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Abstract

This special project is about the construction of One-way  Fiber-Optic
communication systems for signaling AM/FM. The system is composed of two parts,
namely transmitter and receiver. Original Analog signal is converted into light signal by
using modulation techniques, ie. AM or FM. Each technique gives rise to current to
modulate the LED for output. The light signal is transmitted via a fiber optic link to the
photodiode that converts optical .energy into usable electrical signals again. After
demodulation  and then audio amplifying, The audio signal is coupled to a loudspeaker.
Moreover, test results show that the system works well and they are also is good agreement

with the modulation theory.
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Light actually comes out both ends,
but package concentrates output
in one direction.
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4.1.4 yvadilaalineudninesialyes (Semiconductor Laser Sources)
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4.1.4.2 Population Invei'sion
A P oy a S M e - A &
Reulufiguiidesaulsvesniiaaes Ao T nudanasou nisoznounie
1 4 1 4 3 1 4
Tuanaediann lususzdundwmudunannduszdundanudian Qoulviifonh
é aa T v :l‘ 4 1 Ql Y A‘ °
population inversion (HosnnamlnAdlanAsToUINAMEeyIuFuaNeguds FalliuFeduiiu
A < a o o ) o ] '
iiosnine Ishandieg lussAundrnududniuaunsoganduuasgnildeseennld Tag
o t J A yn 3 - ' o
wilmsganduuauinhmsddesuas Siideulviifia¥u manszdulditamsddosuaai

srrgaa luynnam
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Laser light Is generated here, and Partly Junction
some stays In the laser cavity to Reflective Plane
stimulate more emission. Mirror
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Part of light
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4.1.6 mwmmﬁmmxaweﬂﬂiaﬂ
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Fir miteusy LED ssszneuashsdahdanngithuninduumdaduiiauasdmiy
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(1-x)
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4.1.7 anlnnTnvetalyes ( Laser output spectrum)
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4.1.8 Fiber Transmission windows
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4.2.1 MIPONIVUAIFMAS ( transmitter desing )
unasd ulauaaiiudsd Wy luniseonuuyTasdrdwuaaszdosasandnadiy
Uszinmesaumasduilaumedis  uazaeandsanviszinnyssdyanaiidsdoiuduuuy
o A aa o o A . 4 a4 ’
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_druidendendannseiing ( Electronic interfaces)
J dws%awiamqum ( Optical interfaces)

. NIV (drive circuitry)

2
3
4
5. fhumuanqmnqﬁuazﬁduudmﬁu (Temperature sensing and control)
6. ASTUIUAMINNBIaANTOLAT (Electronic processing)
7. AUVBINBIADINUA ( Optical Monitoring)
8. MaANdUTYY IV (Attenuator)
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rEY - v . . ' ° ] . ..
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Boot Mount For
i Strain Relief

Fiber Pigtail

)1

Eiectrical Leads

a) Transmitter with Fiber Pigtail

Standard fiber
connector

Electrical leads

(b) Transmitter with Integral Connector
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4. 1959 (Dirve circuitry) Jusgiusiiaveamsldau vwadoya uazunas

Aullauas LEDannsognduidlaonse Tasorfounasduiianssua (current source) fitvang
Ly

s 1

t v 1 o ] o
( Suihdygradilngezegluglvewsduuazszdesgaudasiiiflunszua ) etwlsd
= [ [ 4 9 o L. o =; 9 o o T
a  wilneudmmesiairesszdoign lusdeutaszaunszuaiIndifeaTusn laser threshold
' a (] (-] . .
5. AAUMUANYUNYUUATAIUNADWY  (Temperature sensing and cooling)
o ° a o ’ o J o o I's
fudnyurmynnuveusiinoudnnes duldun threshold current fidusminnuazany

: ; o 4 4 s
g1anduz)dsunadnuguugll A1 threshold current vziNAULVLIONS I uuuFvany
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gunginnlasull AT = ( T-T, ) / T, %1 T, AogunglineuSudu T, Aegaingigaiie
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o ndyaraneminniludadiudunszuadufifiannndn threshold current MdaeNHN

(1)
[] 1

aﬂawmzﬁqmnqﬁtﬁwﬁu fdueniymezgni bivua lunohuaesed sufugaegin e
time) vouAIBDTIzaRAAMGAUNYT T msalinunlasludesnmnuenaduiaumen
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QUMY s)zv‘ifh’t'r‘hﬁ«mﬁvmﬁmﬁtﬂuéqﬁﬁigﬁm%"umsﬁmwaaqﬂnsaﬁmm vagdi
ﬁm"sumﬁvmﬁmwﬁ"ﬂ‘lﬁ'aﬂm SasiinnaIAINABY (biterror rate) ddulusyuatana
AL s/n ratio anaﬂuszunamﬁamzv‘iﬂﬁmw‘imwmqﬂnﬁnfﬁuﬁﬂumaﬂmuazifuﬂeu
Forvanurnaduveaumensiilindouaas aszuaSadudmned ( threshold current)

6. NITUIUNITNNDIAANSOUNT (Electronic processing) unszrumstudud
vsduvesiadaaszsiims lddyane i wnad umn Ideg lugfimmnsaudmiuins
Funmasiuilaum Aetwisumsulasdygannussduiossuasesomanseind iy
nszuaFaozuoagan LASER uay LED

7. dIUYBIWBTUADINNUTA (Optical Monitoring) AIduaIsHA@IEDTUsTNOY
fwsiniyniifiaiosnm Tiafimamedezasndunaefiudosnnndnmivesawes
wazdu19sN1stloundy (Feedback circuit) %‘mﬂ'5”11ﬂszuﬁ‘ﬁ'uvuﬁwﬁ'«mv’fv!m{muﬂm'?i
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4.2.3 mseenuuusdaaslagly LED sthedw
L] - d' U dl' ° o o A - (] Y -
LED dluundeduiiafisznldaaaiioninis lusausAusIlMag NUBIgIN I
v [] ' & [] P - o - 4 o d' °
sulugesiunToranandu  Tasliandszna 1S Thand mSULED #Mien  GaAlAs
ANNE1INAY 800-900 nm iazilszan 1 Trarid iy GaAsP fiiawendu 1300 nm

Aestudmiuunaduila LED uaadagy 4.14

Simple circuit converts voltage v
signal to variations in drive current,
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Load
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1171 4.14 21939ustiwdmiy LED source

-
~

4.2.4 mysenuuuiagumslaglfiaeslalenstade

e o Y 4 d & Y 4'1 : 1
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(photodetector)
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Yy g a ] o a
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-1 ar ° et
4. szdsativnnadndtuiduloiuaslda
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ilaz APD ( avalanche photodiode )
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d‘ o L} ¥ -3 A ~ o/ e o e
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MmN 6.1 uaasAuemyni ldninmsasdyanulagrHaBaIANBILAY

o a a 4 ¢ A /s o a
f). dyanw AM Taohl Adadunvaei (fo) weiuamsueaganaai

(m) = 93.5 uadgyanadoyan/asuly

frALm mmﬁﬁumn (H2) HaNIMARe(Hz) FAARIALAREN(%)
1 307 303 1.302
2 242 241 0.413
3 140 139 0.714
4 184 185 0.543
5 217 217 0.0
6 270 270 0.0
7 357 357 0.0
8 430 428 0.465
9 105 102 2.857
10 182 - 163 0.657
1 227 222 2.202
12 248 244 1.612
13 354 357 0.847
14 426 416 2.347
15 491 490 0.203
16 595 588 1.836
17 748 741 0.935
18 165 161 2.424
19 197 196 0.507
20 231 227 1.731
21 303 303 0.0
22 331 333 0.604
23 359 357 0.557
24 389 384 1.285
25 483 476 1.499
(9t 0.967
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x 4 4 4 R SR 4
v). Ay FM Tashnnudaaumivingi yauveyanlasuuilas

adud mmﬁ'ﬁuun (Hz) HO9INMTO U (Hz) fnaIandou()
1 331 333 0.604
2 204 200 1.960
3 183 182 0.546
4 106 104 1.886
5 238 238 0
6 278 275 1.079
7 302 303 0331
8 328 323 1.524
9 377 377 0
10 448 444 0.893
11 406 400 1478
12 493 488 1.015
13 508 555 0.538
14 614 625 1.791
15 652 625 4.141
16 731 714 2.325
17 164 161 1.829
18 193 192 0.518
19 226 227 0.442
20 235 233 0.851
21 286 278 2.797
22 346 347 0.289
23 421 417 0.950
24 503 500 0.596
25 590 588 0338

(mae 1123
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P v ¢ an v 1w ' % o
MINN 6.2 llaﬂ\‘]ﬂ‘lla]ﬂu""ﬂﬂﬂ]nﬂ]ﬁaq q'liy]mN]ulaiﬂﬂu“lﬁq
o ~ a A ¢ TR a
). ﬁtyﬂpm AM Tﬂﬂ" ATUIAAUNINAIN (fc) lﬂaﬁ“ﬁuﬂﬂ]iuaﬂ@laﬂﬂQﬂ

(m) =93.5 uadyyradoyanldou’

S ﬂ'nu?;'ﬁunn(nz) HAINMINANGA (Hz) fAnIARABU(%)
1 141 141 0.0
2 202 204 0.99
3 214 3318 0.467
4 239 238 0418
5 263 263 0.0
6 301 303 0.664
7 330 333 0.909
8 372 370 0.537
9 409 400 2.200
10 499 500 0.200
11 587 588 0.170
12 663 663 0.0
13 802 802 0.0
14 305 : 303 0.656
15 344 345 0.290
16 376 377 0.265
17 418 417 0.239
18 435 435 0.0
19 508 507 0.196
20 607 606 0.165
21 251 250 0.398
22 284 286 0.704
23 369 364 1.355
24 391 385 1.534
25 471 476 1.061

iy 0.615
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2°

@ FM Tagiinnudadunivinei dygno

Joyanldouas

fsuT AYMBBUIM(HZ) HAMIMARDI(HZ) AARIALAREN(%)
1 731 725 0.620
2 189 189 0.0
3 231 228 1.298
4 303 304 0.330
5 349 345 1.146
6 386 385 0.259
7 423 433 0.0
8 413 412 0.242
9 443 444 0.226
10 480 478 0.416
11 504 500 0.793
12 534 534 0.0
13 558 556 0.358
14 589 588 0.169
15 623 625 0.321
16 694 704 1.440
17 768 769 0.130
18 827 830 0.362
19 890 889 0.112
20 198 196 1.010
21 203 202 0.492
22 202 292 0.0
23 335 332 0.895
24 375 370 1.333
25 417 417 0.0
i 0.496
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/LF357/357A/357B

LF155/155A/L.F255/LF355/355A/355B/LF1 56/156A/LF256/LF356/LF356A/356B/LF157/1 57A/LF257

National
Semiconductor

LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers

LF155/LF155A/LF255/LF355/LF355A/

LF355B Low Supply Current

LF156/LF156A/LF256/LF356/LF356A/

LF356B Wide Band

LF157/LF157A/LF257/LF357/LF357A/
LF357B Wide Band Decompensated (AvmiN=5)

General Description

These are the first monolithic JFET input operational ampli-
fiers to incorporate well maiched, high voltage JFET's on the
same chip with standard bipolar transistors (BI-FET™ Tech-
nology). These ampiifiers feature low input bias and offset
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or common-
mode rejection. The devices are also designed for high slew
rate, wide bandwidth, extremely fast settling time, low volt-
age and current noise and a low 1/1 noise comer.

Advantages

® Replace expensive hybrid and module FET op amps

= Rugged JFETs aliow olow-out free handling compared
with MOSFET input devices

= Excelient for low noise applications using either high or
low source impedance—very tow 1/f comer

& Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifiers

® New output stage allows use of large capacitive loads
(10,000 pF) without stability problems

® Internal compénsation and large differential input volt-
age capability

Applications

® Precision high speed integrators

m Fast D/A and A/D converters

® High impedance buffers

m Wideband, low noise, low drift amplifiers
® Logarithmic amplifiers

= Photocell amplifiers
®u Sample and Hold circuits

Common Features
(LF155A, LF156A, LF 157A)

& Low input bias current 30 pA |
m Low Input Offset Current 3 pA
= High input impedance 10120
® Low input offset voltage 1mv
® Low input offset voltage temp. drift 3 pvrCe
u Low input noise current . 0.01 pA/Hz
®» High common-mode rejection ratic 100 d8
® Large dc voltage gain 106 dB

Uncommon Features
LF155A LF156A LF157A Units

(Av=5)

| Extremely 4 1.5 1.5 ps

fast settling

time to

0.01%
& Fast slew

rate 5 12 50  V/ips
| Wide gain 25 5 M

bandwidth . 20 Hz
" Low input

noise voltage 20 12 12 nVANRZ

Simplified Schematic
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Absolute Maximum Ratings
If Military/Aerospace speclfied devices are required, contact the Natlonal Semiconductor Sales Otfice/Distributors for
avallablilty and speclfications.

(Note 8) ¥ L
F3558/68/78 LF355/6/7
LF155A/6A/7A LF155/6/7 LF255/6/7 LF355A/6A/TA
Supply Voltage +22v +22v +22v t18v
pitferential input Voltage 140V +40V +40V +30V
Input Voltage Range (Note 2) +20V +20V +20V 16V
Output Short Circuit Duration Continuous Continuous Continuous Continuous
T.
"l'-{l'}éa,ckage 150°C 150°C 115°C 115°C

N-Package 100°C 100°C

J-Package 150°C 115°C 115°C

M-Package 100°C 100°C
power Dissipation at Tp = 25°C (Notes 1 and 9)

H-Package (Still Air) 560 mW 560 mW 400 mW 400 mW

H-Package (400 LF/Min Air Flow) 1200 mW 1200 mW 1000 mW 1000 mW

N-Package 670 mW 670 mwW

J-Package 1260 mW 900 mW 900 mw

M-Package 380 mW 380 mw
Thermal Resistance (Typical) 04

H-Package (Still Air) 160°C/W 160°C/W 160°C/W 160°C/wW

H-Package (400 LF/Min Air Flow) 65°C/W 65°C/W 65°C/W 65°C/wW

N-Package 130°C/W 130°C/W

J-Package 100°C/W 100°C/W 100°C/W

M-Package 195°C/W 195°C/W
(Typicaf) 8,

H-Package 23°C/W 23°C/W 23°C/W 23°C/W
Storage Temperature Range —-65°Cto +150°C —65°Cto +150°C —65°Cto +150°C —65°Cto +150°C

Soldering Information (Lead Temp.)
Metal Can Package

Soldering (10.sec.) 300°C 300°C 300°C 300°C
Dual-In-Line Package

Soldering (10 sec.) 260°C 260°C 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C 215°C

infrared (15 sec.) 220°C 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Refiability™ for other methods of soldering surface
mount devices.
ESD tolerance

(100 pF discharged through 1.5 k) 1200V 1200V 1200V 1200V
DC Electrical Characteristics (Note3) To = T} = 25°C
Symbol Parameter Conditions AL LRISSA/GAFA Units
Min Typ Max Min Typ Max
Vos Input Offset Voltage Rg =500, To=25C 1 2 1 2 mV
Over Temperature 25 2.3 mV
AVog/AT g\f/'esrea‘g\?o'l"t(; ;; Input Rg =500 3 5 3 5 pVIC
ATC/AVos C!lange in Ayerage TC | Rg=5019, (Note 4) 05 05 pvrc
with Vog Adjust per mV
los input Offset Current Tj=25°C, (Notes 3, 5) 3 10 3 10 pA
TiSTHIGH 10 1 nA
fa Input Bias Curent Tj=25"C, (Notes 3, 5) 30 50 30 50 pPA
Ti<THiGH 25 5 nA
Rin input Resistance Tj=25'C 1012 ' 1012 0
} AvoL La{ge Signal Voltage Vg= £ 15V, To=25C 50 200 50 200 V/mV
zsoien | 2 2
' Vo Output Voltage Swing | Vg= £ 15V, R =10k +12 | +13 +12 | %13 v
Vg= £ 15V, Ry =2k 210 | 12 £10 | 212 v

_
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LF155/155A/LF255/LF355/355A/355B/LF156/156A/LF256/LF356/LF356A/356B/LF157/157A/LF257/LF357/357A/357B

DC Electrical CharacteristiCs (Note3) Ta = Tj = 25°C (Continued) ﬁ
Symbol Parameter Conditions LF1SSA/6A/7A LF355A/6A/TA Uniitg D(
Min Typ Max Min Typ Max —
Veum Input Common-Mode - +15.1 +15.1 v
Voltage Range Vs= 215V m -12 1 -12 v par
CMRR Common-Mode Rejection -
Ratio 85 100 85 100 @B =
— Supp’
PSRR gzggly Voltage Rejection (Note 6) 85 100 85 100 @8 Passs
L - A(
-AC Electrical Characteristics 1o = Tj= 25°C,vs= 115V -
Symbol Parameter Conditions LF155A/ 355'A LF156A/356A LF157A/357A Units symt
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
—
SR Slew Rate LF155A/6A Ay=1,| 3 5 10 12 Vips SR
LF157A; Ay=5 40 50 Vigs -
GBW | GainBandwidth 6BW
P 25 4 45 15 20 MHz
1 Settling Time 10 0.01% | (Note 7) 4 15 15 ns L
en Equivalent Input Noise | Rg= 1000 o
Voltage f==100 Hz 25 15 15 nV/Hz
{= 1000 Hz 25 12 12 nViz r
in Equivalent Input f=100 Hz 0.01 0.01 0.01 PA/ iz
Noise Current = 1000 Hz 0.01 0.01 0.01 pA/RZ —_Cm
Cin Input Capacitance 3 3 3 pF
Nt
DC Electrical Characteristics (ote3) ot
< Ta
LF255/6/7
Symbol Parameter Conditions LF1S515e7 LF3558/68/78 LF355/6/7 Units :::
Min{ Typ {Maxj Min| Typ |Max| Min | Typ |{Max _
Vos Input Offset Voltage | Rg=500, Tp=25'C 3 5 3 5 3 10| mv
Over Temperature 7 65 13 mv ——
AVos/AT |Average TCoflnput | Rg=500 y 5 5 VrG Supi
Offset Voltage B Ta
ATC/AVgs | Change in Average TC | Rg =502, (Note 4) 08 Ql P wVrC Jinc
with Vgs Adjust : : ; per mV ::
13
los input Offset Current Tj=25°C, (Notes 3, 5) 3 20 3 20 3 50 pA ode
Ti<ThiGH 20 1 2 nA Hot
™ fnput Bias Current Tj=25°C, (Notes 3, 5) 30 | 100 30 | 100 30 |200( pA i
Ti<ThiGH 50 5 8 nA rocs
RN Input Resistance Tj=25C 1012 1012 1012 n ::'
1
AvoL Large Signal Voltage |[Vg= 15V, To=25C| 50 | 200 50 | 200 25 | 200 vimV vott
Gain Vo= £ 10V, R =2k Ayt
Over Temperature 25 25 15 viaV 3‘
1
Vo Output Voltage Swing | Vs= £ 15V, Ry =10k | 12| +13 £12] 13 +12] %13 v Nt
Vg= £ 15V, R =2k +10| +12 +10| 12 +10| %12 v ot
Veu Input Common-Mode - +15.1 +15.1 +15.1 v
Voltage Range Vg= +15V 211 Iiord 231 lprt +10} " v
CMRR Common-Mcde Rejec-
tion Ratio 85 100 85 { 100 80 100 d8
PSRR Supply Voltage Rejac- | (Note 6)
tion Ratio 85 100 85 100 80 100 dB
3-26 —
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DC Electrical Characteristics 1, = ;= 25°C,vs = 215V

LF155A/155, .
LF255, LF355 t’;’g;%;gg' LF356A/356 5;2;73/5175; LF357A/357
parameter | | £3554/3558 Units
Typ Max | Typ | Max| Typ Max Typ Max Typ Max Typ Max
Supply Current 2 4 2 4 5 7 5 10 5 | 7 5 10 mA
AC Electrical Characteristics 7, = Ty = 25'C,vs = 215V
LF155/255/ | LF156/256, | LF156/256/ | LF157/257, | LF157/257/
Symbol Parameter Conditions 355/3558 | LF356B | 356/3568 | LF357B { 357/357B | Units
Typ Min Typ Min Typ
SR Slew Rate LF155/6: Ay =1, 5 75 12 Vips
LF157: Ay=5 30 50 V/pus
GBW | Gain Bandwidth 25 5 20 MHz
Product
1 Settling Time t0 0.01% | (Note 7) 4 15 15 pus
en Equivalent input Noise | Rg= 1000
Voltage f=100 Hz 25 15 15 nV/{Hz
f=1000 Hz 20 12 12 nV/Hz
i Equivalent Input f=100 Hz 0.01 0.01 0.01 pA/Hz
Current Noise f=1000 Hz 0.01 0.01 0.01 pANHZ
Cm Input Capacitance 3 3 3 pF

Notes for Electrical Characteristics

Note 1: Tte i power ipation for tese devices must be ¢ d at slevated temp andis d by Tpuax. 6)a. 8nd the ambient temperature,
Ta The ilable power ipation al any temp hP¢-(Tm~TA)IO“orm25'Cmeﬁdmuklcs&

Hote 2: Unless otherwise specified tho absolute maximum negative input voltage is equal 10 the negative power supply voltage.

Note 2: Unless otherwise stated, these test conditions apply:

LF1S5A/6A/7A
F 15877607 LF255//6/7 LF355A/6A/7TA | LF355B/6B/7B | LF355//6/T
Supply Voltage, Vs | £15VSVsS£20V | $15VSV<#20V | £15VSVs< 218V | £15VSVg£20V | Vg= £ 15V
Ta ~55'CSTAS +125°C | —25°C<TAS+85C | 0°C<TA<470°C | 0°CSTA< +70°C | 0°C<TA<+70°C
THIGH +125°C +85°C +70°C +70°C +70°C

and Vos. lg and log are measured at Vo =0.
Neutzm'rmmmWdummmmgomm-mmutospvrcwpiummudnmvawmm

original unadjusted value. C mode rej and open loop voltage gain sre also unatfacted by offset adjustment.

Note 5: The input blas are junction leakag which app ty double for every 10°C i in the ju T Due to hmited
production test lime, the input bias d are ted 10 uncti P In normal operation the unct P rises above the ambient
temperature s a rosult of intemal power dissipation, Pd. Ty=Ta +8js Pd where 0j4 is the th { resi from junction to Use of a heat sink is
recommendad H input bias current is to be kept 1o a minimwm,

Note 6: Supply Voltage Rejection is measured for both supply magnitud ing of ing simuft ty, in d. with [

Rote 7: Setting Sme is defined here, for a unity gain inverder ion using 2 kN for the LF155/6. #t is the $me required for the emror voltage (the

vdhgonlmlnv«t’ngiwphonﬂnmviﬁor)'ns«ﬂolomom%dbwmtommﬂﬁmol‘lwmmhwpiodlohim.FormLFlsl
N-—s.mm:mmmmmkzmwmmnmu1W(Su50mrmrmaano.

Note 8: Refer 10 RETS155AX for LF155A, RETS155X for LF155, RETSF156AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for
LF157 military specifications.

Note 9: Max. Power Dissipstion is defined by the p ge ch istics. Op
outside guaranteed Emits.

ing the part near the Max. Power Dissipation may cause the par to operate
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LF155/155A/LF255/LF355/355A/355B/LF156/156A/LF256/LF356/LF356A/356B/LF157/157A/LF257/LF357/357A/357B

Typical DC Performance Characteristics
Curves are for LF155, LF156 and LF157 unless otherwise specified.
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LF155/155A/LF255/LF355/355A/355B/LF1 56/156A/LF256/LF356/LF356A/356B/LF157/1 57A/LF257/LF357/357A/357B

Typical AC Performance Characteristics (Continued)
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LF155/155A/LF255/LF355/355A/355B/LF156/156A/LF256/LF356/LF356A/356B/LF157/157A/ LF257/LF357/357A/3578B

Application Hints

The LF155/6/7 series are op amps with JFET input de-
vices. These JFETSs have large reverse breakdown voltages
from gate to source and drain efiminating the need for
clamps across the inputs. Therefore large ditferential input
voltages can easily be accomodated without a large in-
crease in input current. The maximum differential input volt-
age is independent of the supply voltages. However, neither
of the input voltages should be aliowed to exceed the nega-
tive supply as this will cause large currents to flow which
can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode. .
Exceeding the positive common-mode limit on a single input
will not change the phase of the output however, if both
inputs exceed the limit, the output of the ampiifier will be
forced to a high state.

These amplifiers will operate with the common-mode input
voltage equal to the positive supply. In fact, the common-
mode voltage can exceed the positive supply by approxi-
mately 100 mV independent of supply voltage and over the
full operating temperature range. The positive supply can
therefore be usad as a reference on an input as, for exam-
ple, in a supply current monitor and/or limiter.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in

Typical Circuit Connections

potarity or that the unit is not inadvertently installed bay.
wards in a socket as an unlimited current surge through the
resulting forward diode within the {C could cause fusing of
the internal conductors and result in a destroyed unit,

Because these amplifiers are JFET rather than MOSFey
input op amps they do not require special handling.
Al of the bias currents in these amplifiers are set by FET
current sources. The drain currents for the amplifiers are
therefore essentiatly independent of supply voltage.

As with most amplifiers, care should be taken with teay
dress, component placement and supply decoupling in or.
der 1o ensure stability. For example, resistors from the out.
put to an input should be placed with the body close to the
input to minimize “pickup” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capac-
tance from the input of the device (usually the inverting in-
put) to ac ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin,
However, If the feedback pole is less than approximately six
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance # paraliels
is greater than or equal to the original feedback pole time
constant.

Vos Adjustment Driving Capacitive Loads LF157. A Large Power BW Amplifier

* Vos is adjusted with a 25k potenti-
ometer "LF155/6 R=5k For distortion < 1% and & 20 Vpp Vout swin.
* The potentiometer wiper is con- LF157 R=125k power bandwidth is: 500 kHz.
nected to V+
© For pr i with 0 Due 10 § unique output stage design, these am-
ture coetficient of 100 ppm/™C vﬁfmh-w'mlbiifvwd_ﬁ_vewwadﬁvo
toss the additional drift with sdjust 10ads and still maintain stability. Gy auaxy ™ 0.01
is = 0.5 gV/"C/mV of adjustiment #uF.
« Typical overal dritt 5 uV/°C (0.5 Overshoot € 20%
BV/I/CIaV of ad)

Settling time (tg) = 5 pus
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Typical Applications

-1V O-

Settling Time Test Circuit

e Senling time is tested with the LF155/6 connected
as unity gain inverter and LF157 connected tor

SUMMING
WODE ~u__

0SCILLOSCOPE

LF355

2,2/DIV

Ay = -5
", 0% * FET usad 10 isolate the probe capacitance
A « Output = 10V step
v e Ay = -5for LF157

TUL/HIS646-16

Large Signal inverter Output, Voyr (from Settiing Time Clrcuit)

LF356

VDIV
kv/oly

1,401V
TL/H/5646-17 TU/H/5646-18 TL/H/SE46-19

Low Drift Adjustable Voltage Reference

e A Vour/AT= £0.002%/°C
dnans o Al resistors end potenti shotid be wire-wound

o Pt drift adjust

* P2: Vour adjust

e Use LF155 for
alowlg
@ Low drift
@ Low supply current

TL/H/5646-20
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Typical Applications (Continued)

Fast Logarithmic Converter

-
-

o 1+ S8

3
»

AAA

R,
VREF Rl

VWA~

TU/H/5646-21

AAA—O Yaqp=tv
.

Precision Current Monitor

i H

"

Ve

TUH/IS646-31

* Dynamic range: 100 pA < § < 1 MA (S g

ades), [Vol= 1V7decade

o Transiont response: 3 ps for A= 1 decade

e C1, C2, R2, R3: added dynamic compensation
- Voslﬁust“LFiSGlomizqum
e Ry Tel Labs type Q81 + 03%/°C

] - logV.RLil’Rz - 15.7k, At = 1k, 0.3%/°C (for temperature compensation)

* Vo=5R1/R2 (V/eA of tg)
* R1, R2, R3: 0.1% resisiors
* Use LF155 for

» Comumon-mode range 1o supply range
®Lowlg

® Ltow Vos

® Lew Supply Current

8-Bit D/A Converter with Symmetrical Otfset Binary Operation

L s
WV SI R ) 6L A B 87 M

“Il!l.'."l}l

1]
-

AAA,
V

"

-ty TL/H/5646-32
e R1, R2 shoukd be matched within 20.05%
e Futl-scale response ime: Ius
Eo B1 B2 B3 B4 BS B6 B7 B8 Comments

+9920f1 1+ 1t 1 1 1 1 1| PositiveFull-Scale
+0040{t 0 O O O O O O (+) Zero-Scale
-0040{0 1 t 1 t 1 1 1 (—) Zero-Scale
-99820{0 0 O O O O 0 O |NegatveFull-Scale
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Typical Applications (Continueq)

Wide BW Low Noise, Low Drift Amplifier
«Q

i1
1]

AAA
VWA

.m«aw.«m-z—'s;’,—',- 240 kHz

o Parasitic input capacitance C1 e« (3 pF for LF155, LF156 and LF157 plus
any additional layout H ) & with feedback el and
creates L high freq: y pole. To P 8dd C2 such
that R2C2«= RI1C1.

Boosting the LF156 with a Current Amplifier

M

HHs

. aaxy ™ 150 mA (will drive Ry 2 1000)
* AVoyr _ 0.15

At 02
* No additional phase shift added by the current amplifier

V/jus (with C_ shown)

3 Decades VCO

= YCRB+RT)
8 Vpy RIR1)C
R1, A4 matched. Linoarity 0.1% over 2 docades.

0<Ve<I0V, 10 Hz<S 1< 10 kHz

Isolating Large Capacitive Loads
* ]

Rt
(L1}

v
'+
-2V

* Overshoot 6% TUH/5646-22
* 4 10 ps
® When driving large Cy, the Vour slew rate determined by C and
louTpanxy
AVour _lour 002, ..
- o ~%s V/ps = 0.04 V/us (with C_shown)
Low Drift Peak Detector

1Y

= By adding D1 and Ry, Vpy =0 during hold mode. Leakage ot D2 provided
by feedback path ttwough Ry,

® Leakage of circult s essentially Ib (LF1SS, LF156) plus capacitor leakage
of Cp.

« Diode D3 clamps Vour (A1} 10 Vin—~Vp3 1o improve speed and to Smit
reverse bias of 2.

* Maximum input frequency should be << %xRCpz where Cpp is the
shunt capacitance of D2.

Non-inverting Unity Gain Operation for LF157

1
RIC2 ——(2') G

+HR
A1 = P2t Rs
4
Avipgy = 1
f_3m = 5MHz

1
fI1C ———
2 e

R
R = B2
4
Avogy = -1
f.3gs = SMHz
TLIHISE<6-25
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Typical Applications (Continued)

High lmpedance, Low Drift Instrumentation Amplifier

15V

O
-5V

ax]

TUL/H/5648-26

. Vwr--ﬁ-[-zaRTz'i'l]AV_V‘+2V$Vm00ﬂ\moﬂ4ﬂ°d¢$v‘

e System Vog adiusted via A2 Vog adjust
. Tr&nRabboos(quMﬂR(oizod&mmmmm

resistor aray

ded for bost y and lowest drift
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Typical Applications (Continued)
Fast Sample and Hold

-1V

-5V

* Both ampifiers (A1, A2) have feedback kops individually closed with stable resp {

* Acquisition time Ta, estimated by:
[Z%N.VN.C“] % peovided that
TA- .-.__sr—-

Vi < 275, R Cnand Ta > —850_ p s of sWh
louTpaan

VinCo
20mA

« LF158 develops full S, output capabifity for V2 1V

Hf inequality not satisfied: Ta &

® Ovecall y of system ined by the y of both ampiifiers, A1 and A2

High Accuracy Sample and Hold

o Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback loop

By dlosing the loop through A2, the VouTt y wil be ined uniquely by A1.
No Vos adjust required for A2.

® Tp can be esti d by same i ions as previously dut, because of the added
propagation delay in the feedback loop (A2) the is not neghigibl

* Overall system siower than fast sample and hoid
* i1, Cc additional compensation
® Use LF156 for

® Fast settiing time

@ Low Vos

TL/H/S5648-27

337
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Typical Applications (continued)

ct
0061 ,4

High Q Band Pass Filter

1of

I

i * By adding poshive feedback (R2)
AAR Q increases to 40
v R * fgp=100 kHz

Your | 105
Vin

= Claan layout recommended
* Response 10 & 1 Vp-p tone burst
300 ps

= ~15V

TL/H/5646-20

High Q Notch Fiiter

*2R1 = R = 10 M
2C = C1 = 300 pF
* Capacitors should be matched to obtain high Q
® foTo = 120 Hz, notch = —55¢8, Q >
100

® Use LF155 for
®lowlg
® Low supply curent

TU/H/S646-34
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XR-2206

S

Monolithic Function Generator

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator inte-
grated circuit capable of producing high quality sine,
square, triangle, ramp, and pulse waveforms of high-
stabHity and accuracy. The output wavelorms can be
both ampitlde and frequency modulated by an exter-
nal voltage® Frequency of operation can be selected
externaliy over a range of 0.01 Hz to more than 1 MHz.

The circuit is ideally suited for communications, instru-
mentation, and function generator applications requir-
ing sinusoidal tone, AM, FM, or FSK generation. It has a
typical drift specification of 20 ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequen-
cy range, with an external control voltage, having a
very small affect on distortion.

FEATURES?

Low-Sine Wave Distortion
Excellent Temperature Stability
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Modulation
TTL Compatible FSK Controls
Wide Supply Range
Adjustabie, Duty Cycle

0.5%, Typical

20 ppmv/°C, Typical
2000:1, Typical
0.01%V, Typical

10V to 26V
1% to 89°%

b
APPLICATIONS

Waveform Generation
Sweep Geneiation

AMIFM Generation

VIF Conversion

FSK Generation
Phase-Locked Loops (VCO)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation 750 mW

Derate Above 25°C 5 mwieC
Total Timing Current 6 mA
Storage Temperature -65°C to +150°C

FUNCTIONAL BLOCK DIAGRAM

e\ ]
wit [—— el
%gmsrnv
& [2 1< H1s] ]
MULTIPLIER
mur.out | 3 : e H 14l N
SHAPER WAVEFORM
. ADJ.
e | 4 13]
I S H 12l GROUND
CAPACTTOR veo
L [sH 1] 855
[ [7 1 L [10] evenss
TIMING '
RAESISTORS CURRENT sk
L l 8 SWITCHES 9 | R
ORDERING INFORMATION
Part Number Package Operating Temperature
XR-2206M Ceramic —-55°C to +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°C to +70°C
XR-2206CN Ceramic 0°Cto +70°C
XR-2206CP Plastic 0°C o +70°C
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SYSTEM DESCRIPTION

* The XR-2206 is comprised of four functional blocks; a
voltage-controlled osciflator (VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

The VCO actually produces an output frequency pro-
portional to an input current, which is produced by a re-
sistor from the timing terminals to ground. The current
switches route one of the timing pins current to the

VCO controiled by an FSK input pin, to produce an out-

put frequency. With two timing pins, two discrete output
frequencies can be independently produced for FSK
Generation Applications.

.



XR-2206

ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Figure 1, V¥ = 12V, Ty = 25° C = 0.01 uF, Ry = 100 k2, R = 10 kQ, R3 = 25kQ

unless otherwise specified. S open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETERS MIN | TYP [ MAX | MIN | TYP | MAX | UNITS CONDITIONS
GENERAL CHARACTERISTICS
Single Supply Voltage 10 26 10 26 v
Spilit-Supply Voltage +5 +13 | %5 +13 \
Supply Current 12 17 14 200 mA {Ry = 10kQ
OSCILLATOR. SECTION
Max. Operating Frequency 0.5 1 0.5 -1 MHz |C = 1000pF Ry = 1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uFR1 =2MQ
Frequency Accuracy +1 +4 +2 % ot g | Io = 1/R4C
Temperature Stability +10| +50 +20 ppm/°C | 0°C < Ta = 70°C,
Ry =Ry =20k Q
Supply Sensitivity 0.01 ] 0.1 0.01 %N Viow = 10V, VHIGH =
20V,
Ry = Rp = 20k
Sweep Range 1000:1} 2000:1 2000:1 H=IL |TH@ Ry = 1kQ
fL@Ry =2M0
Sweep Linearity
10:1 Sweep 2 2 % fL = 1 kHz, Iy = 10 kHz
1000:1 Sweep 8 8 % fi. = 100 kHz, fy ="100
kHz
FM Distortion 01 0.1 % | £10% Deviation
Recommended Timing
Components
Timing Capacitor: C 0.001 100 | 0.001 100 uF See Figure 4.
Timing Resistors: 1 2000 1 20001 k@
Ry & Ro
Triangle Sine Wave Output See Note 1, Figwe 2.
Triangle Amplitude 160 160 mVik @ | Figure 1, S¢ Open
Sine Wave Amplitude 40 60 80 60 mVik § | Figure 1, S Closed
Max. Output Swing 6 6 Vpp
Qutput Impedance 600 - 600 Q
Triangle Linearity 1 1 %
Amplitude Stability 05 0.5 daB For 1000:1 Sweap
Sine Wave Ainplitude 4800 4800 ppm/°C | See Note 2.
Stability
Sine Wave Distortion
Without Adjustment 2.5 25 % {R;=30kQ
With Adjustment 0.4 1.0 0.5 15 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 kQ
Modulation Range 100 100 %
Carrier Suppression 55 55 dB
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vpp [Measureu at Pin 11,
Rise Time 250 250 nsec [C_ = 10 pF
Fall Time 50 S0 nsec [Cp = 10pF
Saturation Voltage 02 0.4 0.2 0.6 v I =2mA
Leakage Current 0.1 20 0.1 100 pA Viy = 26V
FSK Keying Level (Pin 9) 0.8 1.4 2.4 08 14 2.4 v See section on circuit
’ controls
Reference Bypass Voltage 28 3.1 33 25 3 35 v Measured at Pin 10.

Note 1: Output amplitude is directly proportional to the resistance, R3, on Pin 3. See Figure 2.
Note 2: For maximum amplitude stability, R3 should be a positive temperature coelficient resistor.
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Sy = OPEN FOR TRANGLE .
CLOSED FOR SINE WAVE ’
SYMMETRY ADS. § "
% g
‘1 by
N z
3
:}_/Sl m.nom g o /
}——_‘ > 1
= A0 Ve H
h; SOUAREWAVE
T ‘ o
Ut & DC VOLYAGE AT PWe 3
Figure 5. Normalized Output Amplitude versus DC Blas at
AM Inpit (Pin 1).
* !lw-eu / s
g A P’
g N / / 4 h Cat0r,F
i / //s-« e Z, o ch i
A4 ;
- / 2 2 b
2 / / 8
g, p. \
1
] \\—/
[ ] » -0 - [ ] 109 °
By ¢ 042 L] t° e 1w
Figure 2. Gutput Ampiitude as a Function of the Resistor, uanchiKsy
ﬁa, at Pin 3. Figure 6. Trimmed Distortion versus Timing Resistor.
» s L,—nc‘m p
/ \ DSSIPATION
» - s b s
um/,/ // N %;Siﬁmm:
- Z>s
% " — / LY % LA §
¥ wn % § 2
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* L] ? " » 24 20 * '3 %0 " wK 160 w
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]
Figure 3. Supply Current versus Supply Voltage, Timing, R. Figure 7. Sine Wave Distortion versus Operating Frequency

with Timing Capacitors Varled.
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Figure 8. Frequency Drift versus Temperature.

Figure 4. B versus Osciliation Frequency.

. " 1195

&,




—_——— e wwm o owwow

B e T

XR-2206

SWEEP =
INPUT

i+
Sow 1 e
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Figure 10. Circuit for Sine Wave Generation without External
Adjustment. (See Figure 2 for Choice of R3).

cote 00

. e

~. L4 OSEDT QA Srek wavt

Figure 11. Circuit for Sine Wave Generation with Minimum
Harmonic Distortion. (R3 Determines Dutput

Swing—See Figure 2.)
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=
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Figure 13. Circuit for Pulse and Ramp Generation.
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quuency-sm'ﬂ Keying:

The XR-2 can be operated with two separate timing
resistors, Ry and Ry, connected to the timing Pin 7 and
8, respactively, as shown in Figure 12. Depending on
the potarity of the logic signal at Pin 9, either one or the
other of these timing resistors is activated. If Pin 9 is
open-circuited or connected to a bias voltage =2V, only
Ry is activated. Similarly, if the voltage level at Pin 9 is
= 1V. only Rp is activated. Thus, the output frequency
can be keyed between two levels, {1 and {2, as:

f1 = 1/R{C and iy = 1/R2C

For split-supply operation, the keying voltage at Pin 9 is
referenced toV—. .

Output DC Level Control:

The dc level at the output (Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12,
Pin 3 is biased midway between V+ and ground, to
give an output dc level of =V+/2,

APPLICATIONS INFORMATION
Sine Wave Generation
vt External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoida} output from the XR-2206.:The potentiometer,
R at Pin,7, provides the desired frequency tuning. The
maximum output swing is greater than V+/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be pro-
vided as described in the following section.

The circuit of Figure 10 czn be converted to split-supply
operation, simply by replacing all ground connections
with V— . For split-supply operation, Rz can be directly
connected to ground.

yiith External Adjustment:

The harmonic content of sinusoidal output can be re-
duced to =0.5% by additional adjustments as shown
jn Figure 11. The potentiometer. Ra, adjusts the sine-

haping resistor, and Rg provides the fine adjustment
fbr the waveform symmetry. The adjustment procedure
is as follows:

1. Set Rg at midpoint, and adjust Ra for minimum
distortion.

2. With Rp set as above, adjust Rg to further reduce
dist!ortion.
Ir:angle Wave Generation

e circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., Sy open). Amplitude of the triangle is ap-
proxirhately twice the sine wave output.
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Figure 12 shows the circuit connection for sinusoidal
FSK signal operation. Mark and space frequencies can
be independently adjusted, by the choice of timing re-
sistors, R and Ro; the output is phase-continuous dur-
ing transitions. The keying signat is applied to Pin 8. The
circuit can be converted to split-supply operation by
simpty reptacing ground with V=

FSK Generation

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp wave-
form generation. in this mode of operation, the FSK key-
ing terminal (Pin 9} is shortec to the square-wave output
(Pin 11), and the circuit automatically frequency-shiit
keys itself between two separate frequencies during
the positive-going and negative-going output wave-
forms. The pulse width and duty cycle can be adjusted
from 1% to 99%, by the choice of Ry and Rp. The val-
ues of Ry and Ry should be in the range of 1 k@2 to 2
MQ.

PRINCIPLES OF OPERATION
Description of Controls
Frequency of Operation:

The frequency of oscillation, {5, is determined by the ex-
ternal timing capacitor, C, across Pin 5 and 6, and by
the timing resistor, R, connected to either Pin 7 or 8.
The frequency is given as:

fo=ﬁ%Hz

and can be adjusted by varying either R or C. The rec-
ommended values of R, for a given frequency range, as
shown in Figure 4. Temperature stability is optimum for
4 kQ < R < 200 k0. Recommended values of C are
from 1000 pF 10 100 uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the total tim-
ing current, Iy, drawn from Pin 7 or 8: .|

_ 3207 (mA)
" cen ¢

Timing terminals (Pin 7 or B) are low-impedance points,
and are internally biased at + 3V, with respect to Pin 12.
Frequency varies linearly with Iy, over a wide range of
current vatues. from 1 pA to 3 mA. The frequency can
ve controlled by applying a control voltage, V. to the
activated timing pin as shown in Figure 9. The frequen-
cy of oscillation is related to V¢ as:

f = -1—1 + —B-

01-YCyyz
RC  Rc 3
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where Vg is in volts. The voltage-to-frequency conver-
sion gain, K, is given as:

0.32
K = aflovC = — 232 Hav
RcC

CAUTION: For safety operation of the circuit, It
should be limited to <3 mA.

Output Amplitude:

Maximum output amplitude is inversely proportional to
the external resistor, Rz, connected to Pin 3 (see Figure
2). For sine wave output, amplitude is approximately 60
mV peak per k@2 of R3; for triangle, the peak amplitude
is approximately 160 mV peak per k2 of R3. Thus, for
example, R3 = 50 k2 would produce approximately
+ 3V sinusoidal output amplitude.

Amplitude Modulation:

Output amplitude can be modulated by applying a dc bi-
as and a modulating signal to Pin 1. The internal imped-
ance at Pin 1 is approximately 100 kQ. Output ampli-
tude varies linearly with the applied voltage at Pin 1, for
values of dc bias at this pin, within +4 volts of V*/2 as
shown in Figure 5. As this bias level approaches V+/2,
the phase of the output signal is reversed, and the am-
plitude goes through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM genera-
tion. Total dynamic range of amplitude modulation is ap-
proximately 55 dB.

CAUTION: AM control must be used in conjunction
with a well-regulated supply, since the output amplitude
now becomes a function of V+.

vy
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EQUIVALENT SCHEMATIC DIAGRAM
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FEATURES

» Mates with Standard, 1000 pm Core,
Plastic Fiber Cable

. |Intemal Micro-lens for Efficient
Coupling

« Inexpensive Plastic Connector
Housing

« Connector-less Interface

« Interference-free Transmission from
Light-tight Housing

« Simple Fiber Termination and
Connection

» Excellent Linearity

APPLICATIONS

Household Appliances
Power Elecironics
Optical Networks
Medical Instruments
Automotive Electronics
Audio Systems
Electronic Games

DESCRIPTION

The IF-E91A and IF-E91B are the
infrared LEDs in Industrial Fiber Optics’
family of low-cost, medium-frequency,
short-distance fiber optic emitters and
detectors. Each emitter and detector
consists of a PVC housing, an internal
active element such as an LED or
photodetector and a cinch nut to hold the
fiber in place. The PVC housing retains
the active element and the cinch nut
while optimizing coupling between the
active element and the jacketed 1000 pm
plastic fiber.

Working with this family of fiber optics is
simple: No special tools or training
required. Only a sharp knife or razor
blade is needed to terminate the plastic
fiber. When the fiber is inserted in the
emitter or detector, tighten the cinch nut.
Thereafter, the fiber can be removed
simply by loosening the nut.

1. E91 A  Blue dot on package
2. me E91B  Green dot on package
Maximum Ratings (T 4=25°C)
Operating and Storage
Temperature Range (T op, T §TG)-weseseewseressnenes -40°t0 85° C
Junction Temperature (T ;) 85°C
Soldering Temperature
(2mm from case bottom) (Tg) t5S..cumeiiiicicciceeeneceee 240° C
Reverse Voltage (VR)..c.-.cccererriraraarassanessessasecsscsnsescanne 3V
Power Dissipation (P1or1) TA=25%C..ciiiiieicnininiinne e 100 mW
De-rate Above 25°C = B e - 56§ S 1.33 mW/°C
IF-E91A IF-E91B
Forward Current, DC (Ig)..ccceeeevernernanas SEMA. 100 LSt ainee 100 mA
Surge Current (Iggm) t<10 psec 2A 2A
Characteristics (T ,=25°C)
Parameter Symbol | IF-E91A | IF-E91B | Unit
Peak Wavelength ApEaK 950 880 nm
Spectral Bandwidth, 50% Ipmax | AL 40 80 nm
Output Power Coupled into ®rmin 50 100 uw
Plastic Fiber (1 mm core
diameter). Distance lens to
fiber 0.1 mm, 10 cm polished
fiber, Ig.=100 mA
Switching Times (10% 10 90% | t, t 1.0 0.5 ps
and 90% to 10%) (R =47 Q,
1g=10 mA)
Capacitance Co 25 25 pF
Forward Voltage (Ig=50 mA) Vi 1.5max | i.7max | V
Temperature Coefficient, *peak | TCA 0.3 03 nm/K
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g @ U Fiber termination instructions:
3 L
< 50
3 ) ' 1. Cut off the ends of the cable with a single-edge razor
3 © 1 Ik blade or sharp knife. Try to obtain a precise 90-degree
5 - : ‘ angle (square).

2 = : \ 2. Insert the fiber through the locking nut and into the

= i \ \ connector until the core tip seats against the internal

5 N micro-lens.
0
P00, BIp § S0P~ Rl 1§00—1p50 3. Screw the connector locking nut down to a snug
A - Wavelength - am fit, locking the fiber in place.
Figure 2. Typical spectral output versus wavelength. Figure 3. Cross-section of fiber optic device.

1. Y AND Z ARE DATUM DRENSIONS AND pad | MN | X | MM | WX
TAAY: TS A DATUM SURFACE. A |2324 (2527 |915 |se8 | *

X 2. POSITIONAL TOLERANCE FOR D ¢ (2 PL): 8 (8ot 014 |30 360

E [¢]# 0.25{0.010)O [TIYO [Z O] C 1951 (1041 |39%0 [.410
—‘——l 3. POSIMONAL TOLERANCE FOR F Dal (2 PL): D 1152 [1.63 |.060 | 064
0.25{0.010) B [T[YQ [Z O] E [419 [470 [.185 [18S

4. POSTIONAL TOLERANCE FOR H DM (Z PL): F [043 (058 |017 [023
[#10:25{0.010) BT YO [Z O] ﬁ a};“ l?sa M—"w f;cu
s.mmoo: ' T s | s

[¢]# 0.25{(0.010) O [T YO [z O] X (1035 11157 408 |43

6. POSITIONAL TOLERANCE FOR B L 1194 165 [045 Loss

¢ 0.25(0.010 X N | 254 BC 100 BC

7. DAENSIONING AND TOLERANCING PER ANSI Q305 |330 |120 113
Y1454, 1982 R (1048 [1099 [413 [433

8. CONTROLLING DXMENSION: INCH S | 698 8BSC 275 BSC
1———-1\ U |08 [1.08 |03z 042
\é Tt 4 vy |ess (711|270

—-t3 2 s w | 508 BSC 200 BSC
] T m ;_ "m‘%oe X {1010 [10.68 |397 477

Figure 4. Case outline.
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FEATURES

» Mates with Standard, 1000 pum Core,
Plastic Fiber Cable

+ Intemal Micro-lens for Efficient
Coupling

+ Inexpensive Plastic Connector
Housing

¢ Connector-less Interface i

* Interference-free Transmission from
Light-tight Housing -

* Simple Fiber Termination and
Connection

. ( Excellent Linearity

~ APPLICATIONS
Household Appliances

_ Power Electronics
Optical Networks 1. Anode
Medical Instruments 2. Cathode On3ae dopn packags
Automotive Electronics
Audio Systems !
Electronic Games Maximum Ratings (T 4=25°C)
; Operating and Storage
DESCRIPTION Temperature Range (T op, T §TG)----esseseseeesereereeisssenssresssnnens -40° to 85°C
The IF-D91 is the active photodiode Junqtlon Temperature (Tg). et rnene 8gc
device in Industrial Fiber Optics' family ~ Seldering Temperature
of low-cost, medium-frequency, short- (2mm frO{n case DOt oI .a) BB L . . svvscmoibeneencassosmosss 240°C
dEfance fiber optic emitters and Power Dissipation (P1or) TA=25°C....ccoceereeenecrnnnne 100 mW
dbtectofs_ Each emitter and detector | BI=RTvl T T i s PN g P SR, SN 1.33 mW/°C
consists of a PVC heucing, an internal i =
active element such as an LED or Characteristics (T4=25°C)
photodetector, and a cinch nut to hold Parameter Symbol | Value Unit
the fiber in place. The PVC housing Nkt Bh o 2
retains the active element and the cinch g zuasi otc?sensmvnty Mpen =0 i
~ nut while optimizing coupling between Spectral Bandwidth (S=10% of Smax) | AA 400-1100 | nm
the active element and the jacketed Rise and Fall Times (10% to 90% t6 tf 5 ns
1 pum plastic fiber. and 90% to 10%) (R =50Q,V /=20 V,
* Working with this family of fib tics i 2850 ) :
g with this family of fiber optics is ]
simple: No special tools or training Tolal Ca;_)a'cnance C $ P
required. Only a sharp knife or razor Responsivity @ 860 nm R 0.4 HAUW
blade is needed to terminate the plastic @632nm 0.2 RAUW
fiber. When the fiber is inserted in the Dark Current (V=30 volts, Eg=0) lo <60 nA
emitter or detector, tighten the cinch nut. ViR 60 Vv
j‘-nereafter. the fiber can be removed Reverse Breakdown Voltage V‘Bm 1 v
mply by loosening the nut. [ Forward Voltage ! 2
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Figure 1. Circuit diagram for measuring rise and fall 3
times.
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8 / Fiber termination instructions:
§ 2 .
3 0 / \ 1. Cut off the ends of the cable with a single-edge razor
E blade or sharp knife. Try to obtain a precise 90-degree
22 angle (square).
= 2. Insert the fiber through the locking nut and into the
10 connector until the core tip seats against the intemal
° micro-lens.

500 600 700 800 900 1000 1100 3 h . ¢ faks )
. Screw the connector locking n own 10 a snug
8 ' o fit, locking the fiber in place.

Figure 2. Typical detector response versus wavelength. Figure 3. Cross-section of fiber optic device.
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MURBETERS |  INCHES

NOTES: .
1. Y AD Z ARE DATUM DBENSIONS AND

| T IS A DATWM R
A |2324 (2527 | 915|995
. TOLERANCE FOR C ¢ (2 Py B (864 [5.04 |30 360
[o]# 0.25{0.010) D [T[Y S [z O] C (991 [10.41 |330 [410
3. POSIONAL TOLERANCE FOR F DM (2 PL): D |152 [1.63 |050 [064
[4]0.25{0.010) B [T YO [Z O] E |419 470 [165 [185
4. POSMORAL TOLERANCE FOR H DIV (2 PL): F 043 joss |017

[#[02500.010) B [T YO [Z O] o Tos T e

S. POSIMONAL TOLERANCE FOR Q #: 1 76 s 300 BSC
[+]# 0.25{0.010) O [T{ YO [Z O] X 11035 11187 |48 463
6. POSTIONAL TOLERANCE FOR B: L [1.44 [1.85 |.045 .05

[ 0:25{0.010) B [T] N | 254 B5C 100 BSC
7. DRENSIONING AND TOLERANCING PER ANSI Q305 330 120 11X
Y145, 1982, R [1048 [1099 |413 [433

8. CONTROLLING DIMENSION: INCH S | 698 BC 275 BC
U [083 [1.08 |032 [042
ke v (688 (711 |270 |2%

T AoE W | 508 BSC 200 BSC
PH 2. CATHODE x {10.10 [10.68 397 [427

Figure 4. Case outline.
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LM386 Low Voltage Audio Power Amplifier

General Description
The LM386 is a power amplifier designed for use in low ® Voltage gains from 20 to 200
voltage consumer applications. The gain is intemally setto  ® Ground referenced input

20 to keep external part count low. Lut the addition of an  m Self-centering output quiescent voltage

external resistor and capacitor between pins 1 and 8 will  w Low distortion
wﬁwgainwanyvalueuptOZOO. u Eight pin duakin-line package
The inputs are ground referenced while the output is auto-

metically biased to one half the supply voltage. The quies- App"cations
Mwﬂdrahisonly%miﬂiwanswhenowaﬁngtroma M-FM radi s

6 volt supply, making the LM386 ideal for battery operation. : : " ler?::; ;‘;‘;‘::sm piif

= Intercoms

Features .
f & m TV sound systems
:IBM- |mnon' parts - m Line drivers
.| Wide supply voltage range 4V-12V or 5V-18V : g::;?‘mc d':'e':'s
m Low quiescent current drain 4 mA AVO-om
m Power converters
Equivalent Schematic and Connection Diagrams
' DuakIn-Line and Small Outiine
; Ve Packages
| Gl 1Y T e
St —2 7 avrass
$ Vol Ayt —]- -‘—— Vg
; 6%0 — S .
TUH/6376-2
Top View
Order Number LM386M-1,
LM386N-1, LM38¢-N-3 or LM386N-4
dooets See NS Pack age Number
MOSBA ¢.~ NOBE
TUH/6976-1
Typical Applications :
» Amplifier with Gain = 20 Amplifier with Gain = 200
Minlinum Parts . 0F
+|

T/mreare-3 *Requred for LM336M-3 only.

*Required for LM386N-4 only.

TL/H/E976-4
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N1

Abselute Maximum Ratings @
ry/Aerospace specified devices are required, Junction Temperature +150°C @
contact the National Semiconductor Sales Office/ Soldering Information
Distrib for availability and specifications. Dual-In-Line Package *
Supply [Vottage (LM386N-1, 3, LM386M-1) 15V Soldering (10 sec) +260°C
supply|Voltage (LM386N-4) 22V Small Outline Package
package Dissipation (Note 1) (LM386N-4) 1.25W Vapor Phase (60 sec) $HC
- < 3 +£0.4V Infrared (15 sec) N +220°C
Input Voltage - i See AN450 “Surface Mounting Methods and Their Effect
Storagp Temperature —65°Cto +150°C on Product Reliability” for other methods of soldering sur-
Opera Temperature 0*Cto +70°C face mount devices.
Electrical Characteristics 1 = 25C
¥ - Parameter -—- Condltions Min Typ Max Units

g Supply Voltage (Vs)

1, -3, LM386M-1 4 12 v
LM38EN-4 B 18 v
Wanom(lo) Vg=6V,Vin=0 4 8 mA

{ 'Q Power (Pout)

LM3B6N-1, LM386M-1 Vs = 6V, R = 80, THD = 10% 250 325 3 mwW

LM386N3 " _ . _ *Vg = 9V, R = 80, THD = 10% 500 700 W mwW

LM386N-4 Vs = '16V, R = 320, THD = 10% 700 1000 mwW

yaéggfaah(l\v) Vg = 6V, = 1kHz 268" 1T A% dB

S 10 pF fromPin1t08 > 46 dB

Bandwidth (BW) - Vs-GV.Pins1andBOpen 3p0L e kHz

" “Total Harmonic Distortion (THD) Vs = 6V, R = 8, Pout = 125 mW e -

Eaae . f = 1 kHz, Pins 1 and 8 Open

Power Supply Rejection Ratio (PSRR) Vg = 6V, = 1kHz, Cgypass = 10 pF 50 a8
& : Pins 1 and 8 Open, Referred to Output

Input Resistance (Rin) 50 kN

Input Bias Current (Igias) Vs = 6V, Pins.2 and 3 Open 250 nA

Note 1: For in - Lo WZS‘C.NMMINMMMMIBO’C nch P and 1) 2 i

resi of B0°C/W junction to ambient for the dual-in-ine packag and2)a J ros of 170°C/W for the small outiine package.

Application Hints

GAIN CONTROL INPUT BIASING ,

To make the LM386 a more versatile amplifier, two pins (1
'mda)mmvidedforgahconml.wmmﬂ and 8 open
:M‘l.ﬁmmseﬁmegahnm(zsda).lfacapad-
-:_bfifﬂ.ﬂMDin1t08.bypesshgﬂ‘w1.35knrasistor.me

‘hAngommZOO(ﬁdB).ﬂaresistsxisplacedinsedas
5  the capacitor, the gein can be set to any value from 20
;:bbzoO.'Gahconudanalsobedonebyapadﬁve!ym
;épﬁ'glndsbr(otFEl‘)ﬂompinﬂoground.
;Md!lomlmmalcompommswboplacedinpanllel
g%ﬂnhmdmdbackmistorswmnorthegainmd
;‘Wmnsponsoiorindividualapplieaﬁons. For example,
b'!g'_t_cll'lc:t:t'ﬂpeﬂsa!o;'.‘ocrspeakorbassre:-.ponsebytro-
:.Mmmeaﬁtmisdonewithas&
” ries RC from pin 1 to 5 (paralleling the internal 15 kA resis-
tor). For 6 dB effective bass boost R & 15 k12, the lowest
value for good stable operation is R = 10 kQ if pin 8 is
_,Wﬂpins1and8mbypassedthenﬂaslowaszkﬂ
_elnhused.ﬂisrosuicﬁonisbecausemeamplifwrisonly
. Compensated for closed-loop gains greater than 9.

A

The schematic shows that both inputs are biased to grou-d
with a 50 kQ2 resistor: The base current of the input trans 3-
tosisaboutZSOnA.somehputsareatabomm.SnV
wnenleﬁopen.llmedcsourtéresistancedriving:-e
LM386ishighefﬂ1an250kﬂhwil|conu'ibmeveryli: e
addﬁa\nloﬂset(abom&mVatmehMSOmVat‘ ]
output).nmedcsowoeresistanceislesman 10k, - n
shorting the unused input to ground will keep the offset w
50 mV at the output). Fo- ic
i Jte
to
ground, equal in value to Of
course all offset problems are eliminated if the input is za-
pacitively coupled.

When using the LM386 with higher gains (bypassin: the
1.35 k0 resistor between pins 1 and 8) it is necesszry to
bypass the unused input, preventing degradation o 3ain
and possible instabilities. This is done with a 0.1 pF canaci-
tor or a short to ground depending on the ds source ré sist-
ance on the driven input.
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Typical Performance Characteristics .

Power Supply Rejection Ratio

Quiescent Supply Current (Referred to the Output) Peak-to-Peak Output Voltage
y
vs Supply Voltage vs Frequency o Swing vs Supply Voltage
% bl AT "m T T SN 7
3 |, joen T - "'}’/ "
= § = X Ll =
< I ]
M Es= R e : T,
5 . — g a9 1174 '.; ; oy o 2808 ‘E i // L
E L+ < ! l fil /; H AL s %4
z | ¥ o
: : LA i T : A
2 A 7 1T g =t
2 »i-g
. Ew A~ MO BYPASS CAPACITOR -
: 5 J
1 4 | AT s .
B s 3K ¢ w0 u oG TR e S e Y e n e
SUPPLY VOLTAGE (VOLTS) 3 4 FREQUENCY (Mz) SUPPLY VOLTAGE Nﬂlm
- o ¢ = < %
‘L 4 Distortion vs Frequency Distortion vs Output Power
. 0 " T
Z s [ vy ov l EXZ ‘2 s F
| - . By TCTOREE SN Y R . - LT T i -
= 2 o s 1235 w0 i 1 2 VR L
S a E 14 LA BB, £ 1 i
3 s 12 - S
) =) H e
= e 18 el R =Y
{ S s S e -
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| &% & 2\ 1 I\ BV = I
‘ s e A 7 R =
o 02 . o 1
* = S Krpatat | i = L
b od » = 108 ™ 70 4100200 500 WA I Sk IO TOM [T on o 19
FREOUERICE Mg FREQUENCY (K2) $ POWER OUT (WATTS)
Device Dissipation vs Output Device Dissipation vs Output Device Dissipation vs Output
R Power—4( Load Power—8( Load Power—1611 Load
20 .
[ *| U { ] % } ! 5 v'l_ u'v l l
s £4 3 £u 5 b
‘ Zu Voo 12V = 14 be o al = V \1 I
; T u ¢ s u - L s 1 L7
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['ypical Applications (Continued)

Amplifier with Gain = 50

Low Distortion Power Wienbridge Osclilator

—AAA

ve fres

ELDEMA
[TXIH
Wosek
0.05.F°
T (BRI
TL/H/6976-6
]
Amplifier with Bass Boost
Yo
LIuF
— »
& % <
: TL/H/6976-8 te1kHz
*Required for LM386N-4 only.
TU/H/6876-9
Frequency Response with Bass Boost
27
] .
26 f
25
3 1
= \
=
: 23 \
-
w
g At
= 2 /
S 2 S
> N |
19
18
7 -
20 50 100 200 SO0 1k 2k 5k 10k 20k
FREQUENCY (Hz)
TUH/6976-10
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LM386

Typical Applications (continued)

AM Radio Power Amplifier

FROM
DETECTOR

Note 1: Twist supply lead and supply ground very tightly.
Nots 2 Twist speaker lead and ground very tightly. -
Nots X Ferite bead is Fermoxcube K5-001-001/38 with 3 tumns of wire.

FERRITE
BEAD 250uF -
,._Mo—t{
——AAA,——@ m
. a _:_ SPEAKER
0.05.F g

TUH/6976-11
Note 4: R1C1 band kmits input signals.
Hote 5: All components must be spaced very close to IC.
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