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Outline

e

 Requirements (M. Zucker):
What does LIGO want from a photodiode?
e Existing LIGO | devices Part | (A. Marin):
Power handling, RF characteristics, spatial uniformity
e Existing LIGO | devices Part Il (P. Csatorday):
Thermal dissipation, surface reflectance, backscatter
e Summary: Future directions for advanced LIGO
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LIGO Photodetector Requirements

M

e Quantum efficiency

e SNR

e Linearity

e Spatial uniformity

e Backscatter

e Power handling: Steady-state
e Power handling: Transient
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Front-End SNR

e LIGO I: f) =25-32MHz
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e Both R, and C, depend on device area, which affects...

- Power handling (at least in principle)

- Backscatter (through area*solid angle conservation)
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Linearity
-

e (Gain compressmn at level which affects SNR (~ few dB ?)

e Noise: mechanisms poorly defined ; “zoo” of possible
effects which might induce signals at f , including

- Two-tone intermodulation, (2f; +/-fow ) X 2fy +-f'ew)
- Hysteretic down conversion from 2f, -f, X intensity fluctuation

- 777

« Need better models, testing with “realistic” photocurrent
waveforms & noise sensitivities
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Spatial Uniformity and Backscatter

e Spatial uniformity:

- Defeats modal orthogonality, enhancing effect of beam tube scattering

recombination

- Requirement can be relaxed with output mode cleaner

e PD Surface Backscatter

h:~P, - BRDF-AQ-

- optical isolation (costs efficiency)

- seismic /acoustic isolation (costs $)

- improved BRDF

- larger detector area
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Power handling (steady-state)

T e,
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N, =P,/ Pyx=4;the fewer the better (SNR, $, scatter,...)

e tradeoff against linearity
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Power handling (transient)

. SUdden loss of lock (Unlocking Demon
releases stored energy “
U~3J thru dark port

P,y rises briefly to 4 Py,

. |
o EO shutter required Pm——:;é—a/ “
(COStS efficiency) RM BS v iT™,

RM rettected power, input =6W, unlocked at 1=0 / Dark port output power, mf’l]. unlocked at (=0 with dv ~ 10 un/s
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PD Specs Scaled to LIGO |l Power and
Sensitivity

Parameter LIGO | LIGO Il Current design
Steady-state power 0.6 W 3.0 W 0.75 W
Transient damage 3J/10ms 30J/10ms 3J/10ms
Signal/Noise 1.4x100Hz2 | 3.1x 1010 HZz'2 | 1.5x 10'0 HZ!2
Quantum efficiency 80% 90% 83%
Spatial uniformity 1% RMS 0.1% RMS 1% RMS
Surface backscatter 10 /sr 1075 /s® < 107/sr

a. Assuming a factor of two improvement in contrast defect
b. Assuming comparable active detector area.
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