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LPF Front-End Electronics (FEE)

FEE primary and redundant units
+

Switching unit
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LPF Front-End Electronics (FEE)
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LPF Front-End Electronics - Actuation
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LPF Front- End Electronics - Actuation
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Test Mass (TM) Excitation (100kHz)
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Actuation Scheme

X - Displacement O - Attitude V.=V sm(a) t) +V, sm(a) t) +V, 0

V,=-V, sm(a) t)+V cos(a) t)+V2DC

V3:‘/2xcos(th) Vi sm(a) t)+V3DC

V, ==V, cos(w t)-V, cos(w f)+V4Dc

Vaxl > [Vaxl Vigl > Vel lx - \/2F 2F
orV,, =0 orVy, =0
forF,>0 for Ny >0
, —2F +2F . .
e Constant Stiffness \/ ‘/
 Neutral TM ‘ F
« w=2r60Hz *+ w,=27190Hz * w,=27120Hz = 4. °

w,=2n270Hz * wp=27240Hz *+ w, =21 180 Hz
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Actuation Noise gain noise

= Expected from ground measurements 3 — 6 ppm/v

—sqrt(PSD(Dg 20160516 (URLA)))
—sqrt(PSD(Dg 20160519 (nom)))
sqrt(PSD(Dg 20160521 (big)))
1011t sqrt(PSD(Dg 20160523 (big (+ offset))))
sqrt(Model (20160516))
——sqrt(Model (20160519))
D —sqrt(Model (20160521))
---- sqrt(Model (20160523))

Frequency (Hz)

On-ground testing for electrode 10
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LPF Front-End Electronics - Sensing
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Sensing Bridge

100 kHz 3 | —
injection N P .,
Cini i--.J*Cl = 1 [ =", 3
‘l' —HJ— T'l ; ?1 C$>_ ¢ Resonant inductive -
V. 1 a/lce - capacitive bridge
i __”__ | al g |_°1 p g
HH L] l_{l" <. — -
i TC G, (&b C,T‘ . + Resonance is tuned by Cy;
p— _”— C 5 — — |(|:_]_\I_4>__
= T il Vo
- 6 Actuation .

At resonance we have the lowest displacement to voltage noise and thus the
best SNR.

Gain depends only on Cf and is quite flat around resonance thanks to TIA (trans
impedance amplifier)

o . .

‘(\6’( lisa pathfinder Luigi Ferraioli, 11th International LISA Symposium, University of Zirich, Zarich, September 5 - 9, 2016 | | 10
NSh

W



Sensing Bridge - Noise t
los Ca :“_—
— H V|~ ol
Cinj i? L, CI_L 1+
Vi g Lol )
™ &
l_4 Cd4 __H__ >
1) ol B Frequency
= chl G . .
= Actuation =
6
Low Frequency Noise High Frequency Noise
Voltage reference instability on Thermal noise in dispersive elements
injection voltage generates a coherent  of the circuit dominated by the quality
multiplicative noise on all channels factor of the transformer bridge
T
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Sensing Bridge — Noise Expectation

aF
VHz

15

Sensing
Noise

Sensing Noise
Limit

_—" __ppm
_ - 0
- vHz

Injection Stability Limit

-

—

,;?r lisa pathfinder

Requirement for the sensing
noise in High Resolution mode

Requirement is flat in
performance range, i.e. the first
10 um in displacement. Then it
is multiplicative with the
displacement.

Injection instability is supposed
to account up to a 30% of the
total noise budget

Voltage reference noise has a
typical 1/f noise shape that is

" the main source of the

multiplicative noise
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—sqrt(PSD(LHT1 000 3 1X)) ]

—sqrt(PSD(LHT100g A Tm )G

TM1 ——sqrt(PSD(LHT10G8- IS, DB

sqrt(PSD(LHT10096 - PoszY)) 4

sqrt(PSD 0007 B Pos1Z)) | |
—sqrt(PSANN008 & 'm1Pos2Z))

[aF HZ?]
>
o
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FEE Tm2Pos1Z)) 1
FEE_Tm2Pos2Z))

Ll L P Ll
-2

Frequency [Hz]
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When:

LPF Commissioning

2016/02/07 -> 2016/02/09 Actuation OFF
2016/02/09 -> 2016/02/11 Actuation ON

Measurement conditions:

+ TM1 and TM2 grabbed by plungers.

* Plungers bias on, nominal value ~0.6 V.
Actuation ON. Actuation authority at nominal
values Fy,p, =2.2nN ->V,, =3.15 V.

alysis conditions:

* 6 overlapping segments (overlap percentage 50%)

* 40000 samples per segment in order to have 0.1
mHz as minimum frequency after discarding the
first 3 bins (window systematic).

+ Blackman-Harris window.

 Linear fit detrend on each segment.

No remarkable difference between actuation ON and
OFF measurements
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——sqri(PSD(LHT10003 - 1S_FEE - X))
——sqrt(PSD(LHT10004 - | TmERX)) ||

™A1 — sqrt(PSD(LHT10005 m1F )| When:

sqrt(PSD(LHT100068S_Fi n1PO
Spbiio00s” I WPez) | LPF Commissioning
| 2016/02/07 -> 2016/02/09 Actuation OFF

AT I ‘ ﬂh | 2016/02/09 -> 2016/02/11 Actuation ON
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Measurement conditions:

+ TM1 and TM2 grabbed by plungers.

* Plungers bias on, nominal value ~0.6 V.

» Actuation ON. Actuation authority at nominal
values Fyp, =2.2nN ->V,, =3.15 V.

W 1 Wr t‘“}'lhﬂm
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Analysis conditions:
6 overlapping segments (overlap percentage 50%)
. *\ 40000 samples per segment in order to have 0.1
oo Hz as minimum frequency after discarding the
. Faneseeily st 3 bins (window systematic).
SR TmaRos2z) « Bl§ckman-Harris window.

» Lin&ar fit detrend on each segmg
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High Frequency Noise Floor
2(XYZ) channels noisier than 1(XYZ)
hannels

’ XYZ) channels RMS 0.49 — 0.54 aF

(XYZ) channels RMS 0.82 — 1.20 aF
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Sensing Noise Modelling

PSD [aF?2 Hz''] = A2+ B? * (10-3/ 2% (

/ )2

10-3 is introduced as a normalization
term to 1 mHz. In this way A, B and C
coefficients are expressed in aF/VHz

Frequency [Hz]
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Sensing Noise Modelling

PSD [aF2 Hz!] = A2+ B2 * (103/ f) + C2 * (103/ f)?

10' T T T T
[ —sqrt(PSD(LHT20003 I1S_ FE
—sqrt(Fit)

10-3 is introduced as a normalization
term to 1 mHz. In this way A, Band C
coefficients are expressed in aF/VHz

——sqrt(PSD(LHT20004 - IS_FER@S
——sqrt(Fit)
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Sensi

ise Modelling — Analysis — 1/F noise

Assumption for a time domain model:

PSD [aF2 Hz '] = A2 X, = B1|POS| X, + B2 X,

X. and X, are uncoherent 1/f noise time
series with power 1 aF? /Hz @ 1mHz

[(B4 [POS|)? + B,?] (10-°/)

| I
—50 ppm/sqrt(Hz) Line B
——ISFEE Sensing Req.
——Fit i
select(Act OFF),select(Act ON)

Plot B vs. Measured displacement

Fit the model for B

Coherence analysis shows that the
position dependent contribution is
compatible with a common (coherent) As
source. E.g. TM injection bias stability _—

| | |
15 2 25 .
Displacement [aF] x10*

" .
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Sensi

ise Modelling — Analysis — 1/F2 noise

Assumption for a time domain model:

PSD [aF2 Hz'] = A2 + G¥(103

X,z = B1|POS| X, + B2 X,

X. and X, are uncoherent 1/f2 noise time
series with power 1 aF? /Hz @ 1mHz

[(C4 [POSI)* + C,?] (10-%/F)

I I
——ISFEE Sensing Req.
—Fit
© select(Act OFF),select(Act ON) ]

\

Plot C vs. Measured displacement

Fit the model for C

Coherence analysis shows that the
position dependent contribution is
compatible with a common (coherent)

source. E.g. TM injection bias stability ﬁj_%
0 Y 1

| | |
0 0.5 1 1.5 2 25 35
Displacement [aF] x10*

" .

‘(\?E lisa pathfinder Luigi Ferraioli, 11th International LISA Symposium, University of Zirich, Zarich, September 5 - 9, 2016 | | 19
NSh

W



