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Displacement noise level of TAMA300

(March 10, 2000)
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TAMA alignment

The alignment system had been designed in
an early stage of the project.

After years of operation several problems were
found:

- N0 beam centering system

- t00 much sensor noise

- insufficient signal separation
(front mirror / end mirror)

- insufficient filtering in loop filter

‘Hence some parts of the alignment system
were redesigned:

- beam centering system (new)
- telescope

- quadrant photo detector

- loop filter.



Alignment telescopes

The Guoy phase shifts corresponding to mis-
alignments of the two mirrors are

Oend = 0°,

OFront = —54°.

The new telescope has been designed with
additional phase shifts of 180° and —+54°,
such that the signal contributions of the other
mirror vanish.

The measured signal separation was 30dB,
when optimized for one axis.

However, for unknown reasons the beam is
elliptical, and the Gouy phase for both axes
differs by ~ 10°.

Hence the signal separation is only 15dB.




Alignment system: Further work

e Improving signal separation with an ana-
log matrix circuit.

e New loop filters (including a steep low-
pass).

e Investigate sensing the cavity alignment
at dark and bright Michelson ports in-
stead of using arm cavity pick—off Mirrors.

[E
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| Calibration of S<F @]

Cal AM‘;‘i'\'VWlﬂ. : shoaodd be
- Lavae’ enov?l\ fo avorok 3‘5”(" oF VM"‘%

noise

= Swall QV\O&J}\ tv Qveld Qppearence ol
hearby noise

T St\ob‘[' thugk to me'o( lcu'ge_ cLoaug.e n
S+ F

Calibrated with an accuracy of ~59%
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Extracted s

1ignals compared with [s

a=nl3(=w,] /c) B=x (:demodulation phase)

Demod.

L+

L-

I+

l-

Is

st

0.0027

0.080

0.015

3rd

o

0.080

0.015

aﬁﬂ, B=n+0.0

Demod.}

L+

I+

Is

st

0.0026

0.077

0.015

3rd

0.077

0.015

o =m/3+0.01, B=7r+0.0l

Demod.

I+

Is

0.080

0.016 |

0.079

0.016 |

I+

Is

0.091

0.019

0.091

0.019

a=1/3+0.01, f =S

Demod.

L+

I+

Is

1st

92E-6

0.0030

0.0010

3rd

1TE-S

0.011

0.0049

0.0034

0.0013

m
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Locking of the 3 mirrors coupled cavity

Sidebands are Carrier is locked in
locked in PRC FP arm and PRC

AR A

o —

—Relected power[V]
—— Transmitted power[V]|]

5 10
Timel[sec]

* We have locked the > irror couned
-aviny stably with the ~>S.

— Power Recycled gain is still low (1.2) because a
reflectance of the PR mirror is 60% and the PR
cavity includes a beam splitter.

Institute for Cosmic Ray Research Univ. of Tokye




Pendulum damping

S. Kawamura, H. Tariq, G. Heinzel,
K. Somiya

Conventional shadow sensor:

Mirror
Coil LED

=
L=

Flag

? Coil PD

(Ground)

Some problems:

- many cables

- LED stability

- 1064 nm stray light

12



New idea
Use coil for sensing and feedback.

If the coil is shorted, its parasitic ohmic resis-
tance limits the current and the damping ef-
fect. Furthermore, the damping is frequency
iIndependent and spoils the Q in the measure-
ment band.

Hence we try to use a
frequency dependent negative impedance

In our simple table-top experiment, @Q ~ 5000.

With the coil shorted (R = 15%2), we get
Q =~ 50.

By connecting R = —15¢2, we obtained
critical damping.

13



Frequency dependent
negative impedance

10000 ¢ ' — _
1135
4 90
1000 | '
¥ 4 45
3 10
4 -45
‘-90
i -135
I1 'Qo Ll.{oo
Frequency [Hz]
TF Abs TF Phase
Negative 15 Ohm Gyr ator
>—| Impedance {__l
Converter
(NIC
Problems to be investigated:
- stability
- noise
14

Phase [Degree]
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LISO

Linear Simulation and Optimization
of analog circuits

A program by

Gerhard Heinzel

NAO, Mitaka, Japan,

LISO was written at:
Max-Planck-Institut fur Quantenoptik,
Garching, Germany



Introduction

LISO was written because other common
circuit analysis programs cannot.:

- correctly predict the noise.

- optimize circuits for our purpose.

The circuit topology is fixed and must be
entered by the user.

A circuit can consist of resistors, capacitors,
inductors, transformers and voltage-feedback
op-amps.

LISO performs a small-signal AC analysis.

LISO will analyze the circuit in many respects
(transfer functions, op-amp stability, noise,
input impedance).

In a separate mode of operation (“root mode” ),
LISO computes transfer functions given by
poles and zeroes.



Simulation

Transfer function:

dB

20 —————y ey I — 180

F 1 135
of |

n
(&)
T

Phase [Degree}

&
)

i A P PN Ll i PR SO TS 0 T T

_100: 2 A NN § i P S S et Ak
1000 10000 100000 1e+06
Frequency [Hz]

U(no) [VIV]dB —— U(no) [V/V] Phase



Signal Range at input and output

100

10 +

Phase [Degree]

1 . sl 'l 1
1000 10000 100000 1e+06 1+
Frequency [Hz]

Max Input{V] Abs

from 1000 Hz onwards input is limited by Umax(opl).
from 37.1535 kHz onwards input is limited by SR(opl).
from 977.237 kHz onwards input is limited by Imax(opl).

time used: 0.076 sec

100
10 F
- 40
1 3 p—
)]
@
>
2
0.1 =3
E [0 ]
: g
[ =
[
0.01
0.001 ¥
0.0001 L L L
1000 10000 100000 1e+06 te+07

Frequency {Hz]
Max Signal (no) Abs




Simulation

Many more calculations are possible, e.g.:

current through components,
opamp differential input voltage,
input impedance and

op-amp stability:

Op-amp stability 'Isc/Ip3f’
120 p——rrr e rr—r—rrrey 180

B RARRARASSS RARERA]

80

60

LA RARRARRR)

: 90
40 F

Open loop gain [dB]

20

SN SR SO B T S sl sl 0
-20

0.0t 01 1 10 100 1000 10000 100000 1e+06 1e+07
Frequency [Hz]

op1dB —— opt phase

Phase [degrees]

op—amp opl phase margin +83.49 degrees at 2.18282 MHz

4
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Noise simulation
A unique feature of LISO is the precise pre-
diction of circuit noise:

1e-07 T T T
1e-08
g 1e-09
§ 1e-10
s TUF
Qo
:'; 1e-11 r
i1 3
g L
= 1e-125-
2 [
S 1e-13 f
P4 3
te-14
1e-15 L . .
1000 10000 100000 1e+06 1e+07
Frequency [Hz}]
RNoise(rt) —— RNoise(rgt) OP INoise+(op1) ——
RNoise(r2) —— SNoiserge OP [Noise-(op1) ——
RNoise(r3) —— Sum Noise
0.001 T Y T
T
L 0.0001 ¢ ¢
g
E 1e-05
°©
g
5 1e06f
2
S 1e07
Qo
£
2 1e08F
@
3
< 1e-09
&
2 1610
2 e-
pd
1e-11 L L .
1000 10000 100000 1e+06 1e+07
Frequency [Hz]
RNoise(r1) —— RNoise(rg1) —— OP INoise+(op1) ——
RBNoise(r2) —— RNoise(rg2) ——— OP INoise-(op1) —
RNoise(r3) —— Sum Noise
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LISO'’s fitting function can optimize com-
ponent values for a given purpose.

This allows to find components values that
yield a given transfer function.

Models for real components with parasitic
impedances can be found from measurements
and then used in simulations.

With advanced fitting functions, the dynamic
range of a circuit (i.e. the ratio of maximal
signal to noise floor) can be optimized.

LISO was written in C on UNIX systems. It
is available for Linux, Sun Solaris, IBM AIX

and DOS/Windows.

The program and manual can be found at:
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Optimization

Given:
- Circuit
- desired frequency response

Unknown:
- component values

Conditions:

- Minimize noise

- require minimum output swing.
- all op-amps must be stable

LISO result:

ri = 26.479923 +- 1.733 (6.55%)
r2 67.879593 +- 20.92 (30.8%)
r3 = 186.31192 +- 66.17 (35.5%)
rgl = 640.51121 +- 2.257 (0.352%)
cl = 35.019345n +- 1.626n (4.64%)
c2 = 3.8937225n +- 908p (23.3%)
c3 4.2353818n +- 1.2n (28.3%)



Tentative Future Plan
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