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EXPERIMENT 1

FIBER OPTIC DATA LINKS
OBJECT:
To observe and analyze various fiber optic data links when used for both digital and analog data transmission.
EQUIPMENT:

Function generators (Wavetek 186, Tektronix 115, HP 222A)
HP Digital Oscilloscope
2 Fluke 8050A multimeters
Variable D.C. power supply
Fiber optic data links 1) 3 Motorola links
2) Honeywell link
3) Hewlett Packard link
4) 20 MBaud link

THEORY:

The fiber optic data link consists of a transmitter which converts an electrical signal to a light signal, an optical fiber
to guide the light and a receiver which detects the light signal and converts it to an electrical signal.

Light sources are either light emitting diodes (LED's) or laser diodes and detectors are phototransistors or
photodiodes.

The Motorola data links all use the same transmitter with a GaAlAs LED emitting light at a wavelength of 820 nm.
The Motorola 1 receiver has a PIN photodiode detector. The Motorola 2 receiver uses a phototransistor detector.
The phototransistor is configured such that when light is incident on the base region a current flows from the
collector to the emitter. The Motorola 3 receiver uses a photodarlington detector which consists of a second
transistor incorporated into the same substrate as the transistor detector. The Motorola links are all noninverting data
links.

The Honeywell link uses a GaAlAs LED as emitter at a wavelength of 820 nm and a photodiode detector. This is a
noninverting link.

The HP link uses a GaAlAs LED in the transmitter and an integrated photodetector and DC amplifier in the receiver.
This is an inverting data link.

The 20 MBaud data link uses a GaAlAs LED as the emitter and an integrated detector/preamplifier in the receiver.
This link is noninverting.

All links employ TTL input and have TTL compatible output.
Table 1.1 lists the various links and their optoelectronic components. Specifications for all optoelectronic

components are in Appendix 1 along with circuit diagrams for the Motorola, HP and 20 MBaud links. The different
values of collector resistance in the Motorola transmitter are used to regulate the current in the LED.



Data Link Emitter Detector Fiber
Motorola 1 MFOE71 MFOD71 ESKA SH 4001
Motorola 2 MFOE71 MFOD72 ESKA SH 4001
Motorola 3 MFOE71 MFOD73 ESKA SH 4001
Honeywell HF4102 SE3352 HFD4000 Belden 226101
HP HFBR-0200 HFBR1201 HFBR2201 HFBR-3001

20 MBaud MFOE1200F MF0D2405 Belden 227201

Table 1.1 Data Link Components

The Honeywell system was purchased as an assembled link and the schematic was not supplied. A unipolar square
wave will be used as input to the data links to simulate digital data.

For experimental purposes maximum bandwidth will be defined as the frequency at which the output (see Figure 1.1)
duty cycle becomes greater than 60/40 (or less than 40/60) or the frequency at which the output signal no longer
resembles the input signal.
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Figure 1.1 a) 50/50 duty cycle b) 60/40 duty cycle c) 40/60 duty cycle
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The delay time (t,) and storage time (t,) will be measured for various data links as defined in Figure 1.2 for inverting
or noninverting links.
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Figure 1.2 a) non-inverting link b) inverting link
The rise time (t,) and fall time (t;) will also be measured as defined in Figure 1.3.
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Figure 1.3 a) rise time b) fall time



PROCEDURE:
1. Time Measurements and Bandwidth

Using a 5 V square wave with a 2.5 V DC offset set at the suggested frequencies, measure the output voltage (V,,,),
delay time (t,), storage time (t), rise time (t,), fall time (t;), duty cycle and bandwidth for the specified links. Be
careful using the ‘measure risetime’ function- the oscilloscope does not necessarily measure the 63 % risetime but
defaults to a 90/10 risetime. For the Motorola 2 link use the TTL output and for the HP link, ensure that the switch
is closed. Some time parameters may be difficult to measure. It may help to trigger the scope on whatever edge you
are measuring (rising or falling). The duty cycle can be used to measure the Motorola 2 bandwidth but for the other
links determine the bandwidth from the frequency at which the output signal no longer resembles the input signal.

Suggested Link Vou ty t, t; duty cycle bandwidth
4 KH, Motorola 2

140 KH, Honeywell

10 KH, HP

140 KH, 20 MBaud

Comment on the delay time, storage time and bandwidth for the various links and compare to any theoretical values
available.

For the Motorola 2 (TTL output), vary the transmitter collector resistance and measure the bandwidth.

Collector Resistance Bandwidth

330 S

68 S
33S

Comment on the effect that changing the collector resistance has on the bandwidth.
2. Observation of Analog Transmission Capability

Analog transmission will be observed using the Motorola transmitter collector resistance set at 68 ohms. Observing
the analog (A) output of the Motorola 1 receiver, begin with a 500 Hz, 830 mV, , 1.1 V DC offset sine wave input
and adjust the amplitude and DC offset until a sinusoid output of greatest attainable amplitude is observed (not
clipped or deformed). Measure the output amplitude (this will be the reference value.) Increase the frequency of the
input sine wave until the output amplitude drops 3 dB from the reference value (1//2 of the reference value since 20
log 1//2 = - 3 dB). The frequency at which the signal has dropped 3 dB is the cutoff frequency. Record the cutoff
frequency once it is determined.

Follow the same procedure to find the cutoff frequency for the Motorola 3 detector. Start with a 500 Hz, 210 mV, ,
1 V DC offset sine wave input.

Comment on the cutoff frequencies and the usefulness of these data links for analog signal transmission.



3. Observation of Currents
31 Motorola Transmitter
Place an ammeter in series with the +5 V supply and the +5 V input on the Motorola transmitter. Measure the LED

current of the transmitter for each value of collector resistance for both logic one (5 V DC input) and logic zero (0 V
DC input) inputs.

Input 330 S 68 S 33S

+5V

ov

Calculate the average power consumption of the transmitter for each value of resistance.

Ve Iy + Ipy)
v - 5 where VvV, = +5V

3.2 Motorola Receivers

Measure the detector currents (ammeter in series with the +5 V supply and the D input on the receiver) for both
levels of input (+5 V and 0 V), for each of the Motorola receivers at each of the three values of transmitter collector
resistance.

Detector Input Voltage 330 S 68S 33S
Ml +5V
ov
M2 +5V
Ov
M3 +5V
ov

Calculate the average power consumption of each receiver. Comment on the effect of collector resistance value on

link performance and power consumption.




3.3 HP Transmitter and Receiver

Measure the supply current (ammeter in series with +5 V supply and +5 V input to transmitter) and LED current
(ammeter connected to ammeter inputs and switch opened) of the HP transmitter for logic one and logic zero inputs.
Measure the supply current of the receiver for both levels of input (ammeter in series with +5 V receiver input and
+5 V supply).

Input Transmitter Transmitter Receiver
Supply Current LED Current Supply Current

+5V

ov

Compare the LED Current measured to the expected value.

V. = +5V

vV -V ce
= _¢c« F where VF = 1.7V
Rl

IF
R, = 200Q

Use the supply current values to calculate the average power consumption of the transmitter and receiver.



EXPERIMENT 2

FIBER TO FIBER JOINTS AND OTDR
OBJECT:

To learn proper fiber splicing techniques and to become familiar with the use of optical time domain reflectometry in
characterizing optical fibers.

EQUIPMENT:

Oscilloscope (>50 MHz)

50 S in line termination

Orionics OTDR-102 or OTDR-103A

Orionics FW-301 or Northern Telecom QSBE1A fusion set
2 Fibers

Tosco cutter

Fiber strippers

THEORY:
1. Fiber to Fiber Joints

The interconnection of fibers in a low-loss manner is of particular importance in fiber optic systems. The particular
technique used for joining the fibers depends on whether a permanent bond or a demountable connection is desired.
Permanent bonds are referred to as splices and demountable connections as a connector.

One splicing method is fusion splicing. In this method the fiber ends are cleaved so that they are flat, perpendicular
to the fiber axis and smooth. Proper end preparation will minimize losses due to light being deflected and scattered
at the joint. The fibers are then aligned, usually with the aid of a microscope, and heated with an electric arc so the
fiber ends are momentarily melted and bonded together. Fusion splices can be produced with losses of less than
0.25 dB for identical fibers with these splicers.

A popular method for demountable connections is the channel-based connector. The fibers are permanently fixed in
plastic or metal plugs with the use of retaining clips or springs. The fiber end face is then cleaved and made flush
with the plug end face. The two plugs may then be inserted in a connector which accurately aligns the fiber end
faces and allows them to be butt jointed. Losses of 1-2 dB can be achieved with this method.

2. Optical Time Domain Reflectometry (OTDR)

The OTDR unit operates by periodically launching narrow laser pulses (10-100 ns) into one end of an optical fiber.
The back scattered signal can then be analysed to determine the position of splices and breaks. The length, L, to a
given reflection in the fiber is

¢ = speed of light in m/sec
index of refraction of fiber core (1.47)
= zero seconds

time to reflection in seconds

=
1l

L = t -t) (m)

g

8

e

a
ol-P

|

£
2n

—
]



PROCEDURE:
1. Fusion Sets
Identify the type of fusion set you have and read the instructions pertaining to that set.

Set #1 Northern Telecom QSBE1A Fusion Set

D
: microscope

I' v-groove

U
fusion time \/ arc power

e
prefusion time //\‘3;‘/’.:. N ;
= il @ mperes meter

AN

@ fusion switch
-,

prefusion switch

fiber clamp

enable switch

Microscope : 40x focused by sliding up and down its mast or sliding the eye piece in and out.
Fusion Head: V-grooved with fiber clamps to hold fiber

Prefusion Time: Controls the duration of the prefusion cycle

Fusion Time: Controls the duration of the fusion cycle

Arc Power: Controls arc intensity

Enable Switch: Engages the prefusion and fusion switches

Prefusion Switch: Engages the prefusion arc.

Fusion Switch: Engages the fusion arc.

AC Amperes Meter: Indicates current levels.

To place a fiber in the set for viewing, lift the fiber clamp, lay the fiber in the groove and lower the clamp. The
fusion set should be focused so that the fiber can clearly be seen. To prefuse and fuse, the enable button must be
held down while the prefuse or fuse button is used. Fibers must be aligned by hand with this set.
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Set #2 Orionics Model FW-301

focusing dials \

v-block
fiber clamps

right XYZ position
knobs
45° mirror
. control knob
left XYZ position
knobs

current knob

nmer/o_ﬁ/manual start button
switch

time knob
Microscope: 17.5x to 105x , focused with focusing dials
Fusion Head: V-blocks with fiber clamps to hold fiber
Left XYZ Position Knobs: Move the electrodes and mirror along three mutually perpendicular axes.
Right XYZ Position Knobs: Move the fiber on the right side along three mutually perpendicular axes.
45° Mirror Control Knob: Positions a 45° mirror to provide two perpendicular views of the held fibers.
Timer/OFF/Manual Switch: Chooses between a timed arc or manually controlled arc.
Time Knob: Controls arc time from 0.1 to 3 seconds.
Start Button: Initiates the arc when in timer mode
Current Knob: Sets the arc current level.
AC Amperes Meter: Indicates the current through the primary of the high voltage arc transformer.

To place a fiber in the set for viewing, lift the fiber clamps, lay the fiber in the groove and lower the fiber clamps.
Each side of the fusion head is also equipped with two cable clamps that can be used to secure the fiber. The fusion
set should be focused so the fiber can clearly be seen. Once the fibers are in place the right XYZ knobs can be used
to move the right fiber. The 45° mirror can be used to aid in lining up the fibers in all directions. To prefuse or fuse
the safety shield must be lowered and the mirror must be removed from the electrode area by turning the mirror
control knob. Once everything is in place an arc can be applied to prefuse or fuse using the timed controls or
manual controls.
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2. Cleaving the Fiber End
Use whichever method works best for you. Safety glasses should be worn while cleaving.

Method 1: Use the Tosco cutter, on a hard flat surface, to remove approximately 0.5 cm of fiber.

Use the fiber strippers to remove approximately 5-8 mm of coating from the fiber.

Method 2: Using the fiber strippers, remove approximately 1.5 cm of coating off the end of the fiber. Place
the exposed fiber perpendicularly across the edge of the Tosco tool. VERY gently scratch the fiber
on the tool in ONE direction only.

one way or the other
not both

Once the fiber has been etched use your finger to flick the end of the fiber off.
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3. Inspecting the Cleaved End

Place the cleaved fiber in the fusion set to inspect the end. Once the fiber is placed in the set and is in focus, rotate it
to ensure that an acceptable cleave has been achieved.

ACCEPTABLE

b ]

UNACCEPTASBLE

Greater Than 3°

Slight Wave Excessive Wave

Chip Of Less :

Than 1/4 O.D.

Lip Or Burr

o
7

Large Chip

[P o e e e e e e e e e e —— e —— — e

If the end is not acceptable, repeat the cleaving procedure.

4. Setting up the OTDR Unit.

Once the fiber end is prepared, place it in the OTDR XYZ positioner. There is a small dot on the OTDR that the
fiber must be aligned with. This is NOT a hole, do not try to put the fiber end in it. Either by hand, or by using a
positioning knob, move the fiber in as close as possible to the surface the dot is on. The OTDR should have the
pulser ON, the pulse width set at 10 ns and the signal beamwidth set to 5 MHz.

Connect the signal output to one channel of the oscilloscope via a 50 S in line termination. This channel should be
set for as low a volts/div as possible (typically around 5 mV/div). If the scope has a x5 or x10 magnification option,
this can also be used. Connect the pretrig output to another channel on the oscilloscope that can be used as the
triggering source. A time base of 0.5-2 psec/div should typically be used (depending on the fiber length).
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Once the scope is set up the OTDR signal power amplitude control should be turned up as high as possible without
causing excessive noise on the oscilloscope. The display should look like:
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Note that the OTDR amplifier is an inverting amplifier, and that the large dip is actually a large spike due to Fresnel
reflection at the air-fiber interface.

The fiber needs to be aligned with the dot on the OTDR unit. The display on the oscilloscope will waver once you
are close. If you are adjusting in one direction and are seeing a waver, you may want to switch adjustment
directions. Adjust the fiber until it is aligned and a peak from the reflection at the other end of the fiber can be seen

on the oscilloscope. Both ends of the fiber may need to be cleaved to obtain an end reflection.
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From the oscilloscope, measure the time between the peaks and using the formula given previously, calculate the
length of the fiber.
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5. Splicing the Fiber

Once both fibers have been prepared and the lengths of both fibers have been established, one fiber must be
prefused. To prefuse, align one fiber end between the fusion set electrodes.

PREFUSION
ALIGNMENT
Once the fiber is aligned between the electrodes:
Set #1 Northern Telecom Set #2 Orionics
With the prefusion time set around 4 seconds Ensure the mirror is removed and the safety
and the arc power at about 4, hold down the shield is lowered. Set the time knob to about
enable button and then hold down the 1.2 seconds, put Timer/OFF/Manual switch
prefusion button. on Timer, set the current knob to the marked

level and push the start button.

Examine the prefused end to ensure that it is acceptable. If it is not, prefuse again, or re-cleave and prefuse again, as
necessary.

PREFUSION

Excellent Acceptable Unacceptable

Small 5
May § g (
Qr Or

Appear Excessive Prefusion Leads to
Excessive Necking

Once the fiber end is acceptably prefused, the fibers can be aligned for fusing. (The Orionics set (Set #2) has a 45°
mirror to aid in alignment).

L — T

Rotate Fibers 1o Minimize Gap

Ideal Acceptable Unacceptable
FUSION Centers Should

ALIGNMENT Touch
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Once the fibers are aligned they can be fused. Look at the fibers to ensure fusion is taking place as you follow the
suggested instructions below:

Set #1 Northern Telecom Set #2 Orionics
With the fusion time set around 1.5 seconds Ensure the mirror is removed and the safety
and the arc power at about 5, hold down the shield is lowered. Set the time knob to about
enable button and press and hold down the 1.2 seconds, put Timer/OFF/Manual switch on
fusion button 5 times to supply 5 continuous Timer, set the current knob to the marked level
pulses. and push the start button 5 times to supply 5
continuous pulses.

Once the fusion is complete, the joint should be rotated and inspected to ensure that there is not excessive necking,
trapped bubbles, cracks or gaps. Slight necking is normal but entrapped bubbles are not acceptable.

Slight Necking is Normal

If it seems as though more fusion is needed, do so as seems necessary until you have an acceptable joint.

Once a successful splice has been achieved, place the spliced fiber in the OTDR unit and measure the length. The
spliced length should be the sum of the previous two lengths. Ifit is not, the splice was not successful. If this is the
case, the splice needs to be broken, the fiber ends re-cleaved and the splicing procedure repeated.
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EXPERIMENT 3

NUMERICAL APERTURE

OBJECT:

Tracing the angular radiation (or reception) pattern of an optical fiber to determine its numerical aperture.
EQUIPMENT:

KOP-100 fiber optics kit

X-Y recorder

2 Fluke 8050A multimeters

THEORY:

The numerical aperture of a step-index fiber is the sine of the maximum acceptance angle of the fiber. Numerical
aperture is also defined as the solid angle which encloses 90 % of the total emitted power of the fiber.

. acceptance cone .

Cladding

Figure 3.1 acceptance angle and light propagation

Figure 3.1 illustrates light propagation in an ideal step index fiber. From ray optics theory numerical aperture is
defined as
2

. 2
N.A. 2 sin 6, = yn; - n,
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Since a fiber's acceptance and emission patterns are the same, the numerical aperture of a fiber can be experimentally
determined by measurement of the emission pattern of the fiber. The radiation pattern can be expressed as

1(0) = I, cos™@ (W/sr)

where I, is the energy intensity on the symmetry axis and 1(2) the energy intensity measured at an angle 2 from the
axis.

The total power intercepted within a cone of half angle 2, is

2n 6,
Py = 1, f f cos™0 sin0 dO dd W)
2n 1
= 2 [1 - cos™' 6] W)
m+1

The total power emitted within a solid angle 2B (i.e. 2, =B/2) is

2nl,

m+1

P, =

By definition N.A. is equal to the solid angle enclosing 90 % of the emitted power so

PO, 1
09 =—==1 - cos™" 6,
Py

so cos™! 8, = 0.1

and in general m >> 1 so that
cos™0, = 0.1

and

10) = 0.1 1, (W/sr)

where 2, is the angle associated with intensity equal to 10 % of the maximum. Therefore by definition.

N.A. = sin 6,

In practice the launch N.A. in a multimode fiber tends to be greater than the equilibrium numerical aperture, N.A.,,.
The N.A.,, is attained after the launched modes have reached equilibrium. The value of N.A.,,, therefore, is the
important characteristic when considering launched optical power.

eq’



19

The method of determining N.A. will be to inject light into fibers of increasing length and measure their radiation
patterns. The value of 2, can be determined from the radiation pattern since the ratio of the angle at I(2,) to the
angle between the endpoints in degrees is proportional to the same ratio in centimeters (see Figure 3.2) .

l/;‘ Xem - - 1(8)=0.11,
L + .

1< Ycm
ZO

Figure 3.2 analysis of a radiation pattern

Once the value of 2, is determined, the N.A. can easily be found. A graph of N.A. versus fiber length will be used to
determine N.A. .

PROCEDURE:

Set the MOD-DIR switch at DIR at GAIN at X10. Connect the TIL24 LED(12) to the TRANSMISSION output and
the PIN photodiode (14) to the PIN input.

Install the PIN photodiode on the X-Y mechanical stage and screw the TIL24 LED to the L bracket (18) mounted on
the turntable. The L bracket should be mounted so the LED faces the PIN detector. Adjust the X-Y stage fora 5 cm
separation between the LED and the detector. Set the variable DC power supply to 4 V and connect it to the
TRANSMISSION input. Turn the electronics module on. Connect the ROTATION and PREAMP outputs to
voltmeters. The ROTATION output is proportional to the angular rotation of the turntable (10 mV/degree). Adjust
the height of the X-Y stage to get maximum PREAMP signal at zero degrees rotation angle. Connect the
ROTATION and PREAMP outputs to the X and Y inputs of the recorder respectively (see Figure 3.3). Record the
angular radiation pattern of the TIL24 LED from -90 to +90 degrees (Z=90°), or as close to -90 to +90 degrees as
possible .
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Figure 3.3 equipment connections
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Remove the LED from the L bracket. Connect one end of the 0.5 m F2 fiber to the LED and the other to the bracket.
Maximize the PREAMP output as before. Record the angular radiation pattern of the fiber from -90 to +90 degrees.
Determine the fiber numerical aperture using the method described in the theory. Repeat the above procedure for the
1.0 m F3 fiber.

Adjust the X-Y stage for a 3 cm separation between the LED and detector. Maximize the PREAMP output.
Connect the 2.0 m F4 fiber to the LED and bracket. Record the angular radiation pattern of the fiber from -60 to +60

degrees and determine its numerical aperture.

Adjust the X-Y stage for a 2 cm separation. Maximize the PREAMP output. Record the angular radiation pattern of
the 4.0 m F5 fiber from -60 to +60 degrees and determine its numerical aperture.

Draw a graph of numerical aperture vs. fiber length.
Questions:

1. For a core refractive index of 1.6 and cladding refractive index of 1.526 calculate the fiber N.A.
2. Compare the value calculated above with the graphical results obtained in the experiment.
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EXPERIMENT 4

MISALIGNMENT LOSSES

OBJECT:

Determination of connecting losses due to lateral misalignment, longitudinal displacement, and angular misalignment
of fiber cores.

EQUIPMENT:

KOP-100 fiber optics kit
2 Fluke 8050A multimeters

THEORY:
When joining two fibers, either with a splice or a connector, losses due to misalignment will occur. The three types

of misalignment are: lateral misalignment (also called radial or axial misalignment), longitudinal (end) displacement,
and angular misalignment.

T ain i

e

a) b) c)

L

y

Figure 4.1 a) lateral (axial) b) longitudinal (end separation) c) angular

1. Lateral Misalignment

Lateral misalignment is the separation of the axes of the fibers by a distance d as shown in Figure 4.2.

_l_ area of
integration
d
transmitting fiber
o transmitting receiving
receiving fiber fiber fiber

a)

Figure 4.2 lateral misalignment: a) side view b) end view
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This displacement reduces the amount of overlap of the two fiber end faces and therefore the amount of power
coupled from one fiber to the other. For multimode, step-index fibers of identical numerical aperture and radius a, a
reasonable approximation is that the optical power coupled from one fiber to the other is proportional to the core

area common to both fibers.

The common area can be calculated as

A =4 r dr db (m?
=t [

1
Oy m?

= 2a? cos’! 21 -d@?-
a

and the total area of an end face is A, = Ba? (m?)

so that coupling efficiency (O, ,p) is

Aow 2 5 d d d o
= = Zcos! — - — |1 - ()2
Mear A, T 2a ma (23)
and losses due to lateral misalignment are
L ,r = 10 log ng,p (dB)
30 T T T T
25
20}
g
@ 150
8
101
5_
% o1 0.2 03 04 05 06 07 05 09 1

axial displacement (d/D)
Figure 4.3 connecting losses vs ratio d/D
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2. Longitudinal Displacement
Longitudinal displacement is the separation of the two end faces of the fibers by a gap s. The emitting fiber radiates

in a solid angle of which only a portion is intercepted by the receiving fiber. The amount of light received is
dependent on both the fiber's acceptance angle (2,) and on the length of the gap, s. See Figure 4.4.

- coupled power
transmitting fiber pedp

lost power

Figure 4.4 longitudinal displacement: (a) side view (b) end view
Assuming, as in the previous case, the fibers are multimode step-index type, and ignoring Fresnel reflections, a
reasonable approximation is that the optical power coupled is a ratio of areas.

T a2

T (2 + s tan 0,)

2
-3
(a+stanﬁa]

MNLon

The loss due to longitudinal displacement is

Lioy = 10 log Mgy (dB)
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4.5 n

3.5 *

loss (dB)
N
(%))
T
1

0 | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

separation (s/D)
Figure 4.5 connecting losses due to core separation vs ratio s/D

Longitudinal displacement losses can be greatly reduced with the use of an index adaptation liquid as observed in
experiment 5.

3. Angular Misalignment

The third type of mechanical misalignment is angular misalignment.

transmitting fiber

receiving fiber

Figure 4.6 angular misalignment
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Using the same assumptions as in the previous cases the loss due to angular misalignment has been shown to be

16 (n,/n)?
Ly = -10 log (08 |gp
[1+(n,/m)]* 1
m 0, (22)2

where 2 = angular displacement in radians
n, = core refractive index
n = surrounding medium refractive index

) = refractive index difference

24

2.2 b

0.8 ~

06 b

0.4 1 L L 1
0 5 10 15 20 25 30

misalignment angle (degrees)
Figure 4.7 connecting losses vs alignment angle
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PREPARATION:

1. Calculate the theoretical loss due to lateral misalignment of O to 1.4 mm. Graph this as loss, in dB, versus
the ratio d/D, where d is the lateral offset and D is the core diameter (1.42 mm).

2. Calculate the theoretical loss due to angular misalignments of 0 to 30 degrees. Graph this as loss, in dB,

versus angle of misalignment.
PROCEDURE:
1. Losses due to Longitudinal Displacement

Set the MOD-DIR switch at DIR and GAIN at X1. Connect the TIL24 LED to the TRANSMISSION output and the
PIN photodiode (14) to the PIN input. Connect the 0.5 m F2 fiber (2) to the LED and the pigtail fiber (8) to the
photodiode. Install the L shaped bracket (18) on the turntable such that at zero degrees rotation the connector is on
the edge of the turntable. Connect the F2 fiber to the L bracket. Insert the pigtail fiber (8) into the mounting block
(16) on the X-Y mechanical stage and secure it with a set screw. Adjust the X-Y stage to bring the two fiber end
faces together. Set the DC power supply at 4 Volts and connect it to the TRANSMISSION input. Turn the KOP-
100 electronics module on. Connect the PREAMP output to the multimeter and adjust the X-Y stage to obtain
maximum output as close to zero degrees rotation as is possible. Connect the TRANSLATION output to the other
multimeter (see Figure 4.9). This voltage is proportional (1V/cm) to the horizontal position of the X-Y stage.
Record the PREAMP output for a 0-7 mm range of fiber separation. Plot the loss in dB versus fiber separation (s/D)
where D is the fiber diameter (1.42 mm).

Since the detector output voltage is directly proportional to optical power, the use of the following equation is
appropriate, where V, is the voltage measured at 0 separation and V; is the new voltage reading at each subsequent
measurement:

Vo
loss=-10log,, 7

i

2. Losses due to Lateral Misalignment

Adjust the X-Y stage for 0.5 mm separation between the fibers. Connect the ROTATION output to the multimeter
(see Figure 4.10). This output voltage is proportional (10 mV/degree) to the angular rotation of the turntable.
Record PREAMP output for angular rotations of 0.3, 0.6, 0.9, 1.2, 1.5 and 1.8 degrees in the positive (clockwise)
direction. Rotate the turntable approximately 0.3 degrees past the desired point and then return to the desired point
before recording the PREAMP output. For this part of the experiment the following method of approximating the
lateral misalignment, d, will be used:

fe——

al\

1 (] 1

ya : /n
receiving fiber

transmitting fiber

Figure 4.8 lateral misalignment approximation
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The distance L (4 cm) from the rotation axis to the transmitting fiber end is large relative to the lateral displacement,
d, so

d=Ltana =L o (cm)

where "', in radians, is the angular displacement of the turntable.

Calculate the lateral displacement, d, for the degree of rotation in each case above. Plot loss in dB versus d/D, where
D is the fiber diameter (1.42 mm). Compare these results to theory.

3. Losses Due to Angular Misalignment

Remove the L bracket from its position and reinstall it so the connector is above the center of the turntable (see
Figure 4.11) . Adjust the X-Y stage for 0.5 mm separation between the fibers. Adjust the stage as in part 1 for
maximum PREAMP output at zero degrees rotation. Record the PREAMP output for rotation of 0 to 30 degrees.
Calculate the losses due to angular misalignment. Plot loss, in dB, versus angle and compare with the theoretical
values.



(=)
[Q\]

_
|
_

:.g_uza F=—— —--

0
T
_

MO

Ll

—

==

pLIL

JNSU0A

pre=t-

e e a =~

Figure 4.9 equipment connections for part 1



30

8poip Nid

16)8WH0A

B

¥ Il

1818WNJOA

v

Figure 4.10 equipme_nt connections for part 2 7



31

8pOIP Nid

J018WIIOA

\

ZARINS

JRIBWIOA

-

9l

Av+

?

0

Figure 4.11 equipment connections for part 3



32

EXPERIMENT 5§

LINEAR ATTENUATION

OBJECT:

To determine the linear attenuation of an optical fiber at wavelengths of 650 nm and 940 nm.
EQUIPMENT:

KOP-100 fiber optics kit
1 Fluke 8050A multimeter

THEORY:

The fibers in the KOP -100 kit are of the step index type. The core refractive index is 1.6 and the core diameter 1.42
mm. These are multimode fibers. Multimode fibers have several advantages for the laboratory set-up; the ease with
which power can be launched into them, ease of interconnection, and the fact they can be excited using a LED which
is the type of emitter used in the KOP kit.

One of the most important characteristics of the optical fiber is the attenuation of the optical signal as a function of
distance traveled in the fiber. The basic mechanisms of attenuation are absorption, scattering and radiative losses.
Both absorption and scattering are wavelength dependent and therefore the fiber attenuation will be also.

The excitation of a multimode fiber causes the energy to be distributed in several modes. Several hundred modes
can be set up in the fiber immediately adjacent the optical source. However, not all of the modes will travel the
entire length of the fiber. The input of the fiber plus a coupling length (L,) can be thought of as a transition region
up to where the mode distribution comes to a steady state. In this region, attenuation will be a function of length,
and, beyond this region, attenuation per meter will be a constant. See Figure 5.1.

\ fransition
\ fegion

log power

\ -
\
/tran;on |
region region of
steady state
attenuation
L 1

fiber length

Figure 5.1 coupling length (unconstant ")
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The attenuation coefficient (*") will be used to express the rate of diminishment of average power with respect to
distance along the fiber.

The differential method will be used in this experiment to determine the total fiber attenuation per unit length.

o el — A X
Pix) —»= — P(x) — AP

Figure 5.2 power incident on incremental length of fiber

Suppose that an amount of optical power P(x) is incident on the incremental portion of length )x. The amount of
energy diffused and absorbed is statistical and is proportional to P(x) and )x so

AP = -aP(x) Ax

where "" is the attenuation coefficient. This can be written as

AP -0 Ax
P(x)
Solving for P(x) gives
P(x) = P(0) e™** W)

assuming that measurement takes place beyond coupling length (L,) and therefore " becomes a constant.

Solving for "" we obtain

_ log (P(x2) /P(x1))

nepers
0434 [x, - x,] (nepers)

where x,, X, are in meters, and the power attenuation per meter is

o = L] log (P(x2) /P(x1))  (dB/m)

[x - x

The PREAMP output on the KOP-100 module is a voltage proportional to the optical power incident on the PIN
diode and therefore may be substituted for P(x) in order to determine "".
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PROCEDURE:
1. Linear Attenuation at 940 nm.

Connect the variable DC power supply to the electronics module. Set the MOD-DIR switch on the electronics
module to DIR. Set GAIN at X1. Connect the TIL24 LED (12) to the transmission output and the PIN photodiode
(14) to the PIN input. Connect the F1 fiber (1), to the TIL24 LED using a male-male fiber connector. Connect the
1.0 meter long F3 fiber (3) between the F1 fiber (using a connector) and the photodiode. Set the variable DC power
supply at 3 Volts and connect it to the transmission input. This voltage is the LED intensity modulation signal. Turn
the KOP-100 electronics module on. Measure the PREAMP output with the multimeter. Replace F3 with the 2, 4
and 6 m fibers (F4(4), F5(5), F6(6)) respectively and record the PREAMP output for each (see Figure 5.3). Plot the
results on semi-log graph paper: normalized amplitude (for the semilog axis) vs fiber length (linear axis). Calculate
linear attenuation, "', in dB/m for both the transition region and the steady state region as determined graphically.
Compare these values and comment on any differences between them.

2. Linear Attenuation at 650 nm.

Set GAIN at X10. Set the DC supply at 4 Volts. Connect the TIL221 LED(13) to the power supply. Note the
proper polarity for the LED connection (red +, black -). Connect the F1 fiber to the TIL221. Proceed as in Part 1 to
measure the PREAMP output for the 1, 2, 4, and 6 m fibers (see Figure 5.4). Plot the results as in Part 1 to
determine the two regions and calculate values for ** for each range. Comment on any differences.
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EXPERIMENT 6

INJECTION LOSSES

OBJECT:

To determine the coupling efficiency between an emitter and an optical fiber. To determine the half power
beamwidth for the TIL24 LED.

EQUIPMENT:

KOP-100 fiber optics kit
HP 7045A X-Y recorder

2 Fluke 8050A multimeters
THEORY:

Injection losses occur at the coupling of an emitter and an optical fiber. Injection losses are due to the loss of optical
power which radiates outside of the fiber’s acceptance cone.

Source radiation

Optical //’
source
N

Fiber

%K i Core acceptance
Active / R angle
area C 'I///'/’/[{{/['/l{,, Cladding
Lost power i
Figure 6.1 Emission and acceptance angle differences
The radiation pattern of a LED can be expressed as
B(6) = B, cos™ O (W /sr)/cm?

where B, is the radiance on the symmetry axis and B(2) the radiance at an angle 2 from the axis.

LED

Figure 6.2 emission pattern
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For the step-index fiber, assuming perfect coupling, the coupled power (P;) can be found by integrating the radiance

from a point source over the solid acceptance angle of the fiber and then integrating over the emitting area. For a
Lambertian emitter

Is 2n 2m ea

Po=[ [ [ [B,cos 0 sin db dp dbrdr (W)
o o0 o o
= w2 B, 1%, NA 2 (W)
where 1, = source radius (r, < a)
a = fiber core radius
2, = fiber acceptance angle (sin ea = n12 - n22 )
2, = source angle

The total emitted power (Py) is

2t =m/2
Py = m r? ff B, cos 6 sin® d6 d¢ W)
o 0
= n?r? B, W)

P
n, = P_F NA?2 (Lambertian source)

For a non-Lambertian source (m¥1) using the same method as above

P

n, = P—F =1 - cos’“”ﬁa (non-Lambertian source)
s

The method to be used in the experiment consists of plotting the angular emission pattern of a LED and of a short

length of fiber (to minimize attenuation). The two patterns can then be used to calculate coupling efficiency.

The half power beam width (full width at half maximum) of a light source is the total angle subtended between the
two points where light intensity is one half the maximum intensity (i.e. on the symmetry axis, 2 = 0°).
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r< Y cm

A 4

Figure 6.3 radiation pattern of emitted optical power

28,
27°

=< |4

2., is the half-angle at half power: the half power beamwidth is thus 22,,. Once 2,,, is known, m can be found
from:

B(6) = B, cos™ 6,,

Following the analysis of Lab 3, 2, can be obtained from the fiber radiation pattern as before.

Once m and 2, are known the couping efficiency, O, can be calculated.
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PROCEDURE:

1. Set the MOD-DIR switch at DIR and GAIN at X10. Connect the TIL24 LED (12) to the TRANSMISSION
output and the PIN photodiode (14) to the PIN input. Install the TIL24 LED on the L bracket (18) mounted on the
turntable. Fasten the PIN photodiode to the mounting block (16) mounted on the X-Y mechanism. Set the variable
DC power supply at 3 volts and connect it to the TRANSMISSION input. Turn the KOP-100 module on. Position
the DETECTOR approximately 4 cm from the LED. Observe the PREAMP and ROTATION outputs with the
multimeters. The ROTATION output is proportional to the angular rotation of the turntable (10 mV/degree). Adjust
the height of the X-Y mechanism so that maximum PREAMP signal is measured as close as possible to zero degrees.
Connect the ROTATION output and the PREAMP output respectively to the X and Y inputs of the recorder (see
Figure 6.4). Record the angular emission pattern of the LED from -90 to +90 degrees. Determine the LED half
power beam width, 22 ,.

2. Connect the F1 Fiber (1) to the LED and to the L bracket (see Figure 6.5). Record the angular emission pattern
of the fiber. Use the two patterns to calculate coupling efficiency, O..

Questions:

1. Given that the half-power beam width of the TIL24 LED is 35 degrees (2,,, = 35°/2) calculate the "m"
value which characterizes the LED emission pattern.

2. Use the "m" value to calculate the theoretical coupling efficiency of the LED and fiber and compare this to

the value found in the experiment (n, = 1.6, n, = 1.526).
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EXPERIMENT 7

CONNECTOR LOSSES

OBJECT:

Measurement of the losses associated with a coupling connector. Also to verify the influence of the condition of
fiber end surfaces, and index adaptation liquid, on connector losses.

EQUIPMENT:

KOP-100 fiber optics kit

Index adaptation liquid (glycerine)

Fluke 8050A multimeter

THEORY:

1. Connector Losses

The connector is a temporary mechanical means of joining two optical fibers. An understanding of the losses in a
connector is necessary as connectors are widely used in optical communication links. Losses in a connector are due

to many factors. Losses due to reflection at a dielectric interface will be examined in this experiment.

From previous transmission theory and with reference to Figure 7.1 reflection and transmission coefficients, D and J,
respectively can be found.

Medium 1 Medium 2
€1, H1, M1 =V H1/€ €2, K2, M2 =V H2/€2
£ £ E!

P4
/ ‘ #i 2 reflected / I
incident transmitted
Hl

H

y

Figure 7.1 the dielectric interface

Solving for the boundary conditions it is found that

E
p = E =M, - nyY /i, +n) (1)

where O = intrinsic impedance of the medium.
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In fiber optics the index of refraction, n, is the defining characteristic of a medium and is related to the intrinsic
impedance as follows

n=— 2
Substituting equation (2) into equation (1) gives
p = (Ill - nz) /(111 + 112)

Relating this to power

P

Ff = [(111 - 112) /(nl + nz)]2 3)

and the power loss at one interface is defined as

L = 10 log (P, /P, ) (dB) 4)
and since
P, =P, + P,
then
L =101log{l - [(n, - n) /(n, + n)} (dB) 5)
2. Effects of Polishing and Index Adaptation Liquid

Polishing ensures a clean flat surface free of residual particles at a fiber end and increases the amount of power
coupled at a connector. The use of an index adaptation liquid reduces fiber separation loss by reducing the beam
divergence.

index adaptation liquid

| \

Figure 7.2 effect of index adaptation liquid



45
PROCEDURE:
1. Influence of Polishing

Set the MOD-DIR switch to DIR and GAIN at X1. Connect the TIL24 LED(12) to the transmission output and the
PIN photodiode (14) to the PIN input. Connect the F1 fiber to the TIL24 LED. Connect the 10 cm unpolished fiber
F7(7) between the F1 fiber and the PIN photodiode. Use only two turns of the retaining cap on the PIN receptacle.
Set the variable DC supply at -1 Volt and connect it to the TRANSMISSION input. This is the bias voltage for the
LED. Turn the electronics module on. Measure the PREAMP output with the multimeter (see Figure 7.4) and
record. This voltage is proportional to the optical flux at the detector. Disconnect the unpolished fiber F7 and polish
both endfaces.

Fiber Polishing

Place the #400 silicon carbide medium grade finishing paper on a firm flat surface. Hold the fiber firmly and
upright. Trace circular figures on the #400 paper with the fiber end face approximately 25 times. Clean the fiber
end. Repeat the above procedure with #600 paper. Place a small quantity of polishing powder on the felt polishing
fabric. Add a drop of distilled water and polish as above until the fiber end has a glossy finish.

Figure 7.3 polishing techniques
Reconnect the F7 fiber and measure the PREAMP output. Calculate the gain, in dB, due to polishing.
2. Loss due to the Optical Connector

Remove the F1 fiber and connect the F7 fiber directly to the LED. Record the PREAMP output. Calculate the loss,
in dB, due to the connector.

3. Gain Due to Index Adaptation Liquid
Reconnect the F1 fiber to the LED and the F7 fiber. Measure the PREAMP output. Place a small amount of

glycerine into the connector between fibers F7 and F1. Reconnect the fibers and measure the PREAMP output.
Calculate the gain, in dB, due to the use of the index adaptation liquid.

Questions:

1. Calculate the expected loss due to one fiber to fiber connector. The refractive index of the fiber core is 1.6.
Compare this to the result found in part 2 above. Comment on any discrepancy.

2. Calculate the expected connector loss when index adaptation liquid is used. The refractive index of

glycerine is 1.47. Compare this to the experimental result.

Note:  When the experiment is completed both ends of fiber F7 should be rubbed with #400 paper to restore them
to their original state. The connector and fiber ends should be cleaned of index adaptation liquid.
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EXPERIMENT 8

CHARACTERISTICS OF A LED
OBJECT:

Determination of the characteristic curve of a LED. Measurement of the LED electro-optic response time and of the
junction and case thermal time constants.

EQUIPMENT:

KOP-100 Fiber Optics Kit
Function generator
Oscilloscope

2 Fluke 8050A multimeters
HP 7045A X-Y recorder

THEORY:
1. Characteristic Curve of the TIL24 LED

The characteristic curve of output power versus input current for a LED is linear over a suitable range of current for
a particular LED. This range generally extends from a few milliamperes up to approximately 50 milliamperes for a
LED without a heatsink, or up to 150 milliamperes for a LED with a heatsink. At lower currents the electron-photon
conversion efficiency is low while at higher currents a saturation phenomenon occurs due to the heating of the
semiconductor.

Experimentally the optical power emitted from the LED will be measured with the PIN photodiode, the current of
which is proportional to the incident optical power. This current is then fed to a current-to-voltage converter. The
converter output is thus proportional to the optical power. The biasing circuit for the LED, internal to the KOP-100
module is configured such that the LED current, I, ;,, can be expressed as

L = 14V, + 42 (mA)

where V; is the TRANSMISSION input voltage.
2. Electro-optic Time Constant

The electro-optic time constant, J, of a LED is the time for the LED current, and thus the optical power emitted, to
reach 63 percent of it’s maximum value. This response time is very important when determining the maximum
bandwidth for which the LED is modulable. The cutoff frequency of a LED is expressed as

f, = 12nt (Hz)

Experimentally the method used to measure the electro-optic time constant will be to apply a 3 V pulse to the LED
bias circuit and measure the time constant of the signal from the detection circuit. This value is a very close
approximation of the LED time constant since the time constant of the photodetector is much smaller (- 5 ns).



48

Figure 8.1 electro-optic time constant

3. Thermal Time Constants

The LED external efficiency is dependent upon temperature. Therefore it is important to know the thermal
characteristic of the LED. If a high level square current pulse is applied to the diode the emitted optical power will
vary with time as a result of the temperature rise caused by the power dissipated in the junction. This temperature
rise subsequently lowers the electron-hole pair recombination efficiency. Therefore the junction takes a certain
amount of time to reach its equilibrium temperature and recombination efficiency.

The measurement method shall consist of applying a square wave of low frequency to the LED bias circuit and
measuring the time for the output pulse of the detector to diminish by 63 % of the difference between the peak value
and the equilibrium value. This time is J, the junction thermal time constant.

1007

-
4

f—— Time
Figure 8.2 junction thermal time constant
The LED case and mounting also take a relatively long time after the application of a current step to reach their

thermal equilibrium. To determine the case time constant a current step will be applied to the LED bias circuit and
the case thermal time constant, J_, is measured in the same manner as the junction thermal time constant above.



49

R y
7/

Figure 8.3 case and mounting thermal time constants

PROCEDURE:
1. Characteristic Curve of the TIL24 LED

Set the MOD-DIR switch at DIR and GAIN at X1. Connect the TIL24 LED (12) connector to the TRANSMISSION
output and the PIN photodiode connector (29) to the PIN input. Connect the 1 m F3 fiber (3) between the LED and
the PIN photodiode. Connect the variable DC supply to the TRANSMISSION input. Monitor the PREAMP output
voltage, V,, with the multimeter. Vary the input voltage, V from -3 V to +3 V while recording V (see Figure 8.4).
Using the equation given in part 1 of the theory to calculate I, 5, plot results as V versus LED current, I, zp,.
Comment on the linearity of the LED output power versus input current.

2. TIL24 Electro-optic Time Constant

Connect the PIN photodiode connector to the DETECTOR input. Set the Transistor-Diode switch at Diode and
connect the LED directly to the PIN photodiode. Apply a 1 kHz, 3 V pulse at the TRANSMISSION input. Observe
the DETECTOR output with the oscilloscope (see Figure 8.5). Measure the electro-optic time constant, J. Calculate
the LED cutoff frequency, f,. Adjust the function generator to provide a 3 V peak-peak, 1 kHz sinewave and use this
as the TRANSMISSION input. Measure the DETECTOR output at 1 kHz. This will be the reference value (0 dB
maximum value). Increase the frequency until the DETECTOR output has dropped by 3 dB (1//2 of the maximum
value since 20 log 1//2 = - 3 dB). Record the cutoff frequency, f, Compare the cutoff frequency measured with that
calculated above.

3.1 Junction thermal time constant

Connect a 10 Hz, 6 V peak-peak square wave to the TRANSMISSION input. Observe the DETECTOR output on
the oscilloscope and measure the junction thermal time constant, J, (see Figure 8.6a).

32 Case and Mounting Thermal Time Constant

Connect the DETECTOR output to the y input of the X-Y recorder. Use the recorder’s X time base option of about
5 sec/inch or whatever seems suitable. Just after starting the recorder a 4 V step input should be applied to the
transmission input. To do this, the variable DC supply should be set to 4 V and quickly plugged in after the recorder
has started (see Figure 8.6b). The recorder may jump back to the start of the page but it must be left running until it
reaches an equilibrium value. From the plot measure J_, the LED case and mounting thermal time constant.
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EXPERIMENT 9

PHOTODETECTOR CHARACTERISTICS
OBJECT:

Measurement of the time constants and relative sensitivities of a phototransistor and a photodiode. Measurement of
the linearity of a photodetector.

EQUIPMENT:

KOP-100 Fiber Optics Kit
Function generator
Oscilloscope

Fluke 8050A multimeter

THEORY:

Photodetectors are devices which sense incident optical power and convert this varying signal into a correspondingly
varying electric current, by means of electron-hole pair generation. The photodetector time constant is a function of
the carrier travel time within the depletion region. It depends upon the depletion zone thickness and carrier velocity.

The two main classes of photodetectors are photodiodes and phototransistors. The photodiode is configured such
that only the reverse-biased collector-base junction is used, the emitter lead is left open. When light is incident upon
the base region a current is generated in the diode. In the phototransistor the emitter forms part of the circuit and
thus the photocurrent generated by the collector-base junction is amplified by the transistor current gain $. Thus the
sensitivity of the phototransistor is much higher than that of the photodiode due to the forward current gain.
However, the addition of the second junction (base-emitter) increases carrier transit time and therefore the
phototransistor has a much longer time constant than the photodiode.

Another important characteristic of the photodetector is linearity. The photodetector must have a wide range over
which the photocurrent generated varies linearly as a function of the incident optical power.

Experimentally, a step input of light will be applied to the photodetector and its time constant (0-63 %) measured at
the detector output using the oscilloscope.

Figure 9.1 photodetector time constant
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The relative sensitivities of the phototransistor and the photodiode will be compared by applying a constant voltage
to the input of the transmission module and observing the magnitude of the output signal.

The linearity of the PIN photodiode will be determined by measuring the output signal for the photodiode as a
function of its separation from a light source. Since the light source used approximates a point source its
illumination varies in an inverse square law. Photodiode linearity can then be evaluated by graphing the
measurements on a log-log chart. Theoretically, the results should then be a straight line of slope -2.

PROCEDURE:
1. Relative Time Constants of a Phototransistor and a Photodiode.

Set the MOD-DIR switch at DIR. Connect the TIL24 LED (12) to the TRANSMISSION output. Connect the
TIL99 photodetector (15) to the DETECTOR input. Set the TRANSISTOR-DIODE switch at TRANSISTOR to use
the detector as a phototransistor. Interconnect the LED and detector using the 1 m long F3 fiber (3). Turn the KOP-
100 module on. Set the function generator for a 3 V peak-peak square wave a 1 kHz. Connect it to the
TRANSMISSION input. Observe the DETECTOR output on the oscilloscope (see Figure 9.2). Measure the
detector time constant, J. Set the TRANSISTOR-DIODE switch at DIODE to use the detector as a photodiode.
Connect the LED directly to the detector (remove the F3 fiber). Measure the photodiode time constant. Compare
the two time constants relative to those given in the data sheets.

2. Relative Sensitivities of a Photodiode and a Phototransistor

Set the DC supply at 2 V and connect it to the TRANSMISSION input (see Figure 9.3). Note the DETECTOR
output amplitude (Vop). Change the switch setting from DIODE to TRANSISTOR. Note the new value of the
output signal (V). Comment on the relative sensitivities of the two configurations.

3. Determining the Linearity of a PIN Photodiode

Set the GAIN at X10. Connect the PIN connector (29) to the PIN input. Connect one end of the F3 fiber to the LED
and connect the other end to the L bracket (18) mounted on the turntable. Install the PIN photodiode (14) on the
mounting block installed on the XY mechanism. Apply a 3 V signal at the TRANSMISSION input (see Figure 9.4).
Adjust the turntable and the XY mechanism to have a maximum output signal for 0° angle of rotation, while fiber to
detector separation is 2 cm. Vary the separation, s, from 2 cm to 11 cm (in 1 cm increments, the TRANSLATION
output is proportional (1 V/cm) to the position of the X-Y stage) and record the output signal amplitude, V.
Graph the results as log Vo versus log s. Comment on the linearity of the PIN photodiode.
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EXPERIMENT 10

TRANSMISSION OF INFORMATION
OBJECT:

To compare the operation and dynamic range of a pulse-width modulated and an amplitude modulated data
transmission system.

EQUIPMENT:

KOP-100 Fiber Optics Kit
Oscilloscope

Function Generator

Fluke 8050A multimeter

THEORY

Two methods of data transmission using the KOP-100 module will be observed, pulse-width modulation (PWM) and
intensity modulation (IM).

For PWM data transmission the input signal (V,,) is fed to a modulator which generates a train of constant frequency,
constant amplitude, duty-cycle modulated rectangular pulses. These pulses are converted to light pulses by a LED
and transmitted along a fiber. The photodetector signal is fed into a current to voltage converter, the output of which
feeds a demodulator. The demodulator output signal's amplitude (V,,) and pulse width are proportional to the input
signal. Because of its characteristics a constant strong output signal is obtained but is abruptly cut off if the input
signal becomes too weak.

For IM transmission the input signal (V,,) directly modulates the LED current and therefore the optical signal. The
photodetector then converts the optical signal to a current which is fed into a current to voltage converter. This
output drives a loudspeaker. The key difference between the two systems is that the amplitude of the electrical signal
driving the LED is constant in the case of PWM but is variable for the direct (IM) transmission.

PROCEDURE:
1. Pulse width and Amplitude Modulation of the Input Signal.

Set the MOD-DIR switch at MOD and gain at X1. Connect the TIL24 LED (12) to the transmission output and the
PIN photodiode (14) to the PIN input. Connect the 1 m long fiber F3 (3) between the LED and the detector. Set the
variable DC supply at 2 Volts and connect it to the TRANSMISSION input. Turn the KOP-100 module on.
Measure the pulse width (W) at the PREAMP using the oscilloscope and signal amplitude (A) using the multimeter
(see Figure 10.1). Vary the voltage from +2 to -2 Volts in 0.5 V increments. P1lot pulse width and demodulated
signal amplitude vs input voltage. Comment on the linearity of the PWM system.

2. Comparison of the Dynamic Ranges of the Pulse-Width Modulated Transmission System and of the
Intensity Modulated Transmission System.

Connect the earphone to the AMP output. Adjust the function generator for a 200 mV peak-peak sinewave at 1kHz.
Disconnect the fiber from the photodetector and mount it on the L bracket on the turntable. Mount the PIN
photodiode on the X-Y mechanical stage (see Figure 10.2). Align the fiber and the PIN photodiode. Measure the
maximum fiber to detector separation for which the signal is still audible. Also monitor the AMP output on the
oscilloscope. Set the MOD-DIR switch at DIR. Measure the maximum fiber to detector separation for which the
signal is still audible. Monitor the AMP output as above. Comment on the dynamic ranges of the two transmission
systems. Which is the preferred system?
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Figure 10.1 equipment connections for part 1
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KOP-100 Fiber Optics Module

Important Characteristics of the Principle Elements

1.

Fiber

-plastic core and cladding

-step index type

-NA: 0.48

-core refractive index: 1.6
-cladding refractive index: 1.526
-core diameter: 1.42 mm
-cladding diameter: 1.52 mm

TIL24 LED

-peak emitting wavelength: 940 nm
-spectral bandwidth: 50 nm

-half power angle: 35°

-output flux at 50 mA: 7 mW/sr
-maximum current: 100 mA

TIL 221 LED

-peak emitting wavelength: 650 nm
-maximum current: 50 mA

C 30808 PIN Photodiode

- photosensitive surface area: 5 mm?
-spectral response (10 %): 400 to 1100 nm
-sensitivity: 0.6 A/W at 900 nm

-dark current: 30 nA

-quantum efficiency: 80 % at 900 nm
-risetime: 5 ns at 900 nm

TIL Phototransistor

5.1 Phototransistor configuration
-photocurrent: 5 mA at 20 mW/cm?
-risetime: 8 pus

-falltime: 6 pus

-hfe: 200

5.2 Photodiode configuration
-photocurrent: 40 pA at 20 mW/cm?

-risetime: 350 ns
-falltime: 500 ns

61
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KOP-100 parts list

0 Fiber FO (S cm)
1. Fibes £ 1 wnth connector
210 6: Fibers F2 10 F6 10.5 to 6 m)
7. Fiber £7 {10 cm) unpolished both
ends
8: Pigtail fibwer
9: Fibrer F3 11 m) unpolithed one end
10: Fibers Ft and Fr
115 mioote 1iber (0o connector)
12: TiL 24 LED (transmatter)
13 THL 221 LED {transmutter)
14, PIN photodiode (detector)
15 T«99 phototransistor (detector)
16 Mounting brock
17 X-Y mechanical 1tage
18: L bracket wath connector
19 Onffusion reflector
20" Microphore
21: Polishing kit [not shown)
22 Electrons moduie
23 Electromc module and — 10V 10
10 V power supply
24: 632 x 1”7 thumbacrew
75 632 x 147 thumbscrew
26: Optical connector pars
77: Polishing bushing
28 Male-maile connector
18 PIN photociode COnnec1or cable
30 Earphore
31: BNC to bananas plugcatle
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-‘@ MOTOROLA

SEMICONDUCTORS MFOE71

PO BOX 20912 ¢« PHOENIX. ARIZONA 85036

FIBER OPTIC LOW COST SYSTEM FLCS LINE
FLCS INFRARED-EMITTING DIODE
FIBER OPTICS
.. . designed for low cost, medium frequency, short distance Fiber
Optic ‘Systemsiusi.ng 1900 microq core pla'stic.ﬁber. . INFRARED-EMITTING DIODE
Typical applications inctude: high isolation interconnects, dis-
posable medical electronics, consumer products, and micropro- GALLIUM ALUMINUM ARSENIDE
cessor controlled systems such as coin operated machines, copy 820 nm
machines, electronic games, industrial clothes dryers, etc.
@ Fast Response — > 10 MHz
® Spectral Response Matched to FLCS Detectors:
MFOD71, 72, 73 —
® FLCS Package S ™~
— Low Cost o
— Includes Connector {
— Simple Fiber Termination and Connection ~ r N
— Easy Board Mounting \
— Molded Lens for Efficient Coupling (\ ~
— Mates with 1000 Micron Core Plastic Fiber (DuPont OE 1040, v S
Eska SH4001) ~2
MAXIMUM RATINGS
Rating Symbol Value Unit
Reverse Voltage VR 6.0 Volts St -
Forward Current ' 150 mA 0N
>
Total Power Dissipation @ TA = 25°C Pol1) 150 mw L_D .
Derate above 25°C 2.5 mwW-~C T"I I ¥«
Operating and Storage Junction T4 Tseg -40 to +85 °C —
Temperature Range =t
—
(1) Measured with the device scidered into a typical printed circuit board. e
= —1 b DIMENSITNS ¢ ANC 1 ARE JATUMS AND
. ‘{E"—'} Y05 8 2aTav sussact
’- 2 POSITIONAL "OLERANCE FOA L 12 P
i fas (M e0oow = OIERCH
FIGURE 1 — NORMALIZED POWER LAUNCHED versus L =g o oo R TR
~e DHAENSION -2 M)
FORWARD CURRENT - I OB r 0T
4 POSITIONAL TOLERANCE FOR 4
sTHE DMENSIOA 2 AL
st ";:;’:;“ a3 s v eis
b § OIMENSIONNG AND TOLTAARDING PER
@ 14 - ANSi TIe T 902
& / § CONTAOL.AG DWAENSION weh
x
= o
5 " 12 I Leas —
ggm L1887 19088 3735 0750
&~ 1 8147 939 5360 0370
ek RrIRLET I
Zgos v T8 399 008
g I k] €0 337002
52 os B ih e
1 i [
E L7 57 ‘?: ;T;’"
S N T 008 5T RS Rd Ly
« 02 R T a50 L iies 08,
: o EriSisE A ]
0 20 4 6 80 100 120 14 180 L LY
I, FORWARD CURRENT {mA)}
CASE 363-01
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ELECTRICAL CHARACTERISTICS (T4 = 25°C uniess otherwise noted)

Characteristic Fig. No. | Symbol Min Typ Max Unit
Reverse Breakdown Volitage - V(BRIR 2.0 4.0 -_ Votts
(IR = 100 uA)
Forward Voltage -_ VE - 15 20 Volts
L__Uf = 100 mA)
OPTICAL CHARACTERISTICS (T5 = 25'C unless otherwise noted)
Characteristic Fig. No. | Symbol Min Typ Max Unit
Power Launched 2.4 PL 110 165 — uw
Optical Rise and Fall Time 3 te. Y - 25 35 ns
Peak Wavelength {Ig = 100 mAj} 1 Ap — 820 - nm

For simple fiber termination instructions, see the MFOD?1, 72 and 73 data sheet.

FIGURE 2 — POWER LAUNCHED TEST SET FIGURE 3 — POWER LAUNCHED (PL) versus FIBER LENGTH
100 NG ¥
i AN
g 10
o S\
:32 t 10 Meter ph:; xue %
. A with 350 S NG :
= ewegmea | "QUC| | £ .
YE; Eska SH4001 2 01 N
=) N
— - = N
g Ig = 100 mA ; NC
001 o
AN
N
40 80 12 1€ 2 P 28 32 k3
FIBER LENGTH (M)
FIGURE 4 — OPTICAL RISE AND FALL TIME FIGURE S — TYPICAL SPECTRAL OUTPUT
TEST SET (10%-30%) versus WAVELENGTH
100

2
e~

g \
47 1) 5 I \
Photodyne Tektronix a
. — » 1.0 Meter 7904 8 / \
= "?2 od ]} == 1500xp 22 with o &
- i — —» — o o 2 \
3 DyuPont OE1040 s
our or Optical Plug in <o
[ ( : > Eska SH400? Wavetorm :2 &0
:: oo Analyzer g / \
3
1 2 x 7/ \
P
/
700 50 800 350 s
WAVELENGTH (nmi

Motcrota reserves the right to make changes without further notice (o any products herein 10 improve reilabihity funcnhion or aes 3n Motorota does
Not 3ssume any habiily arising out of the apol-cahgn Or use of any product or Circuit described herein neither does ! Convey any hicense under its
pate~! rignis nor the rights of others Motorola ang M are registered tracemarks of Motorola Inc Motorola Inc 1s an Equal Empioyment Opporunity’
Attir—ative Action Employer

— @ MOTOROLA Semiconductor Products Inc.

BOX 20912 « PHOENIX, ARI2ZONA 85036 » A SUBSIDIARY OF MCTOROLA INC.
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@ MOTOROLA MFOD71

MFOD72
SEMICONDUCTORS MFOD73

PO. BOX 20912 « PHOENIX. ARIZONA 85036

FIBER OPTIC LOW COST SYSTEM
FLCS DETECTORS

... designed for low cost, short distance Fiber Optic Systems FLCS LINE
using 1000 micron core plastic fiber.

Typical applications include: high isolation interconnects, dis- FIBER OPTICS
posable medical electronics, consumer products, and micropro-
cessor controlled systems such as coin operated machines, copy DETECTORS

machines, electronic games, industrial clothes dryers, etc.
Fast PIN Photodiode: Response Time <5.0 ns

L ]
o Standard Phototransistor

e High Sensitivity Photodarlington

® Spectral Response Matched to MFOE71 LED

® Annular Passivated Structure for Stability and Reliability
® FLCS Package

— Includes Connector

— Simple Fiber Termination and Connection (Figure 4)
— Easy Board Mounting

— Molded Lens for Efficient Coupling

— Mates with 1000 Micron Core Plastic Fiber (DuPont OE1040,
Eska SH4001)

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

Rating Symbol Value Unit - -
Reverse Voitage MFOOD71 VR 100 Voits i
Cotlector-Emitter Voitage MFOD72 Veeo 30 Volts . —t c
7 ! - - ’ .1 m—— N '
MFOD73 60 L= c TR AT i
Tota! Power Dissipation @ Tp = 25°C Pp JEIVRE | -
MFODT1 100 mw —-- T
Derate above 25°C 167 mw-=C I -
MFOD7273 150 mw ; v .
Derate above 25°C 25 mw-=C S A OTB . THS O AN ek TMS ano
. . e 2 POSITCNA. TOLEAANCE FOR Lo -2 PL)
Operating and Storage Junction TJ. Tseg ~40to +85 °C VL e ¢ 514000 v ! i (%]
T et W e =
emperature Range ‘ Y 1 3’.2'.,‘. Io:.nnuu FOMF
- (#13250010) w11 v wTa &,
4 POSITIONAL "OLERANCE SOR M
STk 2 DHAENS.0N 2 P,
PN EMITTER fe 31 sl v T velix =
FIGURE 1 — RELATIVE SPECTRAL RESPONSE _ 2 COUECTOR ¢ GIMENS.CVNG AND TOLERANCAG PER
ANSI i 1992
100 HMEODTY OMLY)Y *
sT™VE 3
90 PN 1 CATHODE
% // 2. ANODE
F /
£ 7 \
7w 4
S . / \
< 7
£ / \
= /
= 3
= 4
g 5 A
ol 7 \‘
9 \
200 400 600 800 1000 1200
A WAVELENGTH (nm)
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MFOD71 ¢ MFOD72 e MFOD73

MFOD71
STATIC ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Charscteristic Symbol Min Typ Max Unit
Dark Current (VR = 20V, R = 10 M) T = 25°C 1) — 0.06 10 nA
Ta = 85C —_ 10 -
Reverse Breakdown Voltage (Ig = 10 uA) V(BRIR 50 100 - Volts
Forward Voitage (lg = 50 mA) Vg - - ' " Volts
Series Resistance (g = 50 mA) Rs - so | - ohms
Total Capacitance (VR = 20 V. f = 1.0 MHz) (o - 30 { —_ pf
OPTICAL CHARACTERISTICS (T = 25°C)
Responsivity (VR = 5.0 V, Figure 2) R 0.15 0.2 T _ uA uW
Response Time (VR = 5.0 V. R = 50 1) Yresp) - 50 | - ns
MFOD72/MFOD73
STATIC ELECTRICAL CHARACTERISTICS
Collector Dark Current (Vcg = 10 V) ‘o — - 100 nA
Collector-Emitter Breakdown Voitage (Ic = 10 mA) MFOO072 |V(BR)CEO 30 - - Volts
MFOD73 60 — -
OPTICAL CHARACTERISTICS (Tao = 25°C unless otherwise noted)
Respansivity (Voe = 5.0V, Figure 2) MFQOD72 R 80 125 - wA uW
MFOD73 1.000 1.500 -_
Saturation Volitage (A = 820 nm, Vcc = 5.0 V) VCEe(sat) Volts
(Pin = 10 uW, Ic = 1.0 mA} MFOD72 - 0.25 04
(Pin = 1.0 uW.ic = 2.0 mA) MFQOD73 -— 0.75 1.0
Turn-On Time RL = 2.4 K1, Pin = 10 uW, MFOD72 ton - 10 - us
Turn-Off Time A =820 nm, Ve =650V toff _ 60 _ s
Turn-On Time RL = 100 Q. Pin = 1.0 uW, MFOO073 ton - 125 —_ us
Turn-Off Time A = 820 nm, VcC = 50V toff — 150 | — us

TYPICAL COUPLED CHARACTERISTICS

FIGURE 2 — RESPONSIVITY TEST CONFIGURATION FIGURE 3 — DETECTOR CURRENT versus FIBER LENGTH
10000 =0 = ‘
N
AN —_MFOO™3
_ . :
$1.000 B
MFOE71 MFOD71] = = s ~
. 1.0 Meter - IMFOD72 z | MFOD72 7] N AN
S -: z 5.0 £ w NG -
Y DuPont OE1040 p, . [MFOD73| V 3 =
or . o N N
Eska SH4001 S 10 = MFOON N
& X N
*MFOOT71, 72 = 10 uW — \\
MFOD73 = 1.0 uW 10 = L =
N

X
0 4.0 8.0 12 16 20 4 8 2
FIBER LENGTH (METZRS)

@ MOTOROLA Semiconductor Products Inc.
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MFOD71 e MFOD72 ® MFOD73

FLCS WORKING DISTANCES

The system length achieved with a FLCS emitter and
detector using the 1000 micron core fiber optic cable
depends upon the forward current through the LED and

the Responsivity of the detector chosen. Each emitter’
detector combination will work at any cable length up
to the maximum length shown.

MFOD71 PIN 1

MFOD75 Schmitt ]

MFQO72 Transistor ]
MFQOO73 Darlington

100 mA

MFOD71 PIN B

MFOD75 Schmimt |

MFQOD72 Transistor ]
MFOD73 Dartington

50 mA

[ MFoo7TPIN ]

£ [ MFOD75 Schmin ]
| MFOD72 Transistor j
MFQO73 Dartington J
4 'l d 3 d b3
L \J T \J \J A
0 5.0 10 15 20 25 30

FIBER CABLE LENGTH (METERS)

FIGURE 4 — FO CABLE TERMINATION AND ASSEMBLY

Cross Section of FLCS Package Termination instructions

1. Cut cable squarely with sharp blade or hot knife.

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

Avoid nicking the fiber core.

3. Insert terminated fiber through locking nut and
into the connector until the core tip seats against
the molded lens inside the device package.

Screw connector locking nut down to a snug fit,
locking the fiber in place.

NN

MOl0r0la reserves the rignt 1o make changes without further notice 10 any products neresn 10 IMpProve rehiadility tunction or Jesign Motorola does
Aot assume any hability ansing out of the apphcation or use of any Product Of Circuit describad nerein neither goes it Convey any license under ils
Dalent rights nor the rights of others Motorola and f{ are registered trademarks ot Molorola Inc Motorota Inc 1s ar Equa: £ mployment Opportunity:
Attirmative Action Employer

@ MOTOROLA Semiconductor Products Inc.
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MFOD71 ¢ MFOD72 e MFOD73

input Signal Conditioning
The following circuits are suggested to provide the desired forward current through the emitter.

TTL TRANSMITTERS
¢+ SO0V
MFOET7 +50vV
~
RL Ry
TITL 2N3904 T|:L 2N3904 MFOET1
n 39k IF AL 39k N
10 mA 330 \
50 mA 68
Noninverting 10mA] 33 Inverting

Output Signal Conditioning
The following circuits are suggested to take the FLCS detector output and condition it to drive TTL with an
acceptable bit error rate.

TTL RECEIVERS

+50V
Q

< 9
Mrop72 50K ™
J Output
\

2N3904 SN74LS132 (va)

220 k

v

1.0 kHz Darlington Receiver 5.0 kHz Transistor Receiver

~ 3
N 343k 310k
<

MFOD71
o

TTL
—o Qutput

v v, IR » Q1,Q2 2N4401
s’:;‘-':‘s"'" Ul MC3302 (%)

20 k
1.0 MHz PIN Receiver

—— @ MOTOROLA Semiconductor Products Inc.

BOX 20912 ¢ PHOENIX, ARIZONA 85036 ¢ A SUBSIDIARY OF MOTOROLA INC
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ASSEMBLED DATA LINK

HF4102 :
Honeywell
OPTOELECTRONICS
" lNIRODUCE? .
The “NO FUSS” Data Link
A DIGITAL FIBER OPTIC LINK
; “LIGHT YEARS AHEAD IN FIBER OPTICS”

LI '-\-'Piw-t-' "7 e

Honeywell presents the most advanced and complete line of fiber
optics in the industry.

That means you can design at the component tevel with our
Sweet Spot LEDs, Pigtail LEDs and PIN Photodiodes.

Or choose assemblies like our Fiber Optic Modules for maximum
transmission distances and fast data rates with multiple cable
options.

And you can round out your fiber optic needs with our tota!
systems design capability.

So, for a full line of superior fiber optic products, call Honeywell
Inc. We could be your brightest light source.

ORDERING INFORMATION

The “No Fuss'' Data Link is available through Honeywell
Optoelectronics or your local authorized distributor. For order
information, call us at: (214) 234-4271

Honeywell

OPTOELECTRONICS

830 EAST ARAPAHO ROAD
RICHARDSON, TEXAS 75081
(214) 234 4271 TELEX 730890

110-4102-000 Printed in U.S.A. 11-83
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Honeywell

OPTOELECTRONICS

Introduces

The ““NO FUSS”
- Data Link

HF 4102

DIGITAL FIBER OPTIC LINK

Featuring

e Data Rales to S Mb/s

¢ TTL Compatible inputs and outputs

» Code Transparent Digital Data Transmission

* Temperature and voltage compensated LED Driver in 8
Pin Dip Package

e Hermetic LED and Receiver packages

¢ Adjustment Free Operation to 2 km

¢ Operates over wide temperature range

The "NO FUSS" fiber optic link has been designed for
compuler and process contro! applications. it requires no
knowledge of optics nor adjustment of any companents or
communication protocols.
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HF 4102 TECHNICAL INFORMATION

The *No Fuss™ kil has been designed to allow the construction
of a completely TTL compatibie scnal digital data-ink. Unlike most
fiber optic kits, there are no extra components to buy or
calculations to perform 1o get your link into operation. During
construction and operation standard TTL practice is sufficient. The
evaluation board can be snapped in half 1o assemble a S meter
simplex (unidirectional) data link, or two kits can be used to
compiete a full duplex (bi-directional) communications link. Both
the transmilter and receiver have been designed to accept
standard + 4.5V to + 5.5V TTL power supplies with 250 mV of
power supply noise. Sufficient power supply regulation is made
possible by internal regulators as well as an external RC network
on the receiver and a decoupling capacitor on the transmitter LED
driver. The transmitter IC provides symmetrical rise and fall times,
each less than 20ns and {ree of optical overshoot and ringing.

B |
[——] [T—
Y Note:
@) . O | O . O Do not short
s " | - board runs
" - 10 the
RECEIVER ‘ TRANSMITTER connector
—__ | with
R1 c2 [ < D D - mounting
- SCrews.
1
Honeywell
OPIOELECTRONICS
HF 4102 EVALUATION BOARD C1.C2 Capacior, CKO5, . 1uf
R1 Resistor, 1/4 W, 5%, 27Q
O O © © O O D @ U1 Integraied Circuit HFI 6000
+5 DATA GND +5 DATA GND R
ouT N Recv'r. Recewer HFD 4800
O O O O Trans.  Transmitter SPX 4689

#5.16-32 068 DA

UNEF -2A T 2roman
— ! . -
P e 9. |
SEE 1 A |

SPX 4689 Series 1 Anade &"{ FD 4800 Ve

2 C.i'lwade 2 Output
2C.:se 3 Case
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SE 3352 LED mounted in Amp SFR
Conncctor (SPX4689 Series)

ELECTHO OPTICAL CHARACTERISTICS (T 4 e = 75°C)

TPARAMLIER ] T10S1 Corntions ]
forwad Drop T TS 00mA T T
Scwe Rvdanee T T TTeeT T T
Dovce Capmctance | Va=iv
Power Outpndt T T T 100ma T T
xX02
-x03 Apcrture 300um
. XO4 NA « 25
-X12 Sve Note
—x13
Renponee Time 10 9054 1V Bias |
200mA Peak
- XOX 12 20 ns
- XX See Note 7 10 ns
Pear C;‘i‘,"_‘“;m § - 100mA rp soo | 820 850 ~m
Spocta Bandwidin | iy = 100mA SN R T T T an )
e B e
Podemmeiature ] 3]
Coctent y = 100mA -- 012 aB/°C
N e awvat 025 amieC
Trerma Roselance ] [:] 1 o0 oCw

NOTE: Thvee diget dash numbeers specty hetmticty. 15 tme . and Powe: ontrns respeclvely First ¢3¢ s zero
for siandard dewices. one 10r hermetCally Iested dences Second ot 1s 210 1or Slandard dewces
one lor high speed devices Thed aign speciles power outpul range
Erample — Hermets Govce with maxmum nisetme of 20 rt 31d 400 #W MImum outp 2 s numbeered

SE3352-103
LED Opeatng tempe-ature range -55°C 1o + 125°C

HFD 4000 Receiver mounted in Amp
SFR Connector (HFD 4800 Series)

ELECTAO-OPJICAL CHARACTERISTICS
V3lues shown apply over 13nge given in recommended operating condions uniess oMerwise spectied

PARAMETER TEST CORDITIONS MIN h3id MAX UNITS
1t Seasany, Py Ao = 820nm Vg = A4SV 1.0 20 e
Outpus Far Time 3¢ 2w wgnat Veg = 45V s 15 ns
Outpest Rise Tume 1 2uw wgnat Vep = 45V 10 X ns
P10pag1lion Deldy iy 2w 072" Voo = A5V 165 ne
Pronagaion Delay o 2w sgral Voo = A4SV 165 ns
PuisewiIT: Drsiorhon 2200, ot Voo = 4555V 7355 )

PASAMITERS TEST CONDITIONS MIN TYP MAX UNITS
Supphy Curre icg Vee = 95 vons 6 12 20 mA
Low Leve' Out VoRage, Vo Ve = 451055 Vois, Iy = SmA 0« Vobs
High Leve! Out Votage. Vg Veg = 451055 Vohs, gy = 1004 24 Yolis
intermessags Recovery High Leve! message = 200 Miowalts. 500 800 nse:
Tame® Low Leve! message = 2 micromatls

Note 1 Rise and 1all kmes on optical signat are equal and = 20nseconds

TYPCAL CHARACTERISTICS

ABSOLUTE MAXIMUNM RATING

feo P, Storage Tenperature
O°TICAL Case Operaing Te; 2rature
SoRAL ST Lead Solder Terpe-arure

.____] Suoply Votage Voo

24V - RECOMNMENDED OPERATING CONDITIONS
LLLTA 1.6V - Cace Operating Terpsrature _85¢ 1 850C
out oav S.pply Vonage 251255V
: H Dilarce brrazen 3 a edjes 2200 rynszionds
T * R Sec Mgue A

S-S
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The receiver chip contains an on-chip photodiode with a
"Sweet Spot”’ microlens to collect the hight from the optical fiber.
The receiver is edge triggered so there is no data distortion
caused by changes in optical power received. The NRZ data
input is reproduced on the output of the receiver over worst case
conditions to within 35ns of each transition for optical power

inputs of less than 200 microwatts.

TERMINATED 5 METER EVALUATION CABLE

* Cable is Belden type #226101
e Core Diameter 100 microns
® Loss 7 dB/Km

* Fiber Bandwidth 20 MHz per Km

* Meets UL VW-1 flame test

Standard and custom length optical cables are available through
Honeywell Optoelectronics for a wide variety of applications.

HFI 6000 LED Driver

ELECTRICAL CHARACTERISTICS

Values shown apply Over ranges given in recommended opetating condions unless other aso specried

PARAMECTER TEST CONDITIONS MIN TYP MAX UNITS
Output Drive Current iy Vee =55 voits, V) =0 4 voits 43 59 77 mA
Output Drive Current I Vee =45 Volts, v = 2 4 Volts 0 0 3 mA
Supply Current Ve =55 voits, Vi = 2 4 Voits 13 26 mA
Low Level Input Cutrent Vee =5 5 Voits. vy =0 8 Voits 05 085 12 mA
High Level Input Current Voo =55 voits, V) =2 4 Voits 0 20 uA
Output Current Rise Time, 1 Voo =50 voits a 16 22 nsec
Output Current Fall Tume, ip Ve =50 votts 1 [} 12 nsec
Delay to Rising Edge. IR Ve =50 voits 5 12 18 nsec
Delay 1o Fating Edge. 1o¢ Voo =50 vois [ 3 10 nsec
ABSOLUTE MAXIMUM RATINGS
Storage Termperature Range -65° 10 150°C Pun # Funclon
Operating Free An Temperature Range 0°C 10 70°C 1 TTL Input
Lead Soider Temperature 260°C. 10 sec 2 Not Used
Supply Vottage (Vo) -0SVio? OV
Input Vottage -051055v 3 Ground

q Ground

RECOMMENDED OPERATING CONDITIONS 5 Not Used
Supply Voltage (Vee) 45Vi05 5V 6 Not Used
High Level Input Voltage. Vi 24vio Ve 7 Current Oulput
Low Level Input Vollage. V| Ovio 0 av 8 S5op1, Votiage

TIMING WAVE FOAMS

2.4
INPUT
VOLTAGE

Vi
0.4}

tom
QUTPUT
CURRENT
lo

lou

Note 1 All units tested with 20 otrm load,

Reconanended LED is SE3392 XX,
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Typical Applications

Use basic kit for:
* Intra-Cabinet clock distribution
« Card to card digital data transmission
¢ EMIimmune swilching
¢ High voltage isclation

Use kit with simple modifications for:
* R3232C, RS422, RS423 Interconnects; synchronous
and asynchronous
* Parallel to parallel ribbon cable replacement {using time
division multiplexing or frequency multiplexing)
* High fidelity audio transmission (using commercial V/F and
F/V chips for narrow band FM over noise free link

* High linearity analog instrumentation links using FM technique.

FOR ADDITIONAL INFORMATION:

CABLES

Belden Corporation
Fiber Optic Group
2000 S. Batavia Ave.
Geneva, IL 60134
{312) 232-8900

CONNECTORS

AMP, Incorporated
Contact your local
sales office
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() pyvrralt

Miniature |
Fiber Optic | "ghizo
Logic Link

TENTATIVE DATA DECEMBER 198"

Features

e DCTO S MBAUD DATA RATE
¢ MAXIMUM LINK LENGTH
500 Metres (Guaranteed)
1200 Metres (Typical)
e TTL/CMOS COMPATIBLE OUTPUT
* MINIATURE. RUGGED METAL PACKAGE
¢ SINGLE -5V RECEIVER POWER SUPPLY

* INTERNALLY SHIELDED RECEIVER FOR
EMI/RFI IMMUNITY

e PCB AND PANEL MOUNTABLE
* HIGH EFFICIENCY GaAlAs EMITTER

Applications

e EMC REGULATED SYSTEMS

¢ EXPLOSION PROOF SYSTEMS IN OIL
INDUSTRY/CHEMICAL PROCESS
CONTROL INDUSTRY

¢ SECURE DATA COMMUNICATIONS

* WEIGHT SENSITIVE SYSTEMS
(e.g. Avionics, Mobile Stations)

¢ HIGH VOLTAGE ISOLATION IN POWER
GENERATION

Description

The HFBR-0200 Series s a dc 1o 5 MBaud fiber optic data
link capacie of transmission over cistances of 500 metres or
more

A compizste evaluation kit is available HFBR-0200 contain-
Ing a transmutter. receiver, mounting hardware. 10m of
cable ara technical literature. The HFBR-1201 Transmitter

Mechanical Dimensions

TRANSMITTER HFBR-1201
%-32 UNEF-2A THREAD FLAT FLAT

10-32 UNF .22 2.54 1.100) DIA. 4] FUNCTION

g e

9 !

: 737 iwht
l"(zem" fe—t075  lwiite BacKriLL
b 13.21 (520) ok 11 41 25) >

6.35
 — MIN 192
1.250 =™
. FLAT PIN | FUNCTION
T e ) v [ case
|
m' [ m——— 0 2 Ve
e " PR & 3_| DATA
S84 — TYP 8LACK 4 COMMON
12300 BACKFILL

RECEIVER HFBR-2201

Yy

ang HFBR-2201 Rece:ver are housed 1n miniature rugged
packages compatiple with the HFBR-4000 connectlor and
HFBR-3000 series glass fiber optic cable The HF3R-3000
sernes fiber optic cable can be ordered with or without
installed connectors. The HFBR-0100 connector assembly
kitis available if field installation of connectors is desired.

The HFBR-1201 Transmitter contains a high etticiency
GaAlAs emitter operating at a wavelength of 820 nm. The
transmiiter s easily (dentified by the white epoxy backfhilt

The HFBR-2201 Receiver contains an integrated pnotode-
tector ano dc amplfier An open collector Scnottky
transister provides logic compatibitity The combination of
an interral EMI shield the metal package and an 1solated
case ground provides excellent immunity to EMI RFI For
unusually severe EMI ESD environments a metal shielcd i1s
providec which snaps directly onto the mounting bracket.
The receiver is easiy identihed by the black epoxy backf:ll

HFBR-4000 CONNECTOR

FERRULE
- Y-S - 2409 005
05 1032 U 10984 - 0002)
INT_ THD

) - N, 2
673 H 2 -
i b @
e € P {9
CABLE DIA. 2.65 mm NOMINAL s ’
(1.38

- -
| 6.35
- 1 250
REF. PLANE
NOT
OTES FOR CABLE
1 Cirwensions are v com tinches) LENGTH

2. Uniess otherwise suwcilied The tolerances are
X Simm (XX 02:n)
XX 1. § XXX 00%m )

3 Fur and 13 jockent Hush anth tercute tace
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Electrical Description

The HFBR-1201 Transmitter contains a GaAlAs intrared
emitter Both the anode and cathode of the emitter are insu-
lated trom the case This configuration permits the use of a
variety of drive Circuitry such as series switching. shunt-
switching and high frequency peaking There s no internal
drive circut or current hmiter

The HFBR-2201 Recerver incorporates an integrated photo
IC contaiming a photodetector and dc ampiifier drving an
open-collector Schottky output transistor The HFBR-2201
1s cesigned for direct intertacing to popular logic families.
The absence of an internai pull-up resistor allows the open-
ccllector output to be used with logic famiies such as
CMOS requiring voltage excursions much higher than
Vee Both the open-collector "Data” output Pin 3 and
Vee Pin 2 are referenced to "Com™ Pin 4 The “Data”
cutput aliows bussing. strobing and wired "OR" circuit con-
figurations Both the transmitter and recesver are designed
to operate from a single 5V supply Note tha! the "Com™
anc "Case” pins are not connected internally

The HFBR-1201 and HFBR-2201 optical receptacies con-
tain a lens to optimize the coupting between the fiber and
the active optical device

/~ LEDORDETECTOR IC
/

— LENS
— WINDOW

/o

7 FiBER CONNECTOR

L

Figure 1. Cross Sectional View

Mechanical Description

The HFBR-1201 fiber optic transmitter and MFBR-2201
receiver are housed in rugged meta! packages intended for
use with the HFBR-3000 fiber optic cable/connector
assemblies The low profile package i1s designed lor direct
mounting on printed circuit boards or through panels
without additional heat sinking A fiat on the mounting
threads of the device 1s provided to prevent rotation in all
mounting configurations and to provide an onentation ref-
erence for the pin-out Hardware i1s available for horizontal
mounting applications on printed circuit boards The hard-
ware consists of a stainiess steel mounting bracket
fastened arectly to the printed circuit board with twe stain-
less steel self-tapping screws and a nut and wasrer for
fastening the device in the bracket A metal shield which
snaps directly on the mounting bracket 1s also available for
unusually severe EMI'ESD environments. When mcunted
in the horzontal configuration. the overall height of the
component conforms witnh guidelines allowing printed cir-
cuit board spacingon 127 mm 500 centers A thcrough
environmental characterization has been performed on
these products. The test data as well as information regard-
1ng operation beyond the specified imits 1s availabie from
any Hewlett-Packard sales office.

System Design Considerations

The Miniature Fiber Optic Logic Link is guaranteed to work
over the entire range of 0 to 500 metres at a data rate of dc
-5 MBd. with arbitrary data format and typically less than
25% pulse width distortion. if the Transmitter 1s driven with
IF = 40 mA R: = 820 . If it is desired t0 economize on
power or achieve lower pulse distortion, then a lower drive
current -1Ir may be used. The foliowing example will ilius-
trate the technique for optimizing Ie.

EXAMPLE: Maximum distance required = 200 meters From
Fig. 3. the worst case drive current = 20 mA. From the
Transmitter data — Ve = 1.7V - max. .

Ri=Vee —VE=5—= 17V =1650
e 20 mA

The optical power margin between the typical and worst
case curves Fig. 3' at 200 metres is 4 dB To calculate the
worst case pulse width distortion at 200 metres. see Fig 9.
The power into the Receiver is PR ~ 4 dB = -20 dBM.
Therefore. the typical distortion is 40 ns or 20% at 5 MBd.

SELECTR, TOSET I¢

HFBR-1201
'*  TRANSMITTER

i

TRANSMISSION
DISTANCE - ¢

TTL 0aTA
out

HFBR-2201 ’

RECEIVER

Y

*———————— HFBR-3000 SERIES CABLE/CONNECTOR ASSEMBLY —|

Figure 2.
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Recommended Operating Conditions

Parameter ] symbot Ml ] Max [ units” | Reference .
TRANSMITTER
Ambient Temperature Ta -20 +85 °C
Peak Forward input Current I Px 40 mA Note 7 .
Average Forward Input Current leay 49 mA Note 7
RECEIVER :
Ambient Temperature Ta -20 -85 e ;
Suroly Voitage vee 475 525 v :
© Fan Out TTL N ! 5 : Note 3. Fig 2 !
| CABLE see HFBR-3000 to 3300 data sheets i
System perfOrmanCE 220 C D 83 Caninss 2TNerwiso Spet s
Parameter Symbol Min. Typ. Max. Units Conditions Reference o
Trarsmissicn Cistance ¢ 500 1200 Metres Fig 3
. Data Rate ;
i Synchronous dc 5 MBaud Note 10 }
Asynchronous dc 25 MBaud Note 10. Fig. 9 |
Propagation Delay tPLH 82 nsec Ta=25C Fig.8.9. 10 .
LOW to HIGH Pg = -21 38m :
| Procagation Delay tPHL 55 nsec IF pe =15 mA ;
HIGH to LOW
' System Pulse Wigth to 27 nsec L =1 metre
I Distartion
r Bit Error Rate BER 1072 Data Rate =5 MBaud
! Pr > -24 dBm 4.W
LOAOGCR PN
- . - -4
| ; i .
. WORST CASE : ; :
< ;:: -20 C, +85°C i Tv;;c;L/_
£ | | : :
. ® : —1°2 =2
32 : | | )
z § 25 i — 5
E b=l 1 2 -18 -4
;_:§ 20 — 0 % P
22 ! 2 w26 f - 10
z2 |- = -2
§§ 15 ! o 3
.-. : 2 = 224 . 6
12 i .7 - BX) E)
: ; | | s
Y= H It 4 i .4 o
200 400 600 BOO 1000 1200 L,
- LINK (CABLE) LENGTH - m EZE B

Figure 3. System Performance: HFBR-1201/-2201 with -3000
Series Cable
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HFBR-1201 TRANSMITTER

Absolute Maximum Ratings

Parameter Symbol | Min. | Max. | Unit | Reference |
Storage Temperature Ts -85 | +85 | *C
Operating Temperature Ta -20 +85 °C
Lead Temp 1260 | °C | Note 2
Soldening Time 10 | sec
Cycle
Forward Peak IF PK 40 mA -
Input Average | If av a0 | mA | Note7
Current

| Reverse Input Voltage VBr 25 v

Electrical/Optical Characteristics

HFBR-1201 TRANSMITTER

CATHOOE

-20 Ctoe 35 C unless otherwise specified
Parameter Symbol Min. Typ. Max. Units Conditions Reference ﬁ|
Forward Voltage VF 1.44 1.7 \ IF = 20 mA Fig. 6 :
Forward Vottage AVE/AT -0.91 mv/°C IF =20 mA Fig. 6
Temperature Coetficient
Reverse input Voltage VB8R 25 4.0 v IR = 100 uA
Numencal Aperture NA 35 B
Optica!l Port Diameter Or 180 um
Peak Emission Ap 820 nm Fig. 7

| Wavelength

Dynamic Characteristics

-20° T to - 35°C unless otherwise specified
Parameter Symbol Min Typ. Max. Units Conditions Reference ﬁ
Output Opticat Power -20 -19 da8m Ir =20 mA Fig. 4 !

o 10 12 W Ta =25°C Note 4
-21 dBm Ir = 20 MA
8 W -20°C < Ta<85°C

Optica: Power APY/AT -017 d8/°C Fig. 5
Temperature Coefticient i
Propagatton Delay teLHT 17 nsec e px = 10 mA Note 8 :
LOW to HIGH Fig 8
Propagauion Delay tPHLT 6 nsec
HIGH 10 LOW

WARNING: OBSERVING THE TRANSMITTER QUTPUT
POWER UNDER MAGNIFICATION MAY CAUSE INJURY
TO THE ZYE. When viewed with the unaided eye. the

infrared gutout s

radiologically safe however.

when

viewed uncar magnification. orecau’.on shoutd oe taken * 2
avoid exceeding the mits recommended in
ANSI Z136. 1-1376.
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HFBR-2201 RECEIVER

Absolute Maximum Ratings

HFBR-2201 RECEIVER

Parameter Symbol | Min. | Max. | Units |Reference
Storage Temperature Ts -55 | +85 °C
Operating Temperature Ta -20 | +85 | °C L
T AAN
Lead Temp. +260| °C | Fg. 2 o
H i
l Soldering Time 10 sec — vara
i Cycle S CoRe,
Supply Voltage Vece 05 | +7.0 \
Output Current o 25 mA
Output Voltage Vo 05 | +180] V
Output Collector Po. av 40 mw
Power Dissipation
ElECtFIC&VOptIC&I CharaCterlSthS -20°C 10 -85 C unless otnerwise specified
Parameter Symbol Min. Typ. Max. Units Conditions Reference
High Level Qutput low 5 250 A Vo = 18V
Current Pa< -i0dBm
Low Level Qutput Vou 04 0.5 \} lo=8mA
Voltage Pr > -24 dBm
High Level Supply lccH 35 63 mA Vee=525v
Current Pr < -40 dBm
Low Level Supply lecu 6.2 10 mA Vee=525Vv
Current Pr > -24 dBm
Optical Port Diameter Dr 900 um
Numerical Aperture Na S
Dynal ! “C Ch araCtEFIStICS -20° C to -85°C unless otherwise specified
Parameter Symbol Min. Typ. Max. Units Conditions Reference
Input Power Level PRH -40 dBm Ap = 820 nm Note 5
Logic HIGH 0.1 uW
i Input Power Level PR -25 aBm Ta= -25°C Fig 5.
: Logrc LOW 32 uW Note 5
; 24 d9Bm | -20<Ta<85°C
4.0 uW
Propagation Delay tPLHR 65 nsec Ta =25°C.Pr=-21dBm | Note 8,
LOW to HIGH Fig. 8
Propagation Detay tPHLR 49 nsec
HIGH to LOW
:‘°"Y5;:\__E saaarTa - 25:C Vo 50¥gc differentals batwesn Je-ays IMPOseS N falirg ang rrsirg edge s
2 20 me'rom where leads enter 2as3e As ime canle ieng ™ 15 (mCr22s2d 1he Dropagani T~ de'ays rCrease 1t S ns
3 8 0ad 5x16mA R -5 per —atre of teng* " incr2ase Datarate as .~ T30y Dulse wiOT™ Tst0r-
4 Me:iweel attre end of 10 me:r2 ~FBR-3000 Fiber Optic Cadle witn hor s "0t aMeCtes by .NCI2ASing CATIE :@NGIN C 1N J0NCAI Pow 2  evel
21 cetector 3t tne Receiver 1s ~a.ntaned
5 722 at the ena of HFBR.2300 F-per Optic Cabie with large area 9 Worstcase syste™ per'ormante s 2ased 0 w2+st case serfor~a~cu of
InGrorZual Components transmitter a° 33 C recewer ane cin e at
3 €ranging microwatts 1o ¢8m tne oplical flux s reterenced to one :20°C
T 1000 W P W 10 SyrerrInous cata rate LMt s based on these assumptions 3 50%
Cetcal Flux P gBm 102 P Po 1000 .W Qut, factar modulat on 2 g Mancnester ! or S5/Prase Mancrester i
Po C PLL Phase L3cx LOSE 3emocutation 3 TTL
7 - stould not De tess than 10 mA :n the "ON" state This 1s to avore
10N3 turn-0Nn time that HcIurs at iow input current leay may be
g 2e 1OW @S there 18 MO Culy *3CIor restrichon AS/7Cm7O0GUS 3311 rale LMt S BAsed Hr trane 135uToLgns 3 NRZ
3 Propezanon de'ay through the system s the result of severa: 23 ©oarbirary tane - 0530, fairrest Len ¢ TTL IR 2500
«3tty-occurnng prendmena Consequently itis a combination 3¢ YE patern gesse el the g caryge e owheen T

TIMission-tme effects Becaus2 ot
MuSt Se descnbec i tarms of ime

muinng 2ftects ane Y
dia-rate imit of the 5v

vrtg at e gt

TTET NS OF interg i

B N T

orop e 3y elle

v thregng
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- . e e ey
2 L { /’/- ' Cakt I ]r 1 .
2 . z | aectven im0
= " — - § L (‘ N (Ti0 (8°C) 1
< N G
S op- P 2 s 3
: L R :
B Y <
I . i o \% 3
3 b / H4s £ § . \‘ €
- - b4 N '\ 4
= 4 £ 2 - \ <
. H4 & = A} TRANSMITTER OUTPUT 2
P z 2 P TIPY 125°C)
TE 6p- 3 x - I 2
* f >_/ - vt
L] 2 < A 1 i 1 1
5 0 20 © © .n “20 40 40 -0 100
te - FORWARD CURRENT - mA Ta - AMBIENT TEMPERATURE - (4 A\ FORWAKRD VOLTAGE wvOLTS
Figure 4. Normalized Transmitter Figure 5. Normalized Thermat Etfects Figure 6. Forward Voitage and
Output vs. Forward Current in Transmitter Output, Current Characteristics for
Receiver Threshoid. and Link the Transmitter IRED
Performance (Relative
Threshold)
z
£3
£
‘E 13 T : 120 I T T mn‘ T
#% 12 ~ - sc L N, «as'c
;f \-n‘c ! MAX. +25°C (3 \
1T > a2
=3 7 < 100} 3C = oy MAX.
el 2 Y Paandm\\ = & g 1| s  smwes N\
2 . 25°C 3 - ‘ T MIN)
S osk AL zZ o 2 I 1\ \_,-‘
E% st \ 2 r — 1L H AT
S ’
£ o1 J 1N\ 3 v, MAX. 25°C ] J' -~
8- o6 / \ss ¢ i ® >3- : 2 I gl P
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iz 7 W\ " \ : | P4
25 04 + z \' 1 z J -~
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_fg 760 780 800 820 340 880 &0 900 0 22 ™ w6 ez 24 2 20 8 6 ez
=
;"S \ - WAVELENGTH -~ NANOMETRES Pa ~ RECEIVER POWER - gBm Pa - RECEIVER POWER - 08m
ala
Figure 7. Transmitter Spectrum Figure 8. Propagation Delay through Figure 9. Worst-Case Distortion of
Normalized to the Peak at System with One Metre of NRZ EYE-pattern with
25°C Cable Pseudo Random Data at 10
Mb/s. (see note 10).
rULSE stV
GEN. RESISTOR VALUE AS NEEDED FOR
— SETTING OPTICAL POWER OUTPUT
!' rg FROM RECEIVER END OF TEST CABLE ~euT - 100 u..l PULSE REPETITION bo— 100 a3 —ef
. FREQ = ' MMz
176461 INS14 }
lm e =
- —--
6 1042
[E—1
e 10l INPUT (1 }
FROM 1-METRE TIMING
Py - SV ANALYSIS
N T TESTcasLE N couaLyss
2 RS 5601 oirpur ,E
-

g

P .
LU S ]—v.
-+

3

v

Figure 10. System Propagation Delay Test Circuit and Waveform Timing Definitions
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Typical Circuit Configuration

HFBR-1201 TRANSMITTER

Good systan pertormance g 103 clean port optics and
CAdie feorrGins 1) avond abstrach=g the optical path Clean
compresied air often s suthicion: t2 remove particles of dirt

methany' or Freon™ on a cotton swab also works well

P AT A DUt
|

\\

HFBR-220t RECEIVER

It s essential that a by ass capacit
ceramic be connecte:!
Total lead length betweet hoth eads o* he ¢apacs or ard
the pins should not exceed 20 mm

QU LF 0 31 L F

A i 2o i 30! the tacerver

Horizontal PCB Mounting

Mounti=3 at the edge of a printed circuit board with the
lock nut Jverhanging the edge 1s recommended

When tending the leads. avoid s~arp bends right wnere the
lead erters the backfill Use nesa'2 nose phers to support

MOUNTING HARDV.ARE HF3R 4201
b EMI ESD SHiZLD
1 14-328UT
T 14« 005 INCH . VASHER
2 2-56 SELF T129ING SCREWS
Y MOUNTING SRACKET

@

14« 005 INCH WASHER

DIMENSIONS FOR BULKHEAD
MCUNTING HOLE

625 (250
oA

‘STANDARD 1 4 1NCH "D HOLE ~ RU PUNCH)

2-56 SELF TAPPING SCREWS

the leads at the base of tne pacxage anc bend the leads as
desired

When soldering. 1t 1s advisable t2 leave the protect.ve cap
on the unit to keep the opcs clean

EMI ESD SHIELD

MQUNTING BRACKE"

IMETRIC EQUIV M2 2. 0.45)
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HFBR-1201 TRANSMITTER

195078 DIA HOLES ACCEPT A
2 96 SELF TAPPING SCREW

{.358)

1/4-32 UNEF -2A THREAD

10-32 UNF.2A THREAD

-

{.438)

254 1100V D1A.

62% (028 OIA #1N CIACLE 155 ( 0821 DIA
N -~ MOUNTING HOLES FOR
N r . EMITESD SMIEL
ors (158 . ,/ o '
¥ Anoot ) /@F2 ) 1
; 1423 ( oem)

\f 2.25 ( 0001 DiA.
CLEARANCE MOLES FOR
MOUNT ING BAACKET SCREWS

PCB €E0GE

S00UL2000 L o35 378 —af

DIMENSIONS IN MILLIMETRES (INCHES)

i
78132

{

¥

N 1
‘ 194 ( 155 ) I
) A ]

i

~—— 1375 (S50} —.i

HFBR-2201 RECEIVER 2.54 (.100) DA
PIN 1 625 (.025) DIA. PN CIRCLE 155 (.082) DIA
Ny __ MOUNTING HOLES FOR
\ EMIZESO SHIELD
195 1.078) DIA. HOLES ACCEPT A Y M ! : @@oou :
2-56 SELF TAPPING SCREW ~ e 1.158) GND n'_‘
MQ@D 1 szs 1.068)
.75 (.368)
- . 2.25 1 090} DIA.
500 (2000 " CLEARANCE HOLES FOR
- 937 1375 —= MOUNTING BRAACKET SCREWS
[
1 PCB E0GE
1/4-32 UNEF-2A THREAD
La1s)
DIMENSIONS IN MILLIME TRES (INCHES).
10-32 UNF-2A THREAD
[
78(312) T - I

‘ 394 (158
i )
' ()

———— 1375 (.550)

Ordering Guide

HFBR-0200 Kit:

e HFBR-1201 Transmitter
e HFBR-2201 Receiver
HFBR-4201 Mounting Hardware -2 sets:
HFBR-3000 10 Metre Cabie/Connector Assembly
Technical Literature

Modules:
HFBR-1201 — Transmitter
HFBR-2201 — Receiver

Connector HFBR-4000
See da:a sheet.

Fiber Optic Cable : See data sheet

¢ HFBR-3000 Simpiex Connectored
e HFBR-3200 Simplex Unconnectored
¢ HFBR-3100 Duplex Connectored
e HFBR-3300 Duplex Unconnectored

Mounting Hardware: HFBR-4201
1 EMI/ESD shield

1 %-32 nut

1 % x 005" washer

2 2-56 self tapping screws

1 mounting bracket

Connector Assembly Tooling Kit HFBR-0100
See data sheet

For mare mtorr: 1

PrinteainUS A

& your local MP Saies Othce or East 301 3486370 — Whidwest i312) 2559800 — South (404 3551500 — West (213 970-7S0C Or write Hea.'* Pacxaie
Paio Aita Cairte-- 3 34304 In Europe Mewiett Packars Gmon PO Box 250 Merrenderer Str 110, 0-7000 Boedimgen West Germany i Japan YWP 329.7°

Data Subject to Change

Timaonents 64G Pizs Vil Roae
Toeyo 168

$953-7700 12/81

Takado whiashi Suginami K.
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LM139, A
LM239,A LM2901
LM339,A MC3302

and Industrial electronic applications.

Single of Split Supply Operation

TTL and CMGS Compatibie

Low Input Bias Current — 25 nA (Typ)

Low Input Offset Current — +5.0 nA (Typ)
Low Input Offset Voltage — +1.0 mV (Typ LM139A Series)
Input Common-Mode Voltage Range to Gnd
Low Qutput Saturation Voltage — 130 mv (Typ) @ 4.0 mA

GUAD SINGLE-SUPPLY COMPARATORS

These comparators are designed for use in level detection. low-
level sensing and memory applications in Consumer Automotive

QUAD COMPARATORS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

MAXIMUM RATINGS

CERAMIC PACKAGE
CASE 632-02
MO-001AA

14

Rating Symbol Value Unit
Power Supoly Voitage LM139 A/LM239 A~ Vee +36 or 18 Vdc
LM339A/1LM2901
MC3302 +30 0r 215
Input Differential Voltage Range VIiDR Vde
LM139. A/iLM239  A/LM339, A/LM2901 36
MC3302 30
Input Common Mode Voltage Range ViCR -03toVee Vde
Qutput Short-Circutt to Gnd {Note 1) tse Continuous
Input Current (V,, < -0 3 Vde) (Note 2) fin 50 mA
Power Dissipation @ Ta = 25°C Pp
Ceramic Package 10 Watts
Derate above 25°C 80 mW/oC
Plastic Package 1.0 Watts
Derate above 25°C 80 mWwW/°C
Operating Ambient Temperature Range Ta
LM139 A -551t0 +125 °C
LM239, A -2510 +85
LM2901/MC3302 —~40 to +85
LM338 A Cto +70
Storage Temperature Range Tsig -65 to «150 °c

+ Input

ve CT

- input

TOu tput

AA

>

>
>

FIGURE 1 — CIRCUIT SCHEMATIC 1Dsagram shown s for 1 comparator)

PIN CONNECTIONS

NS

OUI:ul E E] Oul;ut
Ouu‘:u! (Z; E o._.:-,v.
Vee E E Gog
iﬂa‘il E E tn“:ul
o E 1
lr\::'l E 3 l":‘;l."
el 3 O

(Top View)

ORDERING INFORMATION

LN L
>———I Temperature
Device Range Package
y LM139J, AJ -55°C 10 +125°C | Ceramic DIP
tM233J. Ay -25°C 10 +85°C | Ceramec DIP
[ LM239N, AN Plastic DIP
LM3393, Ay 0°C to +70°C Ceramic DIP
LM339N, AN Plasuc DIP
LM2901N -40°C to +85°C | Plastic DIP
l MC3a302L Ceramic OiP
Gnd MC3302P Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES




84

LM139,A, LM239,A, LM339,A, LM2901, MC3302
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LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 7 — DRIVING LOGIC
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FIGURE 8 — SQUAREWAVE OSCILLATOR
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APPLICATIONS INFORMATION

These quad comparators feature high gain, wide band-
width characteristics. This gives the device oscillation
tendencies:f the outputs are capacitively coupled 1o the in-
puts via siray capacitance This oscillation manitestsitself
during output transistions (VL to VOoi). To alleviate this
situation input resistors<<10k{! should be used The addi-

FIGURE 9 — ZERO CROSSING DETECTOR
{Single Supply)
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2
i

D1 prevents input t70m going negative by mora than 06 Vv

RY+ R2~ R}

AJ ~ ':—: tor small @redr vy 28010 CIOING

tion of positive feedback (<10 mV)is also recommended.
1t 15 good design practice to ground all unused input pins
Ditferential input voitages may be larger than supply
voltage withoutdamaging the comparator’s input voltages.
More negative than -300 mV should not be used.

FIGURE 10 — ZERO CROSSING DETECTOR
{Split Supplies)
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LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 2 — INVERTING COMPARATOR WITHHYSTERESIS FIGURE 3 - NON-INVERTING COMPARATOR WITH
HYSTERESIS
*Vee " Voo
R3
108
Vin O A AN <"O~ ﬁml
PPN ] —0 Vv, 10
Vo C O AAA- .
= —-0O vV
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— ref Reef * R1
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H3 ~ Rt Riat’-R2 Amouent 9f Hysterens Vg
HY ' Ryaf "2
Vi R————--—-——H 'R,e( Ay PV irage YOuen! Voo T N Onae Y Omunt
R2 % Rye -R1
TYPICAL CHARACTERISTICS
(Vee = *15 Vde, Ta = +25YC teach comparator) unless otherwise noted )
FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE FIGURE § — INPUT BIAS CURRENT
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FIGURE 6 — OUTPUT SINK CURRENT versus
QUTPUT SATURATION VOLTAGE
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MAXIMUM RATINGS

2N3903
2N3904*

Rating Symbol Value Unit
Collector-Emitier Voitage VCEQ 40 Vde
Collector-Base Volge VCBO 60 vdc CASE 29-04, STYLE 1
Emitter-Base Voltage VEBO 6.0 Vdc T0-92 (TO-226AA)
Cotlector Current — Continuous ' 200 mAdc
Total Device Dissipation (@ Tp = 25°C PD 625 mw 3 Collector
Derate above 25°C S0 mw"C
*Total Device Dissipation (' T = 25°C Pp 1.5 Weats f 2
Derate above 25°C 12 mW-~C 4 Base
Operating and Storage Junction T Tstg -55t0 ~ 150 °Cc t
Temparature Range 2 3 1 Emirter
*THERMAL CHARACTERISTICS GENERAL PURPOSE
Characteristic Symbol Max Unit TRANSISTORS
- . ArDi
Thermal Resistance, Junction to Ambient RasA 200 ‘oW NPN SILICON
Thermal Resistance, Junction to Case Ryuc 833 oW
*indicstes Data in addition to JEDEC Requirements.
* This is a Motorola
designated praferred device.
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) -
[ Charscteristic Symbol |  Min | Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage{1) V(BRICEO 40 _— Vdc
{ic = 1.0 mAdc, Ig = 0}
Collector-Base Breakdown Voltage V(8RICBO 60 — Vde
lic = 10 uAde, Ig = 0)
Emitter-Base Breakdown Voltage ViBRIEBO 6.0 —_ Vdc
llg = 10 wAde, Ic = 0}
Base Cutoff Current gL —_ 50 nAdc
{VCg = 30 Vdc, VEg = 3.0 Vc)
Collector Cutoff Current ICEX - S0 nAdc
{(Vcg = 30 Vdc, VEg = 3.0 Vdc)
ON CHARACTERISTICS
DC Current Gain(1) heg —
(ic = 0.1 mAdc, VCg = 1.0 Vdec) 2N3903 20 -
2N3304 40 _
ic = 1.0 mAdc, VCg = 1.0 Vdc) 2N3903 35 -
2N3904 70 —
(lc = 10 mAdc, Vg = 1.0 Vdc) 2N3903 50 150
2N3904 100 300
{ic = 50 mAdc, Veg = 1.0 Vdc) 2N3903 30 -
2N3904 60 -—
(ic = 100 mAdc, VCg = 1.0 Vdc) 2N3903 15 —
2N3904 30 —
Collector-Emitter Saturation Voltage(1) VCE(sat) Vdc
{ic = 10 mAdec, Ig = 1.0 mAdc) — 0.2
{ic = 50 mAdc, Ig = 5.0 mAdc) -_— 03
Base-Emitter Saturation Voltage(1) V8E(sat) Vdc
{Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
{ic = 50 mAdc, Ig = 5.0 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
{ic = 10 mAdec, VCg = 20 Vde, { = 100 MHz) 2N3903 250 -
2N3904 300 -—

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (continued) (T = 25°C uniess otherwise noted )

Characteristic Symbol Min Max Unit
Output Capacitance Cobo — 40 oF
(Vcg = S0Vdc, lg = 0,1 = 1.0 MH2)
Input Capacitance Cibo — 80 pfF
(VEE =05Vde, Ic = 0,f = 1.0 MHz)
input Impedance hie k ohms
{ic = 1.0 mAdc, Vg = 10 Vde, f = 1.0 kHz} 2N3903 1.0 8.0
2N3904 1.0 10
Voltage Feedback Ratio hee X10-4
{ic = 1.0 mAdc, VCg = 10 Vdc, f = 1.0 kHz) 2N3303 0.1 5.0
2N3904 0.5 8.0
Smail-Signat Current Gain hie -
{ic = 1.0 mAdc, Vog = 10 Vde, f = 1.0 kHz) 2N3903 50 200
2N3904 100 400
Output Admittance hoe 1.0 40 umhos
{Ic = 1.0 mAdc, Vog = 10 Vdc, f = 1.0 kHz)
Noise Figure NF de
{ic = 100 pAdc, VCg = 5.0 Vdec, Rg = 1.0 k ohms, 2N3903 —_ 6.0
f = 1.0 kHaz} 2N3904 —_ 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vgg = 3.0 vde, Vge = 0.5 Vdc, d = 35 ns
Rise Time ic = 10 mAdc, lgy = 1.0 mAdc) 1 _ 15 ns
Storage Time {(Vce = 3.0 Vde. Ic = 10 mAdc, 2N3903 tg - 175 ns
lg1 = Ig2 = 1.0 mAdc} 2NJI904 — 200
Fait Time \i - 50 ns

(1) Pulse Test. Pulse Width < 300 us, Duty Cycle < 2.0%.

FIGURE 1 — DELAY AND RISE TIME
EQUIVALENT TEST CIRCUIT

300 ns gy o~ +3v
DUTY CYCLE = 7% — +iesv

<1ins L—

~-05V

FIGURE 2 —- STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT

10 <ty <500 us o4 1

-9V —!
—

*Total shunt capacitance of test jig and connectors

TYPICAL TRANSIENT CHARACTERISTICS
——Ty=25°C -=-T, = 125°C

FIGURE 3 — CAPACITANCE

10 T
10
50
i a————
el ~~
§3n e T Cibo
g L) [
20 el N
N~~~
—
30
01 02 03 050710 20 30 5070 1o 20 3 0
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- < 1ns

—— +108V

+3v

FIGURE 4 - CHARGE DATA

$000

L—\u;!:-l«'nf
3000 — Ic/ty = 10

Q. CHARGE ipC)
gy 38

-

538

1]
ey

20 30

5 10 10
ic COLLECTOR CURRENT ima)

2

5 70 100 200

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES
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2N3903, 2N3904

FIGURE 5 — TURNON TIME

FIGURE 6 — RISE TIME
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FIGURE 7 — STORAGE TIME FIGURE 8 — FALL TIME
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TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
VCE = 5.0 Vdc, Ta = 25°C,
FIGURE 9 Bandwidth = 1.0 Hz FIGURE 10
# " Sy -115 WT ] | l( I, y /
i R4 /1 7
10 12 le 40ma
\,— SOURCE RESISTANCE = 200 © [ Lo 0smaf ,/
c=10m 10 A/ y S
e! -] /Y / ;
s N ¥ )4 [l - %
z, i N 3T
Z - SOURCE RESISTANCE = 200 Q ]
] < A 1= 0smA g P4
FY e | »
! P ] \)( /
P : 4 P - P
/ L SQUACE RESISTANCE = 500 C? T
2 T ic = 100 A 2
SOURCE RESISTANCE = 10% |
fe = 50 uA 0 K
o Nt .
01 02 04 10 20 40 0 20 & 100 o1 62 o4 10 20 40 e 20 100

f. FREQUENCY thH2)

Ry, SOURCE RESISTANCE th ohems)

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES



90

MAXIMUM RATINGS

2N4400
2N4401*

Rating Symbol Value Unit
Collector-Emitter Voitage YCEOQ 40 VYdc CASE 29-04, STYLE 1
Collector-Base Voltage veBO 60 vdc TO-92 (TO‘ZZGM)
Emitter-Base Voltage VEBO 6.0 vdc
Coliector Current — Continuous Ic 600 mAdc \ 3 Collector
Totat Cevice Dissipation (: T = 25°C Pp 625 mwW
Derate above 25°C 5.0 mwrC 2
Total Device Dissipation @ Tc = 25°C PD 1.5 Wart Base
Derate above 25°C 12 mwW7~C
Operating and Storage Junction TJ.Tsig | —-5510 +150 °C ! Emurter
Temperature Range
GENERAL PURPOSE ‘
THERMAL CHARACTERISTICS TRANSISTORS i
Characteristic Symbol Max Unit ‘
Thermal Resistance, Junction to Ambient RyJA 200 CW NPN SILICON ‘
Thermal Resistance, Junction to Case RoJC 83.3 ‘CwW J

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.}

#*This is a Motorola
designated preferred device.

Characteristic I Symbol J Min I Max I Unit
OFF CHARACTERISTICS
Cotlector-Emitter Breakdown Volitage(1) V(BRICEO a0 — Vdc
{ic = 1.0 mAde, Ig = 0)
Collector-Base Breakdown Voltage V(BRICBO 60 - Vdc
(Ic = 0.1 mAdc, tg = 0)
Emitter-Base Breakdown Voltage VIBRIEBO 6.0 —_ Vdc
(g = 0.1 mAdc, Ic = O
Base Cutoff Current IBev —_ 0.1 pAdc
(YCg = 35 Vdc, Vgg = 0.4 Vdc)
Collecter Cutoff Current ICEX — 0.1 uAdc
{(VCE = 35 Vdc, Vgg = 0.4 Vde)
ON CHARACTERISTICS(1)
OC Current Gain hEg —
{ic = 0.1 mAdc, Vcg = 1.0 Vde) 2N4401 20 —
fic = 1.0 mAdc, Vcg = 1.0 Vdc) 2N4400 20 —
2N4401 40 —
{ic = 10 mAdc, Vcg = 1.0 Vdc) 2N4400 40 -_
2N4a 80 —_
ic = 150 mAdc, Vcg = 1.0 Vdc) 2N4400 50 150
2N4401 100 300
(ic = 500 mAdc, Vcg = 2.0 Vdc) 2N4400 20 —
2N&401 40 —
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ilc = 150 mAdc, Ig = 15 mAdc) — 0.4
(ic = 500 mAdc, ig = 50 mAdc) -_— 0.75
Base-Emitter Saturation Voltage VBE(sat) Vdc
(ic = 150 mAdc, Ig = 15 mAdc) 0.7% 0.95
{ic = 500 mAdc. g = 50 mAdc) —_ 1.2
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product La g MHz
fic = 20 mAdc. Veg = 10 Vde. f = 100 MH2) 2N44a00 200 -
2N4401 250 -
Coltector-Base Capacitance Ceb — 65 13
Vg = 50Vdc, lg = 0,f = 1.0 MHz2)

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES



ELECTRICAL CHARACTERISTICS (continued) (T4 = 25°C unless otherwise noted )
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2N4400, 2N4401

Characteristic Symbol Min Max Unit
Emitter-Base Capacitance Ceb - 30 pF
(Ve = 0.5Vdc,ic = 0,1 = 1.0 MHz)
Input Impedance hie k ochms
(ic = 1.0 mAdc. Vcg = 10 Vde, f = 1.0 kH2) 2N4400 05 15
2N4401 1.0 15
Voltage Feedback Ratio hee 0.1 8.0 X 10-4
{ic = 1.0 mAdc. VCg = 10 Vde, f = 1.0 kHz)
Small-Signal Current Gain hie —
lic = 1.0 mAdc. Vgg = 10 Vde, f = 1.0 kHa) 2N4400 20 250
2N4401 40 500
Output Admittance hoe 1.0 30 amhos
(t¢ = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz)
SWITCHING CHARACTERISTICS
Delay Time (Vee = 30 Ve, vgg = 2.0 Vde, g - 15 ns
Rise Time Ic = 150 mAdc. Igy = 15 mAdc) 1, - 20 ns
Storage Time (Ve = 30 Vde, Ic = 150 mAdc, 1g —_ 225 ns
Fail Time ‘81 = '82 = 15 mAdc) y - o ns
(1) Puise Test: Pulse Width < 300 us, Duty Cycle s 2.0%.
SWITCHING TIME EQUIVALENT TEST CIRCUITS
FIGURE 1 — TURN-ON TIME FIGURE 2 — TURN-OFF TIME
+30V +30V

1.0 to 100 us,

~| 1010100 us, -
16V T\ DUTYCYCLE ~ 20% +16V DUTY CYCLE =~ 2.0%.
0 4 A 0
1.0 k(2 - - 1.0 k0 T~
-z.ov.] | Cs'< 10 pF qv !Cg"< 10 pF
-.! <20ns —_— g *—— <20ns -
Scope rise time < 4.0 ns
*Total shunt capacitance of test jig connectors, and oscilloscope
TRANSIENT CHARACTERISTICS
25°C  — =~ 100°C
FAIGURE 3 — CAPACITANCES FAGURE 4 — CHARGE DATA
k] 10 +—7F
1 o Vee = 20V T
0 = H 5o el = 10 e
-.\ L
Cobo 0 e
h\ b4
T N —~ W ~ - Qr
w10 2 z
g I e 1
= e £ 10
g ™ ] 5 w ==
3 59 - u ] >
o
- 03
Ny
0 - 02 Q)
— I
20 01
05 10 20 30 So 0 20 X % 10 Y. 0 % 0 w00 20 300 500

01 02 03

REVERSE VOLTAGE (VOLTS)

Ic, COULECTOR CURRENT (mA}

MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES



t, TIME (ns)

ty' STORAGE TIME (ns)

NF, NOISE FIGURE (dB)
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FIGURE 6 — RISE AND FALL TIMES
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FIGURE 8 — FALL TIME
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FIGURE 10 — SOURCE RESISTANCE EFFECTS
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FIGURE 5 — TURN-ON TIME
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FIGURE 7 — STORAGE TIME
00 T T— T 100
W=y - Vet T
X i )
20 - ! 3+
[ J9FH =102
e ] ~d
- 3
~
\\\ g b
100 < 2
~ I »
n ~
50 10
70
x 50
10 EIE ) 0 0 100 00 200 500
ic. COLLECTOR CURRENT {mA)
SMALL-SIGNAL CHARACTERISTICS
NOISE AIGURE
VCE = 10 Vdc, Ta = 25°C
FIGURE 9 — FREQUENCY EFFECTS Bandwidth = 1.0 Mz
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SN54LS132/SN74LS132

QUAD 2-INPUT SCHMITT TRIGGER NAND GATE

DESCRIPTION ~ The SNS41L.S132/SN74L.S132 contains four 2-1nput NAND Gates which accept standard TTL input
signals and provide standard TTL output levels. They are capable of transforming slowly changing input signals into
sharply defined, jitter-free output signals. Additionally, they have greater noise margin than conventional NAND
Gates.

Each circuit contains a 2-input Schmitt trigger followed by a Darlington level shifter and a phase splitter driving a
TTL totem pote output. The Schmitt trigger uses positive feedback to effectively speed-up slow input transitions, and
provide different input threshold voltages for positive and negative-going transitions. This hysteresis between the
positive-going and negative-going input thresholds (typically 800 mV) is determined internally by resistor ratios and is
essentially insensitive to temperature and supply voltage variations. As long as one input remains at a more positive
voltage than VT4 (MAX), the gate will respond to the transitions of the other input as shown in Figure 1.

LOGIC AND CONNECTION DIAGRAM Vin VERSUS V,
DIP (TOP VIEW) TRANSFER FUNCTION
S0 T -
e vee SOV
[—lr—]l—]mr—lmn 2 Ta=23¢C
AKX} 19 12 " 10 9 ] -o; .0
w
o
< 30
-
D :
5 ) Y
: 20
3
1
(=2
LTI o
) +
1
00 oa 0ss 2 18 20
Vin = INPUT VOLTAGE - vOL TS
Fig. 1
THRESHOLD VOLTAGE AND HYSTERESIS THRESHOLD VOLTAGE AND HYSTERESIS
VERSUS VERSUS
POWER SUPPLY VOLTAGE ) TEMPERATURE
20 r——T T 19
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SN54L.S132/SN741L.S132
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE
PART NUMBERS v P o TEMPERATURE
SN54LS 132X a5 v 50V 55 Vv -55°C 10 125°C
SN74LS132X 45V 50V 525V 0°C 10 70°C

X = package type, W for Flatpak, J tor Ceramic Dip, N tor Plastic Dip See Packaging information Section for pack ages available on this product

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
T
SYMBOL PARAMETER N v MAX UNITS EST CONDITIONS (Note 1)
Vi Positive-Going Threshold Voltage 15 18 20 v Vee =50V
V- Negative-Going Threshold Voltage 0.6 0.95 1.1 v Ve =50V
VT*-VT— Hysteresis 04 0.8 A" Vcc =80V
Vep Input Clamp Diode Voitage -065 | -15 v Ve = MIN, iy = =18 mA
54 25 34 _ o -
VoH Qutput HIGH Vohage 74 37 34 v Vec = MIN, gy = ~400 pA, V| = Vie
54,74 025 04 v Vcc= MIN, § =40 mA V=20V
1 W Vol oL iN
VoL Output LOW Voltage 74 035 | 05 v Vee = MIN. 1o, =80 mA V;y = 20V
input Current at -
bre Positive-Going Threshoid 014 mA Vee =50 V. Vi3 vy,
input Current at - - -
- Negative-Going Threshold 0.18 mA Vee =50 V. Viy = Vy-
10 20 uA Voo = MAX, vy =27V
hH input HIGH Current Xl Py VCC ~MAX Vjy =10V
W Input LOW Current -0.4 mA Vee = MAX, Vi =04V
Output Short Circunt _ _
los Current {Note 3) -5 -100 mA Voo = MAX. Voyy =0V
fcen Supply Current HIGH 59 11 mA Veoe = MAX, Vi =0V
el Supply Current LOW 82 14 mA Voo = MAX. Vi =45V
AC CHARACTERISTICS: Tp = 25°C
LIMITS
g Tl N
SYMBOL PARAMETER MIN Tve MAX UNITS EST CONDITIONS
LY Turn Off Delay, input to Output 20 ns Vec =50V
o Turn On Delay, input to Output 20 ns Cp = 15pF
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recomwnended operating conditions for the applicable

devics type.
2. Typical limits are st Voc = 5.0V, T = 25°C.
3. Not more than one output shouid be shorted at a time.
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20 Megabaud Fiber Optic Data Link Parts List
The Materially Optoelectronics Device Data Book (1983) provided
a list of most components, although some parts, notably the emitter
and detector, had been discontinued. Replacements for these parts
have been made.

Figure 3.1 Parts List

Symbol (see schematic) Description No. Usged
Capacitors
c1,€2,C3,C6,C7,C8,C9,C12 - 0.1uF - >50v Ceramic Capacitors, 0.25" (20)
(213,C14,¢€15,C18,¢21,C22 lead spacing Mallory C25C104M101CA
C27,C28,C29,C30,C31
C5 - 0.01pF - 50v Ceramic Capacitor, 0.250" (2)
lead spacing, 0.290" OD, Sprague UKS0-
103
¢10,¢11 - 62pF, 5% Dipped Mica Capacitor (2)
16,023 - 2.0pF, 25 Wvdc - 0.250"0D x 9/16", (2)
Sprague TE-1201, electrolytic
c4,C17,C19,C20,C24, - 25pF, 25 Wvdc, 0.25'cd x 0.625" (6)
C25 Mallory TT25X25B, electrolytic
C26 - 100Pf,‘5% dipped mica capacitor (1)
32 - 100 Pf, ceramic disk capacitor (1)
Diodes
D1 - MF0E1200 Near Infrared LED (1)
(replaces MFOE103F Infrared LED)
D2,D3,D4 - 1IN914, High Speed Switching Diode (3)
Chokes
L1i,L2,L3,L4,L5,L6,L7 - Ferroxcube VK200-09/3B (7)
Transistors
01,02,03,05,06 - MPS6515 general-purpose high-gain NPM (5)

Transistor
Q4
- SN4400, Low Vg, switching transistor (1)



Parts List Con't

Symbol (see schematic)

R1,R3

R2
R4,R5,R8,R12,R16
R6

R7
R9,R10,R15
k11

R13

R17
R18,R19
R20,R25
R21

R22

R23

R24

R26

R27

Ul

U2

U3

U4
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Description

Resistors (MW, 5% carbon composition)
- color code

510 Q -~ Grn Br Br
s1 @ - Grn Br Bl
1 kQ - Br Bl R
680 Q - Bl Grn Br
750 Q - V Grn Br
100 @ - Br Bl Br
2.4 k@ - R YR

47 k@ - Y VO

2.2 k@ - RRR

75 Q - V Grn Bl
180 Q - Br Gry Br
330 Q - 00 Br

8.2 0 - Gry R Gld
39 Q - O W Bl
270 Q - R V Br
240 Q - R Y Br

12 @ - Br R Bl

Integrated Circuits

SN74LS40B, Dual 4-input buffered NAND
gate

MFOD2405 Integrated Detector
Preamplifier (IDP) (replaces MFOD402F
I1DP)

MC1733, Wide Band Linear Video
Amplifier

MC75107, Dual TTL Line Receiver

Non-Referenced Items

Low Profile IC Socket AMP# 530177-1

BNC Bulkhead Connector, UG1094 /U0
Female

RFI Shielded Amphenol 905-138-5001
Receptacles (replaces Active Device
Mounting Kit No. 227240-1)

BELDEN Fiberoptic Cable CAT# 227201
Amphenol Fiberoptic Cable CAT# 906-

110-5005 (replaces optimate single
position resilient ferrule connector)

No.

Used

(1)
(1)

(3)

(2)

(10 m)

(2)



Figure {0 is the logic interface. Its purpose ia to
generate a standard logic level and provide sufficient
drivecapability for simple interfacing. The TTL logic
level in this receiver is actually generated hy the
amplitude detector. However, in order to buffer the
amplitude detector’s output, another line receiver
section is used for isclation and the interface to the
TTL world. In addition, an emitter follower provides
the needed drive for a 751} coaxial line to the external
test equipment.

Receiver Schematic Diagram and Circuit
Implementation

Figure 17 shows the receiver schematic and indi-
cates which portions perform each of the functions
outlined in the functional block diagram description.

The first active component in the receiver sche-
matic is the MFOD402F integrated detector preamp
(IDP). 1t performs both the optical detector and
current to voltage converter functions described
earlier. It also affords all the isolation advantages
of the integrated structure that were outlined in a
previous section. Its transfer function is typically
1.0 mV of output amplitude per uW of optical input
power. Quiput impedance is specified as 200 (1 typical
and although its maximum real and reactive loads
are also specified, it was found that these loads
caused excessive ringing of the iDP output. There-
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fore. in this circuit. the real load was kept above
500 1 and the capacitive load was mimimized by
careful printed circuit layout. The output rise time
of the MFOD402E is specified as typically 20 ns and
thatis about what appears at the output of the linear
amplifier where the signal is sufficiently large in
amplitude to measure. The supply voltage of +15 V'
was chosen so that operation on the flat portion of
the IDP's Aty curve was guaranteed. Below 10 V,
Wer

the IDP’s rise time begins to degrade rapidly.

The shield over the optical connector and IDP is
required for isolation from the receivers own TTL
output and the crosstalk of the transmitter. Its
contribution to performance may only be measurable
in terms of improved bit error rate.

The noise out of the IDP is specified as 300 .V rms
typical, and is a good number to usein calculating the
amplitude detector hystersis required.

Linear Amplifier

The MC1733 was chosen as the linear amplifier
primarily because of its wide gain bandwidth and its
reasonably low noise. It was used at a gain of 100
because that provides sufficient gain to amplify the
[DP noisge up to minimum amplitude detector thres-
hold, as will be seen later, and it also allows the
simple strapping of Pins 3 and 12 together using a

- +15 V
09-/38
'EBO 09/38 Q1
01
a1 F
S1 0.171 100
750 -I—o AAA
1 ~ 01
= i [T Tl
1.0k
=== — 2 :FO 1 3
| P——]_ 7 7‘} t » ::2‘2 k
R Q1 1< o B s
1|, 01 62 oF 8la gy J/os
u2 1% < 2
2100 yada
| 3 62 pF 2 ~ 1277 m
i 510 i < n 13 1 ‘t . Out
\ ) 2100 — 25,,;:1'*: 52 T
510 0 IT
b e e — J | 24k * 4
i I I
U2: MFOD402F : ! !
U3: MC1733C | <50V
Ud: MC75107 | | <
Q1.05,06 MPSE515 | H = |
! |
I 4 <-50V
1
— 1 ~ COI'M
. ! | |
Optical Detector | Linear ' Differentiator Amplitude togic Interface, [
and Current 1o | Amptifier i Detector I Bufler, and
Voltage Converter | | Initialize ] tine Drive: |
Circuit and i |
| }
| f I f

Voltage Reference

FIGURE 17 — Receiver Schematic
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09/38 09/38
MFOE103F e . MF_( 50y
1
D1 wl S Si2 80:. ! . oaxl
H > < < 01 25 01 1
ad i} 20 = 100pF 01 = i
, 1 14 1
Q3 w | 13 I
| 8 12 5
1808 g ¢ ADE - A=HE 4 :
1 = 3 IN9Y4 : T 9 V1A 2 ey TTL
)
o1 270 i~ D4 . 1 Ny in
&1 o4 MPsests | L 1
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| 2N4400 2 25 3 )
: b2 330 i t
| |
: 39 82 } i
| |
LED and 1 . T —— Com
Optical | - .LED Driver and | Logic Interface |
Connector | Current Gain | Ut = SN74LS40 |

FIGURE 3 — Transmitter Schematic

The effect of a 10 ns longer propagation delay for
high to low transitions on a 20 Mbaud squarewave
is shown in Figure 4. It will be noted that processing
the distorted signal through a second gate having
prop delays equal tothose of the first gate corrects the
duty cycle distortion at the expense of a little higher
absolute prop delay. The distorted waveform is
delayed by tpy[, only whereas the undistorted
waveform is delayed by tpH{, « tpLH. This slight
increase in absolute prop delay is usually
insignificant compared to the absolute prop delay
through the transmission medium. It will also be
noted that if the distortion is not corrected, then the
waveform applied to the LED driver is of a higher
baud rate, thus requiring wider system bandwidth.

Thecascading of twoidentical inverting gates also
provides a way of balancing their power supply
currents and avoids putting transients on the +5.0 V
power line. The schematic shows different loads on

the two NAND gate sections so that the currents are
not equal for the two logic input levels. However, if
additional power supply decoupling were needed to
further reduce transmitter and receiver crosstalk,
putting a 430 0 pull-up resistor from Pin 6 of U1A to
*5.0 V would improve the balance of transmitter
power supply current between the two logic states at
the expense of another 10 mA or 8o in transmitter
current drain.

The gating function mentioned earlier is also not
shown in the schematic but can be easily implemented
bytyingoneof Pins 2,4,0r50f UlA to+5.0V through
a suitable pull-up resistor and then providing this pin
tothe outside world for a logic low to gate off the data.
This data off condition would also produce an LED
off condition.

The 75 0 termination across the data input is to
terminate an expected 75N coaxial cable. If datarates
significantly lower than 20 Mbaud are transmitted

20 Mbaud 50 ns jo——— 50 ns —e
Square Wave

]

i

input h
[
| trwg = 20 ns
1 i [
Distoried '
25 Mbaud )
Output of the t‘io ns;ete— 860 ns
First Gate t

20 Mbaud
Square Wave

L
.
a

Output of the

|

1

|

|

|

I
Undistorted !
|

]

1
Second Gete I
1
to

FIGURE 4 — Correction of Duty Cycle Distortion Caused by Gate Differentis! Prop Delay
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MFOD2405

INTEGRATED DETECTOR/PREAMPLIFIER
FOR FIBER OPTIC SYSTEMS

... designed as a monolithic integrated circuit containing both
detector and preamplifier for use in computer, industrial control
and other communications systems.

Packaged in Motoroia’'s hermetic TO-52 type case, the device
fits directly into standard fiber optic connectors which also pro-
vide excellent RFi immunity. The output of the device is low
impedance to provide even iess sensitivity to stray interference.
The MFOD2405 has a 300 um (12 mil} fiber input with a high
nurmerical aperture.

¢ Usable for Data Systems Through 40 Megabaud
® Dynamic Range Greater than 100:1

® RF) Shielded in AMP #227846-1 and Ampheno! 905-138-5001
' Receptacles.

May be used wth MFOExxx Emitters
¢ Hermetic Package
300 um (12 mil) Diameter Optical Spot

FIBER OPTICS

INTEGRATED DETECTOR
PREAMPLIFIER

MAXIMUM RATINGS (T, = 25°C unless otherwise noted)

Rating Symbol Value Unit
Supply Vottage Vee 718 Volts
Operating Temperature Range Ta -65t0 + 125 °C
Storage Temperature Range Tsig -65 10 + 150 °C

FIGURE 1 — EQUIVALENT SCHEMATIC
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MFOD2405

ELECTRICAL CHARACTERISTICS Ve = 5.0V, Ta = 25°C)

100

Characteristics Symbol | Conditions Min Typ Max Unizs
Power Supply Current Ice Circurt A 30 45 60 ma,
Quiescent dc Output Voltage [Non-Inverting Output) Va Circun A 06 07 o8 Voits
Quiescent de Output Voltage (Invertng Qutput) Vq Circust A 27 30 33 Voits
Output Impedance 2o - 200 - Ohms
RMS Noise Output VNO Circuit A — 0s 10 mv
OPTICAL CHARACTERISTICS {Ta = 25¢C)
Responsivity Vcc=50V. A 820 nm. P= 10 uW*} R Circunt B 30 45 70 mV. LW
Sensiivity (40 Mb/s NRZ, BER = 10-9) o8 - - uW
Pulse Response t. 1y Circun B — 10 15 ns
Numericat Aperture of Input Port NA — 070 - —
(300 um {12 mil] diameter spot)
Signal-to-Noise Ratio @ Pin*20uWpeak® S/N - 24 — a8
Maximum tnput Power for Negligible Distortion in Circunt 8 — - 120 W
Output Puise*
RECOMMENDED OPERATING CONDITIONS
Supply Voitage Vee 40 50 60 Volis
Capacitive Load (Esther Output) CL - - 100 pF
Input Wavelengtn A — 820 - nm -
“Power iaunched nto Dphicat input Pert The gesigner must account for inmeriace couphing losses
FIGURE 2 — TYPICAL PERFORMANCE OVER
OPERATING TEMPERATURE RANGE TEST CIRCUIT A
R
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MFOE1200

AlGaAs FIBER OPTIC EMITTER

.. . designed for fiber optic applications requiring high power and
fast response time. It is spectrally matched to the minimum at-
tenuation region of most fiber optic cables. Motoroia’s package
fits directly into standard OPTIMATE and SMA fiber optic con-
nector systems. Applications are broad, and include industrial
controls, computer systems, CATV, military and others.

Fast Response — >70 MHz Bandwidth

250 um Diameter Spot Size

Internal Lensing Enhances Coupling Efficiency

Comgplements All Motorola FO Detectors

]
.
® Hermetic Package
°
®
.

Compatible With AMP #227846-1 and Amphenol #905-138-

5001 Receptacles

FIBER OPTICS
HIGH-POWER
AlGaAs LED

MAXIMUM RATINGS

Rating Symbol Value Unit
Reverse Voltage VR 3.0 Volts
Forward Current-Continuous g 200 mA
Total Device Dissipation @ T4 = 25°C Pp 400 mw
Derate above 25°C 4.0 mwW/ C
Operating Temperature Range Ta -85t0 +12§ ‘c
Storage Tempersture Range Tag -651t0 + 150 <
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermai Resistance, Junction 10 Ambient A 250 ow
175

“instatied in compatible mets! connector housing.

AGURE 1 — SPECTRAL OUTPUT versus WAVELENGTH
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MFOE1200

ELECTRICAL CHARACTERISTICS (T4 = 25°C)
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Characteristics Symbol Min Typ Max unt |
Forward Voltage Ve - 1.8 25 Volts |
(lg = 100 mA) i
Total Capacitance [ 4 —_ 70 - pF }
(VR = OV, 1 = 1.0 MHz} ]
OPTICAL CHARACTERISTICS (Tp = 25°C)
Totsl Power Output From 250 um Optical Spot Po 900 — —_ W
{iz = 100 mA, A = 820 nm)
Numerical Aperture of Output Port (at - 10 dB) NA -_ 0.30 -— -
{250 um {10 mil] diameter spot)
Wavelength of Peak Emission (ip = 100 mAdc) - - 820 - nm
Spectral Line Half Width -_ - 50 —_ am
Electrical Bandwidth (g = 100 mAdc) BWE 70 - - MHz

Py OUTPUT POWER (NOAMALIZEO)

TYPICAL CHARACTERISTICS

FIGURE 2 — POWER OUTPUT versus JUNCTION
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