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Abstract

This special project is the study and construction of the voice
optical fiber communications devices, using duplex communication tech-
nique. It can recieve and transmit voice signal with 2 channels, using
2 optical fibers. The circuit used consists of 2 parts, transnittér and
reciever. The transmitter is recieved sound signal from source and mo-
dulated to be the electrical signals. This signal is modulated by Pulse
Frequency Modulation (PFM) method. The modulated signal will drive LED
and providing an optical signal. The optical signal is sent to the re-
ciever via optical fiber. In this part the PIN diode is changed the
optical level of its received signal to electric signal and it is also
-ampliflied, leads to the original signal, and then it is demodulated
by phase lock loop which its output is the audio signal. Again the sig-
nal will be amplified and feed to the speaker, to get the required sig-

nal (sound).
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OPTICAL DEVICE

c—

Cross-section of three types of ¢

Polarizalifm Preserving Fibers.

TYPES OF FIBERS

There are numerous types of optical fibers available commercially. A very brief
summary of some of the key fibers is given below.

s Step-Index fibers have a core diameter of 50 to 1000 um. The); are low cost,
easy to use, but are limited in bandwidth. (They are not generally used for
data transmission)

= Graded-Index fibers have core dlameters cf 50, 62.5, 100 and 200 um. They
have good bandwidth capabilities rangung up to ~ 800 MHz/Km and are easy to
workwith. .- S am e Taizemel e .

s Singlemode fibers have core diameters from3.5to 10 Lim,"depending on the
wavelength to be used. They suppon only one guided mode in the fiber and
are capable of very high bandwidths (chromatic dispersion limits the
-bandwidth). Typical claddmg diameter is 125 um, although 80 pm claddmg is
- . also available.

« Polarization-preserving fibers are basically singlemode or few mode * *
waveguides. These fibers can hold the poiarization state of light launched into
them if the proper orientation of the sourcs is maintained.: Applications include
fiber gyroscopes, fiber interferometers and coherent communications. Three
types of polarization preserving fibers are shown below.

FAST AXIS

» __s;.owa;us @ ° @

BOW TIE PANDA D-CORE

= A number of special fibers (such as dispeision shifted fibers, doped fibers and
fluorocarbon based fibers) are available for specialized and R&D applications.

SEASTAR OPTICS 12




OPTICAL DEVICES
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FIBER PARAMETERS

Information on performance characteristics of the optical fibers is usually provided
by the manufacturers in terms of their geometrical, optical and environmental pa-
rameters.

A listing of some of the basic optical fiber parameters is given below.

s The cladding diameter is genérally 125 pm. .
»  Core diameters are commonly 50 pm, 62.5 pm or 100 ym for multimode fiber.
s Cladding non-circularity is usually about 3%.

s NA - Numerical aperture is defined as the sine of half the maximum angle of
acceptance at which a light ray can enter and remain confined within the core
of a fiber. This can be directly determined by measuring the emergence angle
of light exiting the fiber or computed from NA = ¥igore ~ Meladding.

= V- number (or normalized frequency) gives a measure of light propagation con-i
ditions in a fiber. A step index fiber becomes singlemode for a given wave-

length when V < 2.405. One can calculate V using :

_2r(NA)a
- A

Y where:

& o " a= fiber core radius
I8 a ncore VA A = wavelength of light

A NA = numerical aperture )
A= ( Ncore - Ncladding ) / neore
=2x10" (singlemode fiber, typ.)
=2x102 (multimode fiber, typ. ) .
Typical NA's are: Step Index Fiber- 0.3-04 -

Graded Index Fiber - 0.2
Singlemode Fiber- 0.1

Thus, for the fiber to propagate only one mode, we can use Acut-off = 0.58 (3/V)

to give: ’ I
Wavelength Approx, Core Diameter (2a)
670 nm 3.0 um
780-850 nm 5.0 um
1.300 nm . 9.0 um
1,550 nm 10.0 pm

13 SEASTAR OPTICS



OPTICAL DEVICES

s Attenuation of light in the fiber is the result of scattering by microscopic non-uni-
formities in the refractive index and by absorption on unwanted material in the
fiber. This causes an exponential decay of optical power aleng the fiber de-
scribed by:

P(z) = Poexp(-0z)
where P(z) is optical power at distance z from the input,

1 Po is optical power at the fiber input, and
a is the absorption coefficient { in 1/km, but often stated dB/km )

el el R A PR A ] RN

AR IE N St P

40
38 m oBAm -
- . . L 181
30 b 10 0Xx
28 . ¢ 1310 0
2 .. e 1330 04«0
20 - ¢ 1820 (R0}
f
10 -
i > ¢ @ N
oS ¢ ]
ooy . !
a0 1000 1200 140 =0 ;

- Altenuation is the amount of light pawén{gft as light
tcavels along a fiber, typically expressed in dB/km.

. L

OPTICAL FIBER APPLICATIONS |

//é\\

Singlemode Polanzanon tow Biretnngence Nd-Dopea
F:bets fFibers Mantaming Fibers Fibers Singlemooe Fibers
.
L3 Daia inks {1 Fiber oplic ) Coherent yrans- U Polanmeine sensors U Fiber lasers
O tocal area networks commumeanons mission systems 3 Fiber isolators 1 Fiber ampiihers
1 Intnrteromelnc 17 Rasearch tab
sensors apparatus {3 Pounzton convol €1 Temperaiure
| rerumens sansors
O Singtemode 0O Remote sensing of
couplers polanzavon state

0 Potanmetnc sensors
O Fer imerterometers
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908 Series MST (ST® Style)
F_iber Qp_tic Con_pectors 3
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Features

E Coupling nut radial track minimizes the rotation
needed to mate the connector

E Single mode and multimode versions available

® Accomodates tight and loose tube buffer cables with
jacket ODs up to 4.5 mm

m Ceramic ferrules are configured for easy hand or
machine PC and “Super” PC polishing

= Optional boot colors available: blue, white, red, beige
(in addition to standard biack, gray, and yellow boots)

® Polymer ferrule pedestal supports fiber during
polishing — no epoxy bead

® Polymer ferrules are available for a variety of fiber
sizes from 125 micron to 1.1 mm cladding diameter

B Standard .178”,.151” hex crimp

m Tested in accordance with Bellcore TR-TSY-000326

E Universal dust cap with lanyard (fits ST, SC, and FC
connectors)

ST®Connector Termination Kit (US):

ST® Connector Termination Kit, 220V:

ST® Connector Polishing Disk: 900-118-9002

ST® Termination Video Tape (US): 900-118-9004

ST® Termination Video Tape (European): 900-118-9005

Performance Characteristics

900-118-3010
900-118-3014

Methode 908 Series ST@® Style interconnects are
optically and mechanically intermateable with AT&T ST®
products and all other functional equivalents.

MST connectors feature a precision-molded reinforced
composite polymer body construction for superior
environmental toughness, corrosion and chemical
resistance, and dimensional stability in comparison to
conventional cast metal materials.

The MST connector rear body has a universal
configuration which accommodates all tight and loose
tube buffer cables and breakout kits with O.D.s from 250
microns up to 4.5 mm.

Methode offers the MST with a variety of ceramic and
polymer (LCP) fiber alignment ferrules, hole sizes, and
bond relief boot colors. Methode’s unique universal dust
cap with lanyard makes sure that protection stays with
your connection throughout its service life. Whether the
application is indoor, outdoor, communications network-
ing, or boimedical, Methode has an MST to closely
match your fiber size, performance requirements, and
budget.

238
(39 82)

Dimensions: inches (mm)

Consumables Replacement Kit
(100 Terminations):

“Super” PC Polishing Consumables
Replacement Kit (500 Terminations):

900-118-9017

900-118-9020

Ferrule Fiber Size Insertion Loss (dB) Operating Part Number
Type (microns) Typical Max Increase Temperature (Individually
500 Cycles (°C) Packaged)*
Ceramic (Zirconia) 9/125 <0.2 <041 -40 to +85 03-002-1
Ceramic 62.5/125 <0.2 <0.1 -40 to +85 Q3-002-3
Ceramic 62.5/126+ <0.4 <01 Q3-503-3
Polymer 62.5/125 <0.4 <0.1 -40 to +85 R3-002-3
Polymer 62.5/125+ <0.4 <0.1 R3-002-4
Polymer 100/140 <0.3 <01 R3-002-5
Polymer 230 <0.3 <01 R3-002-6
Polymer 500 <0.3 <0.1 R3-002-7
Polymer 1,000 <0.3 <01 R3-002-8

*For bulk packaging, add “-B" suffix to pant number. For connectors with iraditional dusl cap raliier than universal dust cap with lanyard add “N" suffix.

“Registered trademark of AT&T

e
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308 Series ST*Style
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Couplings and Receptacles
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Methode Couplings are available in single mode and
multimode forma’s. Single mode couplings employ a
precision zirconia alignment sleeve and multimode
couplings utilize a precision polymer alignment sleeve.
Threaded couplings also include a panel nut and lock
washer. '

Methode device receptacles house standard TO-18,
TO-46, and TO-52 active devices and can be mounted in
a variety of board and panel configurations. A panel nut,
lock washer, dust cap and No. 2 mounting screws are
included with each receptacle.

Threaded Coupling Receptacle
L
=315 (8.00) p—79% [20.19] =
.] /—z:o [ERY)]
] o ]
390 [9.81) : H M | 375 {.52) 500 [12.70)
1 il |1
PANEL CUTOUT 208 (ud]—] Lcoo (2.03) [PaRT WUMBERT Om a4 ]
e l
b - . - m7 (Csos=s110 108 (52831
I —— [N
mpmd L b \_w -
3ulkhead Coupling Dimensiors: inches (mm)
1 i-—u?‘vf z'ixo‘c‘s
Receptacles
N Description . Part Number*
S Low profile active device receptacle 908-9107
J e | ; J Standard profile active device receptacle 908-9110
T & Device alignment ring (optional) 908-121-9050

L Dimensions: inches (mm)

Note: In-Line (no flange) Coupling not pictured

Material

Alignment Housing

Sleeve (Nickel Plated) Style  Part Number*
Polymer  Die Cast Zinc Threaded  908-213-01
Zirconia Die Cast Zinc Threaded  908-113-01
Polymer  Plated Composite Threaded 908-203-01
Zirconia Plated Composite Threaded 908-103-01
Polymer  Plated Composite Bulkhead  908-202-01
Zirconia  Plated Composite Bulkhead  908-102-01
Polymer  Plated Composite In-line 908-101-01
Zirconia Plated Composite In-line 908-201-01

*For 100 piece bulk packaging, add “-B" suffix to part number,

"For 100 piece bulk packaging, add “-B" suffix to part number

v g e A R S T O . S
T T ————— : e

[
I

~ == ETHODE ELECTRONICS
FAR EAST PTE LTD
A subsidiary of Methode Electronics Inc., U.SA.

FIBER OPTIC PRODUCTS

37, Tuas Avenue 2 Jurong Town Singapore 2263
Tel: 8615444 (5 lines) Tlx: RS 34422 MEFE Fax: 8614777

7444 West Wilson Avenue e Chicago, IL 60656
708/867-9600  800/323/6858 « FAX: 708/867-9130

ST* is a registered trademark of AT&T

Data contained herein 1s believed to be accurate as of publication date. Methode
Electronics reserves the nignt to make changes which will improve performance
without altering form or tit. Consult factory for current engineering drawings and data.
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@ MOTOROLA ' NE565A

PHASE-LOCKED LOOP
SILICON MONOLITHIC
INTEGRATED CIRCUITS
PHASE-LOCKED LOOP
The NESE5A is designed for general-purpose phase-locked loop
applications to 500 kHz.
"4 P SUFFIX
. PLASTIC PACKAGE’
® - Stable Center Frequency — 200 ppm/°C (Typ) i CASE 648-05
@ Flexible Power Supply Range — b ~
+5 to *12 Volts with Smail Frequency Drift — 100 ppm/% {Typ) wvee 7] (Top View) e
® Low Total Harmonic Distortion of Demodulator Output wnput [2]— : E N
- 1.5% (Max) s ¢
tnpat E_ Comparatoer E ne
® Linear Triangle Wave Output — 0.5% (Typ} "
. . v
e TTL, DTL Compatible Inputs and Qutputs °:£"°—E o ne
Comperatoef5 | veo E *vee
® Adjustable Hold In Range — £1% to >+60%. VEO tnput _ .
. Reforonce [ ] 3 External
Qutput Amplic Cter VCO
veo o tier L 7] Eternel
Control ? Vi
Voitage l

: FIGURE 1 - REPRESENTATIVE CIRCUIT SCHEMATIC
Phase Comparstor

5 € Ratersnce C\:':torol 7 8 ? 10 4
Veo Input ? ? Output vorage § Ay ? €00 Bevee T VvCO output
r: : 1,758 336% Sa3k
[t B v © s ) ¥V 8.5k 16 1
E e asxg E
. 4 L 1
y L
N
nok 1.0k
3 8.1 "5
et 1.3k 4’4.8 b 5;!
Inp\n O~ < X T
2 LL I
: ¥
N
200 200 208
7.0k2.4% 200

10 -Vee

MOTOROLA LINEAR/INTERFACE DEVICES
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NES65A
MAXIMUM RATINGS
Rating Symbol Vailue Unit
Power Supply Voltage vee 12 Vdc
— Power Dissipstion (Package Limitation} Pp 8.25 mw
—_— : Derate sbove 25°C . 6.6 mw/C
’ Operating Ambient Temperature Range TA 0to+70 °c
Storage Temperature Range Tsg -65 10 +150 oc
ELECTRICAL CHARACTERISTICS (Test Circuit Figure 2, T = 25°C, Vce = 6.0 Vdc unless otherwisa noted.}
——— Characteristic Min Typ Max Unit
Power Supply Current - 8.0 12.5 mA
. Input Impedance {Pins 2, 3) - 50 - k2
. 40V<V2,VI<OV \
: Input Level Required for Tracking 10 - - mVims
RX : 1o = 10 kHz, 210% Frequency Deviation
\CKAGE VCO Maximum Operating F- - 500 - i
. | : Co= 2.7pF
—_— : Operating £ T Coefficient - 200 - pom/°C
Frequency Drift with Supply Voltage - 4 200 - ppmi%
: Triangle Wave Ouptut Voltage .20 24 30 Vop
. Triangle Wave Output Linearity - 08 - %
' Square Wave Qutput Level 4.7 5.4 - Vp-p
VCO Output Impedance iPin 4) - 50 - k2
Square Wave Duty Cycie 40 50 80 %
Square Wave Rise Time - - 20 - ns
te Square Wave Fall Time - 50 - ns
- Qutput Current Sink (Pin 4) 0.6 1.0 - mA
g . VCO Sensitivity = 6600 - Hz/V
f— . Demodulated Cutput Volitage {Pin 7) 200 300 - mVpp
» veo : fo = 10 kHz, +10% Frequency Deviation :
H Total Marmonic Distortian - 0.2 15 %
"» N 1, = 10 kHz, £ 10% Frequency Deviation
Output impedance {Pin 7} - 35 - k2
DC Output Voltage Levet (Pin 7) a0 45 5.0 v
Output Offset Voltage (Input = 0) - 50 200 mv
/V?-V6!
L3k Temperature Drift of /V7-V6/ - 500 - uvc
i AM Rejection - 40 - deé
Phase Detector Sensitivity Kp - 068 - Virsdian
!
i
i FIGURE 2 — TEST CIRCUIT SCHEMATIC
+60V
O-;)‘}? 600 1= ' 14 ‘.‘_I 110 “F Triangle
Input ?" D'G‘ 5.0 k & T Wave
F -~ —— - © Output
™M 3 12 Ro L 499 k
; Signal) 2 Py 378k v
| i e b c
§ s :s____j _I_ Demodulated
‘ ) 7 8 | 0.0027uF 35 &.‘f‘"
H 600 $ p—eg T Mc1741
H 4 0.001 uF A= 1Bk = 85.09k SCP1
W VWA— Otfsat Voitage
L WA (V7-v6)
1 499 k DL"{?“:F :: 0.1 uF :: 0.9 uF j: 499 k}_.— soq‘::;v:‘nun
"4
) 5.0 v O~
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FIGURE 3 — POWER SUPPLY CHARACTERISTICS
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FIGURE 5 — LOCK RANGE versus INPUT VOLTAGE
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»
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FIGURE 7 — LOCK RANGE
(As 8 Function of Gain Setting Resistance)
T
Voo 60V
*10 N Ta = 25°C
E3 A
-
: N
3
5
x o Rem| 10k {2000
2 5% —50k
>
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RELATIVE FREE RUNNING VCO FREQUENCY

FIGURE 4 — VCO CONVERSION GAIN

T
20 vgg = 260 V' b

1.67

133

NOAMALIZED FREQUENCY

v

0.67 =

L7

013

05 1.0 15 0

VOLTAGE BETWEEN Pins 7 and 10{V10-VD)
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FIGURE 6 — OSCILLATOR OUTPUT WAVEFORMS
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FIGURE 8 — AM REJECTION CHARACTERISTICS
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GENERAL APPLICATIONS INFORMATION

The following formulas are useful when designing with
the NE565A:

1.

1
Center Frequency — fo = m
Where: fg is the frequency of the VCO without input
signal. For RQ, CQ circuit location see Figure 2.

. Loop Gain — KOKpA

Definitions: -
KO — VCO Conversion Gain — the conversion factor
© “between VCO frequency and control voltage.
Ko = 4.12 f, {units are in redians/sec/voit)

E: ple: for VCO S ivity @ 10 kHz {in Hz/volt)

Ko, = 4:12% 109 = 6600 Hz/Vot
0 37 redians

KD —Phase Detector Gain Factor — the conversion
factor between the phase detector output voltage
and the phase difference between input and
VCO signals, Units are in volts/radian,

8.10A
Kp=
? Vee
Where: A=1{(R6toR7)
8.1
Hence: Kp=—— {f{R6-R7)}
0" vee

Where: Ve is total system supply voltage,
f(R6-R7) is internal amplifier gain {See Fig-
ure 9). Ve - total supply voltage to the circuit.

"'3. Lock Range — f| =2

- X
f. C.apture Range - fc 37

8o

Vee

Where: f(_ is the range of frequencies in the area
of fo over which the VCO, once locked to the
input signal, will remain locked.

1 2 nfy
T

Where: fc is that range o} frequencies around
fo over which the loop will acquire lock with an
input signal initially starting out of lock.

(7 = Time Constant at Pin 7)

4

FIGURE 8 — INTERNAL AMPLIFIER GAIN CHARACTERISTICS

127
118

10

—t

30 50 10 0 0 100
RESISTANCE BETWEEN Pins 6 AND 7 (k)
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National
Semiconductor

Industrial Blocks

_Absolule Maximum Ratings

OS9SWT/S9SWT

=
g Suppty Voltage 212V
- Power Drsvipstien (Note 15 300 ¥
> < . . Difterentsal Input Voliege . LAAd
v LM566/LM566C Voltage Controlled Oscillator = Opeeting Tormom tore Hage LISESH avcwome
v § LMBSSCH, LME65CN 0°C 10 70°C
m r Statage Temperaturs Range . -85°C o ¢150"C
Z General Descrlpl(on O Lead Yomperetsee [Srtdering, 10 tac) 200°C
@] The LMS566/LMSGEC sre generst purpose voltage ® High temperature stability
; controlled oscillators which may be used to gener. ® Excellent supply voltege rejection
ate wquare and triengulsr waves, the frequancy of s 10ttt N .
equency range with fixed capacitor
o] which is 8 very tinear function of s control volt- Electrical Characteristics (ac Test Circuit. T4 = 25°C, Ve - 16V
* age. The frequency is slso & function of sn external *® Frequency progrsmmable by mesns of current, . * e !
resistor and capacitor, voltage, teslstor or capacitor. . py
. PAR CONDITS L
The LM566 i specified for opersiion over the ARANETER ons smiN| vve | max | min] vy | max T
-55"C to +125°C militery tempersture range. The Applicati
LMBGEC it specified for operstion over the 0°C pplications Pawer Supply Coment 8o | 128 se | 125 ma
to +70°C temperature range. ® FM modulstion Input Impedance (Pim 2. 31 AV €V, ¥ <OV 7 1 s [14]
i ® Signal generation VCO Maximom Operating
Features ® Function generation pblio Co-2.7pF 200 | 500 250 | 500 w2
® Wide supply voitage tangs: 10 to 24 volts ® Frequency shift keying Operati
ing Frequency ~
® Very linesr modulation characteristics ® Tone genmation Temperature Coelticient -too | 300 -0 500 ©
: .
b Frequency Drift with
0.0% o1 oos | 02 wv
Schematic and Connection Diagrams Surely Voltese
Teitngle Weve Qutput Voltage 2 24 k] ? 24 3 Vye
“T‘ -'—’l—"o = i e Trisngle Wave Output Linestity 02 0I5 os 1 [ 3
L] L
- Sausre Wave Output Level ] sa a7l s« Voo
9 Output Impedsnes (Pin 4) 5 s 0
Sauare Wave Duty Cycle s | s 55 L 50 60 -
- — hed .
] Squate Wave Rise Time 20 100 2 L
»— [ ¢ b tasecrrae Sausce Wave Fanl Time 50 200 %0 m
o _{ |\ e sarn Output Corremt Sink (Pen &) o8 ' os 1 mA
——— VCO Sermitreity 1, = ID%HE 6400 |6600 8900 | 6000 | 6800 1200 Hirv
- ' * -
"'"“’:",',"" Output VOURDr | ) 1o Freauency Deviation | 250 | 300 30 | 200 | 200 wo | v,
e
o Number LMESSCN Tolal Haemonic Ditortion 210% Frequency Deviation 02 0.7% 0z s <
"Ses NS Packege NOIS Output Impedance [Pin 7) as k1) (341
/. € Levet (Pen 1 as| s an| as | s0 v
Output Offsat Voitage ! .
. N, - vl 30 100 €0 200 mv
. ~ Temperature Drift o) Ny - Vgl 500 500 avrec
Typlca! Application Applications Information AM Rejection w0 © @
1M end 10RHa TTLC. The LMB2D may b trom sithee o Phave Detector Sersitivity Ko o8 | o9 | oss 68| 095 | Viedien
Voitsgs Controtted Oucitiator o thown In this test circult, or from 8 wlit {s) power

Note 1: The memmum funciion tempersture of the LMSES i 150°C, white thet of the LM3IESC
and LMSGECH b 100°C. For Operstion ot elevated temperaturky, devices in the TO-8 package munt
e derated bard on o thermel retistence nf 150°C/W junction to smbient or 48°CIW junction 10 eane.
Thermat revittance of the dus! in lins pack sge 4 1007C/W.

supply, When opersting from 8 sollt tupply, the squers
wave output Ipin 4) i TTL competitis (2 mA current
tink) with the sdditlon of 8 4.7 kN retistor from pin 3 to
round.

A 001 xF¥ capecitor is conrected between ping 5 ond 8
10 prevent perashic otcilistions that msy occur during .
VCO switching

o- AV - vy .
R C, V'

where

X <R, <20

e Vg i voitage betwesn pin 8 snd pm §

66T @ 1Btihdoy) o SUriSTIANd [HH-M2IDIN/ UE([UIBIY JO UOISIAI] 303U3(D 4q 2661 © Judiuidon

- BT ! T ~
. ntorna § " N S
. Absolute Maximum Ralings
SIECOR/OPTICAL CABLE giecore FaT Fioen~ &
: . -l Pawer Supply Voltage 28v
rvice 6£.9] g Pow Din?nalion {Note 1) W ey

v



Low NOISE=. ividuvensivissmmsn 80nV p-p (0.1Hz to 10Hz)
L R N U 3nV/\/Hz at 1kHz
[T 0] | LSt e 0.2pV/°C
Righ:Speed ......cuuwn sspvoavasssoes 17V/us Slew Rate
R R T T 63MHz Gain Bandwidth
Low Input Offset Voltage ....................... 10uV
Excellent CMRR ... 126dB (Common-Voltage of =11V)
High Open-Loop Gain ..................... 1.8 Million

Replaces 725, OP-05, OP-06, OP-07, AD510, AD517,
SE5534 in Gains >5
‘Available in Die Form

DRDERING INFORMATION '

|
i
!
e

e L PR

, PACKAGE

A =e25C OPERATING

{ g Max CERDIP  PLASTIC LCC  TEMPERATURE

|my 1O 8PIN 8PN  20CONTACT  RANGE
% OPIAr OPITAZ - - MIL
% OPSTEJ OPI7EZ  OPATEP - INDICOM
€ OPI7BS OPI7BZ" -  OP37BRC/EEI MIL
8  OP37FJ OPA7FZ  OPATFP - IND/COM

{ 10 OPaTC) OPATCZ = = MIL
10 OP37GJ OPI7GZ  OPI7GP - XIND
100 = = OPATGStt - XIND

Fordevices processed in total compliance to MIL-STD-883, add /883 after part
number. Consult factory for 883 data sheet.
t Burn-in is available on commercial and industrial temperature range parts in
-CerDIP, plastic DIP, and TO-can packages. For ordering information, see
1990/91 Data Book, Section 2.
For availability and burn-in information on SO package, contact your local
sales office.

. GENERAL DESCRIPTION

~. The OP-37 provides the same high performance as the OP-27,
- but the design is optimized for circuits with gains greater

than five. This design change increases slew rate to 17V/usec
and gain-bandwidth product to 63MHz.

§ SIMPLIFIED SCHEMATIC

e e U LA

OoP-37

LOW-NOISE PRECISION HIGH-SPEED
OPERATIONAL AMPLIFIER (Aycp = 5)

The OP-37 provides the low offset and drift of the OP-07 plus
higher speed and lower noise. Offsets down to 254V and drift
of 0.6uV/°C maximum make the OP-37 ideal for precision
instrumentation applications. Exceptionally low noise
(en=3.5nV/+/ Hz at10Hz),alow 1/f noise corner frequency of
2.7Hz, and the high gain of 1.8 million, allow accurate high-gain
amplification of low-level signals. ’

The lowinputbias currentof + 10nAand offsetcurrentof 7nAare
achieved by using a bias-current-cancellation circuit. Over
the military temperature range this typically holds Igand Iog
to £20nA and 15nA respectively.

The output stage has good load driving capability. A guaran-
teed swing of + 10V into 60002 and low output distortion make
the OP-37 an excellent choice for professional audio
applications.

PIN CONNECTIONS

8 Vgs TRIM
Vos TRIM 1 7ve Vos TRIM n"n Vos TRIM
-IN 2 71 ve
-iN2 sout “IN u.-’ [5)our
v-[4] SINC
“IN3 SNC.
sv-(ease) 8-PIN HERMETIC DIP
(Z-Suffix)
TO-99
(J-Sutfix) EPOXY MINI-DIP
(P-Suttix)
8-PINSO
(S-Suffix)

OP-37BRC/883
LCC PACKAGE
(RC-Suffix)

[V
Q22 [
Lp,
az1
A9
923 @ az0) a18
%K b 0OUTPUT
NON- R12
INVERTING
INPUT (+) : il
/s 'I' 1 Cce [P
INVERTING vWA—| - '\o-s
INPUT () —F s
1 RS

*R1 & R2 ARE PERMANENTLY ADJUSTED
AT WAFER TEST FOR MINIMIM
OFFSET VOLTAGE.

7/89, Rev. A2
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OP-37 LOW-NOISE PRECISION HIGH-SPEED OPERATIONAL AMP

PSRR and CMRR exceed 120dB. These characteristics,
coupled with long-term drift of 0.2uV/month, allow the circuit
designer to achieve performance levels previously attained
only by discrete designs.

Low-cost, high-volume production of the OP-37 isachieved by
using on-chip zener-zap trimming. This reliable and stable
offset trimming scheme has proved its effectiveness over
many years of production history.

The OP-37 brings low-noise instrumentation-type perfor-
mance to such diverse applications as microphone, tape-
head, and RIAA phono preamplifiers, high-speed signal con-
ditioning for data acquisition systems, and wide-bandwidth
instrumentation.

ABSOLUTE MAXIMUM RATINGS (Note 4)

Supply VORAGE ......oceiiiiecieecieeeieete e saaenens +22V
Internal Voltage (Note 1) ....ccoouiieieiieceeceeeceeeeaeaee =22V
Output Short-Circuit Duration . .Indefinite
Differential Input Voltage (Note 2)
Differential Input Current (Note 2)
Storage Temperature Range

Operating Temperature Range

OP-37A, OP-37B, OP-37C (J, Z, RC) -55°C to +1
OP-37E, OP-37F (J, Z) .... —25°C to 4
OP-37E, OP-37F (P) 0°Cto
OP-37G (P, S, J, 2) 2 —40°C to
Lead Temperature Range (Soldering, 60 sec) ...............
Junction Temperature —65°C to +1
PACKAGE TYPE 8, (NOTE3) 8¢ j
TO-99 (J) 150 18
8-Pin Hermetic DIP (2) 148 16
8-Pin Plastic DIP (P) 103 43
20-Contact LCC (RC, TC) 98 38
8-PimS0 (S) . 158 43
NOTES:

1. For supply voltages less than =22V, the absolute maximum input vol

equal to the supply voitage.

2. The OP-37's inputs are protected by back-to-back diodes. Current|
resistors are not used in order to achieve low noise. If differential inputy
exceeds =0.7V, the input current should be limited to 25mA.

3. 6 A is specified for worst case mounting conditions, i.e., 8, , is sped
device in socket for TO, CerDIP, P-DIP, and LCC packages; eI AlSSE
for device soldered to printed circuit board for SO package.

4. Absolute maximum ratings apply to both DICE and packaged parts,

otherwise noted.

ELECTRICAL CHARACTERISTICS at Vg = +15V, Ty = 25°C, unless otherwise noted.

g

OP-37A/E OP-37B/F OP-37C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX L
Input Oftset Voltage Vos Note 1) — 10 25 = 20 80 = 30 100
Long-Term Vg
LI Vpos/Time :Notes2, 3, — 0.2 1.0 - 0.3 1.5 - 0.4 20
Stabity
tnput Offset Current los - 7 35 - 9 S0 = 12 75
input Bias Current ig - =10 x40 = =12 =55 — 15 +80
0.1Hz to 10H;
Input Noise Voltage - € — o008 o018 — 008 018 — 009 025
(Notes 3, 5
fo = 10Hz iNote 3) - 35 55 -_— 3.5 55 s 38 8.0
input Noise
en fo = 30Hz iNote 3, - 3.1 45 - 3.1 45 - 33 56 nV
Voltage Density
i fo = 1000Hz (Note 31 - 3.0 3.8 = 3.0 38 - 3.2 45
fo = 10Hz (Notes 3. 61 - 1.7 40 - 1.7 4.0 - 4 -
Input Noise
S — in fo =30Hz (Notes 3, 6/ - 1.0 23 — 1.0 23 - 1.0 — PpA
r
. o fo = 1000Hz Notes 3. 61 — 04 06 — 04 08 — 04 08
In R —
eyl Resstance R Note 7+ 13 6 - 094 5 — 0.7 s —
Difterentiai-Mode .
Input Resistance —
R - 3 = — 25 == - 2 -
Common-Mode NG
. Input Voitage Range IVR =110 =123 = *11.0 =123 - =11.0 =123 -
c -Mod
ommon-ioce CMRR Vem = 211V 114 126 - 106 123 - 100 120 ==
Rejection Ratio
P Suppl
eWErSueRly PSSR Vg =4V 10 18V = 1 10 = 1 10 = 2 20
Rejection Ratio
Ry z 2k}, Vg = 210V 1000 1800 - 1000 1800 - 700 1500 —
Large-Signal A R z ki), Vg = =10V 800 1500 - 800 1500 - 400 1500 -
Vi Vo AL = 60012, Vg = *1V.
Srisge G L =800 Vo 250 700 2 250 700 = 200 500 =
Vg = =4V. Note 4
Qutput Voltage v Ry z 2k} =120 =138 - 120 =138 = 1S5 =135 —
Swing o Ry = 60002 2100 =115 - £100 =15 - 2100 =115 -
Siew Rate SR R Z 2k(2 /Note 4 1 17 - n 17 — 1 17 -
fo = 10kHz ‘Note 4. 45 83 = 45 63 - a5 63 =
Gain Banawiath Prod. Gew
fo = 1MHz - 40 = = 40 = o 40 -
5-180 7/89, Re



OP-37 LOW-NOISE PRECISION HIGH-SPEED OPERATIONAL AMPLIFIER

>TRICAL CHARACTERISTICS at Vg = £ 15V, Tp = 25°C, unless otherwise noted. (Continued)

OP-37A/E OP-37B/F OP-37C/G
METER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP  MAX UNITS
Loop Output
R Vo=0.lg=0 - 7 - - — = -
tance o o ° 0 70 70 n
Consumption Pg Vo=0 - 90 140 - 90 140 - 100 170 mw
Adjustment .
Rp = 10k} - x40 - - 40 - - +40 - mV

e
ES:

iput offset voitage measuremenfs are performed by automated test
quipment approximately 0.5 seconds after application of power. A/E
rades guaranteed fully warmed up.

ong-term input offset voltage stability refers to the average trend line of
los vs. Time over extended periods after the first 30 days of operation.
ixcluding the initial hour of operation, changes in Vog during the first 30

Nooaw

days are typically 2.5uV — refer to typical performance curve.

Sample tested.

Guaranteed by design.

See test circuit and frequency response curve for 0.1Hz to 10Hz tester.
See test circuit for current noise measurement.

Guaranteed by input bias current.

ECTRICAL CHARACTERISTICS for Vg = 15V, =55°C < Ty < +125°C, unless otherwise noted. i

OP-37A OP-37B OP-37C
IAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
ut Offset Voltage Vg Note 1; i - 30 60 - 50 200 - 70 300 4
I t TCV, ‘Note 2 2
ge ned CVos oee — 02 06 = 03 13 = 0.4 18 wvreC
set Drift TCVosn (Note 3 =
wt Offset Current  1ag - 15 50 - 22 85 - 30 135 nA
sut Bias Current g - =20 *60 = =28 =95 - *35 *150 nA
»ut Voltage Range  IVR =103 =15 = =103 =15 = +102 =115 = v
ymmon-Mode ,
= CMRR Vem = =10V 108 122 - 100 19 - 94 116 - aB
lejection Ratio
S »
e .uppy PSRR Vg=x4.5V1t0 =18V - 2 16 - 2 20 -— 4 51 uV/IvV
ejection Ratio 5
arge-Signal ~ i |
A R 22k{L Vqo==10V 600 1200 - 500 1000 - 300 800 - V/mV
Voltage Gain vo . °
Jutput Volt;
i Vo R, > 20 -5 =13s = =m0 =182 = =105 =130 = v
Swing -

ELECTRICAL CHARACTERISTICS for Vg = £15V, -25°C < T, < +85°C for OP-37EJ/FJ and OP-37EZ/FZ, 0°C < T, < +70°C for
OP-37EP/FP and —40°C < T, < +85° for OP-37GP/GS/GJ/GZ, unless otherwise noted.
T
B OP-37E OP-37F . OP-37G
PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX MIN  TYP  MAX MIN  TYP  MAX UNITS
Jnput Oftset Voitage Vg - 20 50 - 40 140 - 55 220 uv
5'“""0' Input TCVos Note 2 o
9"”‘ Dnitt TCVan Notes - 02 0.6 - 03 1.3 - 0.4 18 uv/ec
Mm los - 10 50 - 14 85 = 20 135 nA
0pil Bias Current 1 -z =60 — s =05 — 225 x50 nA
=105 =1na — *10.5 1.8 — +10.5 +11.8 = '
Ve = 210V 110 124 - 102 21 - 96 18 - a8
Vg=x45Vio =18V = 2 15 - 2 16 - 2 32 VIV
R 2 2k{). Vg = =10V 750 1500 - 700 1300 - 450 1000 - V/mv
HL:ZKH >30T =136 - N4 =15 - =110 =13.3 - v

The TCVqg performance i1s within the specifications unnulled or when
nulled with Rp = 8k{110 20k (). TCVqgis 100% tested tor A/E grades, sample
tested for B/C/F/G grades.

Guaranteed by design

5-181
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ORDERING INFORMATION

Device Tempersture Range Package

MC17336 ~B5C 0 +12'c'c Mersl Can
Mo oCmemT. 5ot MC1733C
MC1733C6 o"Cto +70°C Metal Can

MC1733CL 0°Cto +70°C Ceramic DiP

MC1733CP ¢*Cto +70°C Plastic DIP

MC1733

from 10 to 400.

DIFFERENTIAL VIDEO AMPLIFIER

. . . a wideband ampiifier with differential input and differential out-
put. Gain is fixed at 10, 100, or 400 without external components
or, with the addition of one external resistor, gain becomes adjustable

® Bandwidth — 120 MHz typical @ Ayg = 10
® Rise Time — 2.5 ns typical @ Ayg = 10
® Propagation Delay Time — 3.6 ns typical @ Ayg = 10

DIFFERENTIAL VIDEO
WIDEBAND AMPLIFIER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

\

FIGURE 1 — BASIC CIRCUIT

—~  QGAMSELECT

————s

Ve Gia 6w

maT 1 QuYPUT t

we1ry
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Tl outeyr 2

VEE G2A G2
—m———e
BAIK SELECT

FIGURE 2 — VOLTAGE GAIN
ADJUST CIRCUIT

Yee S Gzm

G SUFFIX
METAL PACKAGE
CASE 603-04
TO-100

FIGURE 3 - EQUIVALENT CIRCUIT SCHEMATIC
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GAIN ) G1A
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24k 324k 0k })
% NN
.
Tk OUTPUT 1
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<
4
1% QUTPUT 2

GAIN
G1g

1
INPUT 1 }J
5
|
500
1

=

L SUFFIX
CERAMIC PACKAGE
CASE 632-02
MO-001AA
P SUFRX
PLASTIC PACKAGE
“
1
D SUFRIX
. PLASTIC PACKAGE
" d CASE 751A-01
! SO-14
1 M
et 2 INPUT 1
[ ¥ 13|nc
G2s GAINSELECT } 3 12| 624 GAIN SELECT
1 GAINSELECT { 4 [ 1)eincamseLec
VEE [ 10{vee .
ac|s O
ouTPUT 2| S{ouTPUT
{Top View)
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MC1733, MC1733C

MAXIMUM RATINGS (T4 = +25°C unless otherwiss noted}

4
k|
i
Rating Symbol Valus Unit %
Power Supply Voltage Vee +8.0 Voits 1
VEE -8.0 !
Differential Input Voitage Vin 250 Voits E|
Common-Mode Input Voltage viem - 26.0 Voits !
Output Current lo 10 mA i
Interna) Power Dissipation (Nots 1} fp
Metal Can Package 500 mW '
Ceramic Dual In-Line Package 500 ;
Operating Temperature Renge MC1733C Ta 0t0+70 o¢
MC1733 -53 to +125
Storage Temperature Range Teg -65 to +150 oc
ELECTRICAL CHARACTERISTICS (Vg = +6.0 Vde, Vg = -6.0 Vdc, st T4 = +26°C unless otherwise noted ) ;
MC1733 MC1733C ’
Charscteristic Symbol Min Typ Max Min Typ Max Units
Differential Voltage Gain viv
Gain 1 (Note 2) Avd ~ 300 400 500 250 400 600
Gain 2 {Note J) 20 100 § 110 80 100 120
Gain 3 (Nots 4) - 8.0 10 " 8.0 10 12
Bandwidth (Ry =500} BW MHz
Gain 1 - 40 - 1 - 40 -
Gain 2 - 90 - - 80 -
Gain 3 - 120 - - 120 -
Rise Time 1Ry=500, Vg = 1 Vp-p) TLH | i
Gain 1 THL - s |- - - 108 - :
Gain 2 . - 45 10 - 45 12
Gain3 - 25 - - 28 -
Propagation Delay (Rg=500,Vg =1 Vp-p) tPLH ns
Gain 1 . PHL - 715, - - 75 T—
Gsin2 . - 6.0 10 - | seo 10
Gain 3 - 36 - - 36 -
input Resistance Rin s
Gain 3 - 40 - - 40 -
Gain 2 20 30 - 10 30 -
Gain 3 . - 250 - - 250 -
Input Capacitance (Gain 2) Cin - 2.0 - - 20 - pF
Input Offset Current (Gain 3) ol = 04 30 - 0.4 60 |  wA
Input Biss Current (Gain 3) 18 - 9.0 20 - 9.0 30 uA
Input Noise Voltage (R, = 5012, Vn - 12 - - 12 - uVirms)
BW = 1 kHz to 10 MHz|
input Voltsge Range {Gain 2) Vin 1.0 - - +10 - - v
Common-Mode Rejection Ratio CMRR dB
Gain 2 (Vem =21V, 1 <100 kH2) &0 86 - 60 88 -
Gain 2 (Vom =21V, 1= 6 MH2) - 60 - - 60 -
Supply Voltsge Rejection Ratio PSRA d8
Gsin 2 {AVg = £05 V) 50 70 - 50 70 -
Output Offset Voltage Voo v
Gain 1 - 0.6 1.8 - 06 15
Gain 2 and Gain 3 - 0.35 1.0 - 0.35 1.5
Output Common-Mode Voltage {Gain3) Vemo 24 29 34 24 29 34 v
Output Voltage Swing {Gain 2) Vo 30 4.0 - 3.0 4.0 - Vp-p
Qutput Sink Current {Gain 2} lo 25 36 - 25 36 - mA
Output Resistance Rout - 20 - - 20 - n
Power Supply Current (Gain 2) 5} - 18 24 - 18 24 mA

MOTOROLA LINEAR/INTERFACE DEVICES
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LM386 low voltage audio power amplifier , L

general description

The LM386 is 2 power amplifier designed for use in low
voltage consumer 2pplications. The gain is internally
set to 20 to keep external, part count low, but the
addition of an external resistor and capacitor between
pins 1 and 8 will increase the gain to any value up
to 200.

Voltage gains from 20 to 200 ) R
Ground referenced input

Self-centering output quiescent voltage

Low distortion

Eight pin dual-in-line package

The inputs are ground referenced while the outp.ut is . . .
automatically bissed. to one haif the supply voltage. The apphcauo ns
quiescent power drain is only 24 milliwatts when oper- & AM-FM radio amplifiers
ating from & 6 volt supply, meking the LM386 ideal u Portable tape player amplifiers
for battery operation. ° 8 Intercoms
fcatures & TV sound systems ’
% Battery operation & Line drivers )
& Minimum external parts 8 Ultrasonic Eirivers
8 Wide supply volitage range 4-12 Volts 8 Small servo drivers
® Low quiescent current drain 4mA ® Power converters
equivalent schematic and connection diagrams
Dusi4n-Line Package
T g —’- ' D,—- AYPASS
vt =Y l‘— v
%0 L L— Yoy
Tor Vitw
Order Number LM38EN
Sos Packuge 20

typical applications

Amplii'm with Gain = 20
Minimum Parts

-55~-




absclute maximum ratings

Supply Voltage (Note 1) 15V
- . ‘Package Dissipation 8 Pin DIP (Note 2) 660 mW .
- input Voltage ’ 204V o
RER- A . Storage Temperature " —65°C 10 +150°C :
3 " Operating Temperature 0°C 10 +70°C ‘ .
3 Junction Temperature +150°C N
k Lead Temperau.!'e (Soldering, 10 seconds) +300°C

electrical characteristics 1, = 25°C

3 ’ PARAMETER

3 CONDITIONS MIN | TYP MAX UNITS
z Operating Supply: Voliage (V) . i 4 12 v -
. Quiescent Current (1g) Vg=6V.V,y =0 ) 4 8 mA %
Output Power (Pgy ) (Note 3) --| vg=6V.R = 8BQ, THD = 10%, 250 325 W |
Vg = 9V, R_ = 1652, THD = 10% S00 mw '
Voliage Gain (A ) Vg =6V, 1= 1kHz 26 a8 3
. 10uF romPin 110 8 46 .dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz . Qi
- ™ -
Total Harmonic Distortion (THD) Vg = 6V, R, =80, Pgyy = 125mW . 0.2 % 3
{= 1 kHz, Pins T and 8 Open ‘i
Power Supply Rejection Ratio (PSRR] | Vg = 6V, t= 1 kHz, Cgypass = 104F 50 dB .
Pins 1 and 8 Open, Referred 10 Output ;
_Input Resistance (Ry). . 50 xQ J&
[

3 Input Bias Current (lg,5) Vg = 6V, Pins 2 and 3 Open 250 nA §
_ Note 1: Parts selected for higher absol tupply voitege available on special request, - 3
A Note 2: For operating at elevated 1empersiures, the device must be derated besed on 8 150°C i i asnd s resist- .

P snce of 187°C/W junction to ambient. . o .

B Note 3: If oscitlation exists under sorme load conditiors, add 1002 and 0.05u4F serees network from pin 5 to ground.

1 application hints
: GAIN CONTROL - INPUT BIASING

it 0wk oy

To make the LM386 a more versatile amplifier, two pins
{1 and 8} are provided for gain control. With pins 1 and
B open the 1.35 kS resistor sets the gain at 20 (26 dB).
If a capacitor is put from pin 1 to B, bypassing the
1.35 k2 resistor, the gain will go up to 200 (46 dB).
2 resistor is placed in series with the capacitor, the gain
an be set to any value from 20 to 200. Gain conmtrol can
aiso be done by tapacitively coupling a resistor {or FET)
from pin 1 to ground.

x

Additional externaf ents can be placed in parallel
with the internal feedback resistors to tailor the gain and
frequency response for individual applications. For ex-
ample, we can compenszte poor speaker bass response
by trequency shaping the feedback path. This is done
with a series RC from pin 1 10 5 (paralieling the internal
15kS2 resistor). For 6 dB etfective bass boost: R 2 15k,
the lowest value for good stable operstion is R = 10 kQ
if pin 8 is open. If pins 1 and B are bypassed then Ras
fow 25 2 kS can be used. This restriction is because the
amplifier is only compensated for closed-loop gains
greater than 8.

56~

The schematic shows that both inputs are biased to
ground with 8 50 k) resistor. The base current of the
input transistors is about 250 nA 50 the inputs are at
sbout 12.5 mV when left open. 1t the dc scusce re-
sistance driving the LM386 is higher than 250 k{Q it will

. contribute very little additional offset {about 2.5 mV st

the input, S0 mV at the outputl. If the dc source
resistance is less than 10 k§2, then shorting ‘the unused
input to ground will keep the offset fow {about 2.5 mV
8t the input, 50 mV at the output). For dc source
resistances between these values we can eliminate excess
offset by ‘putting a resistor from the unused input to
ground, equal in value 1o the dc source resistance. Of
course all offset problems are eliminated if the input is
capacitively coupled.

When using the LM386 with higher gains (bypassing
the 1.35 kS1 rezistor between pins 1 and 8) it is necessary
to bypass the unused input, preventing degradation of
gain and possible instabilities. This i done with a 0.1uF
capacitor of a short to ground depending on the dc
source resistance on the driven input.
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