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① ⇒ must verify ① ⇒ checked

Analysis of BOSEM Performance per
"

Sensors  and Actuators for the

Advanced LIGO Mirror Suspensions
"

P 1100208

① Per page 4
,

The BOSEM Yields 3
xio-wm.az sensitivity from  oil -710  Hz

9×10
-  ' °  

Faz @ Oil  HZ

① T Per figure 6
,

the  Bo  SEM  sensitivity should be :
3×15

"  
m¥,z @ ,  Hz

I  Xl  o
'

'°m#z @ to  It  3

① Per page 6
,

the mean photocurrent  at I light is 62.5mA
↳ The  PD responsive'ty is 0.55£

V
out  at Yz light =  ~  8.5  VDC per figure 6

Trans  impedance was  ⇒ 160  Kr  x factor  of  2 for diff driver  =  320  Kr

① Photocurrent ( Ipo ) = 8j{o =  26.6mA  Not 62,5mA

However the  FILL light photocurrent  is =  62.5g A  =

3201

Per page 6
, measuring range  =  ~ 700mm ,

and the  average slope

① of Voltage  output VS position is ~  20kg ( actual too.no#m=22o9kmI)
m

Per page 6
,

TheBOSEM noise performance  should be limited by
① Shot  noise at 7×10

"n¥z for Freq > long . Freq do  Hz ,
the performance

Should be limited by Yf photo  current  noise in the  LED

Shot  noise at 62.5nA  = Fei = 447 PALEz⑦ Shot  noise at 26.6mA = Fei = 2.92#rEz
Average slope  in terms  of  Current  

=  22.9×103 V 1- =
7.16×10-21

I
×

320k  r m

So : 4i47pA × Me = 6.24×10
-  "

M/rfz
Vitez 7.16×10-2 A

2192 P!rIz×z÷Tj×Ta= 4.07×10
.  "

my
Ftz

Conclusion is that  even  at  full light
,

shot  noise equivalent displacement
is s  I  x  to

'°mzz @ so Hz which is the  requirement .
 This does  not  yet  allow for the

other  noise terms  in the  overall Sensor ( LED  Current  noise
,

PD  electronics

noise
,

ADC  input noise )



From : Pl 100208



Satellite Box Details ( 130901284 )

Per page 9
,

the LED Current  source produces 35mA for

each LED with 0.5nA

① 3× , film
Fz

at  ' OHZ corresponding to

⇒
which should be  ~ 3×5 the requirement

① Verified ILED = 35mA

② Verified IED  noise @ ioitz per figure 8  is E 0.5  nA/rEz @ Holtz

① Assume  Ice ,
of  35mA  produces  62.5mA  ⇒ Gain = 63%5×7%-36=  1,79×10-3

So  0 ,  5nA↳z
becomes O .

5nm÷z×
1.79×10-3=8.95×10

'

'3A÷rz

which equates to  a displacement noise of  8.95×10-13
Afp MHz7.16×10-2 A

*  Measured a LIGO  unit = 1.25×10
"

M¥3 -

cunen@thnoisehnyTtobeonYtrzeota.e

51000276  Unit from  LHO
BOSEM  Pedigree unknown AIM based

on  slope  =

22.86¥
M

& 320 Kr



Per page 9
,

the  PD amplifier Grans impedance amplifier signal

①
chain ] converts the PD current  into a  I lov signal with intrinsic

Voltage  noise [ interpreted to  mean  electronics chain dark  noise ]
<

4Y.gg which equates to  a displacement noise of 5×15 "n÷
at

IOHZ
•

Using the sensor slope of 7.16×10-71 ⇒•

TIA opamp Current  noise - 0.2pA hag ,
Yf corner  ~ 400  Hz

Voltage noise - 7.9 nvhttz ( negligible )
160 her feedback resistor I  noise = 0132 PATHS

Input  referred TIA  electronics noise = @i2Y-@,32# =  N  014pA # z
Equivalent displacement noise =  

otpffz.gl?,-o.za=S.59xio'27q
•

.
If the shot  noise at 62 . qua Ipo is included in the electronics

noise
,

the shot  noise ( 4.47 pA/r*z ) will dominate over the TIA

noise ( o . 4pA/rHz ) and yield an equivalent displacement
noise

.

of : 4.47×15 "t¥ . ÷%oIA=6.24-lO-"t
: If Ipd is taken at Yz light ,

then the  equivalent

displace
.is.az?:am......-..a=a.oo*o-''Y.r.I

: The quoted 4m¥z
is translated to  mfrtz at  to  Hz by knowing

the whitening gain @ so Hz (I 9) & the trans Z ( 320 her ) : .

4 " J¥z×  3¥10.tv#o-za--9.19xi5'7y
Conclusion : we do  not  understand how 4mHz equates to  Seo

-  '  ' mfftz



The  whitening gain consists of
actual

zero
.

 
-

- ok its ( 939.7%33)Pole  = to  Hz
DC Gain =  - a

•

•

.
if one were to  use the pole  ¢ zero to calculate the

gain at  co  Hz ,
one would conclude :

Gain @ to Hz = 6,0-4=25 Now  using this ⇒

Quoted in note

Output  noise quoted as 4m%fz ,
DC Gain of  sensor  =F20xi8Vm

4mV on
-10

SO :
-

- ⇒ 2×10 m

ffg
°

20×103 V HFZ

Translating the I Hz & to Hz sensing noise specs to  equivalent motion
For  inclusion in a  noise budget presented in units of voltage  noise :

at Hz spec  is 3*15 " m/rHz
to  Hz

I  '  l  '  I  XIE
 ' °

M¥3
The  Dc gain from  motion to  output  voltage is quoted in P

as 700pm I lov DC  so HVDC
=

22.86 kV ( Using 160k  RITA
- -

700  e - 6M
M

resistor & diff  dr
,

gain =L )A  shift from 160  Krto  120 her for  TIA  ⇒

22.86k£ ×
'

2,0%[2--117.1417]
So to predict output voltage  noise at IHz&1oHz this slope in conjunction
with the whitening gain ( 2.87 @ I Hz ,

19 @ long ) is given by

IH3^3×15%7,23×
17.14

him ×

287  
= 1.48×165

V¥z
120ktWHY 1×1510 x 17,14 Fmx 19 =

3.26×10-5%+3



ILED
IN  OSEM HEAD

b f :is:EI
an

[ .. =

LED  t p )DTIA  WH DIFF VOUT

Zero -
- O ,4H3

Pole  =  IOHZ
Gpc  =  I


