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ABSTRACT

THIS THESIS 1S TFIBER OPTIC APPLICATIONS, FIBER OPTIC IS
TRANSMISSION OPTICAL SIGNAL., IT WILL USED IN TEMPERATURE
MEASUREMENT AND USING LASER DIODE TO TRANSMISSION OPTICAL
SIGNAL. TEMPERATURE SENSOR IN MEASUREMENT HAS TEMPERATURE IS
LINEARITY WITH VOLTAGE. VOLTAGE TO CONVERT IS FREQUENCY FOR
CONVERT TO OPTICAL SIGNAL TRANSMISSION IN FIBER OPTIC. IN
RECEIVER OF TEMPERATURE MEASUREMENT, CONVERT OPTICAL SIGNAL
TO FREQUENCY FOR COUNTER AND DISPLAY. IN USING LASER DIODE TO
TRANSMISSION OPTICAL SIGNAL, TRANSMITTER USE LASER DIODE AND
OSCILATE OF FREQUENCY IS 5 MIlz FOR MODULATE TO TRASMISSION IN

FIBER OPTIC AND RECIEVER USE PHOTODIODE.
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CONTACT CONTACT
LD
THREADED THREAGED
TERMINAL
. . DIODE ——F — = 7
Z //r—1 TERMINAL i FIBER
: S PIGTAIL
GROUND . , CROUND GAOOVED
BLOCX
cAap CAP
1) 2)
3‘1_|ﬁ 230 (1) WAMY Laser Dicde Package
{ 2) uar Laser diode with an intergal fiber pigtail
Property LED Laser diode Single-Mode
Laser diode
Spectral width ( nm ) 20 -100 1-5 < 0.2
Rise time { ns ) 2-250 01-1 0.05 -1
Modulaticn <300 2000 6000
bandwidth { Mhz )
Coupling efficiency Very low Moderate High
Compatible fiber Multimode Si Multimode GRIN Single-mode
Multimode GRIN Single-mode
Temperature Low High Hignh
sensitivity
Circuit compiexity Simple Complex Complex
Lifetime ( hours ) 10° 10%-10° 10%-10°
Costs Moderate paths Long paths Very long paths
Primary use Moderate data rates High data rates Very high rates

A7 2.2 hasgrudnesasr s ialu g siagmin
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2.3 Light Detectors

i fufugadiunn  usmzesiysibivanzandmiunaiinn lunsdaanado

v v o
ool o

ulovdauag Wilitlasntainasraudanastasnifrannuasiianulalinuanwasa sy
FynAuastnAanisadaniuasmiinneaiindan 1 lunafuidefiasaudoyoyn
1 i v
nepnia  viaAufiunasie Audynons Sandatiunisnauavesrssmiazauda
y : dd o o
A UENARRUTINGN 0.4 - 07 lalasiums ABaTidnsgoyiBoannTudulodiuas ginsali
wWasuntruifduandudymyintdiiGonda photodetector
natnnismsIaduLasiuneeniie  enternal photoelectric  effect U8 internal
photoelectric effect ludau enternal photoelectric effect Bldnasaugnyinliluadudalany
Tmurmcﬂmnﬁuwﬂ”qmumn'fﬂmwﬁ?mmmnm:wu vacuum photodiode WAY photomnultiplier
o o ) s‘d) ] . . | - --‘ll w a ]
81AUUANINN9AINE193 Tudau internal photoelectric effect 1iugunsnignsnasiuuusanse
. . . . - < 5 1 o oa [ n‘ﬂ‘ v
( semiconductor junction devices ) TvllszqBasy ( L Tasuardidnaseu ) gnafatudie
- - o l -1 - dg M . )
nsganauinpauiiinun dqunealnugiu 3 ofia Alfudnnaiiiaa pn junction photociode
PIN phtodiode WAL avalanche photodiode

L ° e

ALANTRAAATY R neLAa fIAUn aNTWABLAWEY ( responsivity ) N1TAALIALDY
adnm¥y { spectram response ) LAY rise time
annirmauauaailudnsdousadAnsEuae i neoIRInALRa TARINAIe TR

URIB U

p= = (10)

P
] = « «d (e
WNLTBIRNTKNTRALAUEIAE ampere / watt dyryanstiilewinnludinaines
o = o o it o
usatsasidun sy 39lunsdifianmnisnauaned Tundasilu volts / watt
v
n1TRaLAUeIdinRFy nanshadulAnansaninpeaued Intmuegiy
4 4 a o . o o |
AINLIIAGY rise time t T udaasIAinszualemMIeAmAIRe T LRuuLLaaRIn 10 %

1 90 % wesArgaving iemaluund ssreanivairssuantiuwuy sep

INPUT POWER  * OUTPUT DETECTOR
WAVEFORM CURRENT WAVEFORM

gﬂﬁ 2.31 LA8 Pholodetector rise time



nisUszgnaldouldiveseeusia 31

3-d8 modutation bandwidth 1paBINALRA S

0.35
fiaa =~ (11)

r

P o - - o - < o ¢ ey
LR MPURRYS lW’]L"J“ﬂT‘]l’ﬂ\]frfuty']m1yJﬁ']l'ﬂqﬂﬂW‘lUﬂ']ﬂ?uqzuﬂqlﬂUﬁT\JHU\]'ﬂ'ﬂ\]ﬂ']'ﬂ1ﬁ

o 4 g :
fufiaaunuagandainn -

&2 o
2.3.1 IWlalalenuyuansfeiagii ¢ semicoductor photadiode )
photodiode UuUATTNENIe T randarumin Saulasanag Wintsmevauasd

PIRTUBTAN NN TR UTN T Y 2 - 3 Toay,

i
\%‘ -
y R, v ()
+|
O
hi - L p n (b

CONDUCTION BAND
FREE ELECTRON

/  CREATED
I LA\ R
ELECTRON 3 17 w, i
ENERGY FREE —* '
c:zg:'im — VALENCE

JUNCTION ~ BAND
77 2.32 taaatanalnnisasaaduuasrosfamma sy sesse

Saluueatiaundy Andsandanusaaiuranstussnivdian p WAY n AT
- 3 = <x + 14 :’/ | w : =4 =l 3
alanArauBassualaadaslianumndsuumnaiuld  sulddiinezualna souse
=4 - 4! =, :‘; 4 1l = ! = -:i‘d 1 .
winutanInTInalITNAiesIn s luilnnsessersoniiGonds depletion
! Ld ]
region 1iteliiTlUszqfaszanaiumindegs s lusdudeuimasfinnasanlaloal
Unnpiniionsense Aaiuusliiia ( clectrical force | 33g47U depletion region uasiatuan
AiLanLHan region
.:i' -dl <4 < ] L) :
R 232 ( ¢ ) usaalrmoufiannsenunazgnaaniuluiionresendatiutures

817 p wasUgaAn AR N AN e WL SN se Ul LT a9 { bandgap } R0 valence



msUszgnaldoulwivaseodia 32

> 1 ] ] [ 1
band 11 conduction band rrusiididnnesliiudassiiaviafsuh Taadarsiadauniuni

]
= ©

d1tly valence band AtumiTadnsalacBidnnten dowilszqBaszgnainlafinniige

Le

- o o a = j” - o
naulmawluaneruzligi anATaUALIARA LN SILLITINIAY nazlgaazlAasunaIUA Nk
> < " v \ o A
199N ﬂ'\?lﬂﬁﬂu'ﬂ’ﬂdﬂﬁ‘x’ilu ﬂ’]iétﬂﬂlﬁﬁﬂﬂﬂ‘ftllﬁhﬂﬂN']H"J\ﬂ”‘l'l‘ﬂ"lUuﬂﬂlluﬁﬂﬂmiﬁlﬂﬁ’]ﬂu

»

q: = Y - a o oar < di Ll
nezuafiiaduly vaccum photodiode e TaauarBlanasautaresinsafuusaiianarey
e ) o - g v - o o
2489908AE N AWMNNIIMAT { electrical force ) TREIANMIBBUIEIUYANIHARDUANTEUAN
uyAna
rise time 124 pn ciods agusrduras Tulandn vinlflivunzasdmivscuuduly

o = el o as i 1% 2 nl. 0‘
HWLLE’NWNﬂﬁ]‘i"]ﬂ’l‘i“i‘u-ﬁd“ﬂﬂﬂﬁlﬂ@d TAs9a579 PIN diode untin 128480 IMAALAUAINAT KAT

]
=l

NITABL AWBINE

2.3.2 TWlnlalan ( PIN photodiode )
Tszuuidulodnaainfonlt PIN chotodiodes 1flufnaadLLaY PIN diode Hdu
-=I‘ L L . . . ndl 3 ] = ar -=; :‘z . . . rad
an9nasi intrinsic Find199Eninaniont p wag n wansfagi 2 33 Tudures intrinsic azliiil
Uszadary dnfuanusinumiureiudags dovlurgreusaduas sngivianil wazunln
Hnazga
Y
a v ) ‘ v = . a P a p
iauaindure inrnsic niaaaniiarnanianiugeildesuiiimazgnganaulu
- c‘l’ ] ) = o 1 -:i’ [ . n: = 3 d’
Uinnflaannan om0 wse  n dnwnusiduiiilunasdindssdvininuszaiiuidala
WUy on photodiode
siicon dnRoulgu fier oplic detector mnﬁqm'lu first window Germanium WRY
InGaAs TR liadtytyrnusunauuInngn siicon WARzABLAUSY 1Y second window
v ) o w v oo e - o o q
nisa¥e electron-nole  pair IWReuilidunsde Hndsanuirtana e il

audnarauttstudaadnald mnudaantsiifia nf 2 wy i ldg cutoff wavelengtn

124
AT e um (12)
WQ

W, = bandgap energy { eV |

, -+
| P |i n J
v +l R\ Y

517 2,33 uans PIN photodiode




nsUs=gnaldouiwiveseelna 33

Material Wavelength range Wavelength of peak Peak
{ um) response Responsivty
{pm } (ATW)
silicon 03-11 0.8 0.5
Germanium 05-1.8 1.85 0.7
InGaAs 1.0-1.7 1.7 1.1
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Dark
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2.4.3 MTUNLY ( Refraction )
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DIY Kit 41. MINIATURE 5mW VISIBLE RED
LASER DICDE MODULE

If you want to experiment with laser light then this is the way to do it. Buy the laser
module, connectittoa 3.0 VDCsource and there itis. NOTE: never look into the laser
light. It can easily harm your eyes permanently. Do not shine it at a persons (ace.

Qutput power: 5mW.

Wavelength:

670 nm, deep red. Wavelength is a function of

te mperature AtQ°Citlis 6650m i increasing in a
tinear fashion to 675nm at 40°C.

Collimating lens:

Operating voltage:

zorylic, aspherie, anti-reflective coated.

3.0V DC. Do not go over 3.0V. You will just burn
uut the diode. Over 10 hours on 2 AA batteries.

Operating current: S3mA.
Laser diode: Sonv SLD1122VS,
Cuse: brios. e

Dimensions:
Beam:
Beam diameter;

Operating Temp

You can mauke vour own laser pointer or security beam fence with the module,
button swilch and o butiery holder supplied. Just add 2

oylinder 18.5mmx 11.5mm (diam.), 0.75" x ).45".
tunm atl 5 meters
rpically 4mm x 6mm,

zero 1o 40 degrees Centigrade.

a press
X AA batleries.

LLASER DIODES
Laser Dindes (LD} have bzeome the most widely used
tvpe of tasers. They are faund in C> players, videa disks,
CO-R O, printers and supermarkel clicckoul counters
where they scan the bar code printed on your purchases
rutomate and speed-up check-out timse. Only laser light
t... De used in these applicaiions. Polvchromalic light
(multi-wavelength) canno! be vsed. Monochiromatic ight
1s required.

Compared ta the older He-Ne lasers, LDs are smaller,
cheaperaad farless complicated (both in their own physi-
val size and the support clectronics to power them.)
Standard LDs are made {rom gallum-aluminium-ar-
scnide. They give laser fight at 775nm which is in the near
mfra-red part althe spectrum. The newer LI2s are made
ranm indivm-pallium-aluminium-phosphide which gives
Laeer light at 665nm {red.) it-is these visible red LD

wuceles which are usgd in barcode readers. These
readers scm the white and black bars of a barcode; the
white bars rellect light which lalls on a photodiede while
the black bars absorb light. The contrast betwecn
reflected and absorbed light becomes greater as the
wavclengeh becomes smaller. Wavelengths above about
780nm cunnot be used.

Most CD players, CD_ROM and video disks use 775nm
LD meduics. On a CD player this aliows a distance
betweentracks of 1.9 um. This gives atotal of 18,000 tracks
on a 33cm wide CD reco-ding surface. Now if smaller
600am light could be used the number of tracks (and thus
the playing time) could be increased by 18%. Blue laser
light at 428nm and 523nm is now being looked at for the
next gencration of these consumer goods for even greater
nformation storage densities - and playback times,

The actual cmission surface of LDs is small - only 2.5
square mm. Light is nol only emitted lonward. About 3%
1s emitted backwards (rom its backplanc. This falls onlo a
pholediode whose resistunce varies in direct proportion
to the intensity, This allows a [cedback circuit controiled
by the photodiode to regulate the current through the LD.
Despite the fact that the pholodiode is contained in the
same bousing the whole uwii is refecred 1o zs the laser
diode. Laser light from a LI s aof produces in a narrow
beam. A lens system is required Lo collimate the beam.

Efficicnt heal sinking is nceessary since a temperature
rise causes a decrcasc of optical output power,

(Revised documentation, June 1994.)
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MOTOROLA
m SEMICONDUCTOR “
TECHNICAL DATA

MFOE76

- d - -

Fiber Optics — FLCS Family
» -
Visible Red LED -
. .

This devica is designed for low cost, mediumn frequency, fiber optic Systems using
106G micron core plastic tiber. It is compatible with Motorola’s wide variety of detector FLCS FAMILY :
functions from the MFOD?Q series. The MFOETG employs gellivm aluminum technology, FIBER OPTICS X

. and comes pre-zssembled into the convenisnt and papular FLCS connector. VISIHLE RED i

* Law Cost “ﬁm
® Very Simple Fiber Termination and Connection. See Figure 8 L 1l
* Convenient Printed Circuit Maunting : I §
¢ imegral Molded Lens lor EMicient Coupling !

- & Mates with 1000 Micren Core Plastic Fiber, such as Eska SHAQOT - J
i

Y

———

MAXTMUM RATINGS

Rating | Symbol f Valusa : Unit 4

Reverse Voltaga | VR r 5 k Vaits J
f Foreard Current — Continuous ! F ] 60 i mA , i
—— + i
Foreare Current — Peak Puise ! Ig ‘ 1 I A :
Total Power Dissipatian i Ta = 25°CH14 i Fo i 132 J myy ;
Derate above 35°C ; | 2 ! mWwrC f
| _Ambient Operating Temoerature Aange t Ta ? -401a 160 | - .
| Storage Temperature ! Tstg [ -40t0 100 < i

! Lead Soldering Temoerature (2} - I 260 ! €
;
Naotex- 1 Meagured wirh device solderac 110 a4 fypicai prinied cirewir board i
2. 5seconds max: 1 16 inch (ram cage :‘
'
70} :
?“" e 1 PHOTODYNE | TEKTRONIX !
PHOTODYNE 10 » 1 METER Y Tord E
| ma = m‘lE[ z 150G wITH
WiTH 150 - ESEA §nuod

INTEGRATING EL_T® OFTICAL i
SPHERE 00 WAVEFDRM i
i ANALYZER i
F
. i
R i

Figure 1. Powsr Launched Tast Setup Figure 2. Opticat Turn-On and Turn-OH Test Satup !

5-36 :
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e

MFOEZ76

FLCS FAMILY
FIBER QFTICS
VISIBLE RED
LED
&80 nm

CASE 361B-01

il Value T Unit H
5 ‘f Volts
80 1 ma
1 : a i
132 mw
2 mw AL
-401w - 100 €
-401a <100 ™
60 H €
PHOTODYNE TEKTROMNIX :
1 METER oo
WITH
KA SHa20! an
OPTICAL | py g in
WAVEFORM
ANALTZER
In and Turn-Off Test Satup

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otharwise notad}

MFOE76

Characteristic Symbal Min Typ Max Unit

Ruverse Leakage Current (Vg = 3 V) Ig — 100 — nA
Reverse Leakage Cuirent Vg = 5 V) iR - 10 100 e
Forward Voltage (lp = 60 mA) VF — 1.8 22 v
Temperature Coeticient of Forward Voltage AVE - — -2.2 _ my/K
Cepaciance [f = 1 MHz2} c — 50 — oF

OPTICAL CHARACTERISTICS ITa = 25°C uniess otherwise noted)

[ - Charsctersistic Symbal Min Typ Max Unit

" Trral wavelength (g = 60 mA) P - I 660 - nm

' Instantaneaus Power Launched (If = 100 mA, Figure 1) PL 200 H 540 — Y

‘ El;:||ca| Turn-On Time (Figure 21 on — : 200 — ns i
Sptcai Turn-Off Tima (Figure 2} Lot - ‘ 150 i — ns i

{ art-Power Elsctnical Bandwidth (1) Bve — B | - MHz

LR

TR

POWER Lapw

300 o - r —
—
—PULSE ONLY == == TR
—FuLsE O OC — .
‘ e i P
: i N L T HE
H i T H
wobo b P ' / I RN
J, H
o - T
e : ‘
. o M 1 1
T 1 —
[ /Jl/‘ ‘ ; e
A i P i
AT T T
0 l Il : | i J J
| 0 100

"y 100 mA ph-pk, 100% mogulation

TYPICAL CHARACTERISTICS

ST 'IJ i1
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Figure 3. Forward Voltage versus Forward Current
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Figure 5. Power Launched versus LEQ Forward Current
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The system length achieved with a MFOE76 emitter and
various detecters, using 000 micron core ptastic fiber
{Eska SHAQ01 or equivaient) depends on the LED forward
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current lig} and the responsivity of the detector chosen.
Each detectar wiil perform with the MFOE?6 up 10 the

distances shown beiow,

1 1

WFCD71

= [ ]

|
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1

100 mA
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MFOR71

MFQCT2

RFODIY

50 mA
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MFOD7: PPN O'CDE
MFOL72 TRANSISTOR
MFODTI DARLINGTIN
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F-BER LENGTH IMETERS)

Figure 3. MFOETE Working Distances
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CROSS SECTION OF FLCS PACKAGE
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Y CLADOAG
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POSIT'CN
007

TERMINATION INSTRUCTIONS
1 Cut cable squarely with sharp blade or het knife,
2. Strip jacket back with 1B gawvge wire siripper a expose

0.10-0 18" of pare fiber core.
Avoid nicking tne fiber care.

moided lens ;nside the davice package.

Serew connectar lacking nut dewn ta a snug fit, tocking

the fiber in place.

@ 3. Insert termirated fiber through locking Aut and into
the connector until the care tip seats againsi the

Figure 10. FO Cable Termination and Assembly
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MOTOROLA

| SEMICONDUCTOR ‘:
TECHNICAL DATA .

Fiber Optics — FLCS Family
Photo Detector ‘

3
I
MFOD73 1[

|

Darlington Output

- - - designad for low cost, short distance Fiber Qptic Systems uging 1000 micron core
plastic fiber,

- Typical applications include: high isalation interconnects, disposable medical electran-
ics, consumar products, and microprocessor controlled Systems such as coin operated

FIBER OFTICS
PHOTO DETECTOR .
DARLINGTON QUTPUT |

FLCS FAMILY ;

machines, copy machines, electronic games, industrial ¢clothes dryers, erc.

® High Sensitivity Photadartingzen Qutput . '
® ldealiy Matched to MFCE7E Eminer for Plastic Fiber Systems i
' ® Annular Passivated Structure for Stability and Refiability
® FLCS Package
— Includes Connector
— Simple Fiber Termination ang Connection {Figure 4}
— Easy Board Mounting
— Malded Lens for Efficient Coupling |
— Mates with 1000 Micron Care Plastic Fiber {Eska $H4007)

|

|

N

1h
L

.
ﬁ’;@ .

ety
[
CASE 1582801 1.
PLASTIC E
MAXIMUM RATINGS (Ta = 25°C unless otharwise noted} !
Ruating ! Symbol | Valua . Unit_’ '
‘I | Coliecior-Emiter voltage [ Vepo l 80 I veits |
Total Pawer Dissipation @ Ta = 25°C ’ Po | 150 Comw T
| Derare abave 25°C | 2 I mwAg
LUDEFIUDQ and Storage Junction Temperature Range 1 71 Tsig r —-40ta - 100 °C J
ELECTRICAL CHARACTERISTICS (T4 - 25°C unless otherwise noted) f
L Characteristic i Symbol f Min [ Typ | Max Unit I
| Collecior Dark Carrent Nep = 10 V) L T
boiieclcr-Eminer Breakdawn Voilage flc = 10 ma) VIBRICEQ f 60 I -— i — Vaits ':
OPTICAL CHARACTERISTICS !
| Responswity (Ver = 5 v, Figure 2) I ] S 1,000 1,500 J —_ AAUW
[ eaturation Voltage {4 = 85C nm. Vog = 5 V) YCEisant | — 0.75 ' b, vais
L Pin = 1uW. Ic = 2 ma) | ;
| Turn-On Time AL = 1004 P = 1 W, i _lon | — 125 | - s
Turn-OH Tirme f A= 8BS0 nm. Ve = 5V l [ | _ f 150 l - HE

5-10
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FIBER OPTICS

PHOTO DETECTOR

|
|

DARLINGTON OUTPUTJ :

PLASTIC

—

Value

60

150
2

S 4G + 100

]

e

=1

MFOD73

TYPICAL COUPLED CHARACTERISTICS

HELATIVE RESPONSE (=)

[l4]

A PSVELE

Figure 1. Relative Sp

| ]

15
P METER ‘ ¥

£5K4 ShLM
Pin = 1 W

?
W A
L ™9

DETECTOR CURRENT 1AL

Figure 2, Responsivity Test Configuration

The Systemiength acrieved with a MFOE 76 emiter and
Sanous deteciors, using 1000 mucron core piastic fiber
Esxa SHADOT ar equivaient!, depends on the LED forward
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ectral Responsea
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Figure 3. Detector Current versus Fiber Langth

current {Ig! gnd the

Each detector wilt

fesponsivilv of the getector chasen

perform with th
distances shown beiow.

e MFCE?6 up 1o the

Fi T

T wieom
B wr0sn

TN

MFO57 ] ‘ '
T T
“E050

MFQLT?

o —

S0 ma

MEQDTI

MEQDTS

KT

NSN3

MFODTS [
|

W LED NI Cupspn -

4]

10 ma
L)

| |

-
|

|
|
f
|

MFOD7: PIN IQDE
MFUDIZ TRANSISTOR
MFQD?I DAREINGTS S
MFOD?% LOGIC

|

10

R i &0 80 e

AR

0

- FBERLENGTH IMETERS)

Figure 4. MFOE75 Wo

rking Distances

BG i



P .- = T e —— e

MFOD?73

CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
1. Cut cable sQquarely with sharp blade or hat knife.

2. 5trip jacket back with 18 gauge wire stripper to sxpose
0.10-0.18" of bare fiber care.

Avoid nicking the fiber core.
3. Insen terminated fiber through locking nut and intg

MOUNTING N . .
HOLE the cannector until the core Up seats against the
malded lens inside tha device ackage.
e CLADDING ° : '8 cevice packag ‘
S . Screw connectar lecking nut dawn to 8 snug fit, locking
LT ot * 7 L LOCHING NUT the fiber in place.
. : T3 P0smon
00T

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING
The foilowing circuits are suggested ta provide the desired forward Current through the emiter.

Ay

MFOETa -5V

~

~
AL AL

194 MFOE 2§
3504 T‘ MI004 -
1 \\
NONINVERTING INVERTING

Figure 6. TTL Transmittars

QUTPUT SIGNAL CO NDIMIONING

Q ‘—IL
ourPyr
SNTLSIIZ ()

Figure 7. T kHz Darlington Recaivar
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MOTOROLA
m SEMICONDUCTOR I

TECHNICAL DATA

Fiber Optics — FLCS Famlly
Photo Detector

MFOD71

Diode Output

- designed for low cost, shon distance Fiber Optic Systems using 1000 micron core

ptastic fibar,
S Typical applications include: high isolation interconnects, disposable medical electron-

ics, consumer produas, and microprocessor controiled systems such as coin aperated

FLCS FAMILY
FIBER QPTICS
PHOTO DETECTOR
DIODE OUTPUT

machines, copy mechines, electronic games, industrial ciothes dryers, etc.

® Fast PIN Photodioge: Response Time <5 ns
¢ ideally Matched to MFDE?6 Emitter for Plastic Fiber Systems
® Annular Passivated Structure for Stability and Reliability
* FLCS Packane
-— Inciudes Cannecior
— Simple Fiber Termination and Connection {Figure 4)
— Easy Board Mounting
— Moided Lens for Efficient Coupling
— Mates with 1000 Micron Core Plastic Fiber (Eska SH4001)

CASE 363801
PLASTIC
MAXIMUM RATINGS {Ta = 25°C uniess otherwise noted)
Ruting Symbai Valus [ Unat
Reverse Voltage MFODT VR 100 Yalts
Total Pawar Dissipation i Ta = 25°C [s] 150 mw
Derate apave 25°C 2 mweC
Cpersting and Storage Junction Temparature Aange TJ Taig 1 -40 10 + 100 °c !
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless atharwisa notad}
Charsctaristic Symbol | Min | Typ | Max Unit
Qary Current {Vg = 20 Y, RL = 1M Ty = 25°C in - 0.06 19 nA
Ta = 85%€C - 1 -
Reverse Graakdown Voltage (I = 10 A} VIBRIR 50 100 — | \valts
Forward Vaitage (I = 50 ma) VE - - 11 | vohs
| Series Resistance (g = 50 mA) Ry - 2 -— f COhms
| Totsl Capacitance Vg = 20 V.1 = 1 MHz) cr — 3 — | oF
OPTICAL CHARACTERISTICS (T, = 25°CI
uespnnsmrv IVH = 5, Figura 2} R l 0.15 0.2 — f AW
Aesponse Time (VR = § ¥, Ry = 50 /1] tresp) | — 5 — | ns

5-2
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MFOD71

FLCS FAMRLY
FIBER OFTICS
PHOTO DETECTOR
DIODE OUTPUT

R
%

Y-

&

CASE 162801
PLASTIC

=
Rty Y

Vailve

T Unit

00

i
i

Vaits

150
F3

myy
mweC

ey

-4 to + 100

°C

Typ

Unit

C.06
10

na

109

Voits

Yolts

Ohms

3

oF

¥

AW

hs

MFOD71

TYPICAL COUPLED CHARACTERISTICS
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Figurs 2. Responsivity Test Configuration

The system length achieved with a MFOE76 emitter and
varaus derectors, using 1030 micron eore plastic fiber
'Eska SH4001 o eguivalent), depends on the LED forward

FIBER LENGTH IMETERS:
Figure 2. Detector Current versus Fiber Length
current {Ig) and the responsivity of the detectar chasen.

Each detector will perfarm with the MFQE76 up to the
distances shown beiow.
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Figure 4. MFOE76 Working Distancas



MFOD71
CROSS SECTION OF FLCS PACKAGE TERMINATION INSTRUCTIONS
1. Cut cable squarely with sharp blade or hot knife.

2. Strip jacket back with 18 gauge wire stripper to expose
0.10-0.18" of bare fiber care.

Avoid nicking the fiber core.

CLADDING

MOUNTING 3. Insert terminated fiber through locking Put and into
HOLE the connector until the core tip seats against the
‘ CLAODING molded lens inside the device package. .
P Screw connector iocking nut dawn to a snug fit, loeking
Mayntiag . .
Mole 7 the fiber in place.

Figure 5. FO Cable Termination and Assembly

INPUT SIGNAL CONDITIONING
The fallowing circuits are suggested to provide the desired forward current hrough the emitter.

-5V
{om -5V
~
AL A
T Izt i3k VHETE
iy 390 T W3
™~
v ™
INVERTING

NDNINVERTING

Figure €. TTL Transmitters

QUTPUT SIGNAL CONDITIONING
The following circuit is suggested to take the MFOD71 detactar aut
it error rate.

put and condition it ta drive TTL with an acceptabia

MFODTY

s TIL
QuTPUT
SENSITIVITY
ADJUST
0141 aNag
iR U WE33e7 )

1 MHz PIN RECEIVER

Figure 7. TTL Recaiver
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LM158/L.M258/LM358, L M158A/
LM258A/LM358A, LM2904

National
Semiconductor

Operational Amplifiers/Buffers

L. M158/LM258/LM358, LM158A/LM258A/LM358A, LM2904
Low Power Dual Operatlonal Amphflers

General Description

The LM158 series consists of two mdependent h:gh
gain, internally frequency compensated operational am-
plifiers which were designed specifically to operate from,
a singte power supply over a wide range of voltages.
Operation from split power supplies is also possible and
the low power supply current drain is independent of the
magnituce of the power supply voltage.

Application areas include transducer amplifiers, dec gain
biccks and all the conventional op amp circuits which
now can be more easily implemented in single power
supply systems. For example, the LM 158 series can be
directly cperated otf of the standard +5 Vo power
suppiy voltage which is used in digital systems and will
easity provide the required interface electronics without
requiring the additional 215 Vo power supplies.

Unique Characteristics:

& |n the linear mode the inputl comman-mode voitage
range includes ground and the gutput vaoltage can also
swing to ground, even though cperated from only a
single power supply voltage.

& The unity gain cross frequency s temperature
¢compensated.

® The input bias current s zlso  temperature
compensated.

Advantages

® Eliminates need for dual supplies

8 Two internally compensated op amps in 2 single
package

B Allows direcﬂy sensing near GND and Va1 also
goes to GND

® Compatible with all forms of logic
® Power drain suitabie for barery operation

® Pin-oul samre as LM1558!LM1453 dual operatlonal

ampiifier
Features
& Internafly frequency campensated for unity gain
® Large dc voitage gain 100 dB
' ® Wide bandwigth lunity gain} 1 MHz

[temperature compensated)
8 Wide power supply range:
Single supply 3 Vpe to 30 Ve
or dual suppiies 215 Vpe to 215 Ve
® Very low supply current drain (S00uAl — essentialty
independent ot suppiy voltage {1 mW/fop amp at
+6& Voc)

® Low input tiasing current 45 nhApe
ltemperature compensated!

8 Low input offset voltage 2 mVpe
and offset current 3 nApg

¥ [nput common-mode voitage range includes ground

® Diflerential input voltage range equal 1o tne power
supply voitage

& Large output voitage
swing

0Vogto V- 1.5 ¥pe

Connection Diagrams (Top Views)

Matsi Can Packuge

qutrt .l nu“ur ]
mvunnr. erEI'IIIG
aryl A nmn ]

lul IavERTiMG

naw. llﬂ’i!'lllﬁ
mﬂll‘ 4

LI} ] l

SIB

Order Number LM158AH, LM153H, LM2S8AH,
LM258H, LM35S8AH or LM358H
See NS Package HOBC

INPYTS

LI

oUTRUT A

H 1
INVERTING HWPUT A — p—= QUTHIT 2

NOWARVERTING __]
HPUT &

INYERTING :MPeT B

L] xDMANVERTING

GND AT B

Order Number LMISBAN, LM358M or LM2504N
Sae NS Package NOAE

Schematic Diagram icach ampifier)

3216

r

Absolute Maximum Ratings

/
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 LM258A/LM358A, LM2904
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LM733/LM733C

National
Semiconductor

LM733/LM733C Differential Video Amp

Features -

”

General Description -

The LM733/LM733C s a rwa-stage, diHerential
input, differential sutput, wide-band videe armpli-
fier. The use of internal series-shunt feedback gives
wide bandwidth with fow phase distortion and high
gain stability. Emitter-follower outputs provide a
high current drive, low impedance capability, It's
120 Mr: bandwidth and selectable gasins of 14,
100, and 400, without need {for frequency tompen-
sation, make it 4 very useful cirguit far memasy
elemeant drivers, pulse amplifiers, and wide band
linear gain stages. -

The LM7?33 is specified for operation over the
~86°C 15 +125°C military temperature range. The
LM?733C s specified for operation over the 0°C
ta +70°C temperature range.

Industrial Blocks

® 120 MHz bandwidth
250 kS input resistance

Selectable gains of 10, 100, 400

MNo frequency compansation

High cdrnrnon_mode rejection ratio at high
frequencies.

Applications

HMagnetic tape systems

Disk file memories

Thin and thick kim memaories
Woven ang piated wire memories
Wide pand vigeo amptitiers.

Schematic and Connection Diagrams

Ousl-la-Line Package

o
- L -
oA e

1

L~
. 1] T Y ° o
L T e
suThT | i, i
-~ i
wner
[rrie -

Ordar Numbsr LM733CN
Ses NS Packaga M 144

Matal Can Pacicage

Test Circuits

Test Circuit 1

e

Hurmir b peieame shaw DIF pooneciiom,

Twst Cirouin 2

¥
Hem - § cwnarred 3 o2,
100w w

- Grder Number LM733H or LM733CH
Saee NS Package H10D

Voltags Gain Adjust Circuit

- s
T [ t.‘: LT R

W, P

Vgt BV T, I5C
P btk gty Lo TO§ pochnga}
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ratia at high

Absolute Maximum Ratings

Ditferential Input Voltage
Common:Made input Yoltage
Vee - - o
Qutpt Current
Fower Dissipation {Nate 1)
Junction Temparature
Storage Temperature Range
Operating Temperature Range LM?733

. LM733C
Lead Temperature {Soldering, 10 sec)

15V
gV

L. ... aBv

10 mA

500 mw

v +150°C
—65°C 10 +150°C
-55°Cto +125°C
0°C ta +70°C
300°C

Electrical Characteristics (T = 25°C, unless otherwise specified, see test circvits, Vg = 26.0V)

TICN
114A

e
-
e

I
Yauiwry

oy

oy

w LM723CH
1380

tiust Cirguin

8 TS sachoges

—— ]

TEST LMT3] LM723C
CHARACTERISTICS TEST COMOITIONS UNITS
CIRCUIT MIN | TYP | MAX [ MM ] TYP | Max

Critfarential Voltge Gain

Gain 1 {Nots 21 Joa 200 500 50 00 [ v)

Gain 2 YiNate 3) 1 R *2k0 Vour=3v,, | 80 100 ne 80 100 1

Gain 3 (Nore 4) &0 k) 1 80 10 12
Bandwidth

Gain 1 40 40 MHa2

Gan2 2 20 90 MHz

Gain J 120 ¥l MHz
Riw Time

Gain 1 Your* 1V, 105 s ns

Grin 2 2 5 i) 5 12 ns

Gain 3 5 25 m
Prosegaticn Disy Vour® 1 Ve,

Gan 1 15 75 ns

Gan 2 ¢ 6.0 0 0 10 ns

Gan 3 36 18 ng
Input Resistance

Gan 1 0 40 (41

Gain 2 Fail xn o ] &2

Gain 3 250 250 (39
Input Capacitance - Gain 2 2.0 0 pF
Imput Offwrt Current Ge 30 o4 -] A
Input Bias Current 9.0 0 g0 n A
input Koiwt Vollsg BW = 1 kHz 10 10 MHZ 12 12 avrm
Input Yoltage Aznge 1 210 21 v
Common Mode Rejection Balig

Gain 1 + Yem = 21V {5 100 kM 5 B& B0 BS daB

Gain 2 Ve =iV f = 5 MMz B0 & 48
Supply Voitsge Agpeetian Rara

Gain 2 1 AVg = 205V 5 0 5 70 1]
Output Oftser Voliage

Gain 1 1 A == 06 i$ o8 1.5 v

Gein 2an 3 0.35 10 0.35 (-1 v
Qutpat Common Mode Vol uge 1 By == i4 .9 14 i4 .9 34 v
Qurbut Voltsgs Swing 1 R =2% 10 4.0 i An
Quiput Sirk Cyrrent 2.5 1B 5 kL) iy
Cutput Resistancs n n 2
Perwenr Supply Cutrent 1 A== 18 Fil 18 24 mA

9.55,

JEELNT/EELINN



- Electrical Characteristics continued) SRR I
{The {ollowing specifications apply for ~B5°C < T, < 125°C fot the LM733and 0°C < Y4 < 70°C for the LM733C, Vg = 6.0V}

LM733/LM733C

CHARACTERISTICS TEST TEST CONDITIONS s pone UMITS
x CIRCUNT MIN TYP Max MIN TYP MAX

DiHerentinl Valtage Gain .

Gain 4 . 00 en  l2sa 7o teoa

Gain 2 3 Ry =2kl Vour =3Vp, | B0 120 BO 17

Gain 3 Ba 120 a0 ) 120
Input Aesisaanca Gain 2 B 8 kil
inpat Offen Curvem E 5 & A
Input Bias Current 40 - 40 A
Inpul Volusge Range 1 = z1 v
Commaon Mais Arpectian Ratia

Gan 1 ) 1 e =1V 15 A0 eHT 50 Ll . dB
Supply Voitsge Rejection Aatic

Gain 2 1 AN = 208 £ 50 o8
Dutput OHuer Voitege

Gamn 4 1 L 15 15

Gan 2ard 3 1.2 15 v
Dutput Volage Swing \ A =2 5 20 Ver
Outpyt Gink Currem 22 2.5 mA
Poarns Supphy Curtant 1 Ay o 7 k4 ma

OUTFUT VOLYAGE (¥l

PHASE SHIFT ']

Nots 1; The maximum jurction temperature o the LM733 is 150°C, while that of the LMT33C is 100°C. For operation
at elewnted temperatuces gevices in the TO-100 paskage muir be dersted based on @ thermal resistance of 150°C/W junctian
10 ambient or 45°C/W junction o case. Thermal reyistance of the dusl-in-line package s 100°C/W.

Note 2: Pins G1A and G1B connected togerher,
Notie 3: Ping G2A and G2B connected together.
Note 4: Gain select pins open.

Typical Performance Characteristics
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LM131A/LM131, LM231A/LM231, LM331A/LM33t1
Precision Voltage-to-Frequency C_on_verters

General Description

The LMI31/LM231/LM331 family af vaitage-to-
frequency canverters are ideally suited for use in simple
low-cost circuits  for analog-to-digital conversion,
precision frequency-to-voltage conversion, iong-term
integration, linear frequency modulation or demodu-
|atian, and many other functions. The output when used
as a voltage-tp-frequency converter is a puise train at a
frequency precisely proportional to the applied input
voltage. Thus, it provides ail the inherent advantages af
the voltage-to-frequency conversion techniques, and is
easy to apply in ail standard voltage-ta-frequency
converter applications. Further, the LM131A/LM231A/
LM331A artains a new high ievel of accuracy versus
temperature which could only be attained with
expensive vailage-to-frequency modules. Additionatly
the LM131 is ideally suited for use in digital systems at
low power suppiy veltages and can provide lpw-cost
analog-to-digital conversion in micraprocessor-controlied
systems. And, the frequency from a battery powered
voltage-1o-frequency converter can be easiiy channeied
through a simple phatoisolater to provide isolatian
against high common mode levels.

The LM131/LM231/LM331 utilizes a new temperature-
compensated band-gap reference circuit, to provide
exceilent accuracy over the full operating temperature

the quick response necessary for 100kHz voitage-to-
frequency conversion. And the sutput is capable of
driving 3 TTL loads, or a high voltage output up to
40V, yet is shor-circuit-proof against V.

Features

* Guaranteed linearity 0.01% max

» |mproved performance in existing voltage-to-frequency
conversion applications

= Split or single suppiy operaticn

» QOperates on single 5V supply

= Pulse output compatible with al! fogic forms

® Excellent temperature stability, =50 ppm/°C max
* Low pawer dissipation, 15 mW typical at 5V

v Wide dynamic range, 100dB min at 10kHz full scale
frequency

* ‘\Wide range of full scale frequency, 1 Hz to 100 kM2

range, at power suppiies as low as 4.0V. The precisian s Low cost
timer circuit has low bias currents without degrading
Typical Applications 15 e g

&
- Ry 1014F"
10y = 0%
i 10V ’ J-i(
FULLSIALE '—W"l
=
T BY.F ' LM 106 10% -
Lz v
L e LacIc
] 3 lqut
. 10 hHE
. FULLSCALE
1oF Wk, =
i 12K 1% *
fAg

[T

GAIN

ABUST

-V Vi Rs 1
{OPTIONAL) " 00T * Toev R ey

GFFSET ADJUST =

*Use stabie companents with low 1emperature cosificients. See Typicai Appiications section,

FIGURE 1. Simple Stand-Alone Voitage-to-Frequency Converter
with =0.03% Typical Linearity {f = 10 Hz to 11 kHz}
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LM131A/LM131,

LM231A/LM231, LM331A/LM331

Absolute Maximum Ratings I B Fonsi
. Electnc
!
) LM131A/LM131 LM231A/LMm231 LMI3TA/LMATY —_—
Supply Voltage ) aov v . a0V - @
. : - P outmat Cumre
Qutput Short Circuit to Ground Continuous Continuous Continuous e |
P ' . N . ) LML
Cutput Short Circuit to Vo Continuous Continuous Continuwous
Change with b
Input Veltage -0.2V 10 +Vg " -0.2Vio+Vg . . -0.2Vta+Vg . Current Sourres
LW, L
Thtn TMax TMin TMax . TMIN  Tmax ; Lz L
Operating Ambient Temperature Range -55°C to +126°C -25"C 1o +B5°C 0°C to +70°C [ ail Deviers
Power Dissipation (Pp at 25°C) I j _Opepung Brr
and Thermal Resistance (6;4) . , MEFERENTE
e MI31LE
(H Package} Pp 670 mw 570mw 570 mw P sy
8a 150" CA 150°C/w 150°Cw ' : .
Slabihly w5 Te
(N Package} Pp 500 mw 500 mw R
g: 155°C 155° . Stapiiily ¥i D17
iA 55°C/W 55°C/W . B AT
. T vear
. : QF F reaka::
i! FTruseLY CUFF
 guselY CUF T
: . BEEVIETITE
E!ectﬂcal Charactensiics Ta = 25°C unless otherwise specified. {Note 1) i Leima
i Lhe137 Lk
I
PARAMETER | CONDITIDNS MIN TYP | Tmax wning [ | f————
VFC Non-Linearity (Mate 2) 4.8V < Vg 20V +0.003 =00 % Full !
Scxie Mot 1: AN
| Py 2: hom
TMIN S Ta < Tax =0.006 20.02  Fui 1 f 1|;|H'.-an:| n
St
0 Circuit of Figure 1 Vg = 16V f= 10 Hz to 11 kM2 +0.024 =014 % Fult l 4
Scai .
Conversian Accuracy Scale Factar Vin* 10V, Ag= 1a kD2 1 i Funcuor‘
(Gawn) ) !
LMY, LMI3TA LM2I1, LM231A £.55 1.00 105 a1y l
LM LVMIA 0.90 1.0% 1.10 (L g
Temperature Stability of Gain TMIN € Ta < Tyax, 4.5V < v < 20V
LM131/LM231/LM33E ' 30 2180 poml
LMTI1A/LMZIVA/LMIIIA =20 =50 pom©L }
Chonge of Gain witn Vg 45V W IOV - 0.01 'R LE 1
oV < Vg 4oy o 0.008 0.08 &N | :
Rpted Full-Scale Freouency Vig = =10V 0.0 khe | :
Overrange {Bevong Fuli-Scalel Vi Y =11V 1Q * i ]
Frequency :
INPUT COMPARATOR
Otfses Voltage 3 =10 my
LMI13T/LM231/1338 TMINSTa<TMaX 4 114 m¥
LMI3TA/LMZE1A LM3T1A TMINEG Ta < Taax : +3 10 myv l
Bigs Careent -BJ -300 n& i
Cifser Current . 8 <100 ok
Camman-Mede Range TMIN S Ta < Tuax -2 Yoo 0 M !
TIMER I
Timet Thresheid Valtage, Pin & { 063 0.667 .70 x ¥ |
tnput Bias Current, Pin 5 Vg ® 15V |
At Devices OV € Vpyn 5 € § 9V . g 1100 ok |
LMI21/LMI31 /LA VPIN 5= 10V 200 1000 il |
LMLITA/LMITASLISSITA VPIN G * 10V 200 500 nd , i
[
VSAT Pin 5 | Peset) I#5ma 0.27 08 v Aegriteres traoe
8252




130

—.l MaX UNITY
0.0 % fylt
Scpr
002 Pyl
S
+0.14 % Fuil
Scrr
105 KHIY .
i1 RHZY
1150 pom/ [
B-11) ppm”{
0.1 AN,
008 Al
kHI
|
L
-
—_— e ———
=1l H mi
14 ¥
r
-3 m
-300 nk
=100 ko
v 1
V2.0 '
8.70 x¥s
100 o
1000 Lol
500 L
05 v

,‘-’—-_7
Efec'[ncai Characteristics (Continued) Ta = 25°C unless otherwise specified {Note 1)

PARAMETER T CONDITIONS 1 mn T ave ] mMax [ units
CIRRENT SOURCE (Pin 1§
ot Gurrent Rg= 14%0, Vpin 140
LM130, LMIATA, LM23Y, LMZ31A 126 135 144 WA
L¥330. LMIISA ; "B T 15§ uA
vnge with Voltsge av g VpiN 1 £ 10V 0.2 - 1.0, uA
Currens Sowree OFF Leakage . > -
LM13E, LMIIA - T am S A
I3 LM23TA, LMAZL, LMIT1A - a2 08 s
a1 Qeviees ) Ta* TuaX 24 50 nA
srecsnng Aange of Curreat (Typical) 110 to 500! wh,
TLFERENCE VOLTAGE (Pin 2|
4139, LMI31A, LM23Y, LM231A 176 1.89 2.02 vog
LW331. LM3T1A 1.70 1.89 2.08 voe
b hry vs Temparature 60 pam°C
gt ity vi Time, 1000 Hours =01 «
\0GIC QUTPUT {Pin J
Veat . -] 1esma 0.15 0.50 v
- 1=32mA 12 TTL Lowdst. Tpin € Ta < Tmax 0.10 Q.40 v
DFF Lrakage «0.05 1.Q 'y
JuPPLY CURRENT
LA137. LMI21A, LM231, Vg 5V 0 0 4.0 mA
LMZ35A Vg & 40V 2.5 &0 6.0 ma
LM331, LM3ZTA Vg = 5V 1.5 3a 6.0 ma
Vg = 40V z0 40 80 mA

Wow 1: All specilications apply in the cir¢uit of Figure 3, with 4 0¥ <€ Vg € 40V, uniess otherwise nored.

Nore 2: Nonlinearity is defined at the gevigtion of IgyT from V) x {1GKHZ/=10 V) when the circuit has been trimmed for zerc errar at
\GH2 and 3% 10 KHZ, aver the fragueney range 3 Hz to 11 kH2. For tha timing capacivor, C, w1t NPQ ceremic, Teflon®, or galystyrene

Functional Block Diagrams
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LM231A/LM231, LM331A/LM331

LM131A/LM131
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Manlinearity Error, LM131
Famiiy, at Precision V.ao-F
Converter {Figuce 3)
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Typicai Performance Characteristics

{All rlectrical characteristics apply for the circuit of Figure 3, unless otherwise nated.)

Nonlinesrity Error, LMT31

Family
-m
a2 u i ]
§ o Ii‘i ]
E 1 J]lll‘yg l i
Eoan “—U i
£ e L
= .om o i
<m ’”'& —”——

0O0MY Qoai DD B 1 ki
FREQUENTY, kHr

YREF vs Tamparature,

LM1T1A
1310
o PP
B2k
1524 | ? [
1421 1 4
e i |
IFREL . f
s i ] ]
s
1.8 i
1912 Il T J[——
1110
A1 =25 415 475+l etiD
TEMPERATURE, *C
Nonlingsrity Error, LM131
{Figurs 1}
0.4 ! %
* am
‘ -
= -m i
< { V
R I 1A
E ool 7]
R
i 1 L ]
] n SR
6.0 ! "
LI S I T R | B H

FREQUENCY_ iz

Output Saturation Voitage v
IguT Pin 3

12 T T
2 : ;’- T
24 BT -+ 754
}
= 14 o4
5 F,
1 >
2 4 LG
12 o
oy |seEe Lt
T o T
-7 - J_
[}
w0 s
toyt. m4

INPUT CURRENT fan)

NOMLINERRITY, %

BUTPUT FRFOUENLY, X

Nondinasrity v Powsr Sunpdv

Yoitage
0075 ] - S
[ Y1 w
a9y i
SPEC LiMIT
aom J . T . * ==
(XT3 L

inngill

500 15 M % 1N oW ow
POWER SUMPLY VOLTAGE. Vg

(X1

Quiput Fraqueney vy

VSupPLY
] 1T
+1.9 .y
*15 \\L“‘;y
Y g!‘f‘JA
s T reteas
a
05 id .
19 I
as o
~Lb
I L '
51018 0 25 M X ou b
vsupreLy. ¥ !
Input Currant (Pias &, 7l va l
Tempacaturs
NEEEEREEN)
150 Ir ' T f J_
e \L T
I
i
50 I L] i Ji
n I T -
TS
50 l F ! ‘{_
| (1
N R L ]
TEMPERATURE.'T
Naniinearity Error, Precision
F1o-V Canwerter {Figura 6}
. T
«0.01 —'E[
g 7 MAXIMUM
T | —Ir ‘l
1 Y
001 _T - _;
-0z Y
-0.03 I
-0 T i

] 2 ‘ § L} " 17
FREDUENCY, kHr

B-254




_.Ew;:.gé
LM231A/LM231; LM331A/LM331

S
5

o s San

g

4w 9
<

T

wo p h—l
o h3:

xa -\q—..ﬂln L1 —\ﬂ-
N (Nallie” N

) G - E.u__.z
5

_ __.:.:.

AT

AT
-_J
i
F
f
]

schematic Diagram

7

. A

)
’——j- :

8-261




National
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Indgstrial Blocks

LM135/LM235/L.M335, LM135AILM235AILM335A
Precision Temperature Sensors

General Description

The LM135 series are precision, easily-caiibraied, inte-
grated <ircuil temperature sensors. Operating 28 2
Z-terminal zener, the LM135 bas & treakdown voltage
directy propertional 1o absclute temperature at +10 my/
%K, With less than 151 dynamic impedance the device
operates Over 4 current range of 400 g4 o 5 mA with
wrtuahv no change in performance. Wher calibrated
a2/ '.he LMY 35 by typicaliy ess than 1°C error
over a2 100°C temperature range. Unithe other sensers
the LM13% has a finear output.

Apnlications for the LM135 include alimost any type of
ternparature sensing over a -58°C 1o +15Q0°C tempar-
ature range. The [ow impedance and linear output
make interfacing io readout ar control circuitry espe-
cially easy.

The LM135 operates over a —55 ‘Cto +150_ °C temper-
ature range while the LM23§ operates over a —40°C

te +125°C temperature range. The LM335 operates
- from —=40°C 10 +100°C. The LM135/LM225/LM235
are gvailable packaged in hermetic TO-46 transistor
packeges while the LM335 is also available in plastic
TO-92 packages.

Features

Directly calibrated in °Keivin

1°C initial accuracy available
Operates from 400 uA to 5mA
Less than 182 dynamic impedance
Easily calibrated

\Wide operating femperature range
w 200°C overrange

Low cost

Schematic Diagram
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wypical Perfon_‘ngﬁce Characteristics
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Arverse Characisnstics

‘orke

[P B—

irle expect

- v "
T T | T
; Tl | - . '
!, 1= 5L 5o, I H
f o oA g €
1 H | g Ty S5°C
(1 T; v 25" ] i 1 H i
. i o] = 1 i
i A L] : BT
f Wiyl 1 g | i £ mi i
o JAV// Tom 12558 ] z 2 & !
H e~ IR . BN [ e Tye st
o '
i 2T 1 “ RRREEEEI oW LY
] H ‘ ) [ ] S5 -)8 28 5 105 145 RS t 2 [} A 5
AEVERSE CURRERT tmal TEMPERATURE [°C) REVERSE YOLTAGE (VI
Hesponse Tirme ' Dynamic Impedance Naisz Vaoltage
. 100 388 o
7 ' = 1251wk
i = 1 Y ;i
P 2 I : ue
.t H ]
i 2 SN
1 H i 3 w0
: H Ty s8e ] 3 T
. 2 ] ’ P
; » R TN, g I
= =
oy = ; ¥ ur +
= n l
; t--ts'::
sl ot | L 00 1
n ot [ T | 0 100 " 10 00k T e " M 1
TIME () FHEQUENCY {Hz) FREQVENS Y [RD)
Thermal Resistance Thermal Response
Junction to Air Thermal Time Constant in 5til Air
L] '
|HENEE N | 1] 1]
i « - F % -
s ! 5 B - )
] 1 2 ] PR ] /!
E 8 g |4 n = "4
5 \ £y - T W A
E 109 l ] 1 )' = E
H To48 | E o0 \ - [ | —iemnd
- [} =3
i T T -
P ] AN E o ,
H a4 — u i
Pl | ] g 708 T !
1] Y 1200 1s00 2000 ] o b6 20 teDe p0d ] H 4 § 3
iR YELOCITY (Feu) AR YELOCITY (FPmt THWE IMINUTES)
Thermal Aesponse in
Stirred Dil Bath Forward Characteristics
7] T
F m T I 12 I 1
- ; ‘F’
2 n P L T, 557
2L £l e
] S o g
z \ ; IR L b
Y] i + = | ™
s T :
LR Ld = ot
% : | s 1T 1;% 25°c
£ o0 82 | l
| Il
l C . Ul
] H [ [ ) 0.1 1 R
TIME {SECONDS) FOAWARD CURRENT (wi)

F 527

VSEEIW T/ VSEZW T/ VSELINT "GECNT/GEZINTI/SELNT




LM135/LM235/LM335, LM135AILM235AILM335A

Absolute Maximum Ratings

Reverse Current

Forward Current

Storage Temperature
TO-46 Package
TO-92 Package ”

Specified Operating Temperature Range

15 mA
10ma

—60°Cw +1B0°C
—60°Cto +160°C.

Intermittent (Note 2}

Continuous LT
LM135, LM1354A -55°C to +150°C 150°C to 200°C .
LM235, LM235A -40°C 10 +125°C 125°C 10 160°C i
LM335, LM335A —40°C 10 +100°C 100°C to 125°C
Lead Temperature (Solgering, 10 seconds! Jon°c
Temperature Accuracy Lm135/LM235, LM135A/LM235A (Note 1)
o LM135A/LM235A LM135/LM235
PARAMETER CONDITIONS G UNITS
. MIN TYP MAX MIN TYP MAX
Dperating Dutput Voltage Te=25°C. Ig =1 mA 297 298 299 2.88 2.98 im v
Uncalibrated Temperature Error | T = 25°C, IR = 1 mA Qs 1 1 3 't
Lincaiibrated Temperature Error | Tpn <Te < Tmax. /g =1 mA 1.3 2.7 2 5 *r
Temperature Error with 25°C TMIN STC<TMaX. IR =1mA 0.3 1 05 15 K+
Calibration
Calibrated Error at Extended Te = Tapax {intermittent} 2 2 't
Temparatures
Non-Linearity Ig =1 mA 0.3 058 03 1 't
Temperature Accuracy Lmass, Lm33sA (Note 1)
PARAMETER CONDITIONS LM33SA LM335 UNITS
MIN TYP MAX MIN TYP MAX
Operating Qutput Voltage Te=25°C, Ig =1 mA 295 | 298 3.01| 282/ 208 | 304 v
Uncalibrated Temperature Error | Te = 25°C, IR = 1 mA 1 3 2 6 °c
Lncafibratad Temperature Error TM{Nr< To< TMAX. IR =1 mA 2 5 4 9 °t
Temperature Error with 25°C TR <Te < Tmax. /R = 1T ma a5 1 1 2 c
Calibration
Calibrated Error at Extended To = Tpax [Irtermitent) 2 2 °c
Temperatures
Non-Linearity Ig = 1 mA 0.3 15 0.3 1.5 °C
Electrical Characteristics (note 11
LM135/LM235 LM335
PARAMETER CONDITIONS LM135A/LM235A LM335A UNITS
MIN TYP MAX MIN TYP MAX
Operating Dutput Voltage 4D0 A < IR <5 mA 25 10 3 14 m¥
Change with Current A1 Constant Temperature
Dynamic !mpedance Ig =1 mA 0.5 0.6 qa
Output Voitage Temperature +10 +10 mv /e
Orift
Time Constant Still Air 80 80 e
100 ft/'Min Air 10 10 sel
Stirred Oil 1 1 set
Time Stabitity Te=125°C 0.2 0.2 “Cikhi

MNots 1: Accuracy measurements are made in a well-stirred oil bath For pther conditions, seif heaung must be considered.
Nots 2: Cantinuous coeration at these temperatures jor 10,000 hours for H package and 5,000 hours far 2 package may decresse life expect

ancy of the device.
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SCL45438

BCD-TO-SEVEN SEGMENT
LATCH/DECODER /DRIVER

Preliminary

FEATURES

¢ Phase input Signal Reproduced on Outputs for
Liquid Crystal Display

+ Latched Storage of Input Code

¢ Blanking Input  for Display Intemsity
Modulation

4 Readout Bianking for lliegal Input
Combinations

4 Pin Compatible with CD4056A (with Pin 7
Tied to Vgg)

¢ Balanced Output Drive Current Specifications

DESCRIPTION

The SCL45438 BCD-to-7 Segment Latch/
Cecoder/Driver is designed for use with liquid

crystal readouts and is constructed wath compte-.

mentary MOS ([CMOS] enhancemeni-mode devices.
The circuit proviges the functiens of a 4-bit storage
latch and a 8421 BCD-to-seven segment decoder
and driver, The device has the capability to invert
the logic ievels of the cutput combinations. The
Phase (Ph}, Blanking (81}, and Latch Disabie {LD)
inputs are used to feverse the truth-tabie phase,
blank the display, and store 8 BCD code, respec-
tively, For liguid crystal readouts, a square wave is
applied to the Ph input of the circuit and the
electrically common backplane af the display, The
outputs of the circuit are connected directiy to the
segments of the readout. For other types of
readouts, such as light-emitting diode {LED}, in-
candescent, gas discharge, and fluprescent read-
outs, connection diagrams are given on this data
sheet.

Apglications include instrument {e.5., counter,
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’ CONNECTION DIAGRAM
{all packages)

Vop t. @ L] d [ b ]
| S S R R R
6 5 14 13 12 1y w9

SCL4543R
i 2 3 4 S 6 7 B
i ! T T T T

Lb ¢ B D A Ph Bl Vgg

Add sutfix for package:

C 156-pin Cerdip
D 16-pin Ceraric
E 16-pin Epoxy
F  16qin Flat

H  Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voitege  Vpp-Vgg Jt0 15 Ve

Cperating Temperature Ta
C, D, F, H Device 5510 +125 OC
E Device <0 to +85 °C

DvM,  etc.) display driver, computer/calculator
display driver, cockpit display driver, and various
dack, watch, and timer uses.

BLOCK DIAGRAM
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55 to +125 OC
4010 +85 °C
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Pin 1B
Pin B
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SCL4543R (Preliminary)

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS '

1 2, 2
PARAMETER ] Voo | conpiTions | TLow 25 C Twian” ! ynie
. {vdel Min. | Max. | Min | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo E
CURRENT 5 |Vin=VesarVog | - 51 — {oost 51 — {180 [wAde
10 | All vaiid input - 10 - 0.1 10 - 300
15 ! eombinations — 15 - 0.2 15 - 600

NOTES: ! Remnaining Static Electrical Characteristics are listzd undar “SCLA000R Saries Family Specifications”.

¥ Tiow ™ -55°C for C, D, F, H device.

« 40°C for E devics.

Thigu = +1258°C tor €, D, F, H device,
=+ B5°C for E devige. .

3 This device has been designed for balanced output drive current specifications. Consult Family Specifications.

DYNAMIC CHARACTERISTICS [T, = BOpF, Ty = 25°C) _

PARAMETER Voo | win, Typ. i Max. °|  Unis
TROPAGATION DELAY TIME oL, trmn 1
5 - 250 1100 ns
10 - 210 420
5 | - 160 320
QUTPUT TRANSITION TIME triwtrad]
5 - 100 200 nE
10 - 50 1
16 - 44 80
MINIMiUM DATA INPUT SETUP TIME teewn
5 - 40 0 ns
10 - 15 a
16 - -10 0
MINIMUM DATA INPUT HOLD TIME Tho
5 - 40 g0 ne
10 - 16 30
15 - 10 0
MINIMUM LD PULSE WIDTH PW o
5 - 125 250 ns
10 - O 100
15 - 40 J:[e]
You, DRAUN VOLTADE {Voc) 50
0 8 B 1 A2 a0 b b 4 © o TR ERES v -
T 1 1T T 5 © i = 18 Vi
T l ¥“=r~5\f'¢c '150 ) £ % P [
- —T 0 g [
—JE— Vo == e T /{ ;; E E :: T
T - Vo m 10 Vi
I Il 1 Jax g S g s
T T |7 B P g 15 A |
NS 7 I Y B e b | .
Vg = =15 Ef%/ E j_,;a -E ._a sVi \'cal-lrlk 1.1-251'54-1
T T Tn*ﬁc_‘!“- 0 2 4 8§ 8 0 3z 14 16 16 2
. - -50 ¥on, DRAIM VOLTAGE (Vi)

Typical P-Channel
Source Current Characteristics
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Typical N-Channsl
Sink Current Characteristics




LOGIC DIAGRAM

SCL45438 {Prefiminary)
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APPLICATIONS INFORMATION
CONNECTIONS TO VARIQUS DISPLAY READOUTS

LIQUID CRYSTAL

L) READQUT

SC 45438 Ona of Sevan Sagmants
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- Bychpiana
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Sauars Wave

Veg to Voo

LIGHT EMITTING DIODE ILED) READOUT

Commen
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— e e
T vas N

Note Wipoiss transistors may be sdosd for gein {fer Ygp iov ar Taut = 10 mal
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Anode LED
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Qutput o
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READOUT
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DEVICES

MAXIMUM RATINGS

2N3866
2N3866A

JAN, JTX, JTXV AVAILABLE
CASE 79-02, STYLE1
T0-39 (TC-205AD}

. g .
Aating Symbol Valye i Mnit
J‘— - r ' HIGH FREQUENCY TRANSISTOR
{ Coltector-Emitter Valtage ] Ve r_ 30 Vde |
' Coilacior-Base Valtage Yego J\ 85 Vde 1 RPN SILCON
! gminer.-Base Veltage VEBQ T 3.5 vac I
! — l
; Cattectar Current — Zontinuous | o 0.4 Adc !
Total Device Dissipaugn i Ty = 25°C | o | 5.0 I Wans
| Derate abave 15°C i | 8.8 | mwoT
| sworage Temperawre i— Tsig | —f510 ~ ZOOT °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise nolad.!
Characteristic r Symbol Min i Max . Unit
OFF CHARACTERISTICS
I Colleciar-Eminer Breakdown Voltage " VCER{sus) I 55 - l Voo ]
¢ = 5.0 mAde, Rgg = 10 () J L ‘ !
: Caollecior-Emirter Sustaining Voltage ‘[ VCEOIsUs] ’ £y -
g = 50 mAde, Ig = 01 .
© Erromer-Base Breakdown Voltage ’ VIBRIEBO J 5 — ;
J g = 100 wAde, Ig = O |
—
i Collegior CutoH Current IcEO 5 — c.c2
© (Vpg = 28 Vde, lg = O} I :
| Collector CutoH Current \ ICex
’ i¥cg = 30 Vde, Vgg = - 1.8 Vdc (Rev.}, T¢ = 200°C) — 5.0
| WWep = 55Vvde Vge = - 1.5 Vdc 1Rov.) = 61
~ €mitter CwtaH Current leRo I - ]
I vgp = 38 vdeig = 0 |
ON CHARACTERISTICS
' DC Current Gain [ heg J i i — ]
i g = 360 mAdc, Vog = 5.0 vda Both I { E - : i
i = 50 mAde, Vo = 5.0 vdel 2N3B66 i w1 z0 ’
2N3BEGA | | 25 00 ‘
. CoMeclor-Emitter Sawuraticn Voltage ] VCEisall i - ] 1.0 ! vdc I
| fg = 160 mAde. Ig = 20 mAdc) : I : i !
SMALL SIGNAL CHARACTERISTICS
' Curreni-Gain — Bandwidth Producy ‘ T r Mz |
| ilg = 50 mAde, Vgg = 15 Vdc, f = 200 MHz| 2NIBES ; 500 - {
| INIB66A 840 -
! Cutput Capacitance { Cono — 3.0 : oF !
__Neg = 2BVde ig = O.f = 1.0 MH)
FUNCTIONAL TEST (FIGURE 1)
amzifier Power Gain ' Gpe i ) ! -, a |
Voo = 2BYde, Poyy = 1.0W. f = aC0 MHz) I ! i
i Callecior ENiciency l n ! 45 ! —_ H L T
IVeg = 28 Vde. Poyy = 1.0W. f = 200 MHz) i i ;
SMALL-SIGNAL DEVICES MOTOROLA SEMICONDUCTCRS
7-8



2N3866 » 2NJBERA

FIGURE T — 400 8Hz TEST CIRCUIT SCHEMATIC
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FIGURE 3 - CURRENT-GAN ~ BAKNDWIDTH PRODUCT
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2N3866 & 2ZN3IBGEA

FIGURE b — DUTPUT POWER versus INPUT POWER
iCLAsSS C) FIGURE 7 - SMALLSIGNAL CURRENT GAIN
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2N3866 ® ZN3B66A

FIGURE 10 - 53¢ versus FREQUENCY FIGURE 11 — Sq7 versws FREQUENCY
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PLASTIC ENCAPSULATED SMALL-SIGNAL TRANSISTORS (continued)

Devices for Hi-Rel Applications

Matorola oMers over 650 devices listed in OFL- 19500, and is ¢arlifiad o supply small-signal dipolar devicas to ALL FOUR quality levala
of #IL-5-18500: JAN, JANTX, JANTXY. and JANS,
The tallowing tabies st the Wigioreiz discrale aeviess ond siasn-sneet number as iney appesr on e Ouablied Progucls List.

Switching and High-Frequency Transistors

MiL-5-19500
INTO3 JAN o, R Y INTZED SAN e
NTDE JAN 20 N4 JAN .o
2NTT8 JAN JTX g 2NIAET JAN ST ITRY | ;
2NT18A JANJTXLTRV .. 81 2NIIRR JAML ST STRY :
2MNBESA JAN.JTX . 281 ZN3485A JAN JTX 1
2NETE JANTX 57 2NGSBEA JAN.ITX !
2N915 JAN e 271 ZNMS8 JANITRITRY :
BNGIE JANJITX JTXV.IANS .. .31 23299 JAN JTX JTXY . '
2NYZ9 JANITX . 253 FNIBO0 JEN,ITX TRV I {
INFIC JANJTX 253 INIS0T JANJTXITRY ]
FNNI2 GAN 7 2NISOE JANJTX TRV
ZN1E73 JAN JTX W TXY ... 1B¥ NI JANSTR ITAV l
IN2218 JANSTXITXV .2 ZN363a JANJTHJTXYV !
THRRTBA JANJTX.TAY .. 251 2NIGE35 JANJTH STV . :
FN2219 JAN.ITX JTXV . %t 2HIEIE JAN TR, STV
2NZZYGA JANJTXITRV ... . 2% DNIBDT JANTHITXV
INLZVDAL SANS e — 2NITO0 JANJTXITXV
2N2ZZT JANJTXJTXV . Lt ANI7I5 JANITXITRY
INZ22TA JANJTXJTXY o ... 25 2MATIT JANITX JTXV ) :
2NZ22T LAN JTHITAVY . 255 INITE3 JANITX TRV i
2N22ZZA JANJTX JTXV JANS 225 2NIFEZ JANLITH JTXV .
ENZIBGA JAN.JTX JTXV.IANS L mr ZHATEI SANLITX TV . !
2M2481 JAMSTR . 2% 2NITBA JANJTXJTXV ... !
2N2904 JANITXJTXV e 290 INITES JANJTXJTXY .. . 4
2NDPOS JAN JTX ITAV . 250 ZNADI3 JAN TR JTRY )
ZME0SA JANLJTXITRY . 290 202261 JAN JTX ;
2N2905AL JANS ... R P INA40E JANJTX oo !
2NZI6 SANITHIERY e e 291 NLLAG JANJTX TRV ‘
ZN29054 JANJTEITXY .. 2%t 2NAA8E AN TN ;
INPICT JANJTXJITXY o L2 25830 JAN.ITX JTXV B
NPIOTA LANLITI STEV. JANS 291 BNASDY JAR ST JTRY ;

204850 JAN JTX JTXY
INGBEY LAM TR TRV
ANAQRY JANJTX.JTXY
ZHADE2 JAN JTX.JTXW
CHAUET JAN ITYE.JTXY

RAQTOROLA SEMICONDUCTORS

INFLA JANJTX TRV FHS5RL JAN JTX, :
INZGAEA JANJTX ITXY IN533Z JANLITX . §
THNERGA, JANJTXITYV | !
ANOTZ ANLITX L
INFIRS JANJTH TRV . . — ]
INIZSOA JANITLITV . e i
2NA251 A JANJTEITAY e e, ) i
!
HF Transistors '
WIL-5.18500 ]
2N 18 JAN TR JTXV JANS . 2N3958 JAN JTX JTxY
2NZBET JANSTAITAY . 343 2N3860 JAN JTX STy !
2HI3?5 JaNJTX TRV | 31 TMEBET JAN JTH TRV 1
2MISET JAN JTX JTXY .. o 24y THETA9 JAN STX ITXY [
ANIBES I8N JTRITRY . 398 INGEDT JAM JTXY . f
2NIBE6A JAN.JTX.JTXY 358 ENGEJS AN ITXN !
|
Multiple Devices Field-Effect Transistors §
i
MIL-E-1850D MIL-5-19500 |
ZNZ060 JANITXSTRY o 270 2M2696 SAN .. R . i
2MPITH SN ITH.ITRY 388 24609 AN
TR AN T TR 355 N33 GAN.JTX
ZNIBT0 JAN JTXJITXV . 336 2N3821 JANJITXJTXV
ZNIETT JANUTX,JTXY 196 EMIBIT SAM JTHITRV
NABEd AR JTX STV Lral 2NBEZD JANJTRITRY ..
IN5TIA JANLSTXITXY . 4d5 INABSE JANJTX. TRV .
2NS7S JANITHITXV ... ags ZMABST SAH.ITXKSTHY
2NS795 JAN JTKATRY .. 458 214853 JAN JTRITLY :
ZHETGE JAN JTX ITXY 456 ZNZB5D LAMITX.ITXY i
|
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LM135/LM235/1.M335, LM135A/LM235A/LM335A

. -Application Hints

CALIBRATING THE LM135

Included on the LMI135 chip is an easy method of
calibrating the device for higher accuracies. A pot
connected acTpss the LMY3S with the arm ried to the
adjustment terminal allaws a 1-point calibration of the
sensor that corrects for inaccuracy qwver the full tem-
peratuse range.

This singfe point calibration works because the output
of the LM135 is preportional to absalute temperature
with the exirapolated puwout of sensor going 1o OV
output at 09K |-273.15°C). Errors in output voltage
versus temperature are only slope lor scale factor)
40 2 slope calibration at one temperature gorrects at
all temperatures.

The output of the device icalibrated or uncalibrated)
can be expressed as:

T
VouTr = Youtr, = 7=
o

where T iy the unknown temperature and Ty is a ref-
efence termperature, Doth expressed in degrees Kalvin,
By calibrating the output to read correctly at one

Typicaf Applications {Continued)

Minimum Temperatyre Sensing

Average Temperature Sensing

1 1
5 I
— Tuix T,
T B eve K AvE
L Lu11g LLlE Laarrg
183§
iy

temperzature the output at all temperatures is correcy
Nominally the output is caiibrated at 10 mVv/ K,

To insure good sensing accuracy several precautions
must be taken. Like any temperature sensing device
seif heating can reduce accuracy. The LM135 shm:d'
be operated st the lowest current suitable for the -
plication. Sufficient current, of course, must be avait
able to drive both the sensor anc the calibration por
at the maximum operating temperature. cooT

i the sensor is used in an ambient where the therma
resistance i3 constant, self heating errom can be cal
ibrated out. This is possible i the device is run with
& temperature stable current, Heating wilk then be prg-
portional 19 zener voitage and therefore temperature,
This makes the self heating error proportional ta ab
salute temperature the sarme as scale factar errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such a
manufactured by Raychem tan be used to mazke low-
cost waterproof sensors. The LM335 is inserted into
the tubing about 1/2 from the end and the tubing
heated above the melting point of the core. The un-
filled 1/2" end malts and provides a seal aver the device.

Remote Temperature Sensing

oUTHIT
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Wire leagrh far 1" € srror due 1o wire drop

Isciated Temperature Sensor
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