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Special Project Title Fiber Communication
Name Mr.Techut Skunlai

Miss.Theeralak Sangngam

Department Applied Physics Faculty of Science

Program Applied Physics

Academic Year 2007

Special Project Advisor Assoc.Prof.Dr.Preecha  Yupapin
ABSTRACT

This special project is the study of an optical amplifier characteristic using Erbium-Doped
Fiber Amplifier (EDFA) system. The input laser source wavelength 1550 nm is launched into a 2x2
single mode fiber coupler connecting to 25 meters erbium doped fiber. Then it is pumped by an
external laser source with pumping power wavelength 980 nm respectively. The output erbium doped
fiber end is connected to a single mode fiber isolator before launching into a photo-detector. Results
have shown such a system can be used to utilize the opticalamplifer characteristic study, where is
observed, and also can be increased by connecting the optical isolator. The optical feedback can be
neglected by using the optical isolators along transmission line. The frequency stabilized can also be
obtained when modulated input signal is injected into base-band signal, then this principle and

technique can be used to characterize the optical devices for optical communication.
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Input Current

Output Power ( mW )

40

(mA) adaft 1 REP REE mae
30.4 6.08 6.02 6.07 6.05
43.6 9.72 9.76 077 9.75
66.4 14.28 14.25 14.27 14.26
84.4 18.88 18.85 18.65 18.79
102.1 25.43 25.43 25.46 25.44
120.3 29.06 29.03 29.04 29.04
138.4 32.67 32.66 32.64 32.66
156.7 36.34 36.37 36.39 36.36
174.8 36.96 36.94 36.99 36.96
192.1 37.42 37.41 37.48 37.43
210.3 39.06 39.04 39.04 39.04
2285 45.71 45.72 45.79 4574
246.7 49.34 49.35 49.35 49.34
264.9 54.94 54.96 54.93 54.94
282.1 58.42 58.42 58.44 >8.42
300.2 60.04 60.06 60.04 60.04
318.4 60.68 60.65 60.64 60.85
336.6 65.32 65.36 65.33 65.33
354.7 70.94 70.94 70.93 70.93
3729 74.58 74.52 74.55 74 55
390.3 79.98 79.95 79.94 79.95
408.4 80.05 80.04 80.02 8003
426.5 80.11 80.12 80.11 80.11
444.7 80.16 5017 80.19 80.17
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Input Current Output Power (mW )

(mA) ﬂ'?\iﬁ 1 ﬂﬁzqﬁ 2 ﬂ%gq*?i 3 i
304 12.08 12.09 12.04 12.07
48.6 16.72 16.74 16.77 16.74
66.4 22.28 22.25 22.26 22.26
84.4 28.88 28.87 27.86 28.87
102.1 25.43 25.44 2547 25.44
120.3 39.06 39.02 39.05 39.04
138.4 43.68 43.66 43.64 43.66
156.7 45.34 45.33 45.35 45.34
174.8 46.96 46.95 46.97 46.96
192.1 48.42 48.44 48.41 48.42
210.3 53.06 53.06 53.03 53.05
228.5 58.71 58.77 58.74 58.74
246.7 63.34 63.33 63.37 63.34
264.9 67.94 67.95 67.99 67.96
282.1 69.42 69.44 69.45 69.43
300.2 70.04 70.02 70.05 70.03
3184 70.67 70.66 70.63 70.65
336.6 74.32 74.36 74.33 74.33
354.7 78.94 78.99 78.92 78.95
3729 84.58 84.55 84.56 84.56
390.3 87.98 87.95 87.92 87.95
408.4 88.05 88.05 88.09 88.06
426.5 88.31 88.32 88.34 88.33
444.7 88.56 88.53 88.58 88.55
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2600 SERIES

2

Dimensions Diagram (Note: Specifications in mm unless otherwise noted; tolerance = x £ .3, xx £ 20

250 pm Bare Fiber Type A Wiring The module pigtail consists of 250 pm buffered, Corning PureMode™ HI-1060 Single-
mode fiber.)
45.04 1600 MIN (1900 NOM)
[~— 30.0

tee—————————————— 1000 NOM. TO CENTER OF GRATING

26.0
— 208 4— 500 NOM. TO C/L OF SPLICE (OPTIONAL)

—e{ 178 )
{15)—

Ey g DI
40.5NOM.155 127 8.0 ]l ]l ]l ]I_‘l . =‘} F
EEadi A\ RN

MICRON RECOAT

4.6 —w 4X $2.50 THRU

12X 2.5 LEAD SPACING

TOLERANCE IS NON-ACCUMULATIVE P260 < RECOAT < @935 (MICRON)

14X 0.51 LEAD WIDTH

t28) FOR RECOAT WITH ©29535 ym
@4.00
— 1.50
_ g b W G -
) | _ t
{39) 1.5 - 5.6 TO LEAD C/L 2X~5 526
- 0.25 LEAD THICKNESS
Pinout
Pin Description
1 Cooler (+}
2 Thermistor 7 6
3 Monitor PD Anode L
4 Monitor PD Cathode
5 Thermistor
6 N/C
7 N/C
8 N/C o o
9 N/C 8 9
10 Laser Anode
11 Laser Cathode
12 N/C
13 Case Ground

14 Cooler (-)
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Table 1: Absolute Maximum Ratings

Parameter Symbol  Test Conditions Minimum Maximum
Operating case temperature Top - -5°C 75°C
Storage temperature Tsg 2000 hours -40 °C 85°C
LD submount temperature Tip - 0°C 50°C
LD reverse voltage Vr - - 2V
LD forward current - - 650 mA
LD current transient 1 ps maximum - 950 mA
LD reverse current - - 10 pA
PD reverse voltage Vro - - 20V
PD forward current Irp - - 10 mA
Electrostatic discharge (ESD) VEsp C =100 pF,R = 1.5Q, human body model - 1000V
TEC current ITEC - - 2.5A
TEC voltage Vrec - - 4.0V
Axial pull force 3 x 10 seconds - 5N
Side pull force 3 x 10 seconds - 2.5N
Fiber bend radius - 16 mm -
Relative humidity Ru 40°C 5% 95%
Lead soldering time 260 °C - 10 seconds
Note: Absohute maximum ratings are the maximum siresses that may be applied ta the pump module for shor periods of time withowt causing danaage. Siresses in excess of the absolute maximum ratings can
permanently damage the device. Exposure 1a absolute i ralings for ded periods, oF ¢xp o more than ane absolute maximum raling simultaneously may adversely affect device reliability.

Table 2: Operating Parameters (BOL, Tease = 0 to 75 °C, Tup = 25 °C,-50 dB reftection, unless noted otherwise)
Product Maximum Maximum Minimum Kink-Free
Code’ Operating Operating Kink-Free Current

Power Current Power lmax {MA)*

Pop (mW)2* lop (MA) Pmax (mW)* Maximum*

Maximum?®

26-xxx-100 90 240 100 260
26-xxxx-110 100 240 110 260
26-xxxx-120 110 260 120 270
26-00xx-130 120 270 130 290
26-xxxx-140 125 280 140 310
26-xxxx-150 135 300 150 330
26-xxxx-160 145 320 160 350
26-00x-170 155 340 170 370
26-xxxx-180 160 340 180 380

L. The 27-xxxx-xxx may be substituted for this part series. All 26-xxx-x00 end produet specifications will remain as puhbished; thete is no change to part numbers, product testing, quality or reliability.
Traceability is accomplished through product serial number,

2. The maximum operating power Pup will be achieved at a device-specific current, the maximum operating current ky. The individual value of Ly is noted on the hardcopy data sheet shipped with the device.
Al values of Tep are limited hy the maximum value listed in Table 2.

3. The pump laser shall never be operated at a power higher thun the maximum operating posver Py thraughont its lifetime, At Begin of Lile {(BOL), the operating current shalt never he higher than the

device-specitic maximum operating current Ly that is noted on the hardcopy data sheet shipped with the device. At End vf Life (EQL), the operating current shall never be highee than the device-specific

kink-free current Imas that is noted on the bardeopy dala sheet shipped with the devie.

The module is kink-free (a1 least) up 1 a minimumns kink-free power P that the madule will achieve ata device-specific currens, the kink-free cusrent fma. The individnal vahue of Ine is noted on the

hardeopy dma sheet shipped with the device, All values of Tawn arc limited by the maximum value listed in Table 2.
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Table 3: Available Peak Wavelength Selection

(Tamb = 2543 °C, 50 mW < P < Pop)

Product Code Minimum Peak Wavelength Maximum Peak Wavelength
26-8000-xxx 970.0 nm 985.0 nm
26-7402-xxx 973.5 nm 975.0 nm
26-7552-xxx 974.5 nm 976.5 nm
26-7602-xxx 975.0 nm 977.0 nm
26-7702-xxx 976.0 nm 978.0 nm
26-8052-xxx 979.5 nm 981.5 nm

Table 4: Electro-Optical Performance

{BOL, Tease = 0 t0 75 °C, Tip = 25 °C,-50 dB reflection, unless noted otherwise)

Parameter Symbol Test Condition Minimum Maximum
Threshold current Iih - - 25 mA
Forward voltage Vi Ir = op - 25V
Spectral width AXRMS 50 mW < P < Pop - 2.0 nm
Peak wavelength tuning ALP/AT amb 50 mW < P < Pop - 0.02 nm/°C
Side-mode suppression ratio SMSR 50 mW < P < Pop 15 dB -
Relative optical power stability Peak-to-peak, T = 10 min,

50 kHz sampling, Tase = 25 °C

20 mW < P < Pop - 4%

12mW <P <20mW - 10%

35mW <P <12 mW - 25%
Tracking error TE 20 mW < P < Pop' -25% 25%
Tracking ratio TR 20 mW < P < Pop 0.75 1.25
Monitor diode responsivity Resppy 20mW < P < Pop 2 pA/mW 10 pA/mW
TEC current ITeC Tease =75 °C - 1.5A
TEC voltage VTEiC Tease = 75 °C - 25V
Thermistor resistance R - 9.5 k() 10.5 kQ
Thermistor constant B - 3600 K 4200 K
Module power consumnption Tease =75 °C - 45 W

Teuse =75 DC, EOL - 5.0 w

10 the operaling power at 25 °C.

. The Tracking Error is defined as the normalized change of output power relative 1w the sperating power over case lemperature range 0°C ta 75 °C, at constant back face monitor current corresponding

2. The Tracking Ratio is 2 measure of the front-to-back tracking when the oulput power is varied. On a plot of optical power versus buck-face photocusrent, a siraight line is drawn between the minimum
power (20 mW) and the operating power Pup points. The tracking ratio is defined as the ratio between measured optical power (shown as data paints on the plot) 1o the vabue derived fram the straight fine.
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Ordering Information

For mere information on this or other products and their availability, please contact your local JDSU account manager or
JDSU directly at 1-800-498-]JDSU (5378) in North America and +800-5378-JDSU worldwide or via e-mail at
customer.service@jdsu.com.

Sample: 26 -7402-100

- oo

Code _ Peak Wavelength Code  Minimum Kink-Free Power
7402 973.5 10 975.0 nm 100 100 mW
7552 974.5 to 976.5 nm 110 110 mwW
7602 975.0 10 977.0 nm 120 120 mW
7702 976.0 1o 978.0 nm 130 130 mW
8000  970.0 to 985.0 nm 140 140 mW

8052 979.5 10 981.5 nm 150 150 mW
160 160 mW
170 170 mw
180 180 mW

User Safety

Safety and Operating Considerations

The laser light emitted from this laser diode is invisible and may be harmful to the human eye. Avoid leoking directly into the
fiber when the device is in operation.

CAUTION: THE USE OF OPTICAL INSTRUMENTS WITH THIS PRODUCT INCREASES EYE HAZARD.

Operating the laser diode outside of its maximum ratings may cause device failure or a safety hazard. Power supplies used with
this component cannot exceed maximum peak optical power.

CW laser diodes may be damaged by excessive drive current or switching transients. When using power supplies, the laser
diode should be connected with the main power on and the output voltage at zero. The current should be increased slowly
while monitoring the laser diode output power and the drive current. Careful attention to heatsinking and proper mounting
of this device is required to ensure specified performance over its operating life. To maximize thermal transfer to the heatsink,
the heatsink mounting surface must be flat to within .001” and the mounting screws must be torqued down to 1.5 in.-b.

ESD PROTECTION — Electrostatic discharge (ESD) is the primary cause of unexpected laser diode failure. Take extreme
precaution to prevent ESD. Use wrist straps, grounded work surfaces, and rigorous antistatic techniques when handling laser diodes.
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Labeling
21 CFR 1040.10 Compliance 14-Pin Module Label
Because of the small size of these I( {psuy

Q10102 26-ABC123
26-1000-xx%

devices, the output power and laser
emission indicator label shown below is
attached to the individual shipping A

container. All labels are illustrated here thlppmg Box Label
to comply with 21 CFR 1040.10 as Serial: UMMM () IDSU
applicable under the Radiations Control 26-ABC123 sy

for Health and Safety Act of 1968. Modet: IR RN 3530 Bassol

Santa Clara, CA 95054
26-xxxx-HE%

01701702

Output Power and Laser Emission Indicator Label

INVISIBLE
LASER DICDE
INVISIBLE LASEH MADIATKI
AN OIREC T EXPOSURE 10 BN <'&| :}

.-ﬁ;LiK VO'A-‘EK- A
VAVELENG Ik §30 - £ 555 am AVOID EXPOSURE

CAUNGH - Hndle wh cire Esuly dumaga

by WA RO Visible/invisibie
radiation emitted
from fiber end or
CLASS BB LASER PMODUCT fiber receptacle

Teis pohrd cronphes milh 74 GFR Chopten ., Subchaoe |

PurcMode is 2 regisiered rademark of Corning Tncorporated.
Telcordia is a registered trademark of Telcordia Technolugies Incorporated.

All statements, technical information and recommendalions related to the products herein are based upon information believed to he
reliable or accurate. However, the accuracy or completeness thereof is not guarantecd, and no respensibilily is assumed for any
inaccuracies. The user assunes all risks und liability whatsoever in connection with the use of a product or its application, JDSU reverves
the right 1o change at any lime without notice the design, specifications, function, it or form of its products described herein, including
withdrawal at any time of 4 product offered for sale herein. JDSU makes o represeptions that the products
herein are iree from any intellectual property claims of others, Please contact IDSU for more information. TDSU and the JDSU loga are
uademarks of 108 Uniphase Corporation. Other irademarks are the propenty of their respeciive hokders. ©2007 JDS Uniphase
Corporation. All rights reserved, 10138127 Rev. 606 03/07 2600PUMBDS.CCAE

NORTH AMERICA; 800 498-!DSV {5378} WORLDWIDE: +800 5378-1D5SU WEBSITE: www.jdsu.com

Masch 2007
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Limiting Values

Parameter Symbol Conditions Minimum Maximum

Laser Diode

Radiant output power from pigtail Ppeak - - O 1I00mW
Reverse voltage Vi - - 20V
Forward current | Ir - - 600 mA
Monitor Diode

Reverse voltage Vi - - 20V
Forward current Ir - - 10 mA
Module N

Storage temperature range Tay (note") -40 °C TTTTEseCT T
Case operating temperature range Top Cooler active -20°C 70 °C

Fiber Pigtail N

Bending radius R - 35 mm o ]
Tensile strength fiber to case F (note') - __ 5N

1. Mechanical integrity/environmental endurance tested accarding to Tekardin GR-468-CORE and MIL-STD-#83
ML = Median Lile, EOL = End OF Life.

Tt Tk
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CQF938 SERIES

Characteristics (Rt = 10 k2, Tamb at 25 °C, Po = nominal unless otherwise specified.)
Parameter Symbol Conditions Minimum Typicat Maximum
Radiant ourput power from pigtail Po

CQF938/400 40 mW - -

CQF938/500 50 mW - -

CQF938/600 60 mW - -
Differential energy n

CQF938/400 - 120 pW/mA -

CQF938/500 - 150 pW/mA

CQF938/600 o o - 175 pW/mA -
Operating current Lop - 375 mA 500 mA
Laser Diode B B T
Threshold current Tin - - 25 mA 40 mA
Central wavelength Ae o - 1547 nm 1555 nm 1560 nm
Forward voltage Vr - - - 25V
Side mode suppression ratio SMSR - 30dB 45 dB -
Optical isolation 150 - 30 dB 35dB - )
Relative intensity noise RIN 20 - 1000 MHz - - -160 dB/Hz
Spectral linewidth AL Full width, half mean (FWHM) - — IMHz
Monitor Diode (Vg = 10 V) - - _ e ] -
Monitor diode responsivity R~ - 5 pA/mW 75 uA/mW S
Dark current Imd - o - - 01pA L
Temperature tracking error TE -20°C < Tease < 70 °C - - T 0%
Thermistor
Resistance Rub Tin=25°C 9.5 kQ 10 kO 10.5 k2
Thermistor constant B - 3800 K - 4100 K
Thermoelectric Cooler (AT = 45 °C) ~
Cooler current Tcaol - - - 1.5 A -
Cooler voltage Vesol - - - 4.0V
Polarization Maintaining Fiber Pigtail (Fujikura Panda 8/125/400 with 900 um loose tube) ] _
Mode field diameter ] D - 9.5 um - Hs5pm
@@gﬁtinction ratio ‘—A)— "ER  E-field along slow axis 18 dB 20 dB #7-.' _m_—_; o
Length of pigtail - 1 m - B - o
Reliability S
Long term wavelength drift (note') ML, EOL: Ak = 0.2 nm - 300 years o

1. Mechanical integrity/environmental endurance tested according to Telcordia GR-468-CORE and MIL-STD-883

ML = Median Life, EOL = End Of Life.
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CHAPTER 2
System Operation

Introduction

2.2

This chapter describes how to operate the 6000 mainframe. Module specific details
can be found in the module's manual. Unless otherwise noted, “6000” or “Model
6000” refers to the Model 6000, the Model 6000M, and the Model 6000MF.
Sections that deal with a specific model will be indicated as such.

Installation

2.21

CAUTION

Although ESD protection is designed into the 8000,
operation in a static-fee work area is recommended.

CAUTION

Do not plug-in or unplug a module with
the AC power on.

AC Power Considerations

The 6000 can be configured to operate at a nominal line voltage of 100, 120, 220, or
240 VAC. Normally, this is done at the factory and need not be changed before
operating the instrument. However, be sure that the voltage setting is correct on the
power input module and correct fuses are installed per section 6.2 before connecting
to an AC source. The 6000 is shipped set for 120 VAC and a caution sticker is placed
on the input power connector.

CAUTION
Do not exceed 250 VAC on the line input.

Do not operate with a line voltage that is not within £10%

of the line setting. Too low of an input voltage may cause

excessive ripple on the DC supplies. Too high of an input
voltage will cause excessive heating.
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2.2.2

223

2.2.4

2.25

WARNING

To avoid electrical shock hazard, connect the
instrument to properly earth-grounded, 3-prong
receptacles only. Failure to observe this precaution
can result in severe injury or death.

Tilt-Foot Adjustment

The 6000 has front legs that extend to make it easier to view the LCD display. To
use them, place the 6000 on a stable base and rotate the legs downward until they
lock into position.

Rack Mounting

The 6000 may be rack mounted by using a 6000 rack mount kit. All rack mount
accessory kits contain detailed mounting instructions.

Ventilation Requirements
Rear panel area needs 2 to 4 inches of clearance for air circulation.

Power-Up Sequence

With the 6000 connected to an AC power source, set the power switch to “I” to
supply power to the instrument and start the power-up sequence.

During the power-up sequence, the following takes place, For about 5 seconds an
initialization screen is displayed. The software version is displayed in the lower left
corner of the screen. During this time a self-test is performed to ensure that the 6000
hardware and software are communicating. If the 6000 cannot successfully complete
this test, an error message will be displayed.

After this test, the 6000 is configured to the state it was in when the power was last
shut off and displays the master display.
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Typical Performance Characteristics

Output Power {mW)

50 4

40

30 1

20 4

10 A4

CQF938/400
Tchip=22.6 “C

100 200 300
Operating Current (mA)

Typical CQF938/400 output power versus bias current drive.

Qutput Power {mW)
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80 1
70
60 -
50 A
40 4
30 -
20 -
10 4

CQFg938/600
Teniy=24.6 °C

0

100

200 300 400 500

Operating Current (mA)

Typical CQF938/600 output power versus bias current drive.

Relative Intensity Noise (dB/Hz)
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-180
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Relative intensity noise is better than -160 dB/Hz.

Output Power (mW)

80
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60 4

CQF938/500
Tenp=33.5 °C

100

T T T

200 300 400
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Typical CQF938/500 output power versus bias current drive.
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Linewidth at -3 dB is better than 1 MHz.
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Dimensions Diagram

CQF938 SERIES -

(Specifications in mm {inches] unless otherwise noted; tolerance = =0.15 {+0.006].)

¢7 (0276}
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g
£
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o 1 i 1
i
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Fiber termination: default 1.25 mm ferrule

L4¢2.7 (0.0

02 {0.608}

5505 (021720000

Pinout

Pin

Description

Thermistor

Thermistor

LD cathode DC input via inductance

PD anode

PD cathode

Cooler anode

Cooler cathode

Case GND

os ||| e

Case GND

—
[=]

Not connected

—
—_—

LD anode, case

—
b

LD cathode, AC input

e
w

LD anode, case

—
S

Not connected
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Dimensions Diagram

(Specifications in mm [inches] unless otherwise noted; tolerance = +0.15 [+0.006].)

-_ 33a1 {12920.04) n
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H
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|254 0100 5 0020
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]

g2 .. 9 Wi
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178 (000
2083 0320
% (1024
EA LI Pinout
Fiber termination: default 1.25 mm ferrule Pin Description

1 Thermistor
2 Thermistor
3 LD cathode DC input via inductance
4 PD anode _
5 PD cathode
6 Cooler anode o
7 Cooler cathode
8 Case GND
9 Case GND
10 Not connected o
11 LD anode, case o
12 LD cathode, AC input B
13 LD anode, case N

—
b

Not connected
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2.3

Introduction to the 6000 Front Panel

2.31

Model 6000

Described below are the functions of each area of the Model 6000 front panel, as
shown in Figure 1. See the following section for the Model 6000M and 6000MF.

R Rlewaport » Lassr Diade Controller « Model 6000 MASTER - R i
o= — SN
pure, / NI l
; B C_;_J o BHiFT \ /f i
ROUEDE I SO :
x. REMOTE \ 4
(2 J e

b —

A

10.
11.
12.

13.
14.

Figure 1 - Model 6000 Front Panel

Power On/Off Switch - Switches on/off the AC power to the unit.

Laser Enable On/Off Switch - Safety key-switch that enables/disables laser
output. See sections 3.6 and 4.3.4 for additional information on laser interlock.
Laser Active LED - Indicates laser output is on.

LDD On Button - Turns the laser output on/off.

TEC Active LED - Indicates TEC output is on.

TEC On Button - Turns the TEC output on/off.

Display Soft Keys - These are the two dark keys located to the right of the
display. The function of these keys varies depending on what menu is displayed.
See section 2.4.1.4 for a complete description of soft keys.

MASTER Key - switches to the master display from any screen in the system
(see section 2.4.2).

Cursor Control Keys - Moves cursor up or down between editable data fields.
The left arrow decrements values in numerical entry fields, or as a previous
choice in a multi-choice entry field. The right arrow increments values in
numerical entry fields, or as a next choice in multi-choice entry fields. See
section 2.4.1.3 for a description of data fields.

MENU Key - Switches to the main menu from any screen in the system (see
section 2.4.0).

FUNCTION Key - Used to execute user macros and special functions (see
section 2.4.2).

SHIFT Key - Toggles between the outer and inner set of soft keys.

Remote LED - Indicates 6000 is in remote mode.

Knob - Used to continuously vary certain parameters. The knob has an
acceleration factor that causes the rate of change to increase as the knob is turned
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2.3.2

faster. Turning slowly allows for a fine adjustment at the smallest displayed
decimal place.

Model 6000M and 6000MF

The only physical difference on the front panel for the Model 6000M and Model
6000MF is the TEC On button has been replaced by the MOPA Amplifier On button
which allows independent control of each MOPA channel, and the LDD On button
has been renamed to OSC On button. The TEC On button was moved to the lower
soft key on the Master Display.,

£

Only elements that differ on the 6000M and 6000MF are described below. See the
section above for a description of the other elements on the front panel.

Oscillator Active LED - Indicates MOPA oscillator output is on.
OSC On Button - Turns the MOPA oscillator output on/off.
Amplifier Active LED - Indicates MOPA amplifier output is on.
AMP On Button - Turns the MOPA amplifier output on/off.

N bW
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2.4

General Operation

2.41

2411

2.41.2

2.41.3

2.41.31

Display Elements

The Model 6000 uses a character display to depict information about the current state
of the system. The display can be broken down into four basic elements: static fields,
non-editable data fields, editable data fields, and soft key labels.

Static Fields

Static fields are elements on the display which do not change from moment to
moment. These can include screen titles and error messages.

Non-Editable Data Fields

Non-editable data fields are used mainly to display read back information, such as
temperature, laser current, etc. These fields can have a prefix or suffix label, such as
“Lo=" or “mA”, and are periodically updated by the system.

Editable Data Fields

Editable data fields are used for module and system settings such as current set point,
temperature set point, display contrast, etc. An editable field has three distinct display
states: focused, non-focused, and read-only.

The focused state indicates that the field has the input “focus.” When the a field has
the focus, a right pointing arrow (—) is placed to the left of the field. Any keyboard
entry or knob adjustment will be applied to the field, and only one field at a time on
the display can have focus. Move between fields using the up and down arrow keys.

The non-focused state indicates that the field is editable, but does not currently have
the focus. These fields are indicated with a right pointing triangle ( * ) to the left of
the field. Using the up and down arrows, focus can be moved to these fields.

When the editable data field is in the read-only state, it looks and acts exactly like a
non-editable data field. Like the non-editable data field, it cannot have focus, and the
up or down arrow keys will skip over the field. This state is used primarily to lockout
specific data elements from front panel change when the Model 6000 is in remote
mode. Any IEEE-488 or RS-232 communication will place the unit in remote mode,
and editable fields that are protected during remote operations change to the read
only state.

Changing Data Fields

A data field can only be changed from the front panel when the field is the focus.
Some fields are numeric-based, such as current set point or temperature limits. Other
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241.4

fields are multi-choice fields, such as Yes/No fields. Both types are changed with the
left and right arrows or the knob.

Soft Keys

Soft key labels are labels for the two gray buttons located to the immediate right of
the display. Each label either indicates the action that is performed when the
corresponding key 1s pressed (such as changing screens), or the state of a data
elemnent in the system (such as laser PD zero). In the first case, pressing the
corresponding soft key will cause the action to happer, such as changing to the setup
screen when the Setup soft key is pressed from a module’s main screen. In the
second case, pressing the soft key will change the associated state, such as setting the
laser’s PD zero value.

Like the editable data fields above, certain soft keys are programmed to enter a
“display-only”” mode when the unit enters remote mode. Display-only soft keys are
displayed in lower case, and will not function until the unit returns to local mode.

On some screens, such as the main menu, there are more than two soft key selections.
In this case, the active soft keys have a left pointing arrow (¢) to the right of the soft
key label. Pressing the SHIFT key will toggle between the outer and inner two soft
keys.
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2.4.2

Focused editable

Static Field / data field

LDD —JTo= 450.00 mA
Po= 0.00 mW

Vﬁm 25.00 °C
Non-focused Tfi 23.50 °C

editable data field

Non-editable
data field

Figure 2 - A Sample Screen with Various Data Fields

Function Keys

The FUNC button serves two purposes on the 6000: first, as a quick navigation
method that speeds switching between laser module and TEC screens; and second, as
a method of setting up and executing user defined macros and special functions.

Using the FUNC key for navigation allows the user, with two or three keystrokes, to
switch to the single display of either the laser module or TEC section. This works
simply by pressing the FUNC button and then pressing the top soft key for the laser,
or the bottom soft key for the TEC. For example, to switch to the single screen
display of the laser, press and release FUNC and then press the top soft key. This
quick navigation works anywhere in the system.

For macros and special functions, the FUNC key is used both to execute and to enter
the setup screen on the particular function. For example, if the 6000 supported a
special function assigned to the up arrow key, to enter the setup screen of this
function, press and hold the FUNC key, then press the up arrow key, then release
both. This would enter the setup screen for this function. To execute this function,
press and release the FUNC key, then press and reiease the up arrow key. If
functions are not setup/supported for a particular key, the 6000 will beep. The 6000
supports assignment of macros to the arrow keys, the MASTER key, the MENU
key, the LDD key, and the TEC key.
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Menu Structure

Master Display

l Main Menu |

Modules
Laser/MOPA Osc
I__ Setup
MOPA Amp
TEC

l—_ Setup

Communications
Local

Configure Menu

System
Linking
Save/Recall

Calibration

Figure 3 - Model 6000 Menu Structure
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2.4.4

2.4.5

2.4.6

Master Display

The Master Display is shown in Figure 4. This is the highest level display and
indicates the general status of both the laser module and TEC in the system at the
same time.

LDD —>JTo= 450.00 mA
Po= 0.00 mW
TEC »Ts= 25.00 °C
T = 23.50 °C

Figure 4 - Master Display

The Master Display can be accessed from any screen in the system by pressing
MASTER. If there is no laser module detected in the system, the text “Not installed”
will appear in place of the laser module’s status information.

MOPA Master Display

TEC On/Off soft
key /

OSC—-Io=
AMP TIm=
»To=

1.66 mA

0.0 pA
741 .6 mA

TEC T = 25.00 °C OFF

Figure 5 - MOPA Master Display

The MOPA Master Display is used on Model 6000M and 6000MF controllers. The
Master Display can be accessed from any screen in the system by pressing
MASTER. The lower soft key controls the TEC on/off state. The soft key indicates
the current state of the TEC output,

Main Menu

The Main Menu is shown in Figure 6. This is the second highest menu and is used to
access four general system functions:
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1. MODULES - Pressing the adjacent soft key gives access
to the laser module and TEC for setup and control of each
module.

2. COMM- Pressing the adjacent soft key gives access to
the GPIB and RS232 parameters.

3. LOCAL - When the unit is in remote mode, either
through GPIB or RS-232C communications, the Local
soft key will be available. Pressing it returns the 6000 to a
local state. When in local mode, this key does nof appear
on the display. The 6000 is placed in remote mode
through GPIB or RS232 communication, or during the
execution of a macro or special function.

4. CONFIG - Pressing the adjacent soft key gives access to
the general configuration menu, with soft keys to access
system configure, save/recall, linking, and calibration
screens.

Main Menu MODULES«
COMM
LOCAL

CONFIG«

Figure 6 - Main Menu

2.4.7 Configure Menu

The configure menu provides access to the system configuration, save and recall, and
linking screens.

Config SYSTEM«
LINKING
CAL

SAV/RCL«

Figure 7 - Configure Menu
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2.4.8

System Configure Screen

—»Contrasts= 11
»Brightness= 100
»Lockout dial= No

»Lockout pad= No ~

—Audible beep= Yes =
»On Delay= 3.0 S
»Key Rate= Fast
»Dial Rate= Fast

Figure 8 — System Configure Screen

The system configure screen controls basic operation of the 6000 system. Brightness
varies the backlighting intensity. Contrast is used to optimize the viewing angle.

Lockout dial disables the dial to avoid accidental changes in active data fields when
the dial is bumped.

Lockout pad locks out the left and right arrow keys, the data entry portion on the
keypad. Navigation keys, such as up and down, MENU, MASTER, and FUNC
continue to work.

Note that both the Lockout dial and Lockout pad settings are temporarily suspended
while in the Configure System Screen, allowing the dial and keypad lockout settings
to be changed while in this screen..

Audible Beep controls the system’s audible beeper. The beeper indicates errors,
invalid data entry, and other situations where the 6000 needs to alert the user. Each
press of the MASTER button will clear one error.

On Delay controls the delay time from the moment a Laser Diode Driver is turned on
by the user to the actual time the output is energized. The delay time is
programmable from 0 seconds to 30 seconds. The default setting is 3 seconds.

Key Rate - this controls the speed at which, when a key is held down, it repeats.
Settings are Slow, Medium, and Fast.
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2410

Dial Rate - like the Key Rate setting, this controls the acceleration of the dial as it is
turned. Settings are Slow, Medium, and Fast.

Save/Recall Screen

Save/Recall SAV
»Bin=1

RCL

Figure 9 - Save/Recall Screen

The Save and Recall functions are used to store and retrieve 6600 setup
configurations for future use. For example, a specific test setup may be saved for
later use, and then another setup may be used presently. Then, when the user desires
to perform the specific test, its setup is simply recalled.

Non-volatile memory is used for saving the instrument parameters. When a save
operation is performed, all of the parameters which are currently in effect on the
6000 are stored. The user selects a “bin” number (1 - 5) for saving the parameters.
Then, when that “bin” number is recalled, the 6000 is restarted and the parameters
are reconfigured to the previously stored values.

A special “bin 0” is reserved for the reset state. Recalling bin 0 will reset all modules
in the system to factory defaults.

The save/recall bin information will be lost upon detecting any change in the module
configuration (such as installing a new moduie).

Linking Screen

# Sr Cnd Act Tg

A5 1"On 'nS5 *» 2 PREV
B No CLR
C»No v

Figure 10 - Link Screen

The linking screen allows the conditions of the laser module and TEC to affect and
control each other.
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The headings were abbreviated because of space limitations, and the full names are
Source, Condition, Action, and Target. In addition, the condition and action values
were also abbreviated. See the tables below for the full text of each abbreviation:

Laser Conditions TEC Conditions

Abbrev Full Text Abbreyv Full Text

On On On On

Off Off Off Off

Out Out of tolerance Out Out of tolerance

In In tolerance In In tolerance

IoL Current limit IL Current limit

VIL Voltage VL Voltage limit
compliance limit

ImL Photodiode TL Temperature limit
current limit

PoL Photodiode power ThL Temperature high limit
limit

Lck Interlock open TIL Temperature low limit

Opn Open circuit RL R limit

Sho Short circuit Opn Module or sensor open

Actions

Abbrev Full Text

Off Turn off

t# Turn off in # seconds

On Turn on

n# Turn on in # seconds

The CLR soft key allows clearing of all defined links. To clear a single link, simply
change the source field to No. The system supports up to 24 links.

Each condition is evaluated approximately once per second. Links are edge triggered,
which means that the action of a link is done the first time the condition goes true, not
whenever the condition is true. The action will not be done a second time until the
condition first goes false and then returns to true.

As an example of linking, consider a system where the TEC module cannot operate
when the laser is off because condensation will form on the laser and may damage it.
However, the TEC must be turned on whenever the laser is on to protect it from
overheating. First, program the TEC high and low temperature limits to the operating
range of the laser. The following three links will then ensure these conditions are
met:

# Source Condition Action Target
A 1 On Turn On 2
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B 1 Off Turn Off2
C 2 T Lim Turmn Off1

2.4.11

2412

2.4121

Link #1 turns on the TEC whenever the laser is on. Link #2 turns off the TEC
whenever the laser is off. Link #3 turns off the laser if the TEC exceeds its
temperature limits. There is no need to define a fourth link to turn off the TEC ona T
Lim condition because if Link #3 turns off the laser, Link #2 will automatically turn
off the TEC.

As shown in the example above, it is possible to setup a level of control that would
normally only be possible with a computer-based monitoring system.

When the unit enters remote mode, the linking screen is not accessible.

Calibration Screen

Pressing the Cal soft key displays a module selection screen exactly like the screen
shown after pressing the Modules soft key from the main menu. Press the upper soft
key for the laser or the lower soft key for the TEC. On Model 6000M and 6000MF
controllers, a second selection screen will appear to select the oscillator or amplifier
section of the MOPA module. The calibration screen is then displayed. See sections
7.2 and 7.3 for Laser and TEC calibration, respectively.

Configure Communications Screen

»Err While Rmt= No
»GPIB Address= 4
» Speed= 9600 Baud
»Terminal Mode= No

Figure 11 - Communications Screen

The GPIB Address is the IEEE-488 device address assigned to the 6000. Valid
addresses are 1 to 31. See the Computer Interfacing Manual for additional
information on Terminal Mode and Speed.

Error Message Control

Error messages may appear on the display when error conditions occur which force
the output off or reflect hardware errors in the 6000. Chapter 9 contains an
explanation of the error message which may be reported by the 6000. Display of
error messages on the 6000 screen may be disabled while in remote mode by setting
Err While Rmt to No, or by using the GPIB command REMERR to set this value
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remotely. Errors will continue to accumulate in the error queue, but will not be
displayed on-screen.

2.5 Rear Panel Familiarization
W 250V, 3AG,| 2.50 A © 1007120V Mox. Power “
0000000000 =000 =
@ ’mmw: Lo ouTPUT 5530 @
© © oo
2 HHHHHHHHHHHHHH ~llgl @9 m:t;:—ﬂ_:l : m'a:ﬁm
Figure 12 - Rear Panel
2.5.1 GPIB Connector
The GPIB connector, located on the back panel, allows full remote control as
described in the Computer Interfacing Manual. 1t accepts a standard IEEE-488 cable
for remote control, and uses Metric lock screws.
2.5.2 RS-232 Connector
The 6000 has an RS-232 connector located on the back panel. See the Computer
Interfacing Manual for a more complete description of the RS-232 interface.
2.5.3 Input Power Connector

Accepts a standard line cord for AC input. Also selects one of four AC input settings:
100V, 120V, 220V, and 240V. The cord must be removed to change the setting. A
small screwdriver will open the top of the module and expose the rotary switch.
Select the range that is closest to your expected nominal RMS line voltage. The
voltage selection is set for 120 VAC prior to shipping. A caution sticker is then
placed over the input power connector to help insure the customer checks for proper
voltage.
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2.5.4

2.6

CAUTION
Do not exceed 250 VAC on the line input.

Do not operate with a line voltage that is not within £10%

of the line setting. Too low of an input voltage may cause

excessive ripple on the DC supplies. Too high of an input
voltage will cause excessive heating.

GND Post

Provides access to chassis ground, which is also an earth ground as long as a standard
3-wire line cord is used. This is a protective conductor terminal to be used to achieve
chassis grounding requirements when the main connectors don’t provide an earth
ground terminal. Use a minimum of 18 gauge wire to connect to this terminal.

Warm Up and Environmental Consideration

Operate the 6000 at an ambient temperature in the range of 0 to +40°C. Storage
temperatures should be in the range of -20 to +60°C. To achieve rated accuracy, let
the 6000 warm up for 1 hour. For greatest accuracy, recalibrate when ambient
temperature changes more than a few degrees.

CAUTION

Operating above +40°C can cause excessive heating and
possible component failures,
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