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Need for Amplification prior to the Laser Diode
in the Fiber-Optic Return Link:

"t A. Praveenkumar

National Centre for Radio Astrophysics
TIFR, Ganeshkhind, Pune - 411007

Incorporation of a 8dB amplifier stage consisting of single stage of MSA0520 (HP-

Avantek make) before the Laser diode in the return link Laser diode optical Transmitter
[OTx(R)] was envisaged and agreed upon on February 10, 1994 during the meeting between
S/Shri T.L. Venkatasubramani, D.S. Sivaraj and Shri K.S. Saini. See Annexure ‘A’ for the
minutes of the meeting. With 8dB amplifier included, the configuration proposed (See Fig.
2 of Annexure ‘A’) =17 dbm operating level per IF channel at the ABR output and -14 dbm
level per IF chinnel at the Laser diode input.

However, an attempt was made to optimise the entire GMRT receiver operating power
levels during August 1995. This optimisation proposed an operating level of ~20dbm power
level at ABR output and -17dbm level at the Laser diode input for each IF channel. The
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8db amplifier was included in this optimised configuration. Annexure Bl, B2 and B3 shows

-

! this optimised level diagrams for a 32 MHz bandwidth from the RF front-end to Fiber-optic
.f return link receiver [ORx(R)].

Fiber-Optic links were designed to have no loss and no gain [Gain of 0db}. In order

! to adjust the gain for 0db, an attenuator (Law) is varied and adjusted to give 0db net link
} Gain. This attenuator is placed after the low noise amplifier following the PIN photo diode.
*  See Fig. in Annexure Cl. It is obvious from the figure and the noise level table associated
with this figure (Annexure C2) that 0db net gain for the link is possible only upto an optical
Fiber loss of about 7db. For optical losses more than 7dB, the fiber-optic links will start

_giving losses. Thus we can conclude that without 8db amplifier, the optical loss is limited
to 7db only.

If 8dB amplifier is added, we can have 0db net link loss, for optical losses of up to
about 11 dB. Upto 11 dB optical losses are expected in GMRT optical Fiber.

Meanwhile, dynamic range measurements for the receiver chains were done. The mea-
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surements indicated that the 1dB compression point of the Antenna Base Receiver (ABR)
output is > -5dbm. For the optical Transmitter, OTX(R) and Receiver ORX(R), the upper
compression level is limited by the output amplifier and 5 way divider combination and not
limited by the laser diode. The measured output 1 dB compression point of the ORX(R)
is +2dbm. Since the ABR output 1dB compression is at -5dbm, proposals for lowering the
operating IF level from -20 to about -25 were made which means that the corresponding
decrease has to be compensated by providing similar increase in the following stages. With-
out this increase in any of the succeeding stages, the baseband output power level might fall
below the ALC knee. Since 8dB amplifier is anyway going to be added in the OTX (R),
proposal for providing 12dB amplifier instead of 8dB was made. When 12 dB amplifier is
incorporated, the Fiber-optic return link will have a 4dB net gain with this 4dB gain extra,
now the ABR output can operate at a level of ~24dBm resulting in a better dynamic range.
The MMIC for the 12dB amplifier could ideally be Mini Circuits make Model. MAV-11 (10
— 1000 MHz), féé,turing a 1dB compression point of +17.5dbm and third order intercept
point of +30 dbm. Since this MMIC is yet to be obtained, one can alternatively use Mini-
circuits make MAR-3 (DC-2000 MHz) featuring +10dbM 1dB compression point and +23
dbm. Third order intercept point, since the compression is not going to be limited by this
MAR-3 amplifier.

Annexure C-3 and C-4 illustrate the Equivalent System Noise Temperatures including

the Baseband system noise contribution at various point.of the fiber-optic return link.

In Annexure D, a comparison of system noise and system operating levels is made. EIN
OF-BB is the equivalent input system noise at the input of the OTX(R) for 32 MHz Noise
Bandwidth. The comparison table indicates that with 12 dB Amplifier, in the OTX(R),
ABR can be operated down to -25 dbm levels for a signal to Noise Ratio of 20 dB whereas
with 8dB amplifier, ABR output level can operate upto -21 dbm for an SNR of 20 dB.
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RF FRON®-END LEVEL DIAGRAMI [32 MHz BW]

v & AAA N ’\ e out
L LY
g «n = = 3 \/ Brood Cable
§ g SOLAR ATTENUATOR ‘_’” m Monftar
2 % /\
Hr . o CH2 OuT .
| U
Loss ‘L’
FRONT END BOX COMMON BOX
/]\ Gain ‘G1’ /]\ Gain ‘G2’ /]\ T
P1 P2 P3 P4
FREQ. T P1 1 4
BAND sys G P2 G2 P3 L P
[MHz] [K] [dBm] (48] [¢Bm] [48] [dBm] [48] [dBm]
150 580 —-96 34 -62 28 -34 8 —42
233 234 -100 37 -63 27 -36 9 —45
327 108 —-103 38 -65 27 -38 11 —49
610 101 -104 35 -69 26 —43 15 -58
1060 83 -104 50 ~54 25 -29 22 —-51
1170 77 -105 49 -56 24 -32 23 -55
1280 74 —-105 49 -56 23 -33 24 -57
1390 72 -105 47 —-58 23 -35 26 —-61

Note: Power levels ore over 32 MHz BW; with OdB solar atin.

APK/Srnif08/95 /R0




— ANNEXQORE = B« Q_
ANTEN N4 BASE RECEIVER LE®CL DIAGRAM
Py C 41 L0 round 200MHz
s;g“gr trip carrien§ 105MH2 _
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= % 1 1
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FREQ. *
BAND P4 P5 ATT1 P6 P7 ATT2 P8 P9
[MHz] [¢Bm/32MHz] [dBm/32MHz] [¢8] [¢8m] [¢Bm] [¢8] [dBm] [¢Bm]
150 —-42 -17 18 -34 -17 16 -12
233 —45 -20 16 -35 -18 16 -12 -20
327 —49 -24 12 -35 —-18 16 =12 in each
channel
610 —-58 -34 10 —43 -26 8 -12 or
—-17
1060 —51 -28 10 -37 -20 14 -12 totcl
1170 -55 ~33 10 42 -25 8 —12 power
1280 -57 -35 10 —44 -27 6 -12
1390 -61 —40 g —47 -30 4 -12
Note: 1. Alterwuotion for ALC mode: (For Non—ALC made opergtion add 6dB mare ottenuctor to ge: —12¢8m @ P8.)
2. Crcnners 16 & I3 of MCM §9 snould reod 131 (+5) counts, to incccte proper ALC seming. For quick check, adding 408 more Gitn. in the gbave setting eentataly-
k will couse the MCM channels (16 & 20) counts to reod 215 (25) .showing that operciing oint is just under for AGC. N




FIBEF:—OPTIC LINK LEVEL““DIAGRAM
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Note: 1. O0dB Nett ccin in the optical fiber fink means PQ to P14 gain is OdB.
2. 0dB Nett goin con be assured only upto optical loss of 11dB.
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GMRT FIBER — OPTIC RETURN LINK
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ANNEXURE

C—2
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GMRT

FIBER

— OPTIC RETURN LINK

SYSTEM NOISE LEVELS

= APK/VD/SS
26/06/9¢

EIN_LASER EQUIVALENT INPUT NOISE = —136dBm/Hz (=2.5x16r€v/Hz) q ., ELECTRONIC CHARGE = 1_5)(10- ‘%OULOMBS
S. SLOPE RESPONSMTY OF LASER DIODE = 0.04 mW/mA P, , Av.OPTICAL POWER = 0.5 mW
t‘oripmgsp“mwooc =08 ma/mW lg. PHOTO DIODE DARK CURRENT = SnA
AL BAND WOTH = 32 Mz T, . AMBIENT TEMPERATURE =300'K
ORX = FIBER-OPTIC RECEIVER < = /L opt
To=175 + NOISE LEVELS SEEN AT PHOTODIODE OUTPUT (32 MHz B.W) | TOTAL NOISE AT ORX
MONITOR POINT(R we

LINK |« _gz1300] LASER NOISE SHOT NOISE THERMAL NOISE T:TAL NOISE POWER b _GG, o

ELEC. 11725?3 =rl\i'rtfler (‘saoc)’af Fsh h o P - Lott Liv o
Lont o< L att L‘Osii 1259 losed ? = 25q (RRE<+ 1)af=K (T + Tg )8f|= Riser * Ryt Prn
dB dB (TdB J " 1613~ 4B 10'w | dBm 10wl dBm 10'w | d8m 10 | dBm
0 1 14 -36 184 2048 | —969] 0.512 | -102.9012.13 | -96.7| 4.69 —93.3]| 5.26 —-52.8
0.5 0.89 13 -37 182 1.622 -979| 0.455 | —103.41}12.13 | —96.7 | 4.21 —93.8{ 5.94 -52.3
1 0.794 | 12 -38 181 1.290 | —98.9| 0.406 | —103.9Y2.123| —96.7| 3.82 -94.2| 6.79 -51.7
15 0.707 | 11 -39 180 1.027 | _gqgq| 0.343 | -104.42)2.11 | -96.8| 3.48 -94.6| 7.79 -51.1
2 0.631 | 10 —40 | 179 ]0812 |-1009| 0.322 | —104.922.11 | -968| 325 | -94.9/9.16 | -50.4
2.5 0.562 9 -4 178 0.645 {—-101.8| (288 | -105.41] 2.1 -96.8| 3.03 -95.2| 10.76 | —49.7
3 0.501 8 —-42 177 0.512 {-1029] 0.256 | —105.912.1 -96.8| 2.875| -95.4f 12.9 —48.9
35 0.446 7 -43 177 0.409 | -1039| 0.229 | —106.40| 2.1 -96.8| 2.74 -95.6/ 15.42 | —48.1
4 0.398 | 6 —-44 | 176 0.324 | _104.9| 0.204 | -106.90]2.1 -968| 263 | —958]18.62 | —47.3
45 0.355 5 —-45 176 0.259 |-1059| 0.182 | —107.40| 21 -96.8| 2.54 —96.0| 22.65 | —46.5
5 0.316 4 -46 | 176 0.205 | -106.9] 0.162 | —107.90| 2-1 -968| 2.47 | -96.127.04 | -457
55 0.281 3 —47 176 0.162 | -107.9| 0.144 | _108.40/2.09 | -96.8| 2.41 —96.2| 33.88 —44.7
6 0251 | 2 —48 175 0129 |-1089| 0.138 | _108.91/2.09 | -96.8| 2.36 | —96.3| 41.98 | —438
6.5 0.223 1 —49 175 0.103 |—-109.9] 0.115 | —109.40{2.09 | —96.8 | 2.32 —96.4| 5188 | —42.8
7 0199 | © -50 | 175 0.082 |-110.9| 0.102 [-~110.00{2.09 | -968] 229 | -96.4| 6457 | —41.9




Noise Power (dBm)
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AT NE X URE C-3

GMRT FIBER — OPTIC RETURN:' LINK .

8/7/96
EQUIVALENT SYSTEM NOISE TEMPERATURES -
Q = ELECTRONIC CHARGE =1.6X10 COULOMBS
LS = LINK % = AVG. OPTICAL POWER = 0.5mW K TO = AMBIENT TEMP. = 300K
ELECTRICAL LOSS I, = PHOTODIODE DARK CURRENT= 5nA Te@y~ TERMAL NOISE TEWP. a®)
1
(—Z-SROC) oC = OPTICAL TRANSMISSION FACTOR Toqy = SHOT NOISE TEMP. OF
L = OPTICAL LOSS =Y PHOTODIODE AT ()
opt opt
0.04 MW/mA 0.8 mA/mW
® © ® PHOTO ® ® © Q, [ ] ®F® o
z LASER R=08mA/mW [0 é/ s =5 B
g T DIODE l/ e AT W
_ Fod L O S=0.04mW/mA ? > o 734
*—1j]o s 50 G,=31dB G=3108 |3 33 @
% » Py R T,=175K Lo 13=175K @ | ~
z G, =848 /\/ (L ) 1 A L:‘—'—'O.SdB L4=28dB %8=1 548
o~ B = 608 L,=1.508 opt = = SIGNAL =9300°K
T = 900K J - 1 DIVISION Toa™ y
L,= 0.5dB 748
SIGNAL
DIVISION EIN =-136dBm/Hz
398 laser

T = x10 K
loser 18
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A® NEXURE c- 4 -

APK

GMRT FIBER — OPTIC RETURN LINK - 08/07/96
EQUIVALENT SYSTEM NOISE TEMPERATURES B

(.Fs'zh:?: ) W] T Tl Lot | Torx | Tee| Tewm | Te L, S L

dBmz x10 k |x10 k| x1¢ k| x1F x| o8 | 8 K K K |x10k| g8 K "K K | K

=54.0] 9.00] 4.02 | 25.38| 17.97| -36 | 0 [4062 |116 | 3946 | 437 | 22

—=53.7| 9.61] 429 |27.06/19.16] -38 | 1t [2751 |92 |2659 |275 | 20

~53.3] 10.55| 4.71 | 29.69] 21.02] -40 | 2 [1922 |73 |1849 |173 | 18

-52.8] 12.07] 5.39 | 34.04| 24.10| -42 3 11407 |s8 [1349 | 110 16 X o

—52.0| 14.36| 6.41 | 40.47/ 2865 -44 | 4 [1069 | 46 |1023 | 686 14 © P

=51.04 18.10} 808 | 50.96| 36.08| —46 | 5 |ge1 |37 | 824 439] 72 | X | 2 | & | _
~49.8| 2374]10.60 | 66.90] 47.36]| 48 | & | 722 |29 | 693 ] 275] 10 | & <« | R |5
—48.4] 32.44]14.48 | 91.39| 64.70/ -50 | 7 [ 629 |23 | 606 | 165 8 | = 813
~46.8| 46.99|20.98 [132.38/93.72] -52 | 8 [580 |18 | 562 110] 6 | N | X | © | o
—=45.1| 70.76]31.59 {199.32|141.11| —54 9 554.6| 14.6| 540 82 4 I B i I ’
—43.3[106.74[47.65 |300.62{212.82] -56 | 10 530.1]11.6] 518 55 2 L B o N N
—41.5]160.9471.85 [453.34|320.94] -58 | 11 505.8] 9.2] 497 | 27| o

WHERE

Ta = TOFS TB= -TGC—+TI TC=L2T0+(L2' ’)TO TD= LSToRx ToRx=TE(th; TE(sh) TE(th)= ot T2+ IGF

= 2.241g* (L™ Do %TC’/GI & L,T, * Tioser 2

TE(sh)=25q(REoc+'To) Te= LottTG+(L°“_ NTo TG= g—:* +T3 TH=S-6TI+(L3-1)TO TI= L4TBB+ (Lg—1)T5 TJ = TBB L(_S;Ro()z
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EIN ;s (dBm) 32 MHz Noise BW

EIN of Fiber-Optic Link as a function of Optical Loss
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Amplification prior to laser diode in fiber-optic return link

Annexure D

Comparison of System Noise and Operating Levels
(Refer figure in Annezure C-3)

No Amplifier

G:=8 dB Amplifier

G,=12 dB Amplifier*

Optical EINor-BB ABR Output EINor-BB ABR Output EINor-BB ABR Output
Loss | [Af=32 MHz] | Level required | [Af=32 MHz] | Level required | [Af=32 MHz] | Level required
to maintain to maintain to maintain
20dB S/N 20 dB S/N 20 dB S/N
(dB) (dbm) (dbm) (dbm) (dbm) (dbm) (dbm)
0 -46.0 -26.0 -54.0 -34.0 -58.0 -38.0
1 -45.7 -25.7 -53.7 -33.7 -57.7 -37.7
2 -45.3 -25.3 -53.3 -33.3 -57.3 -37.3
3 -44.7 -24.7 -52.8 -32.8 -56.7 -36.7
4 -44.0 -24.0 -52.0 -32.0 -56.0 -36.0
5 -43.0 -23.0 -51.0 -31.0 -55.0 -35.0
6 -41.8 -21.8 -49.8 -29.8 -53.8 -33.8
7 -40.4 -20.4 -48.4 -28.4 -52.4 -32.4
8 -38.8 -18.8 -46.8 -26.8 -50.8 -30.8
9 -37.0 -17.0 -45.1 -25.1 -49.0 -29.0
10 -35.3 -15.3 -43.3 -23.3 -47.3 -27.3
11 -33.5 -13.5 -41.5 -21.5 -45.5 -25.5

* With G,=12 dB, Fiber-optic link is adjusted for 4 dB net gain.




