BOSEM Noise Analysis

R. Abbott




Q) = most Ver/fy @ => cChecked

Analysis of B0SEM Pectormance per 'Sensors and Actvators for +he
Aduanced LIGO Mirror SusPenszons“ Plloozo8

H i 2 B
9 ¥i0 A @ o0.1m3

[ . TAPAE
@{y Per thure 67 the BasEM  senschivhy sheold be: SWE.-%}@ il
Ixm"'%@ loH3
@ Per page €, the mean photocorrert at — hght /s 62.5uA
L= The PD PeSFons»'uH—y /s 0.5-5'%
Vour ml%_ light = ~85We per Figure ¢

Pec page 4 | The Bosem Yields 3x/6"m sensthiyiy fro 0.l 51043

@ Tmnsz'm,:ez&ance was = 160K * factoroF 2 for dift dnver = 320k
Photocorrent (Ipp) = 8:SvoC _ ¢ T ,
(Tm) = E2¢ - 2¢.60A NoT 62.5ur -

However +he Furr haht photacutrent is = 62.5.A =
3 P «n 3200

Per page €, measorfns range = ~ 700 m and the average s Jape

@ oF Vol+a3e output VS positior s ~ 20kv (Mhm; e zz,‘ik\/)
n Fo6 X10°m Py

Pr Paﬁeé‘ The BOSEM noise Fer-/:;rmance shoold be linnted lg
@ Shot noise at  Fwiom £ F}e7’>lo‘5, Fm$<)m4§)+ke Plarror/v)qnc,g

- a
Shoold  be limited bj ’/P épkﬂ'a Corrent noise 1 the LED

'3“\04 no/‘se a,‘t‘: éz:?ﬂ = ‘ZeIPD = 4|4?Pyﬁs
lzeI,,,, = Z-QZPA Ve
vz

Shot noise at 2(.6 pA

Querage slope in derms ofF Curtent = 22.4x10°v [ Cl3aexie A
320k 0 ™~
~M

. m -n
Sole 4147PA XTI = G.Z4’X/0 y'\/)/,‘//_—"3

A — T4
1/;’; Faexs A

A m -0

2.492 P = L

—’_@¥4“Lx’ézA‘ 4,07 LalsanLnn,
tg

q-(- Ful\ ‘\3114’ Slﬁo*— I\o'\se va.ll'vale/\‘[ Ci('SF,acalme'

(‘oncluS)'on s ‘Hno«"’ even
(s 4he regucemant. This does not yet allowfor the

s < 1x18°m & 1043 Which

R
other notse ferms in +he overall Sensor (LED turtent na;sc' PD electronics

hoise, ADE input novse>



From ! P//OOZOS

Sensors and Actuators for the Advanced LIGO Mirror Suspensions 6
20 a
= . in air
o T .
215 £ in vacuum
= = = requirement
g 2.
= <]
32 10 £
S 2
= 3
o 5 8
@ 2
2 .
@ . 10
0 .
200 400 " 600 " 800 1000 1200 107" 10° 10'
ag position [um] Frequency [Hz]
Figure 6. Typical performances of the BOSEMs displacement sensors. Left:
response of BOSEM readout as function of position of the flag. Nominal measuring
range (red lines), and fit in the linear region (black line) are also shown. Right:
displacement sensitivity for a BOSEM unit, measured in-air and in-vacuum.
The Advanced LIGO requirements, nominally 3x10~19mHz~!/2 at 1Hz and
1x1071% mHz~1/2 at 10 Hz [24], are shown for comparison.
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Figure 7. Typical performances of the BOSEM production articles. Left panel:
displacement noise spectra of ten BOSEM samples, compared with the Advanced
LIGO requirement (black line). The spikes between 20 Hz and 50 Hz are mains-
related pick-up and are artefacts of the measurement system. Central column:
some statistics on the reproducibility of the BOSEMs electrical properties for
~ 600 BOSEM articles: inductance (nominal design value 14.7 mH), resistance
(37.6 Q) and electrical Q (243 x 10~3), to be compared with £5% tolerances from
the requirements [17]. Right column: distribution of the PD currents measured
from ~ 600 units (nominal design value 62.5uA, tolerance +28%), and some
statistics on responsivity and displacement noise at 1 Hz measured for the fully
characterised BOSEM units (about ~ 20% of the total).
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Figure 8. Satellite boxes typical performances. Left, LED current supply (top)
and PD readout voltage noise performances (bottom) compared to requirements
(black dashed lines). Right, distribution of the LED current (top, tolerance +5%)
and PD amplifier voltage noise at 10 Hz (bottom) measured over ~ 230 Satellite
box units (~ 920 channels).
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