et 3
R q R R (]
o | | | |
AESET o {>,__‘{>_,, ol




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

SCL4040AB

2 o 1
PARAMETER Voo | conpiTions Tiow 56 Tuian Units
(Vdc) Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 |Vin=Vss or Voo = 5 - 0.05| 5 - | 150 |pAdc
10 |Alt valid input - 10 B 0.1 10 - 300
15 [combinations - 15 - 0.2 20 - 600
OUTPUT HIGH (SOURCE) lom
CURRENT '
C, D, F, H device 5 |Vou=4.6V -0.15 - 1-0.12 [ -0.5 - |-0.08 — [mAdc
10 |Von =9.5V -0.37 - |-0.3 |-1.15 - (-0.21 =
15 |Von=13.5V -1.25 — |-1.0- | -45 - |-069|. - |
Vin=Vss or Voo
£ device 5 |[Vou=4.6V -0.14| — |-0.12|-05 - |-0.10]. — |mAde
10 [Vpou=9.5V -0.35 - 1-0.3 | -1.15 -.]-0.25 —
15 |Vou=13.5V V2 - |[-1.0-|45. = 1.-0.85 —
Vin=Vss or Voo ‘
OUTPUT LOW (SINK) law 5
CURRENT
C, D, F, H device 5 |Vo =04V 0.15 - 1'0.127" 0.5 - | 0.08 — |mAdc
10 [Vo=0.5V 0.37 - 0.3 1.0 - 1,021 -
15 Vqr=1.5V 1.25 - 1.0 5.8 - 0.69 -
Vin=Vss or Vipp
E device 5 [Vo_=0.4V 0.14 - 0.12 | 05 - 0.10 — | mAdc
10 |V =0.5V 0.35 - 0.3 L1 = 0.25 -
15 (Vo =15V 1.2 - 1.0 5.8 - 0.85 -
Vin=Vss or Vpp i
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”
¥ Tiow = -55°C for C, D, F, H device.
= -40°C for E device.
Tiign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (Cp =50pF, T4 =25°C)
I Mg . .
PARAMETER | (vag) l Min. ] Typ. l Max. ! Units
CLOCKED OPERATION s
PROPAGATION DELAY TIME %
Clock to Q1 » toLH. tPHL B - 200 400 ns
10 - 100 200
15 - 80 160
Q10 Q; 4y 15 (o o 5 = 150 300 ns
10 - 75 150-
15 — 60 120
QUTPUT TRANSITION TIME trim, trHL 5 - 180 " 360 ns
10 - 90 180
15 — 65 130
MINIMUM CLOCK PULSE WIDTH PWcL 5 - 100 200 ns
10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY fey 5 2.0 4.0 . MHz-
10 4.0 8.0 =
| 15 | 50 10.0 -
MAXIMUM CLOCK RISE AND FALL TIME teeL, ey 5 15 - - us
, 10 15 - -
i 15 5 - | =
RESET OPERATION
PROPAGATION DELAY TIME tory 5 t - l 300 ‘ 500 I ns
' 10 - 150 300 |
15 = 120 240 |
MINIMUM RESET PULSE WIDTH PWg 5 - 150 300 ne
10 - 75 150
15 - 50 120
RESET REMOVAL TIME Yian 5 - 250 500 ns
. . 10| - 125 | 250
15 - 100 | 200




SCL4040AB

-20

Vos, DRAIN VOLTAGE (Vdc)
18 <16 14 12 -10 8 -6 -4 -2 0 -
Tl ! g
Ves=—5 Vdc <h 2= <
le// .10 H E
Vo ==10 Vde- 3 = Vis = 15 Vdc
o8 = 15 2 G o12 }
| 20 = g 10 - |
e 2 3 A [
Vey =~15 Vde -25§ = 8 Vey = 10 Vde
m < § 4
= ES 4 / L1 [
S £ ,|/4 s =5 Vde T.=26°C
T,=25CH iv-_' L 1 L L 1
T 0 2 4 6 8 10 12 14 16 18 20
Vi DRAIN. VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics

TIMING DIAGRAM

Typical N-Channel
Sink Current Characteristics
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coee | [UIPL M1 L [ HINT 1L Rl =T
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