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Some Background
Digital Optical Links vs Analog Optical Links

Digital Optical Links are characterized by...
Noise margin advantages (+)
Flexibility in coding (error detection/correction) (+)
Signal to quantization noise is unavoidable (-)

Much industry experience and many components (at room temperature) (+)

Time Division Multiplexing may be employed (+)

Analog Optical Links are characterized by ...
Lower cost and complexity in typical installations (+)
Higher signal to noise requirements typically imply higher power (-)

Transfer function must be well characterized to insure extraction of original signal (calibration) (-)



Strategy: Digital Optical Links Test Program
295 K and 77 K Control of Modulation Current
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Cumulative TOSA Laser Diode Testing Summary
FP-1310-4I-LCC (4 Gbps rated)

FP-1310-41-LCC Laser Diode Tests
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Results obtained with 50 um core Multimode Fiber and Matrix LC Latch
LD1 results obtained with laser mounted on ADN2526 Test Board (controlled by laser driver BSET circuit )
LD2 results obtained with laser directly connected to trim pot circuit



TOSA Monitor Photodiode Testing Summary
FP-1310-41-LCC (4 Gbps rated)

ADN2526 Laser Driver
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Testing with ADN2526 Laser Driver Custom LN2 Board

BIAS CONTROL INPUT (BSET)
Room temperature testing first, BSET Voltage to IBIAS Gain 90 mA/V
. . BSET Input Resistance 1000 Q
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ADN2526 Laser Driver Electrical Testing
Bias Setting Performance (BSET)

IBMON Current vs BSET
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Results agree nicely from one device to the next
Results for one device tested show little variation when immersed in LN2



ADN2526 Laser Driver Electrical Testing —Board 1
Modulation Setting Performance (MSET) and Temperature

295 K 77 K
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PRBS7 Electrical Input Pattern
MSET =75 mV ; Ibias = 19 mA



ADN2526 Laser Driver Electrical Testing —Board 1
Modulation Setting Performance (MSET) and Temperature

295 K 77K
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PRBS7 Electrical Input Pattern
MSET = 100 mV ; Ibias =19 mA




File Edit View Setup Utiites Applications Help |Triggered [

ADN2526 Laser Driver Electrical Testing —Board 1
Modulation Setting Performance (MSET) and Temperature

295 K
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Laser Diode

ADN2526/FP-1310-41-LCC Combined Testing
Making the Optical Connection

Matrix Latch LC Terminated Fiber

~ LCTerminated Fiber
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ADN2526/FP-1310-41-LCC Combined Testing — Board 1
Optical Eye Performance at 295 K (PRBS7, 2 Gbps)
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ADN2526/FP-1310-41-LCC Combined Testing — Board 1
Optical Eye Performance at 295 K (PRBS7, 2 Gbps)
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ADN2526/FP-1310-41-LCC Combined Testing — Board 1
Optical Eye Performance at 295 K (PRBS7, 2 Gbps)
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ADN2526/FP-1310-41-LCC Combined Testing — Board 1
Optical Eye Performance at 295 K (PRBS7, 2 Gbps)

File Edit View Setup Utiities Applications Help [Triggered Telaronix  _ | X| Fle Edit View Setup Utiites Applications Help [Triggered Tekmonix | X|

§|5§| T r "1I:| (_’?| Run/Stop | &g Maode |Sample J Trig|E:-:ternaI Diirect J | 0.0V Jﬂ J\EI J él %l ﬁ‘ I—— i Hum’StOp I Acq Mode |Samp|e :l T;iglExternai Direct :l l: oV _l:lJ _”ﬂp_l EJ

|F'u|se J|.ﬁ.mplltudeJ H.I'L||'LI'LI'I| .n.|J'LI'L|J'LI'L|'LI'I.I'

Measurement |
1OMA C1 TZufy | HoMA C1 IXW]
297 | 620.8779uW
BaoP 1 IX | Baor Cc1 IX
645.3872uW 648.2684uW
8AOPd C1 IX 8AOPd C1 XX
-1.901796¢Bm| £ -1.8824510Bm)
WP e AExdB C1 Xy " 4ExaB C1 IXuM
4.450707dB 4.94514808
BRize C1 IZwf |BRiss C1 IXwf
123.2400ps A 476.9201ps
4 BFal  C1 IXuY | BFal  c1 I
- 98.28000ps £ 109.2000ps
- il TEyeW C1 TZnf | FEyew C1  IX
1 268 b6dipse " 258.6532ps
BEitA C1 IZuf BBtR C1 2wl
E.DDEEEBGDE-J 1‘998720Gbp4
[ cursors(tin C1)
155 2uW vi  101.7uW
1.167TmW 4 : \ : ; , - o V2 1.226mW
1.012mw BY 5 T st s D sl maera mona mmas Seas o oI
75 B . 3 3 ' & Dbp=idiv |4||||||r1hp ] 756
Cl =~ |1E Jj |“' BuV ’ﬂj |Ma|r| e R nbtﬂj |1 1=btﬁj 997 AM 54202021 C1 Al |1 9:30 AM 5/2/2021

MSET = 90 mV MSET = 100 mV
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Peak to Peak Amp (mV)

ADN2526 Board 1
Dynamic Performance Summary vs Modulation Setting

Electrical Eyes 10 Gbps PRBS7 BSET = 200 mV
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File Edit View Setup Utilities

ADN2526 Board 2
OMA Pattern (clock-like) at 10 Gbps
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ADN2526/FP-1310-41-LCC Combined Testing
Next Steps — Laser Diode Approach

1. Improved Test Board Design: signal integrity

a. No electrical test load and output SMAs will be used. The design will only support laser diodes for output
results.

b. We will put a cryogenically suitable 3.3 low dropout voltage regulator on the board for noise reduction.

c. We will “hard wire” fixed resistors (no pots with long leads) for setting MSET and BSET (with a dual
footprint option if we need it).

d. | have some references on SFP+ module layout guidelines that we should review as this is not unlike
those designs.

e. Incorporate feedback from optical signal (TOSA monitor photodiode)

2. Improved Test Board Design: mounting of laser diodes
a. Option 1 based on laser diodes with leads. This could be used with pigtailed lasers that we have ordered
as well as with the current version and the LC latch.
b. Option 2 based on laser diodes with flexible circuits and controlled impedance traces. | will be placing an
order for devices of this type from TrueLight if | can’t find the same laser diode we have been testing
with in this format (so far, no luck)

3. We plan on testing the effects of the use of (larger core) multimode fiber on bit error rate performance over
representative lengths (warm and cold) (calculated RMS pulse broadening ~ 1.4 ps over 20 meters of MMF)

4. We must pursue other solutions to the optical connection problem (Matrix latches no longer available)



Alternative Approach: 156 Mbps Link over POF — Test Board

Optical Tx

fe Optical Rx
vee
3 m wosoun s Z
z 10 ryps e gy (i TIROUT g
a LVDS_IN- E 2
) [ omommmrosons
GND 5
.= I ical
= Electrica
= =
: Response Plastic
Optical
’,:}:{; 10K .
= = Fiber
- 50V . 50V
2 s ] 0
§ g o[ oo
- - o | @D vEB ol w.‘.+ AT =
= Il o iC LED (% = 650 nm)
Tﬁr @D s SW o [ —— T FE
= S =, T . i - = = A
I N I R " = « “q 2
B = O s ] ' 2
H L 2 — Royr —————— AL W = POF
BowerIn c @ | 3 5. TMACTOM |
e 1 Rl=
. & 0.1 pF wokn 2 o1 H . o
=en — 0 | | - PF ! Lo+ ! - ..: Vee "o
= |7 220aF - -
l e Passive SMA ol — Oy e DNI 2k
e e Eeei o— | %
e L Rx output pairt Vo1 pr : bo- o O RE
DI 2k 2k
5V — —

ul

Comments:

1. This pair to be delivered through on-board SMAs

2. This board requires only 5V power.

3. Two of these boards will be needed to
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implement a downlink or uplink test. One
board would be in the dewar while the other

s board would be warm.

4. Electronics are on order.
5. 20 m sample of POF is in hand
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156 Mbps Link over POF — CoIdyTx to Warm Rx
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' o ot
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BEtR M1 IZxa
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156 Mbps Link over POF — Warm Tx to Cold Rx

y = Photologic Output (1 leg of PECL Pair)
’-, ¥y —“ ¢ i i (alive)

aVaVaVaYaVaVaVaVaVat e

(failed)

\
LVDS (Board) Output

T=77K =



Triggered

SFP+ Rx Channel — Warm Tx to Cold Rx

PRBS7, 4 Gbps

Tekronix | X] ©

‘fnggered

’Ih'hmnix'

=

§|5§| fa m :'1I:| r_’?| Run/Stop | AcqMode |Sample 7| Trig|Extemnal Direct 7]

|Pulse = ||&mplitude =] H.I'L||'LI'LI'I| .n.|J'LI'L|J'LI'L|'LI'I.I'

S00.0mY -

|Main CR @ |
T=295K

Hun.f‘StopIAcq Mode |Sample __I TnglExternaanect :HS 900mV

3.900mV J:'IJ\EIJ @b’&l i B

vi -232 . 4mv
v2  262.2mV
Av 484 6mv

o [1Amp M1 IZz0
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Z2EyeH M1 IZyzd
444 7785V
IPKPK M1 Iy
662.5000mV
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GRize M1 IZzk)
52 00000ps
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3.999123Gbpdg

|

5|

_Ij IMaln Ql@ll
T=77K

B 8o 107 em sz i | [rooomy

Samples which are in the eye opening
prevent the BER test from synchronizing

|1 Ampl Mi

= el

v1 232 4mV
vz 2622mV
Ay 484 6mV

~_J

471.5619mV

273.6898mV

2EyeH M1 XA

T

17.70327%

Ty

SRiss M1
53.00000ps

Ty

| 7Fal  Md
52.00000ps

Ty

| 8BtR M

oo
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InGaAsP Spectral Shift Estimate (1310 nm Laser Diodes)

Parameters for Varshni’s equation have been found for InGaAsP*

Compute the 0 K band gap: 072
Using E,(300 K) = 0.949 eV, solve for E,(0 K) using Varshni’s equation:  Eg(T)=E£(0)- T+f
E,(0K)=1.019 eV
Plot photoluminescence wavelength using:
2\ = hc InGaAsP
aT? 1.36E+03
E, (0)-
z(0) T+p 1.34E+403
1.32E+03
g 1.30E+03
?%” 1.28E+03
ér; 1.26E+03
1.24E+03
1.22E+03
1.20E+03
0 50 100 150 200 250 300 350 400

Temperature (K)

*Ref 1: “Temperature Dependence of Photoluminescense of n-InGaAsP”
H. Temkin, et. al., Journal of Applied Physics 52 (1981)

For InGaAsP*:
oa=4.9x10%eV/K?
B=327K



InGaAsP Spectral Shift Estimate (1310 nm Laser Diodes)

InGaAsP InGaAsP
1.36E403 1.36E+03
1.34E+03 1.34E+403
E— 1.32E+03 E 1.32E+03
= 1306403 < 130E+03
= 1.28E+03 4 aaes [ e e 395"
Calculated: £ e g et
~1222 nm 3 1246903 § ;Ed[rﬂ"‘ e |
1.22E403
at 75 K 1.20E+03 | Series "Wavelength” Point “75" e CaICUIated.
=s e 1.20E+03 ~
! 20 |5, 1.22E "*3'E|mperature s o 50 100 150 200 250 300 350 400 1301 nm
Temperature (K) at 295 K
. 1000 —— 10,00
e | batient] el s ool o o T gltent H_éf:ﬂ.tddl‘:lm
-10.00 1000 '
Measured: 2000 i oo T m'l-ﬁ Measured:
Max Peak Eﬁ”mm:ﬂh@lmm Joco L1 Max Peak
~ 1226 nm 50,00 : 50.00 1316 nm
in LN2 . at room
70.00 70.00 temperature
A ISI:Il:l‘lliln (PN
£, R = -S0.00
121541 nm 22600 ZiZnmidv 123558 130321 — T T T s
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