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EXPERIMENT 1
CHARACTERISTICS OF REFLEX KLYSTRON

AIM : To study the Reflex Klystron oscillator charactiicis

APPARATUS: 1.Klystron Power supply

. Klystron tube with mount
. Isolator

. Variable Attenuator

. Frequency Meter

. Slotted section

. Detector Mount

. CRO & CRO probes

. Cooling Fan

OCO~NOOUITA,WN

BLOCK DIAGRAM :

KLYSTREON
PSU

ELYSTRON ISOLATOR VAR | |rREQ METER SLOTTED DETECTOR
MOTINT — ATIENUATOE SECTION MOTUNT

MODEL GRAPH :

o/P
REPELLER VOLTACGE IN (V)
CHARACTERSTICS OF REFLEX KLYSTRON
OSCILLATOR
PROCEDURE:

Set the various components and instruments asedalock diagram.
Switch on the Klystron Power Supply Unit (PSU) &@RO

Set the beam voltage to 300Vand repeller voltagenfaximum output.
Decrease the repeller voltage to -30V.

Note down the output by increasing the repelletagd in step of 10V.
Plot the graph between repeller voltage and output.

Verify the characteristics.

Nook~wpE
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PRECAUTIONS:
1. Beam voltage should be minimum and repeller voltgmild be normal
before switch ON/OFF the Klystron PSU.

RESULT:
The characteristics of Reflex Klystiame verified.
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EXPERIMENT 2
VERIFICATION OF EXPRESSION

AlM : To verify the expression/ A2 =1/ A% +1/ A

APPARATUS: 1.Klystron Power supply

. Klystron tube with mount
. Isolator

. Variable Attenuator

. Frequency Meter

. Slotted section

. Detector Mount

. CRO & CRO probes

. Cooling Fan

OCO~NOOUITA,WN

BLOCK DIAGRAM :

ELYSTRON
) - 11 P
ELYSTRON ISOLATOR | (VAR FREQ METER | | SLOTTED | | DETECTOR
MOTINT | ATIENUATOR [ SECTION MOTNT
PROCEDURE:
1. Set the various components and instruments ashiediiock diagram.
2. Switch on the Klystron Power Supply Unit (PSU) &RO
3. Set the beam voltage to 300Vand repeller voltagengximum output.
4. Find the frequency of oscillation by observing tiip of waveform by

rotating the frequency meter i.e; bl that we can find out the,

Find the cut-off wavelength of the waveguitle by the relation\.=2a

where a is the hallow dimension of the waveguide.

6. Find the guide wavelength by the relatioF2(d-d;) where (d-d,) is the
distance between two minimas. It is obtained byivarslotted section.

7. Verify the equation.

o

PRECAUTIONS:
1. Beam voltage should be minimum and repeller voltgmild be normal
before switch ON/OFF the Klystron PSU.

RESULT:

The expression/,]ﬁ1 = 1//13 +1/)|':‘ is verified.
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EXPERIMENT 3
MEASUREMENT OF VSWR USING MICROWAVE BENCH

AIM : To measure the VSWR of given load

APPARATUS: 1.Klystron Power supply
2. Klystron tube with mount
3. Isolator
4. Variable Attenuator
5. Frequency Meter
6
7
8
9

. Slotted section
. Detector Mount
. CRO & CRO probes
. Cooling Fan
10. Loads

BLOCK DIAGRAM :

KLYSTRON
) - 11

KLYSTRON ISOLATOR VAR | |rreo mErER SLOTTED DETECTOR
MOTNT ] ATTENUATOR SECTION MOTNT

PROCEDURE:

. Set the various components and instruments ahiediaock diagram.
Switch on the Klystron Power Supply Unit (PSU) &@RO

Set the beam voltage to 300Vand repeller voltagenfximum output.
Note down the maximum output ().

By varying the slotted section note down the mimmo/p(Vmin) -

Find out the VSWR of the load by the formula VSWRzay Vmin.
Repeat the same procedure for other loads.

Compare the practical values with manufacturer&cgjzations.

ONoOkl~WNE

PRECAUTIONS:
1. Beam voltage should be minimum and repeller voltgmrild be normal
before switch ON/OFF the Klystron PSU.

RESULT:

The VSWR of given load is measured.
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EXPERIMENT 4

MEASUREMENT OF UNKNOWN IMPEDANCE USING

AIM :

MICROWAVE BENCH

To measure the unknown impedance of load.

APPARATUS: 1.Klystron Power supply

. Klystron tube with mount
. Isolator
. Variable Attenuator
. Frequency Meter
. Slotted section
. Detector Mount
. CRO & CRO probes
. Cooling Fan
10. Loads
11. Short

O©CoO~NOOUITEWN

BLOCK DIAGRAM :

P50

KLYSTRON

KLYSTRON ISOLATOR VAR | |rreo mErER SLOTTED DETECTOR
MOTNT ] ATTENUATOR SECTION MOTNT

PROCEDURE:

ookwpbr

~

Set the various components and instruments asedalack diagram.
Switch on the Klystron Power Supply Unit (PSU) &@RO

Set the beam voltage to 300Vand repeller voltagenfximum output.
Connect load for which impedance to be measured.

Find the position of minimum o/p at slotted section

Remove the unknown load and place a short in pdatead and move the
probe towards the shorting plane and locate firstrmum.

The difference between these two adjacent positidrobe will be the
distance of first minimum from the load.

Measure the distance between the adjacent minimmanfiad the guide
wavelengthi.

Take a Smith Chart taking ‘I' as center and dragrele of radius equal to
VSWR reading. Mark a point on circumference towalasd side at a
distance equal to the ratio of the distance of fimmimum from load to the
Ag .Join center with this point found the point wilivg the normalized
impedance of the load. By multiplying the normatizenpedance with
characteristics impedance. Find the true impedahtee load.
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PRECAUTIONS:
1. Beam voltage should be minimum and repeller voltgmild be normal
before switch ON/OFF the Klystron PSU.

RESULT:

The unknown impedance of given load is meakure
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EXPERIMENT 5
DETERMINATION OF CHARACTERISTICS OF
DIRECTIONAL COUPLER

AlM : To measure the coupling factor and directivity veg
directional coupler.

APPARATUS: 1.Klystron Power supply

. Klystron tube with mount

. Isolator

. Variable Attenuator

. Frequency Meter

. Slotted section

. Detector Mount

. CRO & CRO probes

. Cooling Fan

10. Directional coupler (DC)
11. Matched teration

O©CoO~NOOUITRWN

BLOCK DIAGRAM :

KLYSIRON
P5U

4
ELYSTRON ISOLATOR VAR IREQ MITER SLOTTED _

MOTNT 1 ATIENUATORE [ | SECTION

PROCEDURE:
Set the various components and instruments ashedalack diagram.
Switch on the Klystron Power Supply Unit (PSU) &RO
Set the beam voltage to 300Vand repeller voltageniximum output.
It is noted as power at port 1.
Remove the detector mount and connect the diregdtimoupler in place of
detector mount.
Measure the power at port 3.
Now remove the DC and reverse it.
Measure the power at port 2.
Calculate the coupling factor by the formula.

Coupling factor =power at p8fpower at portl.
10. Calculate the directivity by the formula

Directivity=power at portl/powermirt2.

11. Compare the practical values with martufeec specifications.

abhwONE

© o~
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PRECAUTIONS:
1. Beam voltage should be minimum and repeller voltgmild be normal
before switch ON/OFF the Klystron PSU.

RESULT:
The coupling factor and directivity of givdirectional coupler are measured.

1C
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AIM :

EXPERIMENT 6
MEASUREMENT OF GAIN OF AN ANTENNA

To measure the gain for given antenna

APPARATUS: 1.Klystron Power supply

2. Klystron tube with mount
3. Isolator

4. Variable Attenuator

5. Frequency Meter

6. Slotted section

7. Detector Mount (DM)

8. CRO & CRO probes

9. Cooling Fan

10. Pyramidal Horn antenna

BLOCK DIAGRAM :

P5U

ELYSTRON

ELYSTRON ISOLATOR | |VAR TFREQ METER SLOTTED
MOTNT B

ATIENUATOR | SECTION -

CRO

PROCEDURE:

PONPE

o

No

8.

Set the various components and instruments anedrdck diagram.
Switch on the Klystron Power Supply Unit (PSU) &RO

Set the beam voltage to 300Vand repeller voltagengximum output.
Now disconnect the DM and connect the antenna ateplof DM for
which the gain to be measured.

Connect the CRO to receive rand measure the rateieeer by aligning
the antennas at.0

Find the frequency of oscillation in frequency meted obtain value of.
Measure the gain of the antenna by the equation

@Pr = ((0)(4nS) X G*
It must satisfy the specifications given bg thanufacturer.

PRECAUTIONS:

1. Beam voltage should be minimum and repeller vol&g®ild be normal

before switch ON/OFF the Klystron PSU.

RESULT:
The gain for the given antenna is measured.

11
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EXPERIMENT 7
MEASUREMENT OF DIELECTRIC CONSTANT OF A GIVEN
MATERIAL

AlM : To measure the dielectric constant of given solidemial

APPARATUS: 1.Klystron Power supply

2. Klystron tube with mount
3. Isolator
4. Variable Attenuator
5. Frequency Meter
6. Slotted section
7. Detector Mount (DM)
8. CRO & CRO probes
9. Cooling Fan
10. Dielectric material
11. Short.
BLOCK DIAGRAM :
KLYSTRON
 3-10) P
ELYSTRON ISOLATOR | (VAR FREQ METER | | SLOTTED | | DETECTOR
MOTNT ] ATIENUATOE [ | SECTION MOTUNT
PROCEDURE:

1. Set the various components and instruments ashgdalock diagram.

2. Switch on the Klystron Power Supply Unit (PSU) &8RO

3. Set the beam voltage to 300Vand repeller voltagengximum output.

4. Now disconnect the DM and connect a short in plaicelNow adjust the

slotted section for next minimum. The distance gjithee value of
Place a cell in short and find the minimum positibms the value of
Find out the distance between two successive mimisaut gives the
D:.Value ofig by the formula.g=2(d>-d1).
7. Now calculate the dielectic constant by the formula

€r= ((af) (Bele/1e) % ((2alrg) *+1)

Where a=length of the wave guide.

Be :ZH/ 7\,9

¢Flength of the cell.

oo

12
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PRECAUTIONS:
1. Beam voltage should be minimum and repellé#age should be normal
before switch ON/OFF the Klystron PSU.

RESULT:

The dielectric constant of given solid matkis measured.

13
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INTRODUCTION TO OPTICAL
COMMUNICATIONS

An optical fiber is a dielectric waguide through which light can be
transmitted by total internal reflection. Usuallgtical fibers are flexible, thin,
and cylindrical and made of transparent materiath ss glass and plastic. The
most abundant and widespread material used to matkeal fiber is glass and
most often this is an oxide glass based on si#i@,] with some additives.

There are three types of fiber optic cables: simgtede, multimode and
plastic optical fiber (POF).Single Mode cable siregle stand of glass fiber with
a diameter of 8.3 to 10 microns. (One micron iSQfA the width of a human
hair.) Multimode cable is made of multiple stranofs glass fibers, with a
combined diameter in the 50-to-100 micron rangechBigber in a multimode
cable is capable of carrying a different signalejpendent from those on the
other fibers in the cable bundle. POF is a newastfl-based cable which
promises performance similar to single mode cdhléat a lower cost.

PRINCIPLES OF FIBER OPTICS:

Total internal reflection (TIR) is the most impartgphenomenon for the
guiding of light in optical fibers. Under the cotidn of total internal reflection,
light can be completely reflected at a dielectriterface without any reflective
coating. It is required for TIR that the ray ofHigbe incidental on a dielectric
interface from the high refractive index side te tbw refractive index side. Fig.
shows that TIR occurs over a certain range of gmie angles. If a ray of light
propagates at a certain andgle(6:<6;) whereb. is the critical angle from a high
refractive index medium ¢hto a low refractive medium £j a portion of light
will be reflected back to Medium 1 and another pditight will be refracted into
Medium 2 as shown in Fig. This behavior of lighhdze expressed by Snell's law:

113iN0; = mp sinf, (1)
If angle6; is increased té., 0, reaches 90°. The critical anglg, is defined as:

0. = sin'(ny/ny) (2)

14
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ny

Ty

g

At the critical angled., the refracted ray will travel along the boundary
surface. If the angle of incidence is increaseth&urto6s;(0:>6.) at the boundary
surface, the ray is totally reflected back into tigher refractive index Medium 1.

(c) Incident angle $5>0. (total internal reflection).

with different indices of refraction (nny).

(a) Incident angl®,< 0; (b) incident angle 8. (critical angle);

This phenomenon is called total internal reflection

ADVANTAGES OF OPTICAL COMMUNICATIONS :

NogMwbhPE

Less attenuation
Enormous Bandwidth
Small in size and weight

Security

Flexibility
Electromagnetic immunity
Electrical isolation

APPLICATIONS OF OPTICAL COMMUNICATIONS :

PoONPE

Military

Sensors
Networking
Communications

15
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EXPERIMENT 8
CHARACTERISTICS OF LIGHT SOURCES /DETECTORS

PART-A:
CHARACTERISTICS OF LED:

Aim: To study the relationship between the optical powetput and dc
forward current of LED and determine the lineanfiythe device at 660 nm as
well as 850 nm.

APPARATUS:
1. LED TX Kit - A=660 nm& 850 nm
2. LED RX Kit - A=660 nm& 850 nm
3. Multimeter
4. Optical Fiber Cable - PMMA Type
5. CRO - 30 MHz

THEORY':

LED’s and laser diodes are the comispnaised sources in optical
communication systems whether the system transligital or analog signals. In
the case of analog transmission, direct intensibgluation of the optical source
can be varied linearly as a function of the modugpelectrical signal amplitude.
LED’s have a linear optical output with relation tlee forward current over a
certain region of operation. It may be mentioneat th many low cost, short haul
and small bandwidth applications LED’s at 660 nM30d nm, 850 nm are
popular. While direct intensity modulation is simapb realize higher performance
is achieved by FM modulating the base band sigmar go the intensity
modulation. The relationship between an LED opticatput B and the LED
forward currentdis given by B= k.Irwhere k is a constant.

AC AC
= FO TN =

—  setpo — iile o) —
If =Vo/io LED2[b — -~ = )]
| —1
ol
=
! N/10=Pin(dBm)
FIG1: Set up for LED Characterization
PROCEDURE:

1. Connect one end of cable to the LED1 port of tratiemkit and the
other end to the FO PIN port of receiver kit asvaiman Figure

2. Set DMML1 to the 200 mV range and connect itdorPthe receiver
kit. The power meter is ready for use Po=(readirgBm

3. Set DMM2 to 200 mV range and connect it betweenTth& (Vo)
and ground in the transmitter kig=Mo; (mV)/100 in mA.

16

f oot er



EC461 MWR&OC lab

4. Plug the AC mains for both units. Adjust the sehdaob on the
transmitter kit to the extreme anticlockwise pasitto reducedto
minimum. The reading on the power meter shoulduieobrange.

5. Slowly turn the set gain knob clockwise to incregserhe power
meter should read —30.0 dB approximately. From lsbenge d in
suitable steps and note the power meter readifgs P

6. Record up to the extreme clockwise position.

7. Plot a graph betweenyBnd [ as shown in the Fig 2.

TABULAR FORMS :

For 660 nm For 850 nm
Vo ||::V0/100 Po Vo ||::V0/100 Po
(mV) | (mA) (dBm) (mV) (mA) (dBm)

MODEL GRAPH:

Qutput Poeer (dBrm)

0.45

0.4

=
w
@

o
w

0251

=
[

4
15

r
0.1
u]

2 4 5] g 10 12 14
Forward Current () -

FIG. 2 LED CHARACTERISTICS

RESULT:  The optical power Vs forward current characterssbf 660 nm
and 850 nm LEDs are observed and plotted.

17
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PART-B:
CHARACTERISTICS OF LASER DIODE:

AIM : To find the characteristics of Optical Poweg)(#f laser diode vs. Laser
diode forward current ).

APPARATUS:
1. LD TXKit - A=660 nm
2. LED RX Kit - A=660 nm
3. Multimeter
4. Optical Fiber Cable - PMMA Type
5. CRO - 30 MHz
THEORY :

Laser diodes (LDs) are used incate, data, and video communication
applications involving high speeds and long haalssingle mode optical fiber
communication systems use lasers in the 1300 nn15®@ nm windows. Lasers
with very small line-widths also facilitate realiman of wavelength division
multiplexing (WDM) for high density communicatiorver a single fiber. The
inherent properties of LDs that make them suitéesuch applications are, high
coupled optical power in to the fiber (typicallyegter than 1mw), high stability of
optical intensity, small line-widths (less than ®.0m in special devices), high
speed (several GHz) and high linearity (over a igelcregion suitable for analog
transmission) special lasers also provide for region / amplification of optical
signals within an optical fiber. These fibers arown as erbium doped fiber
amplifiers (EDPA). Specifications of a typical laskode are given in Appendix
B.Even though a variety of laser diode carmdions are available there are
a number of common features in all of themery simple device (650nm
/2.5mw )is used to demonstrate the functioniriga laser diode

A laser diode has a built — photo detector ,which one can
employ to monitor the optical intensity dhe laser at a specified forward
current . This device is also effectively liméd in designing an optical
negative feedback control loop , to stabilire optical power of a laser in
the steep lasing region . The electronic utircscheme that employs the
monitor photo diode to provide a negativeedigack for stabilization of
optical power is known as the automatic powentrol mode (APC).If a
closed loop employs current control alone skt optical power then this
mode is called the automatic current contrmide (ACC) . The disadvantage
of ACC scheme is that the optical power paut may not be stable at a
given current due to the fact that smallftshin the lasing characteristics
occur with temperature changes and ageing. @isadvantage of the APC
is that the optical feedback loop may causeillations , if not designed

properly .

18
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Vo LASER FOPIN Po

D1 Gnd M]3etPo
T Unit

DMM2
R Unit

FIG. Set up RVs I Measurement

PROCEDURE:

1.

o N

Connect the 2-metre PMMA FO cable (cab 1)T Unit and
couple the laser light to the power meter the RX unit as
shown . Select ACC mode of operation.

Set DMM1 to the 2000 mV range and on th& Ride
connect to the terminals marked Po to urnTit on. The power
meter is now ready for use,#(reading)/10 dBm.

Set DMM2 to the 2000 mV range and connécbeatween Y
and Gnd on the TX unit (¥ Vy/100).

Adjust the SetgKnob to the extreme anticlockwise position
to reduce d to O.

The power meter reading will normally be bele4d0 dBm or
out of range .

Gradually increaser|. Note Fand B readings.

Plot the graph J£Vs. log k as shown in the Fig.

Determine the slopes prior to lasing and aften;sRecord the
laser threshold current.

TABULAR FORM:

V(mV) e (MA) Po (dBm)

19
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MODEL GRAPH:

-34

44 F Threshald Faint

Ak

e

Output Power (dBrm)

0 F

52 1 1 1 1 1 1 1 1 |
2 3 4 =1 = 7 =1 g 10

Foreard Current () -

FIGaker Diode Characteristics.

RESULT: The optical power Vs forward current charactersstf the laser
diode are observed and plotted.

2C
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EXPERIMENT 9
MEASUREMENT OF NUMERICAL APERTURE

AIM : To estimate the Numerical Aperture of the Imnmditer plastic fiber at
650 nm.

APPARATUS: 1.0FT Trainer Kit
2. Numerical&pure Measurement Unit
3. 1mm diameter fiber

THEORY :

Numerical aperture of the fiber is a measure of abeeptance angle of
light in the fiber. Light which is launched at aeglgreater than this maximum
acceptable angle does not get coupled to propapatiodes in the fiber, and
therefore does not reach the receiver at otheoétite fiber. The NA is useful in
the computation of optical power coupled from atiagb source to the fiber, from
fiber to a photo detector, and between two fibers.

PROCEDURE:

SETUP:

1. The interfaces used in the experiment are sumnuaniz@able. Identify
them on OFT kit with the layout diagram. The blati&gram is shown
in fig. ensure that the shorting plugs of Tx datarsing link S4, coded
data shorting link S6, and Tx clock shorting link & the Manchester
coder block are in position. Also ensure that thergng plug of clock
select jumper JP1 is across the posts B&Al. A Tigna from the
multiplexer should now be driving LED2 in opticakd block. This
experiment is best performed in a less illuminaitexn.

2. Ensure that the cut planes of the 1m plastic féverperpendicular to the
axis of the fiber. If required, prepare 1m of pladiber as per the
instructions in appendix A.

3. Insert one end of fiber in to NA measurement asitshown in figure.
adjust the fiber such that its tip is 20mm from skeesen.

4. Gently tighten the screw to hold the fiber firmiyplace.

5. Connect the other end of the fiber to LED2 throufile simplex
connector. The fiber will project a circular patohred light on to the
screen. Now measure the diameter of the circulerhpaf red light in
two perpendicular directions (BC and DE in Fige thean radius of the
circular patch is given by

X = (DE +BC)/4
6. Carefully measure the distance d between the titheffiber and the
illuminated screen (OA in Fig). The Numerical Apeg of the fiber is
given by
NASin ©) =X/ (V (+X?)
7. Repeat steps 3 to 6 for different values of d. astephe average value
of Numerical aperture.

21
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FIG: Layout diagram
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' | simplex
-*rr 1M m con;r,\ector
LED2

50 nm

 optlcal Tx 2

manchester CO

Fiber

| To numericel
\ | aperture measurement
¥ unit

iy

---‘——---—----—---‘-"-h

Fig: Block diagram
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FIG: Numerical Aperture measurement unit

Fig: Circular path diameter

FIBRE

Incident : T ' . CLAD
r'e‘é’iﬁri
no .—- .
- CORE

\m

n2
CLAD

Fig: Total internal reflection of core cladding malary of fiber

24
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TABULAR FORMS :
S.No | BC DE X d NA
Table: Interface details:
Sl. | Identification function locatior
No | name
1 LED2 650nm 650nm LED Optical Tx2
block
2 S6 coded da Manchester coded data shorting | | Mancheste
post A: coder output coder block
Post B: Manchester coder input
posts A&B should be shorted
3 S4 Tx data Multiplexed transmitted data Manchester
shorting link coder block
Post A: Manchester coder unit
Post B: Manchester coder input
posts A&B should be shorted
4 S5 Tx clock Transmitter clock shorting link Manchester
Post A: Manchester coder unit coder block
Post B: Manchester coder input
posts A&B should be shorted
5 JP1 clock select] Transmission clock selectionispos Timing and
B&A1 should be shorted control block
RESULT:

The Numerical Aperture of the 1mm diameter plafitier at 650

nm is measured.

25
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EXPERIMENT 10
MEASUREMENT OF COUPLING AND BENDING LOSSES IN
OPTICAL FIBER

Aim:
The objective of this experiment is to measureldlses in an optical fiber
communication link. The experiment not only enabtese to determine the

propagation loss in the fiber, but also to geted fer bending and coupling losses.

Equipment Required:

1. OFT.

2. Two channel, 20MHZ Oscilloscope.
3. Function generator, 1HZ-10 MHZ.
4. Fiber alignment unit.

Theory:
S.NO. Idenl\tllgﬁ:naglon Function Location
Analog/Digital
selection switch
1 Swa should be set to
ANALOG position.
LED1 Optical Tx1
2 850nm 850nm LED Block
LED2 Optical Tx2
3 650nm 650nm LED Block
Optical
4 PD1 PIN Detector Rx1Block
PD1/PD2 Receiver
5 JP2 Select Posts B & Al
should be shorted
GAIN Control Optical
6 GAIN Potentiometer Rx1Block
7 P11 ANALOG Analog IN
IN
3 P31 PIN Detector signal  Optical
after gain Rx1Block
Input/output BNCs
9 /O1.1/02.1/03 and posts for feeding
' ’ in and observing
signals

26
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Post B: Input to

recovery block

shorted

decoder and clock Block

Post A&B should be

MWR&OC lab
Manchester Coded
Data Shorting link.
Post A: Coded
Manchester
10 S6 coded data ou.tput Coder
Post B: Input to Block
Tx1/Tx2/Electrical
Post A & B should
be shorted.
Received
Manchester Coded
Data shorting link
Post A: Receiver | Decoder &
11 $26 coded data output (Rx1/Rx2) Clock

Recover

Table: Interface Details.

27
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FIG: Block diagram
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Fig: Bending the optical fiber

Fig: Fiber Alignment using the Aligning Unit
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PROCEDURE:

1. Set the switch SW8 to the ANALOG position. Ensunattthe shorting
plug of the jumper JP2 is across the posts B& At ED1). Remove the
shorting plugs from coded data shorting links. ®Séie Manchester coder
block and S26 in the Decoder& clock recovery block.

Attenuation at 850 nm:

2. Take the 1m fiber and setup and analog link usiB@p1l in the Optical
Tx1 block and detector PD1 in the Optical Rx1 bl§g8&0nm link]. Drive
a 1V p-p 10 KHz sinusoidal signal with zero d.c.Rdtl. Observe the
signal at P31 on the oscilloscope. Use the BNC @®deeding in and
observing signals. Adjust the GAIN such that theereed signal is not
saturated. Do not disturb the level of the sigaha function generator or
the gain setting throughout the rest of the expenin

3. Note the peak value of the signal received at RlLldesignated it as V1.
Replace the 1m fiber by the 3m fiber between LEDd BD1. Again note
the peak value of the received signal and designhae V3. Ifa is the
attenuation in the fiber and 11 and I3 are the ebaggth of the 1m and 3m
fibers in meters respectively, we have

Wherea is in nepers/m, and P1 and P3 are the receivechbpower with
1m and 3m fiber respectively. Computén dB/m for 850nm wavelength
usinga’'=4.3430 whereo is in nepers/m.

Attenuation at 650nm:

4. Now setup the 650nm link using LED2, detector PDd ¢he 1m fiber.

Remove the shorting plugs from S6 and S26 and ile@dTTL signal of

10 KHz at post B of S6. Observe the signal at P@%the oscilloscope.
Adjust the GAIN such that the received signal i$ saturated. Note the
peak value of the 1m fiber with the 3m fiber betwddED2 and PD1.

Again without disturbing the GAIN, note the pealueof the received
signal and designate it as V3. Compute in dB/m for a 650nm

wavelength using the expressions given Step3.

Bending Loss:

5. Set up the 850nm analog link using the 1m fibeivédVp-p sinusoidal
signal of 10 KHz with zero d.c. at P11 are obsdhereceived signal at
P31 on the oscilloscope. Now bend the fiber inaggplas shown in Figure.
Reduce the diameter of the loop slowly and obsémeereduction of the
received signal at P31. Keep reducing the dianadténe loop to about 2
cm and plot the amplitude of the received sign wethe diameter of the
loop. (Do not reduce the loop diameter to less ttan.)
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Coupling Loss:

6. Connect one end of the 1m fiber to LED2 and theoénd to the detector
PD1. Drive the LED with a 10 KHz TTL signal at pdstof S6. Note the
peak signal received at P31 and designated it geMure that the GAIN
is low to prevent saturation.] Now disconnect theef from the detector.
Take the 3m fiber and connect one end to the det&D1. The optical
signal can be seen emerging form the other endeofLin fiber. Bring the
free ends of the two fibers as close as possildeatign them as shown in
Figure using the Fiber Alignment Unit. Observe ttie received signal at
P31 varies as the free ends of the fibers are btocdgser and moved
apart. Note the received signal level with the Ipessible alignment and
designate it as V4. Using the attenuation constalue obtained in Step3,
Compute the coupling loss associated with the alooupling of the two
fibers using

n= —10Iog(\ﬁj -a'(L, + 1)
Vl

Where o’ is the attenuation constant in dB/m at 650nm and the

coupling loss in dB.

Now move the two fibers a bit apart in the FibelgAment Unit and note

the decrease in the output voltage. Measure thglioguoss also.

7. With the two ends of the fiber are aligned as cls@ossible, place a drop
of glycerine/isopropylene through the hole providad the Fiber
Alignment unit so as to cover the fiber ends. Nibt the received signal
now increases. Compute the coupling loss in thesgmee of a index
matching fluid like glycerin.

8. Now try aligning the two fibers without using théé&r Alignment unit.

Estimate the losses as the two fibers are offsetdly and also when the
two fibers are at an angle as shown Figure.

RESULT:
Various losses in an optical fiber communicatitink are
measured.
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EXPERIMENT 11
ANALOG LINK SET UP USING A FIBER

AIM :  To set up an 850nm fiber optic analog linkeTlinear relationship
between the input and output is observed. The teféagain control on the
received signal is also observed, and finally thedwidth of the link is measured.

APPARATUS: 1.0OFT Trainer Kit
2. CRO and CRO pmbe
3. Function Generato
4.1mm diameter 1befi

THEORY: This experiment is familiarizing the usertwi®FT. An analog

fiber optic link is to be setup in this experimemhe preparation of the optical
fiber for coupling light into it and the couplingf ¢he fiber to the LED and

detector are described in appendix a. the LED issad 850nm LED. The fiber is
a multimedia fiber with a core diameter of 1000the detector is a simple PIN
detector.

The LED optical power outputdsectly proportional to the
current driving the LED. Similarly for the pin diedhe current is proportional to
the amount of light falling on the detector. Thysmthough the LED and the pin
diode are non-linear devices, the current in timedode is directly proportional to
the driving current of LED. This makes the opticammmunication system a linear
system.

PROCEDURE:

SETUP:

1. The interfaces used in the experiment are sumnthiizéable. Identify
them on the OFT with the help of the layout diagréig).the block
diagram of the subsystems used in this experingeshown in fig. The
1m and 3m optical fiber provided with OFT are usEdsure that the
ends of the fiber are clean.

Interface details

S.NO Identification Function Location
name
1 P11 ANALOG| Used to feed in Tx block
IN analog sinusoidal
1Vp-p signal
2 P32 PD10/p PINdetector signaDptical Rx1
monitoring post | block
3 P31 Received signaOptical Rx1
with amplification | block
4 GAIN Gain adjustmer| Optical Rx1
potentiometer block
5 SW8 Analog/Digital
selection switch
Should be set to
ANALOG
32
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position
6 LED1 850 nm 850nm Optical TX1
LED(source) Block
7 PD1 PIN detector Optical Rx1
block
9 1/01,1/02,1/03 Input/output

BNC'’s and posts
1 feeding in signha
to experimentor
from function
generator or

2 to observe
signal from the
experimentor the
oscilloscope

SETTING UP THE ANALOG LINK :

2. Set the switch SW8 to the ANALOG position. sithe power ON the

power
ON switch is located at the top right handheor

3. Feed a 1V p-p (peak-to-peak) sinusoidal signalléti (with zero d.c),
from a function generator, to the ANALOG IN post1Paising the
following procedure.
i) Connect a BNC-BNC cable from the function get@rséo the BNC
socket 1/03.
i) Connect the signal post P11 using a patoi.

With this, the signal from the function generatfad through to the ANALOG
IN signal post P11 from the 1/03 BNC Socket.

Connect one end of the 1m fiber to the LED sour&®1 in the optical Tx1
block. (See Appendix A for the connection procedlure
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Observe the light out put (red tinge) at the otrad of the fiber.

Take care to keep the fiber at a distance from theyes and avoid
direct eye contact with the infra red radiation asit can other wise
cause eye-damage.

Increase and decrease the amplitude level of suhissignal (from OV to max
2V p-p).What happens to the light out put at theeoend of the fiber?

To observe a fed in signal on an oscilloscope:

1. Use a three-plug patch card to connect the bpst 1/03 to the required input
post. Use the long half of the patch cord for thisd plug the centre plug into
I/03. (Here use the 3-patch cord to connect sigoat 1/03 to the ANALOG IN
post P11 in (ii) above instead of a regular patmia §

2. Connect a BNC-BNC cable between the BNC sodKg2sand the oscilloscope.
iii) Connect signal posts 1/03 and 1/02 togethemngsshort half of the 3-plug
patch cord

4. Feed a 5V p-p rectangular signal at 0.5 Hz dt.¢tkerve the signal on the

oscilloscope. Now observe the intensity (brighthesfsthe light output at the
other end of the fiber.

Take care to keep the fiber well away from the eyes.

You will notice the light turning on and off (brigland dull) as the driving signal
observed on the oscilloscope becomes positive agdtive.

Now feed a 5V p-p sinusoidal signal at 0.5Hz at.Pb&erve the variation in the
brightness of the light out put at the other endhef fiber as the driving signal
varies sinusoidally.

Thus light intensity (brightness) is modulated hyigput rectangular or sinusoidal
signal.

5. Connect the other end of the fiber to the deteeD1lin the optical Rx1 block.

INPUT-OUTPUT RELATIONSHIP OF LINK :

6. Feed a sinusoidal wave of 1 KHz, 1V p-p [with zele] from the function
generator to P11.the PIN detector out put signalvalable at P32 in the optical
Rx1 block. Vary the input signal level driving th&D and observe the received
signal at the PIN detector. Plot the received digreak-peak amplitude with
respect to the input signal peak-peak amplitudeaM#hthe relationship?

7. Repeat step 6 using the 3m fiber instead of thefibar. Plot the received
signal amplitude at the PIN detector as a funavibimput signal amplitude
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The LED out put optical power is directly proportal to the current
driving it. The PIN diode current is also direciyoportional to the optical power
incident on it. there fore the relationship betwéles input electrical signal and
the out put electrical signal is linear. Thus titerf optic link is a linear element.

GAIN CONTROL :

8. The PIN detector signal at P32 is amplified hvamplifier gain controlled by
the GAIN potentiometer as shown in fig. With a 3V pnput signal atP11,
observe P31 as the gain potentiometer is variete Nat the signal at P31 gets
clipped below 0V and above 3.5V as shown in fig.

BAND WIDTH OF THE FIBER LINK:

9. Measure the band width of the link as follows:

Apply a 2V p-p sinusoidal signal (with zero d.c)Ritl and observe the
output at P31.Adjust gain such that no clippingetaklace. Vary the frequency of
the input signal from 100Hz to 5SMHz and measureaimplitude of the received
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signal. Plot the received signal amplitude as etion of frequency (using a
logarithmic scale for frequency).Note the frequenayge for which the response

is flat.

10. Apply a square wave or triangular wave with @y and zero dc at the input
of the transmitter [at P11].Vary the frequency abderve the out put at P31.note
the frequency at which the received signal staet$irgy distorted. Explain this
using the band width obtained in the previous step.

SUMMING UP:

You have learned the following:

to setup an analog fiber optic link

to modulate the light intensity

the relationship between the input signal driving LED and the
received signal at the pin diode.

the band width that the link can support.

Next, we move on to setup digital fiber optic link.
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EXPERIMENT 12
DIGITAL LINKSET UP USING A FIBER

AIM :  The objective of this experiment is to learn tolge650nm and 850nm
digital links, and to measure the maximum bieésatupportable on these links.

APPARATUS:

1. OFT
2. Two channel 20MHz oscilloscope
3. Function generator(1Hz-10Hz)

THEORY:

The OFT can be used to set up two fiber optictalidinks, one at a
wavelength of 650nm and the other at 850nm.LEDXhéoptical Tx1 block, is
an 850nmLED, and LEDZ2, in the optical Tx2 blockai$50nm LED.PD1, in the
optical Rx1 block, is a PIN detector which givexwarent proportional to the
Optical power falling on the detector. The receiv@gnal is amplified and
converted to a TTL signal using a comparator. Téie gonversion plays a crucial
role in this conversion.

PD2, in the optical Rx2 block, is aretlheceiver which directly gives out
a TTL signal. Both the PIN detectors can receiv@ng® as well as 850 nm
signals, through their sensitivity is lower at 660n

PROCEDURE:
SET UP.

1. The interfaces used in the experiment are suimethin a table. Identify
them on the OFT with the help of the layout diagrdime block diagram of Fig.
Set the jumpers and switches as given in tabléatd the experiment.

SETTING UP A DIGITAL LINK AT 850nm

2. Set the switch SW8 to the digital position.

3. Connect a 1m optical fiber between LED1 and &iidle PD1.Remove the
shorting plugs of the coded data shorting linksjrSthe Manchester coder block

and S26 in the decoder and clock recovery blockuEnthat the shorting plug of
jumper JP2 is across the posts B and Al [for PD&iver selection].

S.NC Identification nam Functior Locatior
1. SWe Analog/Digital
selection switch

should be set t0
DIGITAL position

2. LED1 850 nn 850 rm LED Optical Tx1 blocl

3. LED2 650nn 650 nm LEL Optical Tx2 blocl

4, PDz Optical receiver witt| Optical Rx2 bloc
PD2 out pL

5. PD1 PIN detecta Optical Rx1 bloc

6. P31 PIN Detector signée| Optical Rx1 bloc
after gair

7. JP: PD1/PD2 Receive

select posts B&A
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should be shorted

select PD]
8. GAIN GAINcontrol Optical Rx1 bloc
potentiomete
S6 coded da Manchester code
9. data shorting link Manchester coder

postA:coder output | block
postB:input to
Tx1/Tx2/Electrical
posts A&B should be
shorted.

10. S26 coded da Received manchest| Decoder and cloc
coded data shortingrecovery block
link. Post A: Receiver
out put (Rx1/Rx2)
post B: input to
decoder &clock
recovery block. post
A&B should be
shortel

1"2)

11. 1/01,1/02,1/0: Input/out put BNC:
&posts for feeding in
and observing signi

4. Feed a TTL signal of about 20 KHz from the fumeigenerator to post B
of S6. Use the BNC 1/Os for feeding and observiignas as described in
experiment 1.0Observe the received analog sign#heatamplifier post P31 on
channellof the oscilloscope. Note that the sighd3l gets cutoff above 3.5v.
Increase and decrease the gain and observe tht effe

5. Observe the received signal at post A of S2&lamnnel 2 of channell

.Note that the signal at S26 is the inverted varsibthe signal at P31. Vary the

gain potentiometer setting. Note that even though received signal at P31

changes with gain, the out put at S26 does notuéethe gain till the signal at

P31 is less than 0.5v.[if the signal does not ddidpV even at the lowest gain

setting, pull the fiber out slightly at the receive reduce level below 0.5 V]. Note

that the signal at S26 now becomes all high. Thiseicause the P31 signal is fed
to the comparator —cume-inverter to give the sigaalS26 as shown in fig.The

comparator reference voltage is 0.55V, and unlesssignal amplitude is greater
than 0.55V, the comparator out put is high. Vetifis.

6. Set the gain such that the signal at P31 istabwbserve the input signal
from the function generator on channel 1 and toeived TTL signal at post A of

S26 on channel2.vary the frequency of the inputaignd observe the out put
response. What is the maximum bit rate that carrdresmitted on this digital

link?

7. Repeat steps 4, 5&6 with the 3m fiber.

SETTING UP A DIGITAL LINK AT 650 nm

8 .Use the 1m fiber and insert it into LED2.Obsethe light out put at the
other end of the fiber [keep it away from the eVbg out put is a bright red

signal. this is because the light out put at aro68@ nm is in the visible range.
The other end of the fiber should now be insent¢o PD1.
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0. Repeat steps 4, 5&6 with this new link.

10. Use the 3m fiber and set up the 650nm digillbetween
LED2&PD1.Repeat steps 4, 5 & 6.

SETTING UP ATTL TO TTL DIGITAL LINK AT 650nm

11. Change the shorting plug in jumper JP2 acrbss piosts B&A2 [for
selection of PDZeceiver].use the 1m fiber to connect LED2 andagptieceiver
PD2.

12. Feed a TTL signal of 20KHz at postB of S6 &akeethe received TTL
signal at post A ofS26.display both the signalsttmm oscilloscope on channels
1&2 respectively[triggering with channel 1].Noteat the GAIN control does not
play any role now in the operation of the link. TReceiver at PD2 is an
integrated PIN diode and comparator that directeg out a TTL signal. Vary
the frequency and find the maximum bit rate that loa transmitted on this link.

13. Repeat steps 11&12 using the 3m fiber.
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SETTING UP A 850NM TTL TO DIRECT DIGITAL LINK

14. Use the 1m fiber to connect LED1 and PD2 .Feed la Signal of 20 KHz
of postB of S6 and observe the received signabat A of S6.Display both the
signals on the oscilloscope. An 850 nm TTL to diwgital link is obtained. Vary
the frequency and find the maximum bit rate that loa transmitted on this link.

15. Repeat step 14 with 3m fiber.
COMPARING RESPONSITIVITY OF PIN DIODE AT 850 NM&650 NM

16. Change the short in plug in JP2 to connectAd Bn(for PD1 Receiver
selection).Using 1m fiber connect LED1 (850 nm) &oll.Let the gain control
be at the minimum. Feed a 20 KHz TTL signal at sf S6 .Measure the peak
to peak voltage at P31 and designate it as V1.

17. Now connect the fiber between LED2 (650nm) BBd. with out changing
any other setting. Measure the peak to peak voktg@l and designate it as V2.

18. The factory setting at the light output at #mel of 1m fiber for LED1 is
3db higher(2 times) than that for LED2.the PIN @iadirrent ‘i’ can be written as
i=pP,where P is the optical intensity of the li¢diting on the detector and p is the
responsitivity.The voltage at P31 is directly prammal to the PIN diode current
‘i".using the results of step 16&17,compare thepensitivity of the diode at 650
nm and 850 nm using the expression

[V1/V2]= (p1P1)/ (p2P2)

Where P1 is twice P2 (at factory setting) and pd @2 are responsitivities of the
diode at 850nm and 650nm respectively.

JP2 P32z

+
from

to decoder Armplifier

FIG: Comparator to convert reeéisignal into a TTL signal
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Clock
decodar M—] recovery
& decoder

>

FD2

optical Rx 2

20m
1000H plastic
fibre

manchester coder

SwWa

(ANALOG/DHGITAL
selection switch)

Fig: Block diagram

RESULT: The 650nm and 850nm digital links are set up aednximum bit
rates supportable on these links are measured.
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EXPERIMENT 13
SET UP OF TIME DIVISION MULTIPLEXING USING FIBER
OPTICS

AIM : The objective of this experiment is to learn to gt the
multiplexer and de-multiplexer and to observe timeuftaneous transmission of
several channels (two voice and 8 data channelg)gu3ime Division
Multiplexing. At the same time, some basic concepitstime switching and
asynchronous data interfacing using over sampliagtudied.

APPARATUS:
1. OFT
2. Two channel 20 MHz Oscilloscope
3. function generator,1Hz-1MHz
THEORY:

OFT is as much a synchronous Time Division Mudtydhg unit as it is a
fiber optic communication unit. The basic Multipgxhas twelve 64 kbps
channels which are time multiplexed. The multiptkxata stream is Manchester
coded and the resulting TTL bit-stream drives tDls (E/O converters).At the
receiver the TTL signal is fed to a Manchester decavhich recovers the clock
and the data.

Time Division Multiplexing is also the basis of #nswitching used today
in telecom services. While multiplexing, say theceosignal from portl,V1 is
transmitted before V2, the voice signal from pdnt.the receiver ,the first
received signal can be fed to port2,and the laigma$ to portl ,resulting in
switching between the two ports.

If an asynchronous low bit rate signal is to beeited in a synchronous
mux the simplest technique is to sample the ingriad using submultiples of
mux output clock. How ever this gives rise to jitie the received signal. This
phenomenon is studied in this experiment.

PROCEDURE:
Set up
1. The interfaces used in the experiment are sumnuaiizdable. The

block diagrams of the circuits used in this expenare shown in fig
and for the transmitter and receiver respectivBit the jumpers and
switches and short the shorting links as giverabie. The experiment
requires the setting up of an 850 nm or 650 nmtaliginks as
discussed in experiment.
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S.NO | Identification LOCATION
Number FUNCTION
1. | JP1clock select TX clock (bit clock)Posts B andTiming
Al should be shorted &contro
Block
2. |JP2 PD1/PD2 Receiver Select posts
B1 and Al should be shorted to
select PD1
3. |S31 Single/double marker Enable | Marker
S31 posts should be shorted detection
For single marker Enable Block
4. | Swc-sw7 Data switche 8 bit Data
transmit
block
5. | MO-m7 Identification LEDs for TX Even| Marker
Marker pattern, All bits are set to Generator
zero(LEDs OFF)on power ON | Block
6. | M6 Odd Identification LEDs for TX Even Marker
Marker Generator
This bit is set to ONE(LEDs Block
ON)on power ON
7. | SW8 Analog/Digital selection Switch
should be set to DIGITAL
position
8. | MO-M7 Even Identification LEDs for Rx Even Marker
Marker All bits are set to Reference
zero(LEDs OFF)on power ON | Block
9. | M6 Odd Identification LEDs for Rx Odd | Marker
Marker All bits are set to Reference
ONE(LEDs ON)on power ON | Block
10. | RESET Reset switc Marker
detection
Block
Ensure that posts A&B are should in the
following shorting links
From(Post A) To (Pojt B
11 | S1 voice 1 Phone 1 CODEC 1 Voice coder
output Block
(Amplified
output from
mouth place)
12 | S7 voice 7 *TX Slot voice 1Tx Enable Timing&
select 1 Control
Block
46
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13 | S8 voice 2 *TX Slot voice 2Tx Enable Timing&
select 2 Control
Block
14 | S9 data *TX Slot * bit data TX Timing&
select 3 Enable Control
Block
15 | S10 exp chnl *TX Slot Expansion Timing&
select 11 Channel nable | Control
(11" slot) Block
16 | S4 TX dat: TX data from | Datainput to Mancheste
MUX Manchester coder Block
coder
17 | S5 TX clock TX clock(bit | Clock input to Manchester
clock) Manchester coder Block
coder
S6 coded data Manchester| Electrical/Opticall Manchester
18 coded data | TX input coder Block
output
S2 voice . Phon¢ 2 CODEC 2 inpL | Voice codel
output Block
19 (Amplified
output from
mouth place)
S3 On -Board Input to MUX Marker
20 generated Generator
Marker Block
Pattern
S23 Marker detect Input to timing | Marker
21 signal and Control Reference
circuit Block
29 S27 Voice 1 *RX slot Voice 1 RX Timing and
select 1 Enable control block
23 S28 Voice : *RX slot Voice 2 RX Timing and
select 2 Enable control block
S29 data *RX slot 8 bit data Rx Timing and
select3 Enable control block
24
S30 exp chn *RX slot Expansior Timing and
o5 select 11 channel control block
Enable(11 th
slot)
S24 Rx dat Rx data from | Input data tc Decoder &
26 decoder DEMUX clock
recovery
block
S25 Rx clock Recovered bi| Input clock to Decoder &
27 clock (Rx DEMUX clock
clock)from recovery
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clock block
recovery unit

S26 coded data] Out from Decoder & clock| Decoder &
o8 optical recovery input | clock
Rx1/Rx2 recovery
block block
29 LED1 850 nm LED (Optical Tx1) Optical Tx1
850nm block
30 LED2 650 nm LED (Optical Tx2) Optical Tx2
650nm block
31 PD2 Optical Receiver with TTL out | Optical Rx2
put(optical Rx2) block
PD1 PIN Detector (Optical) Optical Rx1
32 block
GAIN GAIN control Potentiometer Optical Rx1
33 block
P1 TTL input at SW7(TxD7)when | 8 bit data
TTLin SW7 is ON transmit
34
block
P2 TTL input at SW6(TxD6)when | 8 bit data
TTLin SW6 is ON transmit
35
block
P5 Signal for Tx&Rx marker 8 bit data
programming transmit
36
block
P6 Feeding point for TX Even Marker
37 Marker pattern Programming | generator
block
P7 Feeding point for TX odc Marker
38 Marker bit Programming generator
block
39 P21 TTL out TTL (Rx D7) output 8 bit data
receive block
P22 TTL ou TTL( Rx D6) outpu 8 bit dats
40 receive block
P23 voice CODEC1 outpt Voice
41 decoder
block
P24 Voice2 CODEC2 output Voice
42 decoder
block
P26 Feeding point for RxEven MarkeMarker
43 pattern Programming Reference
Block
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P27 Feeding point for Rx odd MarkerMarker
44 pattern Programming Reference
Block
I/0 1,1/02, Input and output BNCs and posts
45 | 1/03 for feeding in and observing
signals
46 | PHONE1 Voicel signal input and out put
47 | PHONE2 Voice2 signal input and out put
LO-L7 Indication LED'’s for the 8 bit data
48 reception of 8 data switches received
SWO0-SW7 block
L8 ON indicates complete Marker | Marker
49 mismatch Detection
Block
L9 ON indicates alternate frame Marker
50 Marker mismatch Detection
Block

MARKER PROGRAMMING:
During power ON, both even and odd marker pattatmearker generator
and marker reference blocks will be set automayice follows.
Even Marker in both blocks: All bits set to zeros
Odd Marker in both blocks: 6th bit set to one, attter bits are don’t cares.
ie. Even Marker : 0000 0000
Odd Marker XIXX  XXXX
Ensure that the marker patterns are set to theeapower-ON default settings.
these are also summarized in table.

To program the marker pattern as and when requicdidw the proced
given below

a) To program the even marker in the Marker geneiatmk.
Connect the program marker post P5 in the 8 ba ttansmit block
the marker program post P6.

b) Now the OFT is in marker program mode, and thet8ihithe mar}
generator block correspond to the settings of #ta gdwitches SW0-
SW7.

Toggle the switches to set them to the requiretepatThe marker
will be also be set to the same pattern.

c) To confirm the marker setting, remove the patchl ¢doym the sign
posts. OFT now comes out of the programming mode.
Similarly program the other markers in the markemayator and
marker reference blocks, using their respectivekargsrogram pog
and the program marker post P5.
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2. Turn on at least one of the switches SWO0-SWh&n8 bit data transmit
block. This ensures that this multiplexer is cotlsealigned, and should be the
normal practice when-ever the mux-demux are besegiu

3. Connect LEDL1 in the optical Tx1 block and PDlthe optical Rx1
block using the 1m optical fiber to set up the 888 digital link. Adjust the
GAIN control until the LED’s LO-L7 in 8 bit data ceiver block light up
corresponding to the ON positions of SW0-SW7.when TDM link is working
the LED’s L8 and L9 in the marker detection blocKl we off with out any
flicker. Toggle SWO and observe the toggling of Tk digital link and the TDM
MUX-DEMUX are now set up. Connect the telephone dsats at PHONE
1&PHONE 2.

If there is any difficulty in setg up the link, first set up the digital link
as described in experiment2.Ensure that the ma&iéern settings are as per the
power-on settings given in table. Turn the powdranfd turn it on again to reset
the markers in case they are different. Press dsetrswitch in the marker
detection block. The multiplexer demultiplexer shiomow work.

4. OFT is now being used in the loop-back mode. Taa and
multiplexed on the transmit side and demultiplexedthe receive side of the
trainer. The voice input at the mouth piece is riming looped backed through
the fiber to the earpiece. Check this by disturliimg fiber link by removing the
fiber from PD1, while speaking into the mouth piedeone of the handsets. Note
that you can now no longer hear yourself in th@ieae.

.(the best way to check this is to blow into theuthopiece while you disturb the
link)

TIME SWITCHING OF VOICE

5. Establish the fiber link again. Remove the shgriplugs of the voice
enable shorting links S7 andS8 in the timing anatrod block on the transmitter
side. Using the patch cards, interchange the \&dats by interconnecting the slot

Select 1 signal (postA of S7) to tkeiceenable2 (pstB of S§ and theslot

select2signal (post A of S8) to thwoice enableXpostB of S7) at the TX
side.voicel and voice2 are cross connected anddheersation can be carried
out between the two people using the two phones. thlo slots carrying voice
data are now time switched to provide necessarynadion. Carry on a
conversation, while at the same time turning datéchkes SW0-SW7 on and off,
to observe the simultaneous transmission of 8-aia dn one channel and two
voice channels on the link.

Reconnect the shorting links S7and S8 to restageotiginal connection. How
ever now remove the shorting plugs of voice enabtiting links S27&S28 in the
timing& control block on the receiver side, andssa@onnect them as explained
before. Note that once again the voicel &voice2caoss connected. This cross
connection is now on the Rx side. Now remove S7&&&8n and cross connect as
before. Note that voice 1 TX signal is now connédiack to voicel Rx.switching
at both transmitter and receiver cancel out eagcérot
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FIG: Insertion of TTL signals

VOICE BAND WIDTH:

6. Reconnect shorting links S7, S8, S27 and S28dvertihe shorting plug
of voicel shorting linkS1 in the voice coder bloftke phonel mike is now
detached).Feed a sinusoidal signal of 1KHz and 4with zero DC at postB of
S1 and display it on channel 1 of the oscilloscopagger the scope on
channell.Observe the received signal at voicelakigostP23 on channel2 of the
scope. Vary the frequency of the input signal abdeove the received signal.
Note the lower frequency cutoff and higher frequenatoff when the out put
voltage falls to 0.7V peak to peak (3 db below XW)p

The signal is beingligitized by a CODEC at 64 kbps, multiplexed and
transmitted on the fiber link. The received optisajnal is converted to a TTL
signal demultiplexed to obtain the transmitted aldrack. The signal at P23 is the
reconstructed version of the signal. The frequemsponse obtained is that of the
CODEC used to digitize and reconstruct the voigmal Observe the received
signal closely on the oscilloscope. Note that iaistep approximation of the
original signal as shown in fig .can you explainy®h

ASYNCHRONOUS DATA TRANSMISSION USING OVER
SAMPLING :

8. The multiplexer also multiplexes the TTL signalsitolled by switches
SWO0-SW7.

at the receiver, the received signal is demultiptexand switch inputs are
displayed at the LED’s
LO-L7 respectively.OFT also provides for directBetling in two low frequency
TTL signals instead of the static switch settingSW7&SW6.If SW7&SW6 are
kept in the ON position, then asynchronous TTL algrirom a function generator
(the function generator signal is not synchronittethe clock of the multiplexer)
can be inserted at P1&P2, as per fig. receivedasigan then be observed at
P21&P22 respectively.

RESULT: The simultaneous transmission of several char{hetsvoice and 8
data channels) using Time Division Multiplexing ateserved.
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EXPERIMENT 14
STUDY OF CELLULAR COMMUNICATIONS

>

* Understanding theory of GSM technology
* Network Architecture

» Data services & capability

« System up gradation

APPARATUS:

GSM-Eval kit includes following components
Evaluation Board (A2D/F35/C2D).

F35-A-2:TC35 MODULE with IMEI number.
A2D/F35/C2D evaluation board PCB.

GSM antenna and cable with coaxial plug(30cm).
RS-232 nine pin serial cable.

Headset with RJ-45 plug.

Wall mount power adapter.

A2D-Test software & Hyper Terminal windows s/w.
Other extra accessories

©CoNoOR~WNE

THEORY':
What is GSM?

The global system for mobile communication (GSMais international
digital cellular telecommunications standard. Th8M5Standard is released by
ETSI (European Standard and technology Instituaekin 1989.First commercial
services were launched in 1991.After its early adtiction on Europe .The
standard went global in1992 when GSM services vigreduced in Australia
.Since then GSM became the most widely adaptedfastdst growing digital
cellular standard ,and it is positioned to become world’s dominant cellular
standard .In fact ,as of January 1999,GSM accouitechore than 120 million
subscribers, according to the GSM Memorandum of ddstdnding (MoU)
Association .With 324GSM networks in operation i@91countries , GSM
provides almost complete coverage around the globe.

GSM STANDARDIZATION :

Global System for Mobile (GSM)is a second generatiellular standard

that was developed to solve the fragmentation probl of the first cellular
systems in Europe.GSM was the world’s first celludgstem to specify digital
modulation & network level architectures & servicasd is the world’'s most
popular 2G technology.
Before GSM, European countries used different tagllstandard throughout the
continent, it was not possible for a customer te assingle subscriber unit
throughout Europe. AS of 2001,there were over 35lom GSM subscribers
worldwide.
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The GSM standard was developed by the Group Spbktoaile (SMG)
which was an initiative of the conference of Eumpe Post and
Telecommunications (CEPT) administrations. The dga® aim was to design a
uniform pan European mobile System to replace ¥&ieg incompatible analog
systems. Work on the standard was started in 1884, the first full set of
specifications (phase 1) became available in 199€.Tesponsibility for GSM
standardization now resides with SGM under the pemo Standard and
technology Institute (ETSI).

GSM SYSTEM ARCHITECTURE:
GSM REQUENCIES:

The GSM system is a frequency and time divisioriesys Each physical
channel is characterized by a carrier frequency &in#& slot number. GSM
System frequencies include two bands at 900 MHz B8@OMHz commonly
referred as GSM-900 and DCS-1800. For the primarydin GSM-900 system,
124 radio carriers have been defined and assignéda sub-bands of 25 MHz
each in the 890-915 MHz and 935-960 MHz ranged) witannel width of 200
KHz.

The GSM system comprises of refer Fig) mobile sta{iMS), base transceiver
station (BTS), base station controller (BSC), mekilvitching center (MSC) and a
set of registers (databases) to assist in mobiynagement & security function.
All signaling system 7(SS7) network.

A. Mobile Station (MS): GSM mobile station is nothibgt your handset or
subscriber unit. At the time of manufacturing a dsat, and international
mobile equipment identity (IMEI) is programmed irkte terminal.

A subscriber identity module (SIM) is required tctigate and operate GSM

terminal. The sim may be a removable unit that lsarinserted by the user.

Any GSM terminal capable of receiving a detacha®ilel card can become

the user’'s MS upon plugging into the SIM card

FIG: SIM card holder & SIM CARD
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B. Base station system (BSS): The base station systamprises a base
station controller (BSC) and one or more subtendiage transceiver
stations (BTS). The BSS is responsible for all fiores related to the radio
resource management.

C. Mobile switching center (MSC): it's a local ISDN ggh with additional
capabilities to support mobility management funasiolike location
update, terminal registration, and handoff.

MSC performs the following major functions:
» Call setup, release
» Call routine
» Billing information
* Paging &Altering
» Echo cancellation
* Registration etc

R ’ MS Mobile station
BTS Base transceiver station HLR Home location register

8sC Base station controller VLR Visited location register
BSS Base station subsystemn (BTS+BSC) EIR Equiment idertity register
MSC Mobile switching center AUC  Authentication center

GMSC Gateway MSC

i o admcivaEn 2 e

FIG: GSM network architecture
D. Home location register: It is a centralized Bate the has the permanent data
fill about the mobile subscribers in a large sex\acea.
H. Visiting location register: It represents a tewrgry data store, and generally
there is one VLR per MSC.This Register contain®rmiation about mobile
subscriber who is currently in the service areacWwlifi¢atures are activated locally.
F.Authentication center (AC): Generally associatiovith HLR, contains
authentication parameters which are used in initieation registration, location
updates etc. it uses authentication & cipher keyegation algorithm A3&A8
respectively
G.Equipment Identity register (EIR): it maintainsfdrmation to authenticate
terminal equipment so that fraud can be identified denied service.
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GSM CAPABILITY & DATA SERVICES :

Characteristics of the initial GSM standard incldlde following
= Fully digital system utilizing the 900MHZ frequenbgnd.
= TDMA over radio carrier (200 KHz carrier spacing)
= User/terminal authentication for fraud control
= Full international roaming capability
= Compatibility with ISDN for supplementary services
= Support of short message services(SMS)

Frequency

GSM supports a range of basic and supplementaryicser like bearer
services, teleservices and supplementary servites. common ISDN like
supplementary services supported by GSM includéaitmving.

» Call forwarding

» Call barring

» Call waiting

« Call hold

» Call charge etc.

Call forwarding & barring are defined in the origihGSM specification
(phase 1).

GSM data services consist of circuit-switched aadket-switched data. Circuit
switched data can be to an analog modem, to an I8&iection, or to a fax
machine. Packet switched data connects to a paekebrk.

The GSM GPRS extends the packet capabilities of GSkigher data rates
and longer messages. The service supports sending tp point and point to

multipoint messages. Two nodes are addressed t&G8M network to support
GPRS.
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GSM-The wireless evolution:

The wireless evolution is achieved through the Gfivhily of wire less
technology platforms-Today’s GSM, GPRS, EDGE, 3GSBM is living,
evolving standard growing and adapting to meet gimgncustomer needs .It is
the basis of a powerful family of platforms for theéure providing a direct link
into next generation solutions including GPRS (Gahpacket Radio Services),
EDGE (Enhanced Data for GSM evolution) and 3GSM.

GSM - Eval kit components:

COMPLETE SET UP

1. Evaluation-Board (A2D/F35/C2D)

The Evaluation Board below called EVAL Board cotssief two main
components. First one is the F35 module which tsPaots of the hands of extras.
The communication with the GSM modules is madedriatlinks using the GSM
AT command set.

The A2D and F 35 module have their own SIM carddénl Module has
an antenna connector and a 40-pin connector. T¢tendemain component is the
real EVAL Board. It is used to convert the seriatalto V24level and supply the
power. It has three connectors at front side. Gribem is a 9-pin plug-socket for
terminal connection and the other one is an 8-pimector for head-set. The last
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one is the power connector .The connection to tlelule can be done by an
adapter PCB. The corresponding connector is abghef the EVAL board.

Technical data

-Dimensions: 170x110x40mm

-Power supply: 10.8 to 18v

-current consumption: max 20 mA (at 12v withowtdule)
-operating Temperature: 0-----+40°C

-Storage: -10-----+85°C

-SIM card holder for Small SIM cards
-audio interface for loud speaker and microphone:

-RS232/vV24
f-‘“‘.rf;?é‘i‘;’ R A2D/F35/C2D
z;):)duls Evaluation Boai
5-Pin Connector Rj-45
Socket
4-pin Connector
[xternal SIM :
Card Holder 40 Pin
Signal
Connector
RS232 serial RJ-45 jack
Interface For Headset
Power Adaptor

Point

2. F35-A-2:TC35 MODULE with IMEI number:

The GSM module (Global System for Mobile communaat F35 is a
mobile station for transmission of voice and datéiscas well as short message
(SMS-Short Message Service) in GSM Network.
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<\ B EERS
N\ BV

Onboard 40 Pin Connector to
Connect to Evalkit via Ealboard
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Technical Data:

GSM Capability

E-GSM and DCS (GSM ETSI Phase | &ll)

GSM data service

300........... 14400BPS, asynchronous, Transparent and reovsparent
(vV.21.v.22, V.23, V.22bis, V.26ter, V.32, V.34, \1.0)
Dimensions (L x W x H in mm)

83x50, 5x11, 4(Dimensions with mountining brackets)
82x50, 5x11, 4(dimensions without mountining braske
Weight (in g)

54(without iChip)

59(with iChip)

Temperature range (in °C)

Operation:-20 to +55

Operation with iChip:0 to +55

Storage:-25 to +70

RF Characteristics

Receiver

EGSM sensitivity:<-104dBm

DCS Sensitivity:<-100dBm

Selectivity@200 KHZ :> +9dBc

Selectivity@400 KHZ :> 41 dBc

Dynamic range: 62dB

Inter modulation:>-43dBm

C-channel rejection :> =9dBc

Transmitter

Maximum output power (EGSM):33dBm+/-2dB
Maximum output power (DSC):30dBm+/-2dB
Minimum output power (EGSM):5dbm+/-5dB
Minimum output power (DSC):0dBm +/-5dB

H2 level:<-30dBm

H3 level:<-79dBm

Noise in 925—935MHz:<-30dBm

Noise in935—960MHz-79dBm

Noise in 1805—1880MHz:<-71dBm

Phase error at peak power:5° RMS

Frequency error: +/-0,1ppm max
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EC461
1 |SIMRST Input 3V SIM Reset
2 |SMCLK Output 3V.SIM:Clock ;.5 0
3 |SIMDATA [InOut IV SIMDATA ‘
4 [SIMVCC Infoul IV SIM Card power supply
5 |SIMGND Power pround - IV SIM GND
6 JGND Power ground Baltery power pround
7 JGND PPower vround Battery power pround
8 JGND Power vround Batlery power pround
Y JGND Power supply Bauery power supply
10 JGND Power supplv Battery power supply
11 JPWR OFF Input CMOS Turmn the phone OFF
12 |EN Input CMOS Intermal power enable
13 [LED Oulput CMOS control status LED
14 V(5 3.6-50VDC or_optional Battery power supply
153 JVes 3.6 5.0V DC or optional Battery power supply
16 | V(s 3.6- 50V DC or optional Battery power supply
17 |VC3 3.6-35.0VDC or_optional Baitery power supply
18 | V(s 3.6 5.0V DC or optional Battery power supply
19 | SIMPRES Input CMOS SIM Present (SIM card detection)
20 |POW NC* or 5..15V800mA consL. (onlv if Lithium accumulator is connected)
21 | MIC2P Differential Input  Microphone 2 Positive
22 [POwW NC* or 5. 15V/800mA const. (only i Lithium accumulator is connected)
23 |MIC2N Dilferential Input_ Microphone 2 Nevative
24 | VCCRTC In/Out Supply RTC back-up battery supply
25 [SPK2N Differential Output  Speaker 2 Negative il
26 | BTMP NC* or 10K NT(** (only il Lithium accumulator is connected)
27 |RX Input CMOS RS8-232 Receive Data
28 |'TX Oulput CMOS RS-232
29 |SOFT_ON | Input CMOS Turn phone ON
0 |SPK2p Differential Output Speaker 2 Posilive
3l |RI Guiput CMOS RS-232 Ring Indicator
32 |DCD Quiput - CMOS RS-232 Data Carrier Detect
33 |DSR Output CMOS RS-232 Data Set Ready
34 |RTS Input CMOS RS-232 Ready To Send
35 |DTR Input © CMOS RS-232 Data Terminal Ready
36 |CTS Quiput - CMOS RS-232 Clear To Send
37 |SPKIP Differential Qutput Speaker | Positive
38 |SPKIN DifTerential Qutput . Speaker | Negative
39 IMICIP Differential Input ~ Microphone | Positive
40 |MICIN Dilferential Input  Microphone | Negative
N = nel connected
NTC™ Negative Temperature Coellicient

4. GSM antenna and cable with coaxial plug(30cm)
Operating frequency: 900/1800MHz.

Your modem is actually a low power radio transmi@@d receiver. It

sends out and receives radio frequency energy .Wban_Jse your modem ,the
cellular system handling your calls controls badtle radio frequency and the

power level of your cellular modem.
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5. RS232 9 pin serial cable

efault transfer Parameters
» Tranfer rate 9600 bps

> Echo ON

» 8 bit non Parity,1 stop bit

6. Head set with RJ-45 plug

Specifications of RJ45
. VCC12DC

RXD (optional)
TXD (optional)
GND

Speaker OUT+
Speaker out-
Microphone IN+
Microphone IN

ONoOkhWNE

7. Wall mount power adapter
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3. RF ENVIRONMENT

PROCEDURE:

Step 1 Place Evalboard on a table.
Connect the serial cable to the 9-people COM1 &ottie PC (depending
which COM is available) then connect the other ehthe serial cable. To
the 9-pin SUB-D connector of the EVAL-Board.

Step 2 Remove two screws from the Evalboard.
Pick up an A2D/F35/C2D Evaluation board. Obsetwaarefully. On left
most bottom corner, there is a four pin connecaomed as BTMP A2D
f35. Short rightmost two pins i.e A2D & F35 by juemp(Short Circuit
Bridge).

Above this four pin connector, there is anothee finn connector. Short pin 3 &
4 from right i.e A2D & BAT.

Back side of this board has 40 pins connector (fe)reocket. Fix it on male 40
pin connector socket available on Evalboard. Rropee should be taken while
fixing. All the jumpers should come at bottom shié just above

External SIM holder & reset switch.

Setp 3 Now take Siemens TC35 module. Fix it on A2D/F3ADEvaluation
board carefully in a similar manner.

Caution: do not play with RP module, do not press.

Setp 4 How to fix SIM card.

For fixing SIM card, user has two options. Eitheeucan use onboard.
Internal SIM holder available on TC35 module oregrall on Evalkit.
External Her SIM card fits into the SIM card holder undbe plastic. Cover

which should be closed bythe metal flap to “LOCK".

Onboard Internal
SIM Card Reader

65

f oot er



EC461 MWR&OC lab

Internal: On board sim holder is available on tc35 mod&¥. pressing small
push button (c2) take out the holder outside &dieay working SIM card in it
ant fixed. It ant fixed it again in TC35 module.

Step5 take GSM 900/1800 MGH antenna. TC35(F35) moduks hAntenna
connector and and then lock it properly . Placenected antenna either on top of
rack im lab or best way to place it out side ofilalopen space environment to get
better single strength.

Antenna has magnet at bottom side for fixed. Donotch antenna while evalkit is
on.

During experiment, switch of the module & then aj@mantenna position for
getting good signal strength & again power on tleelate.

Step 6 for connecting RJ-45plug, user has two positiavailable. One socket is
on evalboard & other is on A2d/F35 board.

Choose any one. For example, fixed RJ-45 plug omdpiegone and mice to
EVOL-Board near serial port

Step 7 Software interface.

Now we can communicate with the module through tenyinal program such as
Hyper Terminal under Windows. We recommend to hse"A2D-Testsoftware”
which is available on the enclosed CD

4.COMMAND LEVEL STUDY :

To control the GSM module there is an advancedoS&T commands
according to GSM ETSI (European Telecommunicati®andards Institute)
07.07 and 07.05 implemented.

These commands are available in the GSM TRAINERRIIM.
Open CD-ROM. Go to “manuals” & open “a2dman.pdffor that user should
have Adobe acrobat reader above 4.0 version. tlanailable, user can install it
from CD-ROM provided.

This “a2dman.pdf’ document is the set of all ETST Aommands with GSM
07.05 and 07.07 commands. User should follow tBi& ih a sequential order to
learn, to understand & to get response from GSMKawaith respect to these AT
commands.

Real Time study of GSM 07.05 & 07.07 AT Commands

a) Command concerning modem & simcard hardware.
b) Network registration commands.

c) Call control commands

d) Call setting commands.

e) Call information commands.

f) Phone Book commands.

g) Serial link control commands.
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h) Message setting commands.

i) Storing/restoring commands.

j) Error message handling &survey & many more....................
For user reference, some basic as well as impoA&antommands response is
given.

INTRODUCTION:

This manual is focused on the GSM data solutionh@efFALCOM A2D series
from FALCOM GmbH. It contains information aboutettFALCOM A2D
embedded GSM module and the FALCOM A2D-1 GSM moder phone. It
does not contain special information about the G8Mted accessories as there
are dial-handset, the hands free set, the extbattdry pack and the mobile data
terminals, which are also sold by FALCOM.

Information furnished herein by FALCOM GmbH is lesfed to be accurate and
reliable. However, no responsibility is assumedit® use. Also the information
contained herein is subject to change without rotic

Users are advised to quickly proceed to the “Sgcuchapter and read the hints
carefully.

Used abbreviations:

ETSI European Telecommunication Standards Uistit
GSM Global System for Mobile communications
IMEI International Mobile station Equipment idéwpt
ME Mobile Equipment

PLMN Public Land mobile Network

PIN Personal identification Number

PUK Personal Unblocking Key

RP Receive Protocol

RXQUAL Received Signal Quality

SIM Subscriber identity Module

SMS Short Message Service

SMS/PP Short Message Service/Point-to-Point

TA Terminal Adapter

TE Terminal Equipment

TP Transmit Protocol

Related documents:

ETSI GSM 07.05

ETSI GSM 07.0

ITU-TV.25ter

“Use of Data Terminal EquipiBata Circuit
Terminating Equipment interface for Short
Message Service and Cell Broadcast Setvice

“AT command set for GSM MelEquipment”

“Serial asynchronous automatic diglemd control”
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SECURITY:

IMPORTANT FOR THE EFFICIENT AND SAGE OPERATION OF
YOUR GSM MODEM READ THIS INFORMATION BEFORE USE

Your GSM modem is one of the most exciting and wative electronic products
ever developed. With it you can stay in contacthwibur office, your home,
emergency services, and others, wherever servipevided.

GENERAL:

Your modem utilizes the GSM standard for cellueshinology. GSM is a newer
radio frequency (<<RF>>) technology than the curfelM technology that has
been used for radio communications for decadese GBM standard has been
established for use in the European community ésehere.

Your modem is actually a low power radio transmitiad receiver. It sends out
and receives radio frequency energy. When youyese modem the cellular
system handling your calls controls both the rddéguency and the power level
of your cellular modem.

ESPOSURE TO RF ENERGY:

There has been some public concern about possaléhheffects of using GSM
modem. Although research on health effects fromeRErgy has focused for
many years on the current RF technology, sciertist® begun research had been
reviewed, and after compliance to all applicabletyastandards had been tested,
it has been concluded that the product is fit &e.u

If you are concerned about exposure to RF enemgrethre things you can do to
minimize exposure. Obviously, limiting the duratiof your calls will reduce
your exposure to RF energy. In addition, you caduce RF exposure by
operating your cellular modem efficiently by followy the below guidelines.

EFFICIENT MODEM OPERATION:

For your modem to operate at the lowest power Je@isistent with satisfactory
call quality:

If your modem has an extendible antenna, extefullyt Some models allow you

to place a call with the antenna retracted. Howgeeir modem operates more
efficiently with the antenna fully extended.

Do not hold the antenna when the modem is <<IN USEMolding the antenna

affects calls quality and may cause the modem &vaip at a higher power level
than needed.
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ANTENNA CARE AND REPLACEMENT :

Do not use the modern with a damaged antennaddfreaged antenna comes into contact
with the skin, a minor bur may result.

Replace a damaged antenna immediately. Consultrganual to see if you may change
the antenna yourself. If so, use only a manufactapproved antenna. Otherwise, have
your antenna repaired by a qualified technicianse Wnly the supplied or approved
antenna. Un-authorized antennas, modifications tactaments, modifications or
attachments could damage the modern and may cengdgcal RF emission regulations
or invalidate type approval.

DRIVING :

Check the laws and regulations on the use of eeltlgvices in the area where you drive.
Always obey them. Also, when using your modem widtiving, please : give full
attention to driving, pull off the road and parkfdre making of answering a call if
driving conditions so require. When applications prepared for mobile use they should
fulfill road-safety instructions of the current law

ELECTRONIC DEVICES:

Most electronic equipment, for example in hospitaisl motor vehicles is shielded from
RF energy. However RF energy may affect some metifoning or improperly shielded
electronic equipment

VEHICLE ELECTRONIC EQUIPMENT:
Check your vehicle manufacturer’s representativeeti@rmine if any on board electronic
equipment is adequately shielded from RF energy.

MEDICAL ELECTRONIC EQUIPMENT:

Consult the manufacturer of any personal mediceicds (such as pacemakers, hearing
aids, etc.....) to determine if they are adequateiglded from external RF energy.

Turn your modem OFF in health care facilities wlaety regulations posted in the area
instruct you to do so. Hospitals or health camlifees may be using RF monitoring
equipment.

AIRCRAFT:

Turn your modem OFF before boarding any aircraft.

Use it on the ground only with crew permission.

Do not use in the air.

To prevent possible interference with aircraft egsd, Federal Aviation Administration
(FAA) regulations require you to have permissioanira crew member to use your
modem while the plane is on the ground. To preu@etference with cellular systems,
local RF regulations prohibit using your modem whdirborne.

CHILDREN:

Do not allow children to play with your modern.igt not a toy. Children could
hurt themselves or others (by poking themselvestbers in the eye with the
antenna, for example).children could damage the emgdor make calls that
increase your modem bills.

BLASTING AREAS
TO avoid interfering with blasting operations, tuyour unit OFF when in

a<<blasting area>>or in areas posted:<turn off wey- radio>>.construction
crew often use remote control RF devices to se¢xifosives.
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POTENTIALLY EXPLOSIVE ATMOSPHERES

Turn your modem OFF when in any area with a paadiptexplosive atmosphere.
It is rare, but your modem or its accessories cgelagerate sparks. Sparks in such
areas could cause an explosion or fire resultirigpihily injury or even death.
Areas with a potentially explosive atmosphere dteno but not always, clearly
marked. They include fuelling areas such as pstailons; below decks on boats;
fuel or chemical transfer or storage facilitiesgareas where the air contains
chemicals or particles. Such as grain, dust, oahpetwders.

Do not transport or store flammable gas, liquidexplosives, in the compartment
of your vehicle which contains your modem or access .Before using your
modem in a vehicle powered by liquefied petroleuas gsuch as propane or
butane) ensure that the vehicle complies with takevant fire and safety
regulations of the country in which the vehicléase used.

NON-IONISING RADIATION

As with other mobile radio transmitting equipmensers are advised that for
satisfactory operation and for the safety of pemsbnit is recommended that no
part of the human body be allowed to come too clws¢he antenna during

operation of the equipment.

The radio equipment shall be connected to the aatgra a non-radiating 50ohm
coaxial cable.

The antenna shall be mounted in such a positionnigart of the human body
will normally rest close to any part of the antenhas also recommended to use
the equipment not close to medical devices as xample hearing aids and
pacemakers.

SAFETY STANDARDS

THIS CELLULAR MODEM COMPLIES WITH ALL
APPLICABLE RF SAFETY STANDARDS .

COMMANDS :
HARDWARE COMMANDS:
AT+CGMI
AT+CGMM
AT+CGMR
AT+CGSN

AT+CIMI

AT+CCID

ogkwpnE

NETWORK REGISTRATION COMMANDS
AT+CPIN

AT+CREG

AT+COPS

AT+CSQ

AT+CCED

arwONE

7C
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SERIAL LINK CONTROL COMMANDS
ATE

ATQ

ATV

AT&C

AT&D

AT&S

AT+IPR

AT+ICF

ATHIFC

CALL CONTROL COMMANDS
AT+CICB

ATD,;
AT+SPEAKER
AT+VGR.

AT+VGT

AT+VTS

AT+VTD
AT+SIDET
AT+ECHO

ATD

ATDI

ATA

ATS0

ATH

4t

ATO

ATHCEST.

AT%C

AT+DS

AT\N .

Remote disconnection
CALL INFORMATION COMMANDS
AT+CR

AT+CRC.

AT+ILRR

AT+DR
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