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Abstract

This special project is an exper{ment of the use of didital
datsa communication between +two microcomputers by using serisl
data communication. An optical fiber is used as a medium instead
of copper wires, Infrared LED is wused as a light source in the
system. Data will be +transmitted by EIA RS 232-C through the
multimode - optical fiber. In the detection part of the system,PIN
photodiode 1is used as a +transducer for converting the optical
power to electrical signal. In this special project we use NRZ
as a coding scheme of the system. The advantages of using optical .
fiber are +he more baud rate than the metal wires snd the larger
bandwidth +than +the other +transmission 1line so it is very
appropriate +to wuse with the multiplexed system. The further
application is the Local Area Networks (LAN) which wusing +the

optical fiber as a transmission line in the networks.
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2.Pulse~Code Modulation (PCM)
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General Description.

}Aaxim's family of line drivers/receivers are intended -

for all RS-232 and V.28/V.24 communications, inter-

{aces, and in.particular, for those applications.where *

+12V is not available. The MAX230, MAX236, MAX240 - -
and MAX241 are-particularly useful in battery powered

systems since their low power shutdown mode
reduces power dissipation to less than SuW. The

MAX233 and MAX235 usé no external components -

and are recommended for applications where printed
circuit board space is critical.

All members of the family except the MAX231 and

MAX239 need only a single +5V supply for operation, -

The RS-232 drivers/receivers have on-board charge
pump voitage converters which convert the +5V input
power to the £10V needed to generate the RS-232
output levels. The' MAX231 and MAX239, designed to
operate from +5V and +12V, contain a +12V to -12V
charge pump voltage converter.

Since nearly all RS-232 applications need both Aline

drivers and receivers, the family includes both receiv- |

ers and drivers in one package. The wide variety of.
RS-232 applications require differing numbers of
drivers and receivers. Maxim offers a wide selection
of RS-232 driver/receiver combinations in order to
minimize the package count (see table below). :

Both the receivers and the line drivers (transmitters)
meet all EIA RS-232C and CCITT V.28 specifications.

4 Operates from.Single 5V Power Supply-~
(#5V and +12V — MAX231 and MAX239)

4 Meets All RS-232C and V.28 Specifications
.4 Multiple Drivers and- Receivers . .
4 ‘Onboard DC:-DC Converters ~ '
& 18V Output Swing with +5V Supply
4 Low Power Shutdown — <1zA (typ)
4 3-State TTL/CMOS Recelver Outputs
4 +30V Recelver Input Levels _

_Applications

- Computers
Peripherals
Modems

-Printers
Instruments

Selection Table

. No. of No. of .
N::;e ,  PowerSupply Voltage ~ RS-232  RS-232 C;’:;eor:::‘ < Low ,f;tfrvz-e;;ssl::tledown No. of Pins
Drivers Receivers
MAX230  +5V - ) 4 capacitors Yes/No 20
MAX231 «5V and +75V to 13.2V 2 2 2 capacitors No/No 14
MAX232 45V 2 2 4 capacilors No/No 16
MAX233  +5V 2 2 None No/No 20
MAY224 SV 4 s 4 capacilors No/No 8
MAX235  +5V 5 5 None Yes/Yes 24
MAX238  +35V 4 3 4 capacitors Yes/Yes 24
MAX237  +5V 5 3 4 capacitors No/No 24
MAX228  +35v 4 4 4 capacitors No/No 24
MAX238  +5V and +75V to 13.2V 3 5 2 capacilors No/Yes 24
MAX240  +5V 5 5 4 capacitors Yes/Yes 34
(Flatpak)
MAX241 45V 4 5 4 capacitors Yes/Yes 28
(Smatt Dulline)

E'Patenl Pending

. RS-232Drivers/Receivers

Féatures

<MY Z-0ETXVH -

'

A




MAX230-2.41

*

+5V Powered .

RS-232 Drivers/ Recel vers

ABSOLUTE MAXIMUM RATINGS

.......... ver 03V 10 +6V
{Vee - 0.3V) to; +14V
eevvenenenen 0.3V 10 14V

.03t (vcc+03V)
+30V

(v +03V) to (v~ -0.3v)

Output Vollages
Tour
Rour coeee tessestcestsassttcacacans -0.3V to (Ve + 0.3V)

............ evesesssntsacne

Short Ciccuit Duration

OUT sreeses veeenran ceescesnsctanprsarsencsen continuous
Power Dissipation T
CERDIP ..vcvvrevnnnenssennens ceseesesnionse. BISMW
(derate 9. SmWI"C above *70" C) : N
Plastic DIP ..eovivniiiiciinrnncenssons ceesi el Tee . 375mwW
{derate 7mWI°C above. +70°C) -
Small Outline (SO) Jvevveneereccdsns cesnsessas vea"375mW
(derate 7TmW/°C above +70°C) :
Lead Temperature (soldering 10 seconds) ......... .. +300°C
Slorage Temperature *.......... seeassessss =65°C to +160°C

Stressas above those. listed under “Absolute Maximum Ratings” may cause permanenl damage to the davlca Thess ara siress ratings only, and lunctional
the

operation of tha device at these or any other condilions above those indic

din
absolute maximum raling conditions for extendsd patiods may aflect device rallab:luy

ELECTRICAL CHARACTERISTICS ..

ol tha specilications is not implied, Exposurae to

(MAX232, 234, 236, 237, 238, 240, 241 Voo =SV £ 10%. MAX233, 235 Vg = 5V £ 5%; MAX231 239 Vec'= 5V + 10%, V’ = 7.5V to 13.2V:
Ta = Operating Temperaturé Range, Figures 3-14, unless otherwise noted.)

MAX.

PARAMETER CONDITIONS ° MIN, TYP. UNITS
Output Voltage Swing c'i](;';:é":io“grgjﬁgu“ loaded +5 . :9 i v
Ve Power Supply Current No load, Ty = +25°C 5 0 mA
MAX231, MAX239 0.4 1
4
| v Power Supply Curre.nt ?A?A)'(O;:g and MAX239 only ::2:‘;2; . 1: ; mA
Shutdown Supply Current Figure 1, T, = +25°C 1 10 T pA
Input Logic Threshold Low T EN. Shutdown v 0.8 v
input Logic Threshold High IE' 29 -V
EN, Shutdown -~ 24 -4
Logic Puttup Current Tea 38V 135 @20 cER
RS-232 Input Voltage Operating Range -30 +30 v
AS-232 Input Threshold Low Voo = 5V, Ty = +25°C (MAX221, 239 V° = OV) 0.8 12 . v
RS-232 Input Threshoid High Veg = SV, Ty = +25°C (MAX231, 239 V™ = 12V 1.7 24 v
RS-232 Input Hysteresis Vee 3 5V 0.2 0.5 1.0 v
RS-232 Input Resistance Ty = +25°C, Vg = 5V 3 5 . 7 3o}
TTU/CMOS Qutput Voltage Low lour = 1.6MA (MAX231-233, loyr = 3.2mA) 0.4 v
TTL/CMOS Output Voitage. High oyt = -1.0mA 3.5 v
TTL/CMOS OQutput Leakage Current EN = Vg, OV < Rgyr < Vee - 0.05 =10 #A
Qutput Enable Time (Figure 2) AX235, MAX236, MAX239, MAX240, 241 400 ng °
Output Disable Time (Figure 2) MAX225, MAX236, MAX239, MAX240, 241 250 - ns
Propagation Delay RAS-232t0 TTL 0.5 “s
Instantanecus Slew Pate % : 12‘;50’:‘3}';;'7:)0 30 Vius
A = 3k, Cy = 2500pF
Transilion Region Slew Rate Measured lrom +3V to -3V 3 Vips
or -3V to +3V
Output Resistance Veg 2 V' 2V 20V, Vg, p = 22V 300 a
AS-232 Output Shont Circuit Current =10 mA

Note 1: Sample tested.
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45V Powered

"""'RS-232 Drivers/Receivers

Typical Ope’rgtl;ng Characteristics = & .
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+5V Powered

RS-232 Dnvers/Recelvers
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MAX230-241*

+5 V Powered

RS-232 Drl ivers/Receivers

. Typical Apphcatlons
Figures 3 through 14 show typical applications. The

capacitor values are non-critical. Reducing the capa- .-

-citors €1 and C2 to 1uF will slightly increase the
“impedance of the charge pump, lowering the RS-232

- driver output voitages by about 100mV. Lower values _
-of C3 and C4 increase the’ npple on the V and V‘_

“outputs.

If the power supply input to the dewce has a'very fast .

rate-of-rise (as would occur if a PCB were to be
plugged-into a card cage with power already on), use .
the simple RC filter shown in Figure 15. This bypass
ne;work is not needed if the Vec rate—of-nse is below
1Vius [ »5‘,5 R
All receivers and dnvefs are- mvertmg The ENable
controi of the MAX235, MAX236, MAX239, MAX240
and MAX241 enables the receiver TTL/CMOS outputs .
“when it is at a low level, and places the TTL/CMOS
outputs of the receivers mto a h:gh |mpedance state
when it is a high level.

When the Shutdown comrol of the MAX230 MAX235,
MAX236, MAX240 and MAX241 is at'a logic 1 the
charge pump is turned off, the receiver outputs are
put into the high lmpedance state, V' is pulled down
to Vee, V7 is pulled up to ground, and the transmitter
outputs are disabled. The supply current drops to
less than 10pA.

Deta:led Descnptlon
The following sections provide supplemeni--y irdor-
mation for those designers with non-standard appli=
cations and for those with lnterest in the internai
operation of the devices.

The devices consist of 3 sections: the transmitters,
the receivers, and the charge pump DC-DC voltage
converter. . . .

: m+5Vto:t1OV
Dual Charge Pump Voltage Converter
All but the MAX231 and MAX239 convert +5V to +1ov
This conversion is performed by two charge pump
‘voltage converters. The first° uses capacitor C1:to
_double the +5V.to_+10V, storing.thé +10V on the V*._
output filter capacitar, C3. The second charge pump

"~ voltage converter uses capacitor C2 to invert the +10v ™™~

to =10V, storing the -10V on the V™ output filter capa-
citor, C4. The equivalent cxrcunt of the charge pump
section is’ shown in Figure 186. -

A small amount of power may be drawn from the
+10V (V*)-and ~10V (V") outputs to power external
circuitry. The typical characteristics graphs show the
typical output voitage vs. load current characteristics.

< “ua 1045, 63V
‘w’fvvvl T Z;T 1
|. IOuP s Cymas [ S
1: A ¢
: AN
s 10:F, 18V
e - V- —c)‘,
10uF L2 -
o T ANAKLM 3
M-  MAX232
1 -
10uf 22
OuF ey
$
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s

Figure 15, Protection from High -Z—;
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Figura 16. Charge Pump Diagram.



For applications needing only the +5V to £10V charge
pump voltage converter, the MAX680 is available.

i The _capacitor values for C1’ lhrough C4 are noh:

critical. At the 15kHz typical switching frequency of
the voltage converter, a 1uF capacitor has approxi-
mately 10Q2 impedance, and replacing the 4.7uF and
10uF capacitors shown in the typical applications
with 1pF for C1 and C2.will increase the output
impedance of the V* output by about 10 and the
output impedance of V- by about 200. Lowering the
value of C3 and C4 increases the ripple on the V¥
and V- outputs. Where operation to the upper tem-
perature limit is not required, or Vgg will not.go
below 4.75V, C1 and C2 can be 1uF, and C3 and C4
can be 1uF per output channe!l (1iF if one transmitter
is used, 5uF if five transmitters are used).

There are parasitic diodes- which-become forward
biased if V* goes below Vec or V™ goes above ground.
When in the shutdown mode (MAX230 MAX235,
MAX236, MAX240 and MAX241 oniy), V' is internally
connected to Vec by a 1kl puildown, and V is
internally connected to ground via a 1kQ) pullup.

The MAX233 and MAX235 cortain all charge pump
components,- including the capacitors, and operate
with NO external components.

The MAX221 and MAX239 include only the V' to V™
charge pump, and are intended for apphcations which
have a2 +5V supply and either a +12V = 10% supply ora
7.5V to 13.2V tmu_., Vi "e.gn Whien operating witn V*

greaies ait 8.0V, bauv wuyv\on-nu zan oo Wi

Driver (Transmitter) Section

The transmitters or line drivers are inverting level
translators which convert the CMOS or TTL input
levels to RS-232 or V.28 voltage levels. With +5V Ve,
the typical output voltage swing is =9V when loaded
with the nominal 5k} input. resistance of an RS-232
receiver. The oulput swing is guaranteed to meet the
RS-232/V.28 specification of *5V minimum output
swing under the worst case conditions of all trans-
mitters driving the 3k minimum allowable load
impedance, Vg = 4.5V, and maximum operating
amoient temperature. The open circuit output voitage
swing is from (V* - 0.6V) to V-,

The input thresholds are both CMOS and TTL com-
patible, with a logic threshold of about 25% of Vee.
The inputs of unused drivers sections can be left
unconnected; an internal 400kQ2 input pullup resistor
to Vec will pull the inputs high, forcing the unused
transmitter outputs low. The input pullup resistors
source about 12uA, and Lhe driver xnputs shouid be
driven high or open circuited to minimize power
supply current in the shutdown mode.

e --_+5V Powered
RS-232 Dnvers/Rece:vers

When m the low power shutdown mode, the drlver
outputs are turned off and their leakage current is less.

than 1uA with the driver output pulled to ground. The ..
. driver output leakage remains less than 1uA, even if
the transmitter output is backdriven between OV and ----

(Vec + 6V). Below -0.5V the transmitter is diode
clamped to ground with 1kQ2 series impedance. The
transmitter is also zener clamped to approximately
Vee + 6V, with a series impedance of 1kQ). As required
by the RS232 and V.28, the slew rate is limited to less
than 30V/us.. This. hmlts the max1mum usable baud
rate to 18,200 baud

' Receiver Section

AII but the MAX230 and MAX234 contain RS-232/V.28
receivers. These receivers convert the 5V to +15V
RS-232 signals to 5V TTL/CMOS outputs, Since the
RS-232C/V.28 specifications define a voitage level
greater than +3V as a 0, the receivers are inverting.
Maxim has set the guaranteed input thresholds of the
receivers to 0.8V minimum and 2.4V maximum, which'
are significantly tighter than the -3.0V minimunf and
+3.0V maximum required by the RS-232 and V.28
specifications. This allows.the receivers to respond
both to RS-232/V.28 levels and TTL level inputs. The
receivers are protected against input overvoltage up
to £30V.

The 0.8V guaranteed lower threshold is important to
ensure that the receivers will have a logic 1 outpuf if
tha receiver is not being driven because the-eauip-
ment conlaining the ling duver is tuincd oii’ or
disconnected, or if the connecting cable has an open
circuit or short circuit. In other words, the receiver
implements Type 1 interpretation of fault conditions
(§7 of V.28, §2.5 of RS-232C). While a OV or even a
-3V receiver threshold would be acceptable for the
data lines, these lower thresholds would not give
proper indication on the control lines such as DTR
and DSR. The receivers, on the other hand, have a fuil
0.8V noise margin for detecting the power-down or
cable-disconnected states.

The receivers have a hysteresis of approximately
0.5V, with a minimum guaranteed hysteresis of 200mV.
This aids in obtaining clean output transitions, even,
with slow rise and fall time input signals with moderate
amounts of noise and ringing. The propagation delays
of the receivers are 330ns ior negative-going input
signals, and 650ns for positive-going input signals
(see Typical Characteristics graphs).

The MAX239 has a receiver 3-state controf line, and
the MAX235, MAX236, MAX240 and MAX241 have

"both a receiver 3-slate control line and a low power

shutdown control. The receiver TTL/CMOS outputs
are in a_high impedance 3-state mode whenever the
3-state ENable line is high, and are also h:gh impe-
dance whenever the Shutdown control line is high.
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MAX23b-241*

+5VPowered T

RS-232 Dnvers/Recelvers
*. .Review of EIA Standard .

:

:_ Reco)nmendattons V.28 and V.24

The most common serial interface between electronic
equipment is the “RS232" interface. This serial inter-
face has beén found to be particularly useful for the
interface between units made by different’'manufac-
turers since the voltage levels are defined by the EIA
Standard RS-232-C and CCITT Recommendation V.28,
The RS-232 specification also contains signal circuit
definitions and connector pin assignments, while:
CCITT circuit definitions are contained in a separate
document, Recommendation V.24, Originally intended
to interface modems to computers and terminals,

‘these standards have many signals which are not

used for computer-to-computer. or computer-to-peri-
pheral communication.

Serial interfaces can be used with a variety of trans-
mission .formats. - The most popular by far is the
asynchronous format, generally at one of the standard
baud rates of 300, 600, 1200, etc. The maximum
recommended baud rate for RS-232 and V.28 is 20,000
baud, and the fastest-commonly used baud rate is
19,200 baud. Asynchronous serial links use a variety
of combinations of the number of data bits, what type
(it any) of parity bit, and the number of stop bits. A .
typtcgl combination is 7. data bits, ‘even parity, and 1
stop bit.

RS232/V.28 physical links are also suitable for synch-
ronous transmission protocols. These higher level
protocols often- use the standard RS-232C/V.28
voltage levels. Note that one type of physical link
(such as RS-232/V.28 voltage- leveis) can be used for
a variety of higher level protocols. Table 2 summarizes
the voltage levels and other.requirements of V.28°

.and RS-232.

Comparison of RS-232C/V.28
with other Standards

The other two most common serial interface specifica-
tions are the EIA RS423 and RS422/RS485 (CCITT
recommendations V.10 and V11). While the RS-232
or V.28/V.24 interface is the most common interface
for communication between equipment made by
different manufacturers, the RS423/V.10 interface and
RS422/V11 interfaces can operate at higher baud
rates. In addition, the RS485 interface can be used
for low cost local area networks.

The RS423 and V.10 interfaces are unbalanced or
“single-ended” interfaces which use a differential
receiver, This standard is intended for data signaling
ratos up o 100 khit/s (100 'fl!cbau‘) It achicves this
higher baud rate lhrough more precise requirements

Y RS§-232-Cand CCITT

.on the waveshape oI’ the transmmers and through the

use of differential receivers to compensate for ground
potential variations- beween- the- transmitting and re-

’ cejving’ equipment. With certain limitations, this inter-

face is compatible wnth RS-232 and V28 The limita-
tions are:

""" 1).less than 20,000 baud rate, °
- 2) maximum. cable lengths determmed by RS-232

performance,

3) RS423/V.10 DTE and DCE Slgnal retum paths must
be connected to the the RS232/V.28 signal ground,

4) the RS-232 transmltter output voitages must be
limited to *12V, or additional protection must be
provnded for the RS423/V.10 receivers, and

5) not ail RS232/V.28. receivers will show proper
power-off detection of V.10 transmitter outputs.

Maxim's MAX230 and MAX232-MAX238, MAX240 and
MAX241 meet restrictions 4 and 5 over the entire
range of recommended- operating conditions. The
MAX231 and MAX239 meet restrictions 4 and §
provided that-the V" voltage is 12.5V or less.

The RS422, RS485, and V.11 interfaces are balanced
double-current interchanges suitable for.baud rates
up to 10 Mbit/s. These interfaces are not compatible
with RS-232 or V.28 voltage levels.

o

____Application Hints
Operation at High Baud Rates

V.28 states that “the time required. for the signal to
pass through the transition region during a change in
state shall not exceed 1 millisecond or 3 percent of
the nominal element perlod on the interchange cir-
cuit, whichever is less." RS-232C allows the transition
time to be 4 percent of the duration of a sugnal
element. ‘At 19,200 baud, the “nominal elemient period”
is approximately 50us, of which 3 percent is 1.5us.
Since the transition region is from -3V to +3V, this
means the V.28 slew rate would ideally be faster than
6V/1.5us = 4V/us at 19.2 kbaud and 2V/us at 9600 baud.
The RS-232 requirement is equivalent to 3V/us at 19.2

"kbaud, 1. S5V/ps at 86C0 baud, etc. The slew rate of the

MAX230 series devices is about 3V/us with the maxi-
mum recommended load of 2500pF. In practice, the
effect of less than optimum slew rate is a distortion of
the recovered data, where the 1's and 0's no longef
have equal width, This distortion generally has negli-
gible effect and the devices can be reliably used for
19.2 kbaud serial links when the cable capacitance is
kept below 2500pF. With very low capacitance load-
ing, the MAX230 and MAX234-239, MAX240 and
MAX241 may even be used at 38.4 kbaud, since the
tysica! slew rate is SVWus when loaded with S00pF in
parallel with 5kQ. Under no circumstance will the
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:Figum 17 Non-inverting. RS-232 Transmitters and Receivers.

fslew rate exceea the RS-232/V.28 maximum spec of
50V/us and, uniike the 148v driver, no externai com-
pensation capacnors are needed under any load con-
dltlon

e
' /" Driving Long Cables.

:The RS-232 standard states that “The use of short
cables (each less than approx:mately 50 feet or 15
: meters) is recommended; however, longer cables are
‘' permissible, provided that the load capacitance .

! does not exceed 2500pF"

:B'aud rate and cable length can be traded off: use
-lower baud rates for long cables, use short cables if
.high baud rates are desired. For both long cables and

“high baud rates, use RS422/V.11. The maximum cable .

;length for a given baud rate is determined by several
; factors, including the capacitance per meter of cable,

the siew rate of the driver under high capacitive,

loading, the receiver threshold and Hysteresis, and
_the acceptable bit error rate. The receivers have 0.5V
“of hysteresis, and the drivers are desngned such that
the slew rate reduction caused by capacitive loading
.is minimized (see Typical Characteristics).

. +5V-Power od -

RS-232 Dnvers/Recel vers

.- Hon-lnvertlng Drivers and Recelvers

Occasnonaﬂy_a non-inverting driver or. receiver is.
needed instead of the inverting. drivers and receivers
of the family, Simply. use one. of the recsivers as a

" TTU/CMOS 'inverter to ‘get the desired operation
(Figure 17). If the logic-output driving the receiver
input has less than 1mA of ‘output source capablhty.
then ~add the, 2.2kQ pullup resistor.

“ The recelver TTL outputs can directly drive the input

of another receiver. to form a non-inverting RS-232
receiver, .

v owe

' Protection for Shorts to £15V Suppltes

All driver outputs except on the MAX231, MAX232
and MAX233 are protected against short circuits to
15V, which is the maximum allowable loaded output
voltage of an RS-232/V.28 transmitter. The MAX231,
MAX232, and MAX233 can be.protected against short
circuits to £15V power supplies by the addition of
a series 22002 resistor in each output. This protec-
tion is not needed to protect against short circuits to

~most RS-232 transmitters such as the 1488, since
they have.an internal short circuit current fimit
of 2mA. |

The power dissipation of the MAX230 and MAX234-
MAX239, MAX240 and MAX241 is about 200mW with
all transmmers shorted to —15V

ol- te 232 interfaces

RS-232-.and V.28 specmcatlons require a common
ground connection between the two units communi-
cating via the AS-232/V.28 interface. In some cases,
. there may..be large differences in ground potential
between the two units, and in other cases it may be
desired to avoid ground loop currents- by isolating
the two grounds. In other cases, a computer or
control system must be protected against accidental
connection of the RS-232/V.28 signal lines to 110/
220VAC power lines. Figure 18 shows a circuit with
this isolation. The power for the MAX233 is generated
by a MAX635 DC-DC converter. When the MAXB35
regulates point “A" to -5V, the isolated output at point

.. "B” will be semi-regulated to +5V. The two opto-

couplers maintain isolation between the system
ground and the RS-232 ground while transferring the
data across the isolation parrier. While tnis circuit wiil
not withstand 110VAC between the RS-232 ground
and either the receiver or transmitter lines, the voltage
ditference between the two grounds is only limited by
the optocoupler and DC-DC converter transformer
breakdown ratings.
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° 2 0.600" package

- Ordering Informatlon

PART TEMP. RANGE PACKAGE PART TEMP. RANGE ' PACKAGE
MAX230- ) 0.3" Wide MAX236 0.3" Wide "+ *.
MAX230CPP | 0°Cto +70°C | 20 Lead Plastic OIP MAX236CNG | 0°Cto+70°C | 24 Lead Plastic DIP
MAX230CWP 0°C to +70°C 20 Lead Wide S.0. MAX236CWG - 0°C to +70°C 24 Lead Wide S.0, -
MAX230C/D 0°C to +70°C | Dice MAX236C/D 0°C to +70°C | Dice **
MAX230EPP | -40°C to +85°C | 20 Lead Plastic DIP MAX236ENG | -40°C to +85°C | 24 Lead Plaslic DIP
MAX230EWP -40°C to +85°C | 20 Lead Wide S.0. MAX236EWG | -40°C to +85°C " | ‘24 Lead Wide S.O.
MAX230EJP -40°C to +85°C | 20 Lead CERDIP MAX236ERG " | =40°C to +85°C | 24 Lead CERDIP
MAX230MJP | -55°C to +125°C | 20 Lead CERDIP MAX236MRG | -55°C to +125°C | 24 Lead CERDIP
MAX231" 0.3" Wide MAX237 . 0.3" Wide
MAX231CPO 0°C to +70°C * | 14 Lead Plastic DIP MAX237CNG [ 70°C t0 +70°C | 24 Lead Plastic DIP
MAX231CWE: 0°C lo +70°C | 16 Lead Wide S.0. MAX237CWG 0°C to +70°C | 24 Lead Wide S.0.
MAX231C/0 0°C to +70°C | Dice MAX237C/D  |* 0°Cto+70°C | Dice ©
MAX231EPD -40°C to +85°C | 14 Lead Plastic om B MAX237ENG | -40°C to +85°C | 24 Lead Plastic DIP
MAX23EWE | -40°C to +85°C | 16 Lead Wide S.0. MAX237EWG | -40°C to +85°C * | 24 Lead Wide S.O.
MAX231EJD -40°C to +85°C | 14 Lead CERDIP MAX237€RG " | -40°C'to +35°C | 24 Léad CERDIP
MAX231MJO | -55°C to +125°C | 14 Lead CERDIP MAX237TMRG | -55°C to +125°C | 24 Lead CERDIP
MAX232 0.3 Wide- MAX238 0.3" Wide
MAX232CPE 0°C to +70°C | 16 Lead Plastic OIP MAX238CNG 0°C to +70°C | 24 Lead Plastic OIP
MAX232C'WE 0°Cto +70°C | 15 Lead Wide S.O. MAX238C'WNG 0°C to +70°C | 24 Lead Wide S.0.
MAX232C/0 0°C to +70°C | Dice MAX238C/D 0°C to +70°C | Dice
MAX232EPE -40°C to +85°C 16 Lead Plastic DIP MAX238ENG -40°C to +85°C 24 Lead Plastic DlF'l
| MAX222958 | -40°C to +85°C | 16 Lead CERDIP MAX238EWG | -40°C to +85°C | 24 Lead Wide S.O: |
| MAXZacEwe | -40°C w -85°C " | 16 Lead Wide S.0. "~ | MAX238ERG' " 7=40°C to -85°C | 24 Lead. CERDIP
MAX232MJE | -35°C to +125°C | 16 Lead CERDIP MAX238MRG | -55°C to +125°C | 24 Lead CERDIP
MAX233 % | - .| 0.3~ wide MAX239 0.3* Wide
MAX233CPP 0°C to +70°C | 20 Lead Plastic DIP MAX239CNG 0°Cto +70°C | 24 Lead Piastic DIP
MAX233EPP | -40°C to +85°C | 20 Lead Plastic DIP MAX239CWG 0°C to +70°C .| 24 Lead Wide S.O.
MAX234 - B 0.3* Wide MAX239C/0 | 0°Cto+70°C | Dice, <
MAX234CPE . 0°C to +70°C 16 Lead Plastic DIP MAX239ENG -40°C to +85°C | | 24 Lead Plastic DIP
MAX234CWE 0°C to +70°C | 16 Lead Wide S.0. MAX239EWG | -40°C to +85°C" :|~ 24 Lead Wide S.0.
MAX234C/0 0°C 10 +70°C | Dice MAX239ERG | --40°C to +85°C .| 24 Lead. CERDIP
MAX234EPE | -40°C to +85°C | 16 Lead Plastic DIP MAX23SMRG. | -55°C 10 +125°C | 24 Lead CERDIP
MAX23MEWE | -40°C 1o +85°C .| 16 Lead Wide S.0. MAX240 R Flatpak
MAX234EJE -40°C to +85°C | 16 Lead CERDIP MAX240CMH |* 0°C to +70°C | 44 Lead Fiatpak
MAX234MJE .| -55°C to +125°C | 16 Lead CEROIP MAX240EMH - | -40°C t0 +85°C™ | 44 Lead Flalpak °
MAXZES ” 35" Wide MAX241 0.3° Wide
MAXZ35CPG_| 0°C o +70°C | 24 Lead Plastic DIP® MaC | e lorrale | 2tead Wide 3O
MAX23SEPG | -40°C to +85°C | 24 Lead Plastic OIP*
MAX23SEDG | -40°C lo +85°C | 24 Lead Ceramic’
MAX23SMOG ~55°C lo +125°C | 24 Lead Ceramic’
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Table 1. Circuits Commonly Used for
RS-232C and V.24 Asynchronous Interfaces

Table 2. Summary of RS-232C and
V.28 Electrical Specifications

PIN CIRCUIT PARAMETER SPECIFICATION COMMENTS
1 Protective Ground Connect to Oriver Output Voltage -
Earth Ground 0 level +5V to +15V With 3-7k(1 load
S . 1 level -5V to -15V With 3-7k{ load
2 -Transmit Data (TD) Data from DTE Max. output. 25V Max. No Load )
3 Receive Data (RD) Oata from OCE Receiver Input Thresholds e ]
4 Request To Send (RTS) Handshake from OTE -"(data and clock signals)
= 0 level +3V to +25V
S Clear to Send (CTS) Handshake from DCE flievel -3V to -25V
5 Data Set ready (DSR) Handshake from OCE Recaiver Thresholds
7 Signal Ground Reference Point RTS, DSR, DTR
: for Signals On level +3Vto +25V
= i Off level - Open Circuit Detects Power
3 Received Line Handshake irom DCE * iti
Signal Detector . =y or -3V to -25V S‘(B?:::mlon
(scmetimes called [ = .
Carrier Oetect, DCD) g::ir:ae;é:pul K0 to 7KA
1 Printer 3usy Signal Handshake from Printer
20 Cata Terminal Ready Handshake from DTE Oriver Output Resistance, o
power off 3000 Min Vour < =2V
22 Aing !ndicator Handshake from OCE condition _ : : our = = .
" : ; . 3k < Ry < 7k
- Driver Slew Rate  -30V/us Max. 0pF < Cy <25000F
Signalling Rate Up to 2Ckbits/sec.
S0/1S m. Longer cables
- Cable Length Recommended permissible, if
Max. Length CrLoao < 2500pF
£
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MAX231, MAX232 and MAX233

Note: Connect substrate to V*.
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MAX230 and MAX234-239, MAX240, MAX241

Notes:

1. Shutdown pur vi MARX237, MAR233, MAXD
MAX240 and MAX241 are internally connected 1o ground. =

2. Connect substrate to V*.

IAAK234,

Maxin cannet assuma rasponsibilily for use of any circuitry othaer than circuitry antirely ambodied. in a Maxim product No circuit patent licenses argimplied.
Masun reserves the ngnt to change Ihe circuilry and spocilicalions wilhoul notice at any lime.
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MOTOROLA

Semiconductors:

MOX U100 PHOENIK ARIZONA 85036

2N3905

8 XION3ddV

PNP SILICON ANNULAR* TRANSISTORS

. designed for general purpase switching and amplifier applica
tions and for complementary circuitry with types 2N3903 and
2N3904

High Voltage Ratings - BVCEQ = 40 Volts (Min)
Current Gain Specified from 100 pA 10 100 mA
Complete Switching and Amplifier Specifications

Low Capacitance — Cop, = 4 5 pF (Max)

*MAXIMUM RATINGS

Rating Symbol Valus Unit
Collector Bose Voliage Ven 40 Vde
Collector-Emitter Valiege Vceo 40 Vde
Emitier Base Voliges Vep 50 Vde
Collector Currant Ic 200 mAdc
Totsl Powar Dunipation @ T = 605C 7o 2% | mw
Totsl Powsr Disipation @ T = 25°C Po 350 mw

Derate sbove 25°C . 28 mwoc
Totsl Powsr Disipation ® T = 25°C Po 10 Wat

Dewrate above 25°C 80 mw/oC
Junction Operating Tamparatuie Ty 150 b
Storage Temperature Range Tug -5510 1160 %

THERMAL CHARACTERISTICS

Charsctecintic Symbol Max Unit

#nce, Junction 10 Ambunt Roia 57 Scmw

ance. Junction 10 Case Rgic 125 Bcm

*Indicares JEOEC Registered Dara
SANNUIE semiconducton patented by Motorols Inc

.on BUTUSTIQRd [TH-MEIDOW / UB[IIWIE JO UOISAIQ 209U9]D AQ 2661 @ IyBHAdD

2N3903, 2N3904 (continued)
*ELECTRICAL CHARACTERISTICS

e 3'Cw

aless

v noted)

. Ounawiu S IR I
2N3906 OFF CHARACTLRISTICS
Collector - Dase Meeaddmen Voltage oy, vac
oo
1.+ 10 10 “
i A d I3 J o = S N _
Cotlecton - Emi BY, Ve
= "c'lﬂmA‘.| ceo w
Eminer lt—llllﬂl‘n~l S ) Ve
A‘f15-|UM:.‘7IC'°|V N L .
Cotlector Cutoll Curcent A ac
v, + 30 Vae, ¥ 30 ve) . 0
3 Lagot
PNP SILICON T otf) s - rres
aae Cutoff Current "
SWITCHING & AMPLIFIER e 30 Ve, Vg + 10 V) by : "
TRANSISTORS ON CHARACTERISTICS
0C Cur Cain 11} ‘e l'.
(Ic mAde vCl Lova) NI N 0
ININOL ‘“w
o L0 mAd, v 10va) 143903 »
c ce N304 i 2
0« 10 mAS, 'Cl 1 OVa) ININOY kL] 150
L 13904 100 300
.« 50 mAde, v, 1 0vVea) 1N300) 0 .
© CE 300 “ -
A+ 100 mAde, V.o ¢ 1.0 V) ININOY 11} -
< cy = N304 . 0 :
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MOTOROLA
== SEMICONDUCTOR
TECHNICAL DATA

Infrared LED

... designed for applications requiring high power output, low drivs power and very fast
response time. This device is used in industrial processing and control, light modulators,
shett or cosition encaders. punchad ~ard ragdars ootical switzh'= 4, and iogic circuits. it
18 spectraily mawcnsc ‘or use with siiicon getectors.

® High-Power Suizi: — 4 mW (T, 0 @ if = 160 mA, Puiseo

¢ Infrared-Emission — 940 nm (Typ)

¢ Low Drive Current — 10 mA for 450 uW (Typ)

® Popuiar TO-18 Type Package for Easy Handling and Mounting

® Hermetic Metal Package for Stability and Reliability

MLEDS30

¢ NFRARED

. [R=te}

P-4
! 840 nm

CONVEX &%

LENS

CASE 209-01
METAL
MAXIMUM RATINGS
Rating | Symbo! Value Unit
Reverse Voltage VR [ Voits
Forward Current — Continuous [ 60 mA
Forward Current — Peak Pulse (PW = 100 us, d.c. = 2%} Ir 1 A
i Total Device Dissipation @ Tp = 25°C Pp 256 mw
| Derate above 25°C (Note 1} 2.27 oWrC
QOperating Temperature Range Ta -5610 +125 °c
Storage Temperature Range - Tsig -651t0 +150 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otnerwise noted)
! Characteristic Fig. No. | Symbol Min | Typ | Max | Unit
Reverse Leaxage Current (VR = 3 V) - i R - 2§ - | oA
R Breakdown Voitage (IR = 100 pA) | — | Vierm [} 20 | — | Vons
Forward Voitage (I = 50 mA) ] 2 VE - 132 | 15 Vaits
Total Capacitance (Vg = O V. f = 1 MHz) i = cr — 18 — oF
OPTICAL CHARACTERISTICS (Ts = 25°C uniess otherwise noted)
| Totat Power Output (Note 2) {lg = 80 mA, dc} 3.4 Po _ 25 —_ mw
{tf = 100 mA, PW = 100 us, duty cycle = 2%) 1 4 - |
Radiant intensity (Note 3} - lo - 15 - mw
{lg = 100-mA, PW = 100 ps, duty cycie = 2%) steradian
Peak Emission Wavelength i 1 | AP - 940 - nm
Soectral Line Half Width R - 40 - nm
Notes: 1. Printed Circuit Bosrd Mounting
2. Power Quiput, Py, is the tatai power radisted by the device into 8 solid angle of 2w di his d by J g all radistion iszving the

device, within this solid angle, onto a calibrsted silicon solar cell.
3. Irraciance from s Light Ermmng Dioae (LED! can be caiculsted by:
1g where H is irradiance in mWicmd; (o is radiant imtensity in mWisteradian;
H= —

d2 is distance from LED 10 the detector in cm.

4-13
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TYPICAL CHARACTERISTICS
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Figure 1. Relative Spectral Output Figure 2. Forward Characteristics
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Figure 3. Power Output versus Junction Temperature

Figure 5. Spatial Radiation Pattern

ie. INSTANTANEQUS FORWARD CURRENT ImA)

Figure 4. Instantaneous Power Output
versus Forward Current

QUTLINE DIMENSIONS

NOTES A
1. PIN 2 INTERNALLY CONNECTED TO CASE j——r
2 LEADS WITMIN 0.13 m 10.005) RADILS OF TRUE v—
POSITION AT SEATING PLANE AT MAXIMUM _—
MATERIAL CONDITION i k¢
e/ ¢
Bt
O = ——
u T e
b
i
AN1LANODE MO
2 CATHOOE .
CASE 209-01
METAL
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== SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

Photo Detectors
Diode Output

.., designed for application in laser detection, light demodulation, detection of visible
and near infrared light-emitting diodes, shaft or position encoders, switching and logic
circuits, or any design requiring radiation sensitivity, ultra high-speed, and stabie
characteristics.

e Ultra Fast Response — (<1 ns Typ)
® High Sersitivity — MRDS00 (1.2 uA/mWicm2 Min)

MRD510 {0.3 pA/mW/icm?2 Min)
e Available With Convex Lens (MRDS500)} or Flat Glass {MRD510) for Design Flexibility
o Popuiar YO-18 Type Package for Easy Handling and Mounting
e Sensitive-Throughout Visible and Near infrared Spectral Range for Wide Application
® Annular Passivated Structure for Stability afid Reliability

. .

MRD500
MRD510

PHOTO DETECTORS
DIODE QUTPUT
PIN SILICON
250 MILLIWATTS
100 VOLTS

CASE 209-01
MRD500
(CONVEX LENS)
MAXIMUM RATINGS {Ta = 25°C unless otherwise noted)
Rating Symbol |  Value Unit \
Raverss Voitage VR | 100 Volts //
Total Power Dissipation @ T = 25°C °p i 250 mw
Derate above 25°C 227 mwreC
. CASE 210-01
Operating Temperature Range TA [ -55t0 +125 °Cc MRD510
Storage Temperature Range Tstg | -65t0 +150 °c - {FLAT GLASS) .
STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise noted)
Characteristic | Fig.No. | Symbol | Min Typ Max Unit
Dark Current (Vg = 20 V, R = 1 megohm) Note 2 2and 3 ip nA
Ta = 25C . - - 2
Ta = 100°C _ 14 -—
Reverse Breakdown Voitage (ig = 10 pA} — | Ve 100 200 - Voits
Forward Voitage {ig = 50 mA) — Ve - - AN Voits
Series Resistance (Ip = 50 mA) - Rs - - 10 Ohms
Total Capecitance (VR = 20V, f = 1 MH2) 5 Ct - -— 4 pF
OPTICAL CHARACTERISTICS (Tp = 25°C uniess otherwise noted)
Light Current MRD500 | 1 Y 6 9 - A
{VR = 20 V} Note 1 MRDS510 1.5 21 -—
Saensitivity at 0.8 um MRD500 —_ S{A=0.8 pm)} —_ 6.6 -_ AW/
(VR = 20 V) Note 3 MRDS10 - 1.5 - em2
Response Time (VR = 20 V, Ry = 50 Ohms) -_ Yresp) -—_ 1 - ns
Wavelength of Peak Spectra! Response | 5 | Ag - 08 - um
NOTES: 1. Radiation Flux Density (H} equalto 5 2 emi from a tung: source at & coior tamperstura of 2870 K.

2. Measured under dark conditions. (K ~ 0).
3. Radistion Fiux Densty {H} equat to 0 5 mWscm? at 0.8 um,
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MRD500, MRD510
; TYPICAL CHARACTERISTICS
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Figure 6. Typical Operating Circuit

OUTLINE DIMENSIONS

”- el o

-

CASE 209-01

MRD500
(CONVEX LENS)

NOTES:
1. PIN 2 INTERNALLY CONNECTED TO CASE

2 LEADS WTHIN 0 13 rwm (0.00%) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAXIMUM
MATERWAL CONDITION.

i MILUMETERS INCHES
DM, MIN . MAX | MIN | MAX
t A ST sselomt gm0 !
B 452 . 485 i 0128 | 0185
C_: 8081 635 ' 020 1 0250
84 : 048 4 0018 i 0019
L 08) ! 102 4 00 | 004
2948SC . 01008SC

lole]

1
Loy 3% a0t 01® ; 0158 |
:

H BSC . 45°BSC !

CASE 210-01
MRDS10
(FLAT GLASS)

NOTES
1. PIN 2 INTERRALLY CONNECTED TQ CASE
1 LEADS V&GN § 13 (0.005) RADIUS OF TRUZ
POSITION A) SEATING PLANE AT MAXIMUM
MATERIAL CONDITION

DB . MEN i MAX :

AL 83t 5881 609 1 07w

T em T am T oup o1

; 4§ . 53 01 ¢t 02w

0 - o4 i 04n i 0016 0019 ¢

h 154 BSC GIGES
® L1 oo [ 006
B

i 12 G033 | Q048
= | 050 =

L &° 8SC L 45 ASC ;

= fo fx
&

R el 0w

stat .

4-26




=T 4‘ - :*rb‘«A. N i <

3 TOTOROLA

O TLO7Les
TL072
- U074 -

e -— .

Specxﬁcatwns and Apphcatlons Fo=

—

-Information ~ -

LOW-NO&SE JFET INPUT OPERATIONAL AMPLIRERS

These low-noise JFET i input operational amplifiers combine two
state-of-the-art linear technologies on a single monolithic inte-
_grated circuit” Each internalty compensated operational amplifier
"has well matched high voltaga JFET input devices for low input
offset voltage. The BIFET technology provides wide bandwidths
mdfutﬂenntosmthlowig\pufbcuwmm&nnpmoﬂmwh =
rents, and supply -currents.-Moreover, the devices exhibit low-
noise and low Barmonic-distortion rnabngthem'dulbtuuh
Ngh-ﬁdel ry‘*w&io ‘amplifier applications. e

Thess devices 378 availableinsingle, dual mdcpadopontw
‘smplifiéfs which are pin-compatible with the industry standard _
’MC174‘LMC1458. and the MC3403/1.M324 bipolar products. De-
vveu' "M"wfﬁxmspouﬁodoverthenﬂnwop«wng N
tempentum range of =55°C to +125°C and those with a3 “C*
suffix’ are spoaﬁed from 0°C to +70°C.

e Lowlnputﬂom Voltage — 18 nV/VHz Typ -
R 3 waHarmomc Distortion — 0.01% Typ

T Lo@_ﬁwﬁifBﬁs and Offset Currents

. mgmnmﬁs‘eduu-w?n Typ

] H;ghSlewRato—ﬂWp Typ R e midiy
'leoGainBond\ndth &OMHzTyp = 2
e LowSuppin:mt—l‘mAperAmp n

e

LOW-NO!SE JFET—&NWT :
OPERATIONAL AMPUHRERS

Tempecsture
Function Device Range Puckage
TLO71ACD, BCD, CD SO-8
il TLO71ACJG, BCJG. CIG 0to +70°C | Ceramsc DIP
in
¢ TLO71ACP, BCP. CP Plastsc DiP
TLO71MUG -551t0 ~125°C | Cecamx DiP
TLO72ACD, BCD, CD i SOs8
TLO72ACJG. BCJG. CJIG 010 =70C | Corsmc DIP
Dual g = S T
TLO72ACP. BCP. CP i . ' Plastc P |
| TLO72MJUG | -5510 - 125°C ! Coramuc DIP |
TLo74ACD. 80, 0| SO ;
TLO74AC), BCJ. CJ i 0to +70°C | Ceremac oiP
Ouad ,L_""‘
TLO74ACN. BCN, CN ! ! Plastc DiP
TLO74MJ | -85t < 125°C ! Ceramx DIP

" P
e SR SURRX -2y 1AJ8 SUFAX
|~ PLASTIC PACKAGE — CERAMEC PACKAGE
"CASE 626-04 .. CASE 83302 .
Wi Sl 3
D SUFRX = =—

sQa

~ Offset Null n"n NG« ! {Top View)
Tlnv+ nput .’ gvee: °
1 Outpast " C -

Nommﬂ Input &
Vee Y

"
1
N SUFRX
PLASTIC PACKAGE CEMPALXAGQ
) CASE 64505 - CASE &322
{TLO74 only) MO-O01AA
(TLOM only) -
D SURRX
! PLASTIC PACKAGE
P b CASE 731a01
» “SO-w
oS s
Out1 - 11‘@“
e ] =k
ANy Loy
|npulsli‘..: 2 “\L‘__"Wt!l
vee il o VEE
.‘... . L"‘“‘T
Inputs 2 :\‘; N~ wrouts 3
’l - -- 1
4 = b=
Out2 !} —— O3

| OSSO

TLO74 (Top View!

MOTOROLA LINEAR/INTERFACE DEVICES
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e e e

o mxlquum;m = i = o
S - . S T2 C " o _i’—:.,m____\_« Er s
i ) TWOI_AC | o q FETwLs o
TLo7_BC Unit
-1 A
-18 o
gl * %
.hmvohoohnoomo« N - 18, ~
. wwwmm 2) - Conunuous
. Power Dissipetion .
PhsoaPachoﬂN.ﬂ 830
- DenteomeA- +47C. 10
CcnmoePtd:ootJ ‘IG) v 680
Derate above Ty = +82°C 10
T Opersting Ambient Temperature Range| TA - | —5510 +125| Ot +70
= sux.go‘hmp-uunw e~ ng ~63to +150[ -85 t0 +150

Lo ‘hgnnBiucorMNcu = 0} (Note &) - $=& - [ T = P3G e
Riait pEEV o7& i _x‘”»,ﬂf’fb&_ﬁyx_’m s
- e o TLWO7-A. TILO7_ 8 — T s ] far 2ot S EF. + I
- mw L e e Y — | 1012 | =) oW
:~ CormnonModoinotuqew S Yicr i I T '
b - TWO7L s sm-n2 =1 =30] + -2
% TLO7_A TLO7_8B - —_ — =N i{+B-2
: LmSongVohooGamNo-'lov RL>20K Avor --
TLo7— Tl s %0 [ —-p2sif s
TLO7_ A TLO?7_B - - — | =0 150
Output Voltage Swing (Peak-to-Peak) Yo 24 28 —_ 24 28
(R = 10 k)
Common Mode Rejection Ratio {(Rg < 10k) CMRR - d8
o7 80 100 — {70 wo - T
TLO7_ A, TLO7_ B - - — | 80 100 - =
Supply Voltage Rejection Rato (Rg < 10 k) PSRR d8 ~
o7 8 | 100 — | 2 W - .
TLO7_ A, TLO7_B - - — i 80 100 - —
Supply Current (Each Amplifer) I - 1 25 — 14 25 | ma | =3
Unity Gain Bandw:dth BW — | 40 - 1 — X - MH: |
Siew Rate (See Figure 1) s« w0 M - 13 - | vas |
Vin = 10V, R = 20k, G = 100 pF i :
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ELECTRICAL CHARACTERISTICS (Vo = + 15V, VEE = — 15 ¥, (A = 740 wicont valmi ot s c-vs i

- - ] B A Lo TMeI-C
LR L R e R - MWL AC T

2. M TLO?... 8C

RluTm(socﬁgma)
Overshoot
Yin = 20my, .R;‘_-plbb.ﬂﬂmﬂf
Equivtlemhputﬂonow . <o
RS = 100 () fwH000 Ha 5=+ - : =
smmmmmw.. ‘r. S -
{ Rg =1000, & 1000 K2 . .

Total Harmonle Distortion - .. Crer e
-{ Vo (RMS) r10\rf@*¢1.ﬁt‘~~" TTmee sy
RL>2.DL1-1000Hx.~: . ot

X

10 Eilges 3 FIRE & = P e e - -
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‘Mﬂmwum Q(Mﬂw___.w_,, .,.. -{- hg'

g .i_..-. e ¢
umes.gnavamgecdﬁ?g 20V, apzmo ]

T A -
- 'Q—o-&,.,.gr“,\-v-—ﬁ T ;.‘I‘I.W...A.TLW_B

Output Vohage Swing (Pesk-to-Peak)
(AL > 10 t)*ﬁaﬂwd-q-.-ﬁ; £ Toreems ST
R » 20K wrehwh e o e

NOTES (Continued): - - efe N ; .
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FAGURE 3 — INPUT BIAS CURRENT
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MyoL. OPEN LOOP GAIN

AGURE 3 — LARGE-SIGNAL VOLTAGE GAIN AND

AGURE 10 — LARGE-SIGNAL VOLTAGE QAN
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FIGURE 14 — AUDIO TONE CONTROL AMPURER
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OPTICAL DEVICES

Figure 1. Sketch of
Power-Current Curve for
an LED and Laser Diode.

A BRIEF DESCRIPTION OF
LASER DIODES

Laser diodes are similar in many
ways to light emitting diodes (LED's).
Laser diodes emit very intense
coherent light at only a few discrete
wavelengths, whereas LED’s emit
broadband incoherent light over a
relatively wide spectral range.

Figure 1 shows a sketch of a Power
versus Current curve for an LED and
laser diode.

During the past decade, the unique
advantages of laser diodes have
found increasing commercial applica-
tions. They are now mass produced
at very reasonable costs for use in
such areas as audio and video disc
players, laser pointers, laser printers,
pumping solid-state lasers, fiber optic
telecommunications and fiber optic
instrumentation and sensors.

ot wating,

~
hl

High power {aser diode arrays and
the new 660 nm "red" laser diodes
now rival gas lasers in many applica-
tions. Laser diodes are much
smaller, use less power, are highly
reliable and are capable of many .
hundreds of thousands of hours of
trouble-free operation. Advanced
laser diodes such as the distributed
feedback (DFB) narrow linewidth
devices are finding applications in
uitra high speed coherent fiber optic
communications. Also, continuing -
research in new laser diode:
structures, such as grating surface"
emitting units, promise additional
novel developments and new uses for
this elegant technology. )
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LASER DIODE
CONSTRUCTION

There are many shapes and sizes of
commercial laser diodes available.
Figure 2 illustrates a mass produced
hermetically sealed laser diode ina
standard TO package. Figure 3
shows the laser diode structure.

Most laser diodes aiso include a
"back facet” photodiode. Since the
laser diode beam emits light from
both the front and back facets, it is
convenient to monitor the light output
from the back facet to regulate the
front facet output power using optical
feedback electronics.

Figure 3. Sketch of a simple laser chip.

The electrical connections used with
commercial TO packaged laser
diodes varies between manufacturers
and even between laser diodes made
by the same manufacturer. Figure 4
illustrates the most common 3-pin
configurations.

There are some laser diodes that
have 4 pins - two for the laser diode
and two separate ones for the photo-
diode. These devices are only used
in a few specialized applications.

2 (case) 2(case)

Laser _ Photo- Lasar Photo-
picde ¥ A diode Dlode diode
o b
1 3 1 3
Type 1 Type 2

-

Figure 2. Cut-away viewota
typical laser diode mounted in a
protective hermeucally sealed
can. The heat sink serves as
one of the electrical contacts.

-

2 {case)

i
Laser W{ a Photo-
Dicde Y diode
|
IS
1 3

Type 3

Figure 4. Commonly used laser diode and photodiode electrical connnections.

- | —
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Multimode Gain Guided
670 nm Laser Diode

r__ww.y.'q\ﬂw.

Relative Intensity

" 668 670 672
Wavelength A {nm)

‘Toshiba TOLD 9200

l_

LASER DIODE OPERATING
PRINCIPLES

Most laser chips are formed from semi-
conductor alloys such as GaAlAs (Gal-
lium Aluminum Arsenide) and InGaAsP
(Indium Gallium Arsenide Phosphide).
In both cases, the atomic ratio is varied
to produce the p and n-type semicon-
ductor layers necessary to produce a
p-n junction diode capable of gMng rise
to Iaser action. o

When current flows across the " actlve
p-n interface, large numbers of electrical
carriers (holes and electrons) recombine,
releasing energy in the form of photons
(light). Inan LED this occurs by a
process called spontaneous emission
producing photons with a broad range
of energies (wavelengths). In alaser
diode chip, the density of combining car-
riers is very high. . There is a significant

- probability of a photon colliding with a

carrier before spontaneous emission
can occur. The carriers now release
photons in a process called stimulated
emission. In this process, a photon
with a certain energy, direction of
propagation, polarization, and phase,
causes production of a second photon
with identical properties. This amplifica-
tion is the basis for all laser action.
Both ends of the laser chip are smooth
facets which have been cleaved or
polished to act as mirrors, forming a
Fabry-Perot laser cavity, or resonator.
This type of optical cavity supports
several standing waves with different
wavelengths. These are termed the
longitudinal modes of the laser. How-

Singlemode Index Guided
780 nm Laser Diode

Relative Intensity

77T 187 . T et
Wavetength & {(nm)

N —————————

Sharp LT027

ever, a laser diode will usually emit in
only a few (often just one) of the
longitudinal modes because the semi-
conductor alloy can only emit over a
narrow wavelength range as defined
by its band gap energy. The output
also depends on the device design
(architecture). -

Various designs have been employed
to improve laser diode efficiency. =
Improving device efficiency is hrghly
desirable since it leads to lower
threshold and normal operating cur-

.rents. This in turn increases device

longevity by reducing the heat
generated within the chip. Efficiency
can be improved by increasing the car-
rier and/or photon densities within a
given active region, i.e. by "squeezing”
carriers and photons into a relatively
small lasing region. In gain guided.
laser diodes, carriers are confined by a
potential gradient defined by a narrow
electrical contact. In index guided
lasers, the photons are also conf ned
by refractive index gradients, .and these
devices thus have higher efficiency.
The most common type of index guided
structure is the double heterojunction.

Typical short wavelength gain guided
laser diodés (670 nm to 850 nm) output
between 12 and 24 longitudinal modes,
with a mode spacing of 0.2 nm. In con-
trast, long wavelength (1300 nm) index
guided lasers typically output only 3 to
6 modes with a spacing of about

0.9 nm. A selection of output spectra
are shown below.

Multimode Index Guided
1300 nm Laser Diode

Raiative Intensity

304 s 1324

Wavetength A (nm)
Mitsubishi ML7011R
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Cross-section ot three types of ¢

Polarizatir)n 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.

a  Step-Index fibers have a core diameter of 50 to 1000 urﬁ Thej are low cost,
easy to use, but are Ilmlted in bandwidth. (They are not generally used for
data transmission}

= Graded-Index fibers have core dxameters of 50, 62.5, 100 and 200 um. They

have good bandwidth capabﬂmes ranglng up to ~ 800 MHz/Km and are easy to
work with. N I eamels o Hgpzeer . e

= Singlemode fibers have core. diameters from 3.5 to 10 pm, ‘depending on the
wavelength to be used. They support only one guided mode in the fiber and
are capable of very high bandwidths (chromatic dispersion limits the
bandwidth). Typical claddmg dlameter is 125 um although 80 um claddmg is
" also available. . ;

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

.
| FAST AXIS ) : S
)
:

___@"S}OWA;(IS @"@

/

/ !
i

BOW TIE PANDA D-CORE

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

SEASTAR OPTICS 12
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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.

The cladding diameter is generally 125 um.
Core diameters are commonly 50 um, 62.5 um or 100 um for multimode fiber.
Cladding non-circularity is usually about 3%.

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 = N rigore — Meladding.

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

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

V= w wﬁere:
& o a = fiber core radius
- Ex_s a neore VA A = wavelength of light
NA = numerical aperture
A= ( Ncore - Ncladding ) ! Ncore
=2x1073 {singlemode fiber, typ.)
=2x 102 (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 5.0um
1,300 nm i 9.0 um
1,550 nm 10.0 um
13 SEASTAR OPTICS
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= 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 along the fiber de-
scribed by:

'P(z) = Poexp(-az)

where P(z) is optical power at distance z from the input,
i Po is optical power at the fiber input, and '
a is the absorption coefficient { in 1/km, but often stated dB/km )

oy e . Com

40
38 - n -
= 30 - r 260 Vo1
| : P o3
,I g 2 . .5 : 1320 040
20 .« 1550 (AL}
10 . i
° < 9 L]
s
T R e
a0 10 1200 1400 1800
Wovesngm (vm)
P al aftenuation of typical SMF28 snglemode hiber.
’ (Countosy of Covnmo an) .
-
° Y - o Attenuation is the amount of light power.jost as light

— e e . R travels along a fiber. typically expressed in dB/km.

OPTICAL FIBER APPLICATIONS

//i\\

Muitimoce Singlemode Polanzaton Low Brreinngence Ng-Doped
Fibers Fibers Maintaining Fibers Fibers Singlemode Fibers
.
L} Data links (J Fiver optic 0O Coherent trans. U Polanmelne sensors () Fiber lasers
3 Local area networks communications mission systems O Fiber isolators 1 Fiber amplifiers
(] intarterometric search lab
ometr {1 Researc! e o ature
| sensors apparatus empe
nsruments sansors
O Singlemode O Remote sensing of
couplers polarization state

0O Polanmetnc sensors

O Fiber interferometers
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08 Series ST®Style

.ouplmgs and Receptacles
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Methode Couplings are available in single mode and
multimode formats. 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.

Receptacle

Dimensions: inches (mm) ~ b,

Ikhead Coupling

078 &”ll DA MOUNTING MOLE
FOR . 2 SELF TAPPNG SCREW ’_]

1 318 [8.00] —.795 (20.19] —-1
| i [ — [ 210 (339
| | 1 |

N Emﬂm?f—l
I 390 [9.91] I M | 575 (9.52) 500 {12.70]
N P

| ]
_PANEL_CUTOUT 206 (5.23) —— L 080 {2.03] [BART mus:q D
908-9107 (.128 [3.251
375-24 NEF 08-3110 *oe 5.283
325 [823] = NOUNTING ‘Muo_'
ACROSS PAS | | o
| |
r@] —:%:7 P u‘i/ﬁ‘?ﬂ
& | =gl TNl
| ‘
300 (7821 | —272 [s91) Om
FERRULE STOP

ACROSS FLATS

Dimensions: inches (mm)

810
(15.49)

Dimensions: inches (mm)

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

Material

gnment Housing

reve (Nickel Plated) Style Part Number*
lymer  Die Cast Zinc Threaded  908-213-01
conia Die Cast Zinc Threaded  908-113-01
lymer  Plated Composite Threaded  908-203-01
conia Plated Composite Threaded  908-103-01
lymer  Plated Composite Bulkhead  908-202-01
sonia Plated Composite Bulkhead  908-102-01
lymer  Plated Composite In-line 908-101-01
conia Plated Composite In-line 908-201-01

r 100 piece bulk packaging, add "-B" suffix to part number.

Receptacles

Description Part Number*
Low profile active device receptacle 908-9107
Standard profile active device receptacle 908-9110

Device alignment ring (optional) 908-121-39050

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

||1|
l||

£FT= ETHODE ELECTRONICS
FAR EAST PTE LTD
A subsidiary of Methode Electronics Inc., USA.

FIBER OPTIC PRODUCTS

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

7444 West Wilson Avenue o Chicago, IL 60656
708/867-9600 » 800/323/6858 ¢ FAX:708/867-9130

ST? is a registered trademark of AT&T

Data contained herein is believed to be accurate as of publication date. Methode
Electronics reserves the right to make changes which wiil improve performance
without altering form or fit. Consult factory for current engineering drawings and data.
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08 Series MST (ST® Style)
lber Optlc Connectors
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atures

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

Single mode and multimode versions available
Accomodates ticht and loose tube buffer cables with
jacket ODs up to 4.5 mm

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 black, 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
Standard .178”, .151” hex crimp

Tested in accordance with Bellcore TR-TSY-000326
Universal dust cap with lanyard (fits ST, SC, and FC
connectors)

"®Connector Termination Kit (US):

® Connector Termination Kit, 220V:

® Connector Polishing Disk:
r®Termination Video Tape (US):

[® Termination Video Tape (European):

erformance Characteristics

900-118-3010
900-118-3014
900-118-9002
900-118-9004
900-118-9005

i
i
)
i
3
‘mm‘.. A.J

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.

2,333
(59.82)

Dimensions: inches (mm)

Consumables Replacement Kit
(100 Terminations):

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

900-118-9017

900-118-9020

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

‘or bulk packaging, add “-B” suffix to part number. For connectors with traditional dust cap rather than universal dust cap with lanyard add “N" suffix.

Reglstered trademark of AT&T
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- APPENDIX

Acceptance Angle

The ha1f-ang1é of the cone within which all incident 1light is
totally reflected by the fiber core. For graded index fibers,
acceptance angle 1is a function of position oh the entrance face

of the core.

Adapter

In fiber optics, a device for coupling two connectors.

Adjustable Attenuator
An attenuator 1in which the level of attenuation is varied with

an internal adjustment. Also known as Variable Attenuator.-

Amplitude Modulation (AM)
A transmission technique in which the amplitude of the carrier

is varied in accordance with the signal.

Analog

Any physical property indexed, controlled, or represented by
another physical property capable of representing it accurately.
Usually refers to a system that codes dq}a by measuring

voltages, rather than discrete signals (digitally).

Analog-to-Digital Converter
A device that converts an analog sighal, that is, a signal in
the form of a continously variable voltage or current, to a

digital signal, in the form of bits .

Angle of Incidence

The éng1e between an incident ray and the normal to a reflecting



or refracting surface. See also: Critical Angle; Total Internal

Refection

Angle of Refraction
The angal formed between a refracted ray and the normal to the
surface. This angle lies 1in a common plane with the ahgle of

incidence.

ASCII(American Standard Code for Information Interchange)
A system used to represent Jletters, numbers, symbols and

punctuation as bytes of binary signals (ones and zeros).

Async
A mode of data transmission wherein the occurrence of each
character is not related to a fixed time frame of reference.

Compare with synchronous transmission.

Asynchronous Transmission
A mode of data transmission where by each bit of information is
generated separately with some stop/start code to indicate the

interval between bits.

Attenuator
An electronic transducer, either fixed or adjustable, that
reduces the amplitude of a wave without causing significant

L]

distortion.

Average wavelength

The average of the two wavelengths for wich the peak optical

power has dropped to half.



Backscattering

That portion of scattered light which returns in a direction

generally reverse to the direction of propagation.

Bandwidth

The range of frequencies handled by a device or system.

Baseband

A method of communication in which a signal is transmitted at its

original frequency without being impressed on a carrier.

Baud
A unit of signaling speed equal to the number of signal symbols
per second, which may or may not be equal to the data rate in

bits per second.

Bend Loss
A form of increased attenuation 1in a fiber that results from
bending a fiber around a restrictive curvature ( a macrobend) or

from minute distortions in the fiber (microbends)

Bit Error Rate (BER)

In digital applications it is the ratio of bits received in error
to bits sent. BERs of 10 (one error bit to a billion sent) are

common.

Bit Rate

The number of bits of data transmitted over a phone line per
second. You can usually figure how many characters per second

you will be transmitting, in synchronous communications, if you



divi .
ivide the bit rate by ten. The total bits transmitted wil]

depend on re-transmissions, which depends on the noise of the line

Broadband

A method of communication in which the signal is transmitted by

being impressed on a higher-frequency carrier,

Bus

Wiring or cables that carry signals around inside a computer, or

between computers and other devices.

Bypass
The ability of a station to isolate itself optically from a

network while maintaining the continuity of the cable plant.

Cable Bend Radius

Cable bend radius during installation infers that the cable is
experiencing a tensile load. Free bend infers a lower allowable

bend radius since it is at a condition of no load.

Carrier Frequency

The electronmagnetic wave freguency selected to transmit
information. Opical carrier frequency is from the infrared,

visible or ultraviolet spectrum areas (1012 Hz and above).

Center Wavelength (Laser)

The nominal value central operating wavelength def{ned by a peak

mode measurement where the effective optical power resides.



Central Wavelength (LED)

The average of the two wavelengths measured at the half amplitude

points of the power spectrum.

Channel

A communications path or the signal sent over a channel. Through

multiplexing several channels, voice channels can be transmitted

over an optical channel.

Cladding
A low-refractive-index, glass or plastic that surrounds the core
of a fiber. Optical cladding promotes total internal reflection

for the propagation of light in a fiber.

Cladding Mode
A mode confined to the cladding; a light ray that propagates in

the cladding.

Coating

A material put on a fiber during the drawing process to protect

it from the environment.

Coder

Digital information transformed into pulses of electricity,

digitized as ones and zeros with no errors.

Collimator

An optical instrument consisting of a well-corrected objective
lens with an illuminated slit or reticle at its focal plane.
Collimators are used in lens testing to determine focal lengths,

and in other metrological applications where a distant object at

a known location is required.



Compression Utilities

Applications that squeeze data into smaller files by coding them

into special formats or algorithms that take less space.

Conduit

Pipe or tubing through which cables can be pulled or housed.

Connector
A junction which allows an optical fiber or cable to be
repented]y conhected or disconnected to a device such as a source

or detector.

Connector Return Loss

the amount of power reflected from the connector to connector

interface. Return 1loss values are expressed as dB. A typical

specification could range from-15 to- 60 dB, where, in most coded,

~-60 is more desirable.

Connector Variation
The maximum value in dB of the difference in insertion loss

between mating optical connectors. Also known as Optical

Connector Vardiation.

Combiner

A measure of the displacement of the center of the core relative

to the cladding center.

Core
The Tlight conducting portion of a fiber, defined by its high

refractive 1index. The core is normally in the center of a fiber,

bounded by concentric cladding of lower refractive index.



Coupler
A device whose purpose is to distribute optical power among two
or mora ports, or to concentrate optical power from two or more

fibers into a single port. Couplers may be active or passive.

Coupling Efficiency

The efficiency of optical power transfer between two components.

Critical Angle

The smallest angle at which a meridional ray may be totally
reflected witﬁin a fiber at the core—cladding interface. When
light propagates 1in a homogeneous medium of relatively high
refractive index (nq) onto an interface with a homogeneous

material of lower index (n,)

=7

Crosstalk
The phenomenon of light leakage or information transfer from a

waveguide to one adjacent.

Cutoff Wavelength
For a single mode fiber, the wavelength above which the fiber

exhibits single mode operation.

cw
Abbreviation for continuous wave. Usually used to refer to the
constant optical output from an optical source when it is biased

but not modulated with a signal.

Dark Current

The external current that under specified biasing conditions,



flows in a photodetector when there is no incident radiation.

Data Bus
A system incorporated into fiber optic data communications
characterized by several spatially distributed terminals that are

served with the same multiplexed signhal.

Data Compression
Storing of digital data with techniques that consume less memory

space than basic methods.

Data Rate
The maximum number of bits of information which can be
transmitted per second, as in a data transmission link; typically

expressed as megabits per second (Mb/s).

Decibel (dB)
The standard unit used to express gain or loss of optical power.
A standard Tlogarithmic unit for the ratio of two powers,

voltages or currents. In fiber optics, the ratio is power.

Decoding
validity checking of received transmission characters and
generation of valid data bytes and special codes from those

characters.

Detector
A transducer that provides an electrical output signal in
response to an incident opticcal signal. The current is dependent

on the amount of light received and the type of device.



Diameter-Mismatch Loss

The 1loss of power at ajoint that occurs wheb the transmitting
half has adiameter greater than the diameter of the receivihg
half.The 1loss occurs wheby coupling 1ight from a source to fiber

to fiber, or from fiber to detector.

Diffraction

As a wavefront of light passes by an opaque edge or through an
opening, secondary weaker wavefronts are generated,apparently
originating at that edge. These secondary as well as with each

other to form various diffraction patterns.

Digital
A data format that uses discrete or separate physical levels to

contain information.

Dispersion

The cause of bandeidth limitations in a fiber. Dispersion causes
a broadening of input pulses along the length of the fiber. The
major types are:mode dispersion caused by differéntia] optical
path 1lengths in a multimode fiber and material dispersion caused
by a differential delay of various wavelengths of ligth in a

wavegyide material.

Duplex transmission
Transmission in both directions, either one direction at a time

(half duplex) or both directionns simultaneously (fulll duplex).

Duty Cycle

In a digital transmission, the ratio of high levels to Tow levels.



Encoding
Generation of the transmission characters from valid data bytes

and special codes.

Excess Loss
In a fiber optic coupler, the optical loss from that position of
light that does not emerge from the nominally operational ports

of the device.

Extrinsic Loss

In a fiber ‘interconnection, that portion of loss that is not
intrinsic to the fiber but is related to imperfect joining, which
may be caused by the connector or splice. Contributers include
angular misalignment, axial misalignment, end separation, and end

finish. Generally synonymous with insertion loss.

Fall Time

The time reguired for the trailing edge of a pulse to fall from
90% to 10% of its ampiitude; the time required for a component to
produce such a result. "Turnoff time." Sometimes measured between

the 80% and 20% points.

Fiber Buffer

Material used to protect an optical fiber or cable from physical
damage, providing mechanical isolation or protection. Fabrication
techniques 1include both tight jacket or loose tube bufféring as

well as multiple buffer layers.



Fiber Core
The inner portion of the fiber that transmitts light.The index of

refraction is higher than that of the cladding that surrounds it.

Fiber Optic Attenuator

A component that 1is installed in a fiber optic transmission
system to reduce the power in the optical signal. It is often
used to limit the optical power received by the photodetector to

within the limits of the optical receiver.

Fiber Optic communication System
The transfer of modulated or unmodulated optical energy through
optical fiber media which terminates in the same or different

media.

Fiber Optic Link
Any optical .transmission channel designed to connect two end

terminals or to be connected in series with other channels.

Footprint
1. In an electronic package, the amount of space occupied by a
component on the surface upon which it is mounted. 2. the space

on an optical component occupied by a light beam.

Free—-Space Optical Interconnect
A type of internal photonic connection in an integrated ciruit
in which a holographic grating is used to focus light at ppints

on a silicon chip, maximizing the speed of signal propagation.

Frequency-Division Multiplexing (FDM)
A system that allows the transmission of more than one signal

over a commoon path,by assignhing each signal a different



frequency band.

Freguency Modulation (FM)
A method of transmission in which the carrier frequency varies in

accordance with the signal.

Fundamental Mode

The lowest order mode of a waveguide.

Fusion Splice
A splice accomplished by the application of localized heat
sufficient to fuse or ment the ends of two lengths of optical

fiber, forming a continuous single fiber.

Gateway

Relay at any layer above the network layer.

Graded-index Fiber

An optical fiber whose core has a nonuniform index of refraction.
The core is composed on concentric rings of glass whose
refractive indices decrease from the center axis. The refractive
index is changed in a systematic way from the center to the edges

to decrease modal dispersion.

Harmonic Distortion
Interference resulting from some type of harmonic signal,

measured in decibels (dB).



Index Matching Material
A material, often a liquid or a cement, whose refractive index is
nearly equal to the core dindex, used to reduce Fresnel

reflections from an optical fiber’s end face.

Index of Refraction
The ratio of the velocity of light in a vacuum to the velocity of

lenght in a given medium.

Insertion Loss
Total optical power loss caused by insertion of an optical
component such as a connector, splice, or coupler into a

previously continuous path,

1/0 application

The device used to insert information, data or instructiéns into
a computing system, or the device used to transfer ilnformation
or data, usually processed data from a computing system to the
external world. Input/output also refers to the act of entering

or retrieving information.

ISDN
(Integrated Services Digital Network) A standard protocol (format)
for digital telecommunications transmissions. ISDN is an

international standard for transmitting digital information

Junction

The intersection of three or more bundles from different



directions in a harness assembly.

KPSI

Tensile strength in thousands of pounds per square inch.

Laser Modulation

Turning the laser on and off.

Launch Angle
The angle between the 1light ray and the optical axis of an

optical fiber bundle.

Launch Fiber

An optical fiber used to couple and condition light from an
optical source into an optical fiber. Often the launch fiber is
used to create an equilibrium modal distribution in multimode

fiber. Also referred to as Launching Fiber.

Light

1.In a strict sense, the visble spectrum nominally covering the
wavelength range of 400 nm to 750 nm. 2.Inches laser and optical
communications fields, the much broader portion of the
electeomagnetic spectrum that can be handied by the basic
optical techniques used for the visible spectrum extending from
the near- ultraviolet region of approximately 0.3 micrometers
through the visible region and into the mid-infrared region to 30

micrometers.



Light Diffusion

The scattering of 1light by reflection or transmission. Diffuse
reflection results when Tight strikes an irregular surface such
as frosted window or the surface of a frosted or coated light

bulb.

Light Emitting Diode (LED)

A semiconductor device which emits incoherent light from a p—n
junction ( when biased with an electrical rurrent). Light may
exit from the junction strip edge or from its surface (depending

on the device’s structure.).

Link
A fiber optic cable with connectors attached to a transmitter

(source) and receiver (detector).

lLocal Area Network (LAN)

A geographically limited network interconnecting electronic equipment.

Longitudinal Mode
An optical waveguide mode with boundary conditions determined

along the length of the optical cavity.

MAN

Metropolitan Area Network 1linking LAN’s and other networks at

many sites within a city area.

Material Dispersion
Light impulse broadening caused by various wavelengths of Tight

traveling at differing velocities through a fiber. Material



dispersion increases with the increasing spectral width of the

source.

Mechanical Sp]icing
Joining two fibers together by mechanical means to enable a
continuous signal. Elastomeric splicing is one example of

mechanical splicing.

Misalignment Loss
The loss of power resulting from angular misalignment, lateral

displacement and end separation.

Modal Dispersion
Term for mulitimode dispersion, which is pulse broadening due to

optical power running via different waveguide modes.

Mode

In any cavity or transmission 1ine, onhe of those electromagnetic
field distributions that satisfies Maxwell’s equations and
boundary conditions. The field pattern of a mode depends on the

wavelength, refractive index and cavity or wavguide geometry.

Modem

Short for modulator-demodulator; a device that converts audio
tones of an analog telephone system to digital pulses and vice
versa, suitable for data communications through an analog

telephone data network.

Modulation
1. The process by which the characteristic of one wave (fhe
carrier) is modified by another wave (the signal). Examples

include amplitude modulation (AM), freguency modulation (1FM),



and pulse—coded modulation (PCM). 2. Electrical switch to control

the 1ight source.

Multimode Distortion
In-a multimode optical fiber, the pulse distortion resulting from

dirrerential mode propagation rates.

Multimode Fiber

A fiber that supports propagation of more tham one mode.

Multiplexing
The process by which two or more signals are transmitted over a
single communications channel. Examples 1inhcude time-division

multiplexing and wavelength-division multiplexing.

NA-mismatch Loss
The loss of power at a joint that occurs when the transmitting half has

numerical aperture greater that the NA of the receiving half. The loss occurs w
coupling Tight from a source to fiber to detector.

Narrowband

Refers to analog or voice-band data rates or transmission

Node

In a communications network, a po{nt at which data is received or
from which it is sent. Though the term is often used
synonymously with workstations, interconnection points 1in a

network are also called nodes.



Numerical Aperture (NA)

The "1ightgatheriﬁg ability” of a fiber, defining the maximum
angle to the fiber axis at which light will by accepted and
propagated through the fiber. NA =sin0, where 0 is the acceptance
angle. NA also is used to describe the angular spread of 1light
from a central axis, as in exiting a fiber, emitting from a
source, or entering a detector. For multimode fiber, the
numerical aperture usually ranges from .2 to approximately .5.
Singlemode fiber generally has a numerical aperture on the order

of .1.

Optical Bandpass
The range of optical wavelengths which can be transmitted through

a component.

Optical Channel
An optical wavelength band for wavelength division multiplexing

optical communications.

Opotical Isolator

A component used to block out reflected and other unwanted 1ight.

Optical Link
Any optical transmission channel designed to connect two end

terminals or to be connected in series with other channels. (EIA)

Optical Time Domain Reflectometer (OTDR)
A method of characterizing a fiber and the resulting blackscatter
and reflections are measured as a function of time. Useful in

estimating attenuation coefficient as a function of distance and



identifying defects and other localized losses.

Optical Waveguide

Dielectric waveguide with acore consisting of optically
teansparent material of low attenuation (usually silica glass)
and with cladding consisting of optically transparent material of
lower refractive index than that of the core. It is used for the
transsmission of signals with lightwaves and is frequently
referred to -as a fiber.In addition, there are some optical
components, such as laser diodes, which are referred to as

optical waveguides.

Packet

A group of binary digits, including data and call control signals,
switched as a composite whole. The data, all control signals
and possible error control information, are arranged 1in a

specific format.

Peak Wavelength

The wavelength at which the optical power of a source is at maximum.

Photoconductivity
The conductivity increase exhibited by some nonmetallic materials
resulting from the free carriers generated when photon energy is

absorbed in electronic transitions.

Photocurrent
The current that flows through a photosensitive device as the

result of exposure to radiant power.



Photodetector
An optoelectronic transducer, such as a pin photodiode or

avalanche photodiode.

Photodiode

A two—electrode, radiation-sensitive junction formed 1in a
semiconductor material in which the reverse current varies with
illlumination. Photodiodes are used for the detectiion of
opotical power and for the conversion of optical power to

electrical power.

Photovoltaic Effect
Production of a voltage difference across a p-n junction
resulting from the absorption of photon energy. The voltage

difference is caused by internal drift of holes and electrons.

PIN Photodiode

A diode with a large intrinsic region sandwiched between p and n
doped semiconducting regions. Photons abbsorbed in this region
create electron-hole pairs that are separated by an electric

field, thus generating eelectric current in a load circuit:

Point-to—point
A connection. established between two specific 1locations, as

between two buildings.

Polarization

The direction of the electric field in the Tightwave.

Power Efficiency

The ratio of emitted opotical power of a source to the electrical

input power.



Pulse—Coded Modulation (PCM)

A technique 1in which an analog signal, such as a voice, is
converted into a digital signal by sampliing . the signal’s
amplitude and expressing the different amplitudes as a binary
number. The sampling rate must be twice the hightest frequency in

the signal.

Pulse Dispersion

The widening of an optical pulical pulse as it travels the length
of a fiber. This property 1limits the useful bandwidth of the
fiber and 1is wusually expressed in terms of nanoseconds of
widening per kilometer. the principal mechanisms are maueroal

dispersion and multimode distortion effect.

Quantum Efficiency
In a photodiode, the ratio of primary carriers (electronhole
pairs) created to incident photons. A quantum efficiency of 70%

means 7 out of 10 incident photons create a carrier.

Radiation
The emission and/or propagation of energy through spaace or

throough a medium in the form of either waves or corpusclar emission.

Receiver Sensitivity

The minimum acceptable value of average received power at point R
to achieve a 10-12 bit error ratio. It takes into account power
penalties caused by use of a transmitter with worst-case values

of extinction ration jitter, pulse rise and full times, optical



return loss at point S, receiver connector degradations , and
measurement tolerances. The receiver sensitivity does not include
power penalties associatde with dispersion, jitter, or
reflections from the optical path; these effects are specified
separately 1in the allocation of maximum optical path pena]ty.
Sensitivity takes into account worst-case operating and end-of-

file (EOF) conditions.

Reflectance
The ratio of reflected power to incident power. Note;In optics,
frequently expressed as optical density or as a percent; in

communication applications, generally expressed in dB.

Reflection
The abrupt change in direction of a 1light beam at an interface
between two dissimilar so that the light beam returns into the

medium from which it originated.

Reflectometer

An instrument for measuring the reflectance of a surface.

Refraction
The bending of a beam of 1light at an interface between two
dissimilar media or in a medium whose refractive index is s

continuous function of position (graded- index medium).

Refractive Index (of a medium)
The ratio of the velocity of light in a vacuum to its velocity in

the medium. Synonym: Index of Refraction.

Repeater

In an optical-fiber communication system, an optoelectronic



device or module that recives an optical signal, converts it-to
electrical form, amplifies it (or in the case of a digital signal,
reshapes, retimes or otherwise reconstructs it) and retransmits

it in optical form.

Responsivity

The ratio of an optical detector’s electrical putput to its
optical input. The precise definition depends on the detector
type; generally expressed in amperes per watt or volts per watt

of incident optical power.

Ring Network
A network topology in which terminals are connected in a point-to—

point serial fashion in an unbroken circular configuration.

Scattering

The change in direction of light rays or photons after striking a
small -particle or discontinuity. It may also be regarked as the
diffusion of a 1light beam caused by the inhomogeneity of the

transmitting medium.

Sensitivity
For a fober optic receiver, the minimum optical power required to

achieve a spedified level to performance, such as bit error ratio.

Serial

Transmitting or processing data one bit at a tine rather than

many bits concurrently (parallel).



Shot Noise
Noise caused by random current fluctuations arising from the

discrete nature of electrons.

Signal to Noise ratio (S7N,SNR)

The ratio of the received optical power, with full signal
averaging, divided by the noise floor for the detector; the
ratio fo fignal level to noise level, related to bit error ratio

performamce.

Single-line laser

Synonym for single-longitudinal mode laser.

Singlemode Fiber
An optical fiber that supports only one mode of 1ight propagation

above the cutoff wavelength.

Skew Ray
A ray that does not intersect the optical axis of a fiber (in

contrast with a meridional ray).

Spectral Width

A measure of the extent of a spectrum. For a source, the width of
wavelenghs contained oh the output at one half of the wavelength
of peak power. Typical spectral widths are 20 to 60 nanometer for

an LED and 2 to 5 nanometer for a laser diode.

Splicing
The permanent joining of fiber ends to identical or similar

fibers, without the use of a connector.



Step-Index Fiber

An optical fiber, either muitimode or single mode, in which the
core refractive index is uniform throughout so that a sharp step
in refactive index occurs at the core-to-cladding interface. It

usually refers to a multimode fiber.

Sync
Data transmission in which the occurrence of each signal

representing a bit is related to a fixed timeframe.

Thermal Noise
Noise resulting from thermally induced random fluctuation in

current in the receiver’s load resistance.

Time-Division Multiplex (TDM)

The process or device by which more than one signal can be sent
over a single channel by using different time intervals for the
different signa]s. This may be done by varying the pulse duration,

puse amplitude and pulse position.

Transmission Loss

Total loss encountered in transmission through a system.
Trunk

The main bundle of a harness assembly.

UTP to OF Converter

Unshielded twisted pair to fiber optic converter.



Virtual Connections (Header Connection Identifier)

Each Asynchronous Transfer Mode (ATM) cell contains a virtual
cohnection identifier. Mahy virtual connections canh be
established over the same physical 1ink, using a signalizing

protocol.

WAN (Wide Area Netwoek)
A network of connhected computers that covers a great geograghical

area.

Waveguide
A conducting or dielectric structure able to support and

propagate one or more electromagnetic field patterns (modes).

Wavelength

The physical distance covered by one cycle of wave.

Zirconium Arc

A small bulb containing a conducting gas, an arc being formed
between a metal ring and a tiny zirconium electrode near the
center of the ring. The heated zirconium emits 1light, and

constitutes a convenient laboratory point source.
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