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advancedido Anglog readouts for BSC-ISI

® 3-fold goal for readout electronics filtering

|. Enough range for commissioning.
2. Enough range to ‘almost never’ saturate in operation.

3. The ADC noise does not limit stage performance.
(limited by either inherent sensor noise or loop gain of stage)

4. Note: | have unilaterally updated the BSC regs at 10 Hz - not
accepted, but it doesn’t matter for these plots.

® Use several inputs to the calculations
|. Noise - Sensor noise estimates from Stanford (T0900450)

2. Noise - Noise measurements of ADC boards by Jay
with some recent measurements by Jeff K on HAM6-ISI

3. Range - HAM®6-ISI readouts for the GS-1 3s.
(damping off for early commissioning, damping on for running)

4. Range - LASTI readouts for the stage | STS-2s.
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Noise estimates for SEIl sensors
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advancedligo ADC nOise
® Originally believed 4e-6 V/+/Hz, flat.

® New data from Jay H. last week shows
® 6e-6V/v/Hz at | Hz, 60e-6 V/+/Hz at 0.01 Hz, 4e-6 near 10 Hz

® Worse than value used for original designs.

® Jeff K demonstrated better GS-13 low-freq performance
using x10 analog gain before the ADC (last week)
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advancediige Nojse improvement on HAM6-ISI

Implemented x|0 additional analog gain before the ADC,
saw 2 interesting things...

L1 HAMG ISI, Mar 24 2010

Witness STS ASD - X Direction
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advancediigo Noise improvement on HAMé6- S|

Implemented x|0 additional analog gain before the ADC,
saw 2 interesting things...

L1 HAMG6 ISI, Mar 24 2010

1SI Geophone ASD - RX Direction

Second: 107

GS-13 noise now seems much

noise.
Plot the RX signal as if it were, -
the noise contribution from an

individual sensor (invert the £ ;-
projection matrix, assume £

equal noise from all sensors)
Old noise (blue) matches
‘best measured’ -
-BUT-

New noise (green, red) better
than ‘best measured’ and nearly
matched amplifier prediction -

Amplitude
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avancediso  Range for Inputs

® (GS-13sin‘Low Gain’ on stage | of HAM6-ISI almost never saturate in
operation. Should be fine for Stage 2 of BSC-ISI for Commissioning.

® OK for blasting (C. Gray, LLO ilog, April 21,2009)
® OK for Hurricane Ida Landfall (J. Kissel in LLO ilog, Nov 10, 2009)

® Sometimes saturates on Tip-tilt shutter impacts
(when the mirror hits the cage)

® (S-13 Channel low-gain (sensor * readout chain) about [.8e5 V/(m/s)

® High gain (*10 larger) makes commissioning difficult, but allows us to
improve low frequency performance limit from ADCs.
High gain will be needed for high-performance operation.

® At LASTI STS-2 on Stage | usually OK, so this level should be OK at
observatories. Channel gain is |.3e5V/(m/s). Originally set at (100/42)
bigger = 3.1e5V/(m/s) which caused saturations.

® Assert: OK at LASTI = OK at Observatory, or
if integrated RMS small (< |V ‘typical’ for 40 Vp-p ADC) then OK.
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advancedligo Range r'efe Frence

This level of rms allows commissioning, but is not robust
(GS-13s on stage | of HAMG6-ISI, no damping)

measured data from HAM®6 on June 5 2009 * HAM 6 analog readout at that time

Signal levels from the HAM6-IS| GS-13s (090605 data)
System Not Damped, measured at the ADC in low—gain mode
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(for 40V p-p range) T

[ e

- o :

IS OK for CommISSIOnlng’ o 10 ? ............ ....... ‘‘‘‘‘ ..... ‘\“ ....... ............. ..... E
we have done this. SRS ST HEOE 16 0I5 1| RN I SEEON EHOE SO EI E I e

~ .
: Bt b L B DTN

L e i s s’ i —-;-‘ )

ASD volts (V/rtHz) or integrated rm
S

_5|/|——ASD of horizontal GS-13 S |
10 "1 - - -integrated RMS of horizontal Gs-13,

| —— ASD of vertical GS-13
_e|| -~ ~integrated RMS of vertical GS-13 | :
1 0 1 2

10 10 10 10
freq (Hz)




G1000412-vl 9

advancedligo Range r'efe Frence

This level of rms is quite robust
(GS-13s on stage | of HAMG6-ISI, damping ON)

measured data from HAM®6 on June 5 2009 * HAM 6 analog readout at that time

Signal levels from the HAM6-IS| GS-13s (090605 data)
Damping ON, expected at the ADC in low—gain mode
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advancedligo SO fal",,,

® Set expectations for

® sensor noise,

® ADC noise,
® showed impact of this on HAMé-ISI,
® acceptable voltages at the ADCs.

® Next, for sensors on BSC, show filters which
achieve this (or get close).



GI1000412-vl 11

advancedligo Displacement SenNsor

® stage 0-1 is 20V differential for | mm

® not using any additional gain at low frequency,
need full range.

® |ow frequency noise of ADC means we can not hit ideal
sensitivity of the displacement sensor.

® Does not strongly impact the requirements.
Does cause irritation and reduces flexibility of blend filters.

® Could be helped a bit with a bit more whitening gain
between 100 and 400 mHz. Ben has a design for this.

® stage |-2 is 20V differential for 0.25 mm.
® noise and range scale exactly together.

® Only plotting stage 0-1.
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advancedligo Stage O-1 displacement sensor

Noise on the 1 mm Displacement Sensor

10~ ,
—BSC requwement :
[ - - -noise on vert. sensor causing tilt equal to BSC req.|]
10°F ADC noise
i — measured noise A.Stein Nov 2008
- - -ideal noise
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|. Measured noise at low freq is from thermal drift of test rig.

2. Measured noise at Hanford not quite this good (see 5e-10 m/rtHz)
3.ADC will be a real limit to the sensor noise below either a few Hz, or

below 300 mHz (if LHO measurements hold).
4. Noise sets blend freq to be below ~300 mHz (not a big problem, need space to roll off gain).
5. Below |5 mHz, the table will have some extra tilt. This will not cause real translation, (too far
below blend freq) but a witness T-240 will appear to show excess translation.
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avancediigo | _4Cs for stage 0 and stage |

® preamp gain of 44 V(differential) per volt from L-4C
® twice the gain of the preamps at LASTI

® make signals in cables bigger.

® switchable ISI-readout gain of
® |ow-gain = 2 (input of |, output gain stage of 2)
® high-gain = |4 (input of 7, output gain stage of 2)

® stage O Feedforward always in low-gain.
® stage | commissioned in low-gain, switch to high-gain

® use same electronics for both sets.
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advancedligo | _.4Cs for stage 0 and stage |

ADC noise - as displacement

3 Noise performace of the L-4C and ADC for Advanced LIGO BSC
10_ EN NS b N
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. NN NN — BSC motion requirement
Low gain mode 10 F NN\ N\ |—L4Cnoise

good enough to clearly AN\ \ XU |---ADC noise, low-gain _
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and stage | motion NN N R e
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sensor noise above | Hz
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advencediice | _4Cs for stage 0 and stage |
ADC noise - at the ADC input

Signal levels at the ADC input — Gain Comparisons
L-4C on Advanced LIGO BSC-ISI

fffffifff;fff:ffffififffffffffffff:fffffffffff:ffff§f —BSC reqmrement measured byhlghgalnL 4C atADCfE
. ZiIﬁi;Iﬁ;iIﬁ;Ii;ﬁ;i;ﬁ;iIﬁiiIﬁIiI;IiIiii;iIiI;iiI;ﬁ - = = BSC requirement, measured by lowgain L-4C, at ADC (]
Low ga|n mode —L—4Cn0|se at the start of the long cable i
“““ o e | 4G noise, with highgain filter, at ADC
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resolve ground motion
and stage | motion
from | to 10 Hz,

High gain mode,
ADC noise is 2x below
sensor noise above | Hz

—2010

voltage noise ASD (VAVHz) or volts RMS
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advancedligo | _.4Cs for stage 0 and stage |

Range for Stage 0
stage 0 motion estimate is LASTI HEPI X with HEPI off
scaled by ratio of old LLO ground X to LASTI ground X
5x more motion at |0 Hz than Barsotti & VWaldman estimates

HEPI-off stage 0 motion estimate from scaling LASTI
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: Y

§ O §
10'9 ............................................... ................. 60/‘0 ‘‘‘‘‘‘‘‘ L ...................
; oy ;
Mo
%7
107"° . S
10 10° 10’



G1000412-vl 17

advancedligo | _.4Cs for stage 0 and stage |

stage 0 motion estimate is LASTI HEPI X with HEPI off

Range for Stage 0

scaled by ratio of old LLO ground X to LASTI ground X
5x more motion at 10 Hz than Barsotti & VWaldman estimates

10° ¢

—_l —l
o o

ASD volts (V/rtHz) or integrated rms
o

10

Estimated Signal levels from the BSC-ISI stage 0 FF L-4C
scaled LASTI HEPI motion, at the ADC in Iow—gain mode

, Stage 0 RMS ~IOO mV,in Iow gain mode
| assuming le-8 m/\/Hz motion of piers at 10 Hz.
1| Robust range. If pier motion really 2e-9 m/vHz,
SRR R B bttt ek sy ol use high gain.
= U U U R SR | LY g E |
I N
Sl oL T \‘.\\ .................. _
—— ASD of horizontal L-4C b
4 - - -integrated RMS of horizontal L-4C | Y B
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advancedligo | _.4Cs for stage 0 and stage |

Range for Stage |
Use HEPI X estimate (previous) * plant model with or w/o damping.

HEPI-off stage 1 horizontal motion estimate from scaling model * LASTI HEPI motior

RN . |—LLOground
10_6 _,f::ﬁﬁf::ﬁﬁﬁ::ﬁ‘;ﬁ,':ﬁﬁf::;Iﬁ::Iﬁéﬁf::ﬁ;f::;Iﬁ:iﬁﬁ;f:iﬁéf::ﬁﬁ; IIIII Stage1 eStImate - no damplng u
N\ |z—stage 1 estimate - - well damped|
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advancedligo | _.4Cs for stage 0 and stage |

Range for Stage |
Use HEPI X estimate (previous) * plant model with or w/o damping.
Can commission with low-gain and damping off

Run robustly with high-gain once damping is on

Estimated Signal levels for BSC stage 1 L-4C
Measured at the ADC

. 0 : | ——ASD of horizontal L-4C - no damping, low-gain ]

Conclusion: [ - - - integrated RMS of L-4C — no damping, low-gain ]

. . . o F-==-==-=-2- - - |—ASD of L-4C - damping on, high gain ]

When CommISSIOnlng, 10" p o d- - —integrated RMS of L-4C — damping on, high gain;

first thing to do is turn
on the stage | damping.

ASD volts (V/rtHz) or integrated rms
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advancedligo T_240 for' Stage I

® internal differential driver with gain of 1196 V/(m/s) at | Hz

® fixed gain readout of |13 V/V (and AA gain of | at DC)
® readout gain is 1.35e5V/(m/s)
® gives ~same total readout gain as now in use at LASTI
® |500V/(m/s) of STS-2 * readout gain of 42 * antialias gain of 2.1
® | ow gain of HAM®6-ISI GS-13 is 1.8e5V/(m/s) above a few Hz.
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1-240 for stage |

ADC noise - as displacement

ADC noise is close to

instrument noise at | Hz,

but well below stage
motion, and L-4C is also
in use above | Hz.
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advancedligo T_240 for' Stage I

ADC noise - at the ADC

Signal levels at the ADC input

.. T240 on AdLIGO BSC-ISI (w/ galn of 100)
ADC noise is close to

. . o | o —LLO ground motlon as measured byaT 240 i
InStrument nOISe at I HZ, 10 _—---RMS Of LLOground mOtIOH W|thT 240 B
but well below stage . |——BSC requirement, measured by T-240, at ADC|

. s T SR - —noise spec for T-240 i
motion, and L-4C is also AN |=—ADCinputnoise "

in use above | Hz.

10775 o
107 kst b Nt N
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voltage noise ASD (VAVHz) or volts RMS
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advancedligo T_240 fOr' Stage I

range estimate - HEPI off, stage | either free or damped

Estimated Signal levels for BSC-ISI stage 1 T-240

Range is tight without 1 horizontal motion at LLO, measured at the ADC
10 EENERER: ! RV SRV ; EEEEE EEE S EEE I KR ! !

damping.

Probably need to get stage » 10°} -~ b
| damped before doing
much with T-240s. Low
frequency motion is
majority of RMS

I
—_

—_k
o

—h
o
R

More gain probably not a

good idea. Mostly helps at
frequencies where we use
L-4C, likely to impact the

robustness.

-2010

—l
o

on 29-Mar:

ASD volts (V/rtHz) or integrated rm

10"4; —— estimated ASD of horizontal stage 1 T240 — HEPI OFF, damping OFH
- - -integrated RMS of T240 — HEPI OFF, damping OFF
: ASD of T240 — HEPI OFF, damping ON

integrated RMS of T240 — HEPI OFF, damping ON

10~ 10° 10" 1

freq (Hz)
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advancedligo GS_ I 3 for' Stage 2

® Internal differential preamp with gain of 40.2

® |S| readout box has switchable gain

® [ ow-gain is DC gain of 2, with zero at 10, pole at 50 Hz
good range, pretty good noise at high frequencies.
® High-gain is fixed gain of |2 (input stage gain of 6).
puts instrument noise least 2x below ADC noise at all frequencies.
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advancedligo GS_ I 3 for' Stage 2

ADC noise - as displacement

Noise performace of the GS-13 and ADC for Advanced LIGO BSC
10_ S S L S E Bl SRS NI L i S )5 . .S S S S, S, R S S R . .
—LLO ground motion estimate
Low gain mode RN v\ |—BSC motion requirement
107 NN\ N\ |---GS13 noise measured at ETF|;

good enough to get NN\ N0 | — G813 caleulated noise

close to requirements at  _os| AN\, \  \_|---ADC noise, low-gain
all freq’s above 300 mHz "\, \  [Z—ADCnoise, high-gai
(tilt coupling is limit)

High gain mode,
ADC noise is at least 2x
below sensor noise at all

freq’s
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o
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noise ASD (m~WVHz)

—
\V)

—
oI

R R T T SRR T O s 2 PO LR R R R

—h

o
L
w

—
N

—
oI




advancedligo

GS-13 for Stage 2

ADC noise - at ADC

GI1000412-vl 26

Signal levels at the ADC input — Gain Comparisons

GS-13 on Advanced LIGO BSC-ISI

Low gain mode
good enough to get
close to requirements at
all freq’s above 300 mHz
(tilt coupling is limit)
High gain mode,
ADC noise is at least 2x
below sensor noise at all
freq’s
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EOSEEOEEIOE DI I o | =———BSC requirement, measured by highgain GS-13, at ADC[
B BSC requirement, measured by lowgain GS-13, at ADC |.
""""""""""""""""""""""""""" ~| =—— GS13 calculated noise, at the start of the long cable
) e | —— Calculated GS13 noise, with highgain filter, at ADC
E 10—2 Y | = = = Measured GS13 noise, with lowgain filter, at ADC
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stage 2 motion inputs - low gain, no damping HEPI off

motion ASD (m/rtHz)

- compare model to data-
magenta is input we use

HEPI—off stage 2 horizontal motion estimates

—LLO ground
——scaled stage 0, HEPI off * damped model I
- - -scaled stage 0, HEPI off * model w/ no damping}
- - -scaled motion of LASTI W|th no dampmg |

d model
o high)

aled data
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Range - low gain, no damping - compare model to data-

GS-13 for Stage 2

G1000412-vl 28

blue is stage 2 LASTI data scaled by the LLO ground motion.
magenta is scaled LASTI| HEPI * model of undamped stage 2

Expected Signal levels from the horizontal GS-13s on the BSC

|
N

ASD volts (V/rtHz) or integrated rms
S

No damping, HEPI off, at the ADC in low—gain mode

" oames o am E am e o

‘:~__A__:_‘: o

-6

——ASD of GS-13 — scaled from LASTI| \' Ny AN

- - -integrated RMS - scaled from LASTI,
—— ASD of GS-13 - modeled Al I
- - -integrated RMS - modeled I |

10
10

-1 0 1

10 10
freq (Hz)
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advancedligo GS_ I 3 for' Stage 2

Range - RMS in various configurations.
Most commissioning must happen in low-gain. Damp stage | first.

Not much headroom in high-gain mode until the performance is good.

Expected Signal levels from the horizontal GS-13s on the BSC
HEPI off, at the ADC

5 CUON R NEIRN R Y S

i i i
100323 on 29-Mar-2010

ASD volts (V/rtHz) or integrated rms

-5
10 ¢
| - - —int. RMS - low gain, No damping, scaled from LASTI NN —
6l — ASD, high gain, damping only, model with scaled HEPI from LASTI | ¢
10 7 - - =RMS - high gain, damping only, model with scaled HEPI from LASTI|: i f52
- —— ASD, high gain, BSC requirements g i
_7[| = = ~BRMS - high gain, BSC requirements g
10 > N N ......|O N N ......|1 N N |Liiiii62
10 10 10 10

freq (Hz)
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advancedligo COnCIUSiOnS

® Electronics should be OK.

® Goldilocks sort of design
® too much gain reduces robustness & complicates commissioning.
® too little gain impacts the noise performance

® Current design is a compromise - hopefully a good one

® | would not say no to better ADCs, but we can get by
with these.

® All this assumes linear noise in the ADCs. Non-linear
effect of slow bit-edge crossing will require more gain at
high frequencies. (Ben has a spot for these).



advancediico A dditional HAM Data |

L1 HAM®G ISI, Mar 24 2010
Witness STS ASD - X Direction

Amplitude (m/rtHz)

—
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—
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o

-2
. [——WIT STS X (100204 Blends, x10/0. VGEO Gains) |
LN\ ... |=——GNDSTS X (100204 Blends, x10/0.1 VGEO Gains)(]

-3 .| —aLIGO Goal

1 apparent translatlon from dlsp sensor mduced tllt
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-5

-6
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-11 §

Frequency (Hz)
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advancediige A dditional HAM Data 2

L1 HAMG6 ISI, Mar 24 2010
ISI Geophone ASD - RY Direction

-2
"“" T o
E i —— WIT GEO RY (090312 Blends, x11 VGEO Gains) |
— WIT GEO RY (090312 Blends, x10/0.1 VGEO Gains)(]
10—3 —— WIT GEO RY (100204 Blends, x10/0.1 VGEO Gains)|
aLIGO Goal
| == =GS-13 measured
107 : _fGS 13|deal -
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