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ABSTRACT
THIS THESIS IS WRITTEN FROM PROJECT DEVELOPED IN ORDER TO -USE
AS' THE OPTIC FIBRE TEST INSTRUMENT USING OPTICAL TIME DOMAIN
- REFLECTROMETER ~ PRINCIPLE. BY LAUNCHING A NARROW SQUARE PULSE . PROBE
'SIGNAL INTO FIBRE UNDER TEST AND DETECTING, ANALYSING AND DISPLAYING
'BACKSCATTERED AND ~BACKREFLECTED WITH RESPECT TO TIME. ONE CAN KNOW
FIBRE PERFORMANCE ACCORDING TO THE RETURN SIGNAL CHARACTERISTICS. IN
ADDITION TO DETERNINING DEFECTIVE POINTS OF FIBRE '(FOR INSTANCE]
' CRACKS, SPLICES) BY THE FACT THAT THE RESPONSE WILL'EXTREMELY REFLECT,
OTHER APPLICATIONS ARE DESCRIBED LATER IN'THIS THESIS. |
WITH REGARD TO BOTH ECONOMY AND BEST éAPABILIT;Es DESTINATIONS,
THE INSTRUMENT HAVE TO BE APPLY SOME .INNOVATIONS IN MANY PARTS.
STARTING FROM SUBSTITUTION OF INFRARED LED INSTEAD OF EXPENSIVE LASER
DIODE, USING SOME NEW TECHNIQUES IN DRIVER, RECEIVER AND OPTICAL

t

COUPLER PARTS.
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HIGH RADIANCE HIGH SPEED LED (INFRARED LED) (L2812/15)
PHOTODIODE (HFD-1@60)
HIGH SPEED DIFFERENTIAL COMPARATOR (LM361)

N-CHANNEL FET (2N4861)
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Igh Radiance High Speed LED
ender Unit SMA Style

““hese unils contaln a hiFh radiance light

mitting diode sultable for use with alngle
. pptical hores of 180 microne core dlamater and
. fbove. The dicdes are Individuslly pssembled to

Peae devices are suilable tar high
peed analogue snd digial
policaticns whers trangmission
starces of up 10 2 kilomeires are
nvisayed. High oplicel output at low
prrent consumnption is a130 & mejor
palure

Cwe e B aadatants L P —

Ordering Reference

L282215 Flange mount
L383245 Singla-hote mounsing

b - o s

rovidu the highest pussible coupilng sllicliency. L281211§
‘na housing inturfaces are basaed on"SMA
onnactors and are Internatlonally compatibie.
fwo aitornatlve mounting methods are oflared,
ne having a singile hole fixing with an antl-
. botation Hat and {he 3acond having a BNC " 12623116
" handard flange lor surface mounting. . 2
e 1 =N = | 3
Specllication
w Reveryy vollege, maximum:al Ig & 10uA 1v
Maximum contlnuous forward ourrent, |¢ OmA
mc Forward voltage ol I = 60mA fiev
Rise time = {all time 123:
® oy Paak radiatlon wavalangth 820nm
' - ol Spectral bundwidth 3sam
/ Maximum power dissipation at Ta = +25°C 85mw
109 o1 Optical power ouirul meagurad ysing & 300um core -
Yy 4 ;lop Index fibrs o“NlA " j,lb at B0mA operatlon . 130uW uy,é)lcul)
b T = ~Tamperature coetfialent gf radl power, iy = 8om, «0,3%1
B [} - Soider tall finlsh A g TTSTTTTNGold plated i e
L lngulstion Polyaster,spoxy
v ® 0 0 N0 Ak %0 Case opérating temperature, Ta A -409Cto+ 100 9C
tomtcuramma B10CUICE! Characiertatics mopsured at 26°C -
r.AS....—.‘b_ A —— . & -

Allcimersions we roming end in millime' 40

poame 9.0+ Theasd w34 b 24

17144

Theaad
928 UNS 24

vé

P chavi

Flargs mawses | Bingle hylv meusiiag
Uerles Mavaing  meass aipasl gloved Sevica Houting alees’ sryp
~

N

N ~ Oimaratans and Moun1ng oenin
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HFD Series (1060; 1100)

' Features
« 600 V/106 Slew Rate Amplifier
e Groundable Case
s Temperature and Voitage Stable

» Low-Voltage Operation
o Shielded Amplifier
s Wide Spectral Range

Operating Data and Specifications at 23°C
Performance at -15 V Bias (Photodiode) and +5 V (Amplifier)

sfrdquancy Aange' ’
Noise Voltage® )
Minimum Detectabls Power, -
Minimum Detectable Power
Open Loop Galn " *-
Blas Current?

Ofiset Curreat™ ., -

Opcmlnu Tcmpoyllurt

-

CHARACTERISTIC MINIMUM | TYPICAL | MAXIMUM
Active Aroa TR Pt S
Active Area 81 -
Responsivity R Tt o J:‘;l?:h /(W.(850 pm);. By S 100K ohm:
' Respoasivily 4 - 104 ViW (633 nm); R IOOK ohms

A

g Al

o BB BRI
10% rms; A, = 100K ohms

W, 1QM lLaSO no; R( - 100K ohms™
10‘ W'at 633 nm. R, - IOOK ohms

.». b z.‘??u?“'“i

Mot e
EF W rn\nr

e .‘-;mm» AN

L i N

Otfset Voltage? 2 —_ - .
. . 2 DR K > Bar o

Oftset Voltage Drift - . N, ~og e MM58 0 [ UFAady .~'.'9‘V159?£*,..-..

Quiput Resistance - 10 - Ohms

S ol W N PR TORRL A TIE B F v

Slm".ﬂ.“ o R ..\'J' U 300.;‘.“ BRI el ¥ L fsaf x.._‘(l..Quﬁ..fm‘.m “§2

Supply Voltage 15 2 |
3 M LT TV 1) ey i) kv a.‘- 3

Supply Current » . o Va8 S TR J“'“ CHEN

Power Consumption 80 220

Notes: 1. Gain bandwndm product.

2,

Doubles every +10°C.

PHOTODIODE
RESPONSIVITY (AMPS/WATT)

07

3. Adjustable to 0 volts with external trimming circuit.

. /
Typical Spectral Response -,

07 08 12

Mpum)

09
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Ultra-Fast Photodiode/Op-Amp ' o

Mechanical Data 4

PHOTODIODE REFERENCE :
PLANE . N . .

Notes: 1. All dimensions in millimeters. \ ;
2. Pin circle diamoter is 4.17 mm. )

Electrical Data

p i
Ry ooy, ’
h,:l
+Vs l -V .
O—AAA—O i
i
4
» 1
i
Stralght Feedbdck Loop “T* Feedback Lodp -
3 [
Notes: 1. *lIndicates recommended resistor values. Ry :
2. High frequency filtering may be required on power supply lines. E b

-* |
Pin Assignments ) ’ '
: i
1 Signal Ground (+In) 6 ' Output |i
2 -V Supply 7 +V Supply. 1
3 . . -V Bias (Anode) 8 Compensation- i
, 4 Case Ground 9 Inverting Input (~In) ‘
5 Not Connected 10 Cathode l
' f
¥
k3 .
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Nahonal
Semiconductor

LM161/LM261/LM361 ngh Speed D:fferentlal S

Comparators
General Description

The LM161ILM261/LM361 is a very high speed ~

.differential input, complementary "TTL output
voltage comparator with improved characteristics’
over the SES29/NES29 for which it is a pin-for-pin
replacement. The device has been optimized for
greater speed performance and lower input offset

-

®

volta'ge Typically delay -varies only 3 ns for |

* gver-drive variations of § mV to 500 mV. I may

be operated 1rom op amp supphes (+15V) Ty

Oompleme ary, outputs havmg rmmmum skew
. are provnded. .Applications involve high speed
analog to dvgnal converters and zero-crossing
“detectors in disc file systems.

.

v
- *» an 1
“Features e ——
. Indep‘en_denx strobes * VT W " vie 71 !
. e me gl e el
= ‘Gu.ar.an'(eed high speed, .‘s::: 20 ns max :
_m Tight delay‘ matchlng on b;nh ot;tpuxs , o ,, '
- -2 ok
. Compiemfn}arv TTL outputs R ' B
.- bperates f;om op amp supphes "-t;l 5_‘\'/"’;""
i - . w.‘ N

'

e

.. ‘L°‘." input offsel vqltage 3

l Low speed varlanon wnh overdrive vanatlon it

: g olies FDF Mewi LY

= Versatile supply voltage range"
/

Schematic and Connection Diagrams - ST | W

7
i . &

:
soncy. : ¥
" 4 7

Ve ETROMY oI eve T

vk rdd S e v

0ot

Tl S
B e e

1}

Ordar Number LM181J, LM2614..-

S o LM361S . @ reiiovt
+ See NS Package J14A . 1.y nn
Order Number LM361N

See NS Package N14A
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Typlcal Performance Charactenshcs

DELAY (md

SUPPLY CURRENT (mA)}

> Ambient Tempersture y i

"'~*1li

i
i
¢

e A e

H e .

B v e ' P
Offset Voltege

Vr—rTTT )
- vienv' 1
% 2Py 4 Lo
w24 [-vegssasv e
I I A4 3
-g‘ -j. s-:.g
o - g
4 LR
TR o LT ‘.3
o
5 o 4 z
£ .
£ 4 L4

. .

-55-35 -1 § 25 45 &5 85 105125
AMBIENT TEMPERATURL (“C}

S e p
..Supply Current vs Ambient

Tommmn .
R

; l f |
—v‘-mv

KL 2 :
Ve * 525V ki

N

~55-25-15 5 15 4565 85 105 128
AMBIERT TEMPLRATURE ('E}
. £ H
; Delay of Output I With ¢
¢ Respect to Output 2 vs } ¢

vty n'

;- e

sutenI P
WY —
1 L1
SEE AC TEST CIRCUIT
'IOTH DUTPUTS LDADED
1 5

\ 1 8v

STROBE DELAY (m}

FANDUT =4
| | A A kanout e
=1 T [ 1

-85 -35-16 5 25 45785 25 105 125

AMBIENT TEMPERATURE €} .
-

- R * 3 -
' :

s G Propagation Delay v Supply

. ©  Voltsge .

K]

‘n - !

.

PROPAGATION DELAY ne)

P01}

L -

"

gL

-

. V',V -SUPPLY VOLTAGE (V)
N Nl

N

1]
2§ 26 27 28 28 +10 211002213 20 08,

input Currents vs Ambient

“Temperature
1
.6
- ¥ .
s — BIAS 4
e .
A
:‘? £
28 -
228 :
2 v‘.-wv + 21 OFFSET
1gs | Ve 10V
Vg » 525V | ]
15

-55-35-15 5 25 45 §5 85 105 125
AMBIENT TEMPERATURE { T

*. o . . O
. Supply Curtentvs FU
Supply Voltage
e It
s e
-
et
L1 LY,
" a
2

15 26 47 28 29 210291212213:04 105
SUPPLY VOLTAGE (V' vTH V) "
4%,

, e
i % >

Strobs Delay vi Ambient -

Input Charscteristics .

N a
e V“ 0V .
. Frveeawv
T -, fveeesasv .\
- o ¥
= 3
g ° :
s :
w 5 0
2 : ..
= ! Ny
o _ 3
2 4
z =T 1" o5
1t - — b
4 3.2t 0t 20 48
A FT DIFFERENTIALINPUT VOLTAGE V)~ ”
. -
O R A S A ..-1 !
. Propaglhon D'l-ynAmbhm “
Ttmpcnmu X .
. P
H % IR L -
80 |- SEE AC TEST CIRCUIT N
% - A
L En - 7/
S5 8 e
A . :
: 50 "
: A7
= &
- .
S gy | FanOUT-4 ; .
S 2 leom] 4
g it
' e+ Lo
3 | T FanouT - ;
' ] ;

—85-35-15 5 26 45 65 85 105125

ADBIENT TEMPERATURE L)

TR AN
R e

nis ‘ Common-Mode

Temperature A “Pulse Respomnse
5 | 5
T 1 i N i 2
45 1-SEE AC TEST CIRCUIT »o § 3
. -
] . 5 2
» / d E
k1 / " &
25 s
| E
70 L FANOUT <4 . s -
o
I - ;@ v A
15 P ot o] LV W\ _
" S
. - /\/nuourn 5
I
~B5-35-15 5 25 45 65 8% 188125 B § L] 40 L
i AMBIENT TEMPERATURE(C) ™ ¥ Lo TN
i i ;n N -
1 " . N “ “
* . s . .tr-,‘ . 3t ] ¢
. 7+ TAG Test Circuit .
. P W e e
[ N ourrur V*
O O .
" R
mruT2
Vi
!
H ) [ e
- : 2 Ut
o ' - e
Lot Lt
) FANDUT=1  FANDUT=4 e
: Re24) Re 800 .
Vor-10V Cespf o0 pf = = *
R T Ve measv . . PR "
: PRI ]
’
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3 - -~y -, b . N .
Absplute Maximum Ratings Operatmg Condmons
. . . MIN © TYP MAX
' e : R N : R
Positive Supply Voliage, V* T <)sv “Supply Votsge V* erarnmt 0 i
Negative Supply Voltage, V .-ty LM161/LM261 sV i .5V
" Gate Supply Voltsge, Ve . PR VAR LA361 5V, 15V
. Output Vohiage 4 . . IV *Supply Voltage V™ . R 4
Differential Input Voltage t C e BV L. LLMIB1/LM26Y -6V - L. 15V
Input Common Mode Voltage Fmt T Y ,4‘ LM3s1 To-ev ._“ cel oy T8V
{ . Power Dissipation . 600 mW ~ Supply Voltage Vee "', o, .
. Storage Temperatire Renge o ~65°C104150°C ©  .* LMIBI/LM261  « A5V sV © . 55V |
Opersting Temperature Range .~ “v~n =, TMIN  TMAX ~ T AM3BY BRI BV . 525V
- - -~ - - 4 . - Ny . . PR
T OLMIEl . . s . 8Crom2s’e T ¢ - ; R .
okoam2ed Lobe 1, -, =25°Cro+Bs’C - St
fowme T S ST [ - S T
+ Lead Temperature (Soldering, 10 sec} " . 300° AL ha yo "7\? =
* 'For Any Device Lead Below V™ B 0.3V -- :~ VU SR N L |
“ 4 N 4 g = LR Teot AN NS i
P T8 S A T A g S meme T " et Tt
' N - . f
Electncal Chal’actenstlcs (V* = 410V, Vee = 45V, V7 = =10V, T S Ta S Taax, unless noted) 7 oL
: S [ . 3 E e LIMITS R I i
- . h " CONDITIONS == | = - -=— LM161/LM26} 3 “LM36Y T units
! T s =l Y4~ MIN | TYP MAX MIN . )
input Otfset Voluye , L : A Eaa 3~ 3~ :
- Nl ) | 2 AN . L
! ‘.,, tnput Biss Curtent 5" .e 3 = b } 5 %y i
Loy ' 20 i 1
. ) "o e ed S R i
- .-y I . [ il tema A A,
S - T e 2 b - AN
5 lnp\u Otlset Co"enl 'y, Taciesict Y. % . -
.l Lo ¥ y ~ : g 3 v
1z Voluge Gan_. A BT S AR R 3. R AN
. e 3 v 4 Y. s —
- lnpw Resistancé ™" * k| T,. » 25°C, 1= kHl ; % c 20 3 '
Do P L — I e 2220
b 7 pogieal “1” Output ' Voltage” Ve s 4TSV, g 24 33 i
Sel Mptmartod lsounce,” TSMA LT | .
B Yiatt, = B¢V TE] e NP
. . Vee = 875V, .
Logical 0" Output Vol cc .
. Logics D.“- tput Voltage . Isunx * 6.4 A S )| w": o |
. oz ean Ve = 8.25V,v 005 Bse oo ) 41 M SRR
f""b':‘l'nog‘l ‘!ng"f":" Vginose ¥ 24V . 200 | e f s ¥ o
C e e - . X i LRSI E ISP PRNRSR - N
. Strobe Input "0"Cun¢nl X Veeir'5.25V, T 7 -16 . el B “mA
PR ¥ Vsrnose * AV o ireiss { - .
HE !Slvob:.lnpul “0” Vollage % Ve - 4.75V -k H k] 4 .3 Y
| Surobe Input 1 Vaage | veemaasv - 2. ) -~ 2¢ . T v
! _,Ounpm snon anll Conent 7 | Ve 525V; Vour OV T 55 N T s T mA
; : . ; g Pl T
! Coelie N cvterov. v w-0v, = T - c s T .
Supply Cuuerul Vee * 525V, ¢+ .- At # a5 7 . . o b fs, mA Y
' i e——— Tyt L 55 CCTAS125°C | "L .- R veal ; ,
e o * e tov,vie -0V, T - S v
* ' supply Correm 1t 0 = vcc . 525V, ! N
o : " 0 CSTA <707 '
- * e 10V, VR SI0V;
Supply Current 1™ = 'Vec = 5.25V,
& £5"°C < T, €125°C
Cotw vty v vTe 0w,
Supply Curveml Vcc 525V, :
L ARETA 0'c<T S0C v ) 4 ™
o v* v, Ve oV, o
‘ » Supply Current lec . Ry Vee * 5.25V,
. \ yoomod ~55°C<Ta SIZS'C R
b, - .
. it th o/ ettt INETAX RV Vo r—lw z ,
Supply Current lec h Vcc » §.25V, - N .:
S het O Aoc<1'$7oc 1.
, TRANSIENT RESPONSE T Wy = S0mV Overdrive - | . &
. . ' - [ Tt
| Propegation Delay Fime (tpoiy! | * Ta="25°Cr oozt
PropegationDelay Time (tpeuy) | Ta=28°C7 75 ] A
Delsy Between Outpul A snd B Ta=25°C s . .
. Strobe Delsy Time (tyq01) Ta=25°C

. SucbeDetoy Time (gl [ Ta=25C_
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Procesé 51‘ N;Chanriei JFET

DESCRIPTION

‘Process 51 is designed primarily for electronic

tance analog $witching. It features excelient C;

Rosion; time canstant. The inherent zero offset
voltage and low leakage current make these devices

excellent for chopper stabilized amplifiers, sample
and hold circuits, and reset switches. Low feed-
through capacitance also allows them to handle
video signals to 100 MHz.

GATE IS ALSO BACKSIDE CONTACT

switching applications such as low ON resis-

CHARACTERISTIC PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
Gate-Source Breakdown s -
Voltage BVgss Vps =0V, Ig=—1pA =30 -50 \2
Zero Gate Voltage . Vs = 20V, Vgs =0
Drain Current Ioss Pulse Test 1on o ) 170 o~ mA- 3
Reverse Gate Leakage lass as = —20V, Vps =0 . -15 <200 pA
“ON"" Resistance fos Vps = 100 mV, Vgs =0 20 .35 100 Q
Forward Trans-
conductance O Vpg = 15V, Ip =2 mA 8.5 ) mmhos
Pinch Off Voltage VGsOrF) ps =20V, I =1nA ~0.5 —4.5 -9.0 v
Drain “OFF” Current “lpiore) Vps =20V, Vgs = =10V 15 200 pA
Feedback Capacitance Crys Vpg =15V, lp =5mA, f=1 MHz 35 4,0 pF
Input Capacitance Ciss Vps =15V, Ig =5 mA, f = 1 MHz 12 16 pF
Noise Voltage e, Vpg = 15V, lp = 1 mA, £ =100 Hz 6.0 nVA/Hz
Turn-On Time Ty Voo = 10V,.Ip = 6.6 mA’ 12 20 ~ ns
Turn-Off Time tott Vpp =10V, Ip = 6.6 mA 40 80 ns

[l

This process is available in the followmg device

types.
TO-18 (CASE 02)

2N3970
23971
23072
*2N4091
*2N4092
*2N4093
*2N4391
*2N4392
*2N4393
*2N4856
2N4856A
*2N4B57
2N4857A
*2N4858
2N4858A
2N4859
2N4BSOA
2N4B60
2N4B60OA

*Denotes preferred parts.

2N4861
2N48B61A

TO-72 (CASE 25)
——*NEE10T

*NF5102

*NF5103

TO-92 (CASE 72}

*2N5638
*2N5639
*2N5640
2N5653
2N5654
*Jitt
*J112
*J113
*PF5101
*PF5102
*PF5103
*PN4091

+

’

T0.92 (CASE 77)

*PN4092
LPN4go3 BF247A
© *PNA392 BF2478
“Fiva353 ?_lrggc N T
*PN4B56
. TIS74 -
PN4BS57 T1875
*PN4858
*PN4859 QUALIFIED PER MIL-S-19500
*PN4B60
*PN4B61 2N4091 JAN, JANTX
U1897E ' 2N4092 JAN, JANTX
U1898E 2N4093 JAN, JANTX, JANTXV .
U1899E 2N4856 JAN, JANTX, JANTXV )
2N4857 JAN, JANTX JANTXV- :
7092‘°A5574) 2N4858 JAN, JANTX, SANTXV
BF246A 2N4859 JAN, JANTX, JANTXV -
BF2468 2N4860 JAN, JANTX, JANTXV
BF246C 2N4861 JAN, JANTX, JANTXV

- =57~
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oy = TRANSCONDUCTANCE Immhes) a - TRANSZONDUCLTANCE ImmAnd Ip ~ DRAIX CURAENT tmil

o, - MOIST VOLTARE (avr, 33}

Transfer Characteristics

*Transfer Characteristics

(1] 1% E
£
3 H
n R\ £
% 5\ ae
- re3
3 ox
" = 5
] 2 Y
= \ ££
] s
AN 3§
w '] -3
» H E
Vs o 1BV ] _ f
) I [V
. N M . 1
] -1 -1 o [
Vg - SATL-SOURLE VOLTAGE (V) Vs ~ GATLSOUACE VOLTAGE V]
L3
.
.
Transfer Characteristics " Transfer Characteristics
® T T »
\ Vosser* =38V &
- -
]
¢ 1. - <
2 PR RO g n t
. < &
o H
2 .
E r
3 e
"w ﬁ " =
H &
. o
. A
Vor {1V | h t k 2 3
[] = ]
] -1 -1% -39
Ve - EATESOURCE YOLTAGL V) , Vas - GATL.SOURCE VDLTAGE (V)
Transconductance vs Drain Output Conductance vs
Current Drsin Current
1% e ' " 100 - 2
= S 3 Tae25t B =
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= [ s :
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" at e -
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H 4
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00 N sty
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g 1 1 1 I 3
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Parameter Interactions

100
w
kid
"

= 103 € 1094, Vgy 7 0

- Vawors: & Voo * 15V 4

s O s 1p = .0 28]

-5 - e -$ -8

Vaamgrrs — GATE CUTOFF VOrTAGE &)

Lk
_ Resistance’vs Drain
Current
() > g
Yoo ous ETy T L
RIS IEBE A
LR R = :
1.0 -3 ¢ LI TN,
Taeawe =
LE TR i
- [
ot
W L LI
(TR T T I LI I T
1o - ORAIK CURREXT (A}
f.eskage Current vs .
Voltage
we

3

=

-
&

Voo (Vns! — DRAIX-GATE (SOUACL) VOLTAGE (V)

N

Turn-On Switching

n
Voo s 34V
==t APPROX. 1, INDEPERDENT]
B Vaorn® -2V
N a2t
" |
Lo
A8 fasma N
sV th{
" N
A
P
| =
P T I Y I U T e}

V-v:— GATE SOURCE LUTOFF VOLYAGE (v}

1) 3KV LRI Y. Nivug - ST

fpas ~ MORMALIZID RERISTANCE
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iners. bows ~SWITCHING {md

1p = DRAIN CURRENT LA}

. Common Drain-Source

Characteristics
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Resistance vs Bias
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Turn-gﬂ Switching
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