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1 Introduction

The tests described below will be utilized to test the production prototype of the Adl Quad
Suspension Top Coil Driver. These drivers are being designed and build by the UK group located at
the University of Birmingham. The design requirements for the driver can be found in LIGO
document number T060067-00-C, “AdL Quad Suspension UK Coil Driver Design Requirements”.

These tests are not comprehensive and will only be utilized to verify that the driver meets the design
requirements. It is assumed that the drivers have been thoroughly tested by the University of
Birmingham prior to shipment.

2 Test Equipment

Stanford Research SR785 analyzer
Voltmeter

Oscilloscope

Board Schematics- TBD

3 Tests

The tests are broken into the same categories used in the design requirements document, noise,
dynamic range and monitors/controls. The tests for each of these categories are described in the
sections below,

e @ o @

3.1 Dynamic Range and Transfer Function Tests

The transfer function for each mode of operation is measured by injecting a signal into the test input
of a channel and measuring the current through a’2Q_ohm resistor connected across the corresponding
channel output. Measurements are made for frequencies from 0.1Hz to 10KHz. A block diagram of
the test setup is shown in the figure below.

|
SR785 ¢ B —— & 3
0.1Hz<f<10KHz 5 t—y—p-{ DiTcrenta 3 TOPDriver &
Amp=5Vp @ s
CH2 CH1
40 ohms
SR560
(A-B)
Gain =1

3.1.1 Acquire Mode

In the acquire mode, relay K3 is NOT energized. The nominal response of the coil driver in
ACQUIRE mode is a pole at 1Hz, and a zero at 31Hz and is shown in the plot below. Note that the
transfer function is in units of volts in to amps output into a 40 ohm load.
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In the tables below, record the measured magnitude and phase of the response for each channel. In
addition, save the transfer function for one representative channel to disk and record the file name in

Date:

Figure 1: Top Driver Response (Acquire Mode)

space provided below.

Table 1: Channel 1 Transfer Function Measurements

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.2 -6.8 0.3 a0
1 -43.7 -46.3 —~4 o e N |
10 -60.7 -66.1 S bl 2
100 -70.1 -16.0 “1K5 . R -l 7
1K -70.5 -2.1 .1 <y
10K -70.7 -4.3 Sl T N =S A
Table 2: Channel 2 Transfer Funetion Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.2 -6.8 v, 3 1o
1 -43.7 -46.3 .2 ~4%.3
10 -60.7 -66.1 ~ ol - -
100 -70.1 -16.0 “19.+ -f5.3
1K -70.5 -2.1 - el =24
10K -70.7 -4.3 -70.9 -
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Table 3: Channel 3 Transfer Function Measurements

Date:

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.2 -6.8 -« 3 - -
1 -43.7 -46.3 = ¢/3.9 “Y 6. 3
10 -60.7 -66.1 - 0.9 -65,9
100 -70.1 -16.0 -70.4 5.5
1K -70.5 -2.1 707 -2
10K -70.7 -4.3 o7 =83
Table 4: Channel 4 Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.2 -6.8 OB -6-9
1 437 -46.3 —/3.9 —f.f
10 -60.7 -66.1 -bl.c —65- %
100 -70.1 -16.0 -70.3 =P
1K -70.5 -2.1 =107 ~2.2.
10K -70.7 -4.3 -70.9 S

File Name for transfer function measurement (Acquire Mode):

3.1.2 Run Mode

In the acquire mode, relay K3 is energized. The nominal response of the coil driver in RUN mode is
two poles at 1Hz, and zeros at 10Hz and 31Hz and is shown in the plot below. Note that the transfer
function is in units of volts in to amps output into a 40 ohm load.
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Figure 2: Top Driver Response (Run Mode)
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In the tables below, record the measured magnitude and phase of the response for each channel. In
addition, save the transfer function for one representative channel to disk and record the file name in

space provided below.

Table 5: Channel 1 Transfer Function Measurements

Date:

File Name for transfer function measurement (Run Mode):

Channel Number for saved file:

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.0 -11.6 ~&p., f 7.
1 46.6 87.6 -G.7 - 86
10 -78 -106.2 -28 .3 “ro0f8,
100 -90.4 -21.2 -%s ., - J/.2
1K -90.8 -2,6 -&s, / -1.9
10K 91.1 4.4 A%n.8 -7 &
Table 6: Channel 2 Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.0 -11.6 ~-Y0./ ~//. & |
1 -46.6 -87.6 ~ &S, tf -—S» .Y
10 -78 -106.2 ->@. —se Sy
100 -90.4 212 T ~de.?
1K -90.8 -2.6 -%/ 4 -.8
10K 91.1 -4.4 - %. & ~ 5. &
Table 7: Channel 3 Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.0 -11.6 “4o.d =)). &
1 -46.6 -87.6 Y6 .7 | —®C5
10 -78 -106.2 =28 .0 | ~)oc. 8
100 -90.4 -21.2 -~%0.9 ~af, 4
1K -90.8 2.6 N ik -y
10K 91.1 -4.4 -9e.77 -~73.7
Table 8: Channel 4 Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -40.0 116 ~Yp. B ~ /4.3
1 -46.6 -87.6 -8y ~%e,/
10 -78 -106.2 ~2e ~703 ./
100 -90.4 21.2 ~“ Qe & —/R.¢f
1K 90.8 2.6 - ~oe ko
10K 91.1 4.4 — QLQ -D. 2
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3.1.3 Dynamic Range Tests

The dynamic range requirement for the Top Driver is almost completely driven by the need to
statically align the mass and correct for slow drift. The maximum output current requirement for the
driver is +/- 200mA continuous, The tests below will verify that the design meets this requirement. In

addition the chassis and components will be checked for overheating. The tests for all channels
should be conducted simultaneously and each test step/reading should be held for a minimum of 5
minutes to allow the temperature of the chassis and components to stabilize. In the tables below,
record the output current versus input voltage (DC), note any component heating and if possible the
temperature of the component. Output current should be measured across the 40 ohm load resistor
connected to the channel under test. In an effort to save test setup and execution time, this test may
be conducted in conjunction with the current monitor testing described in section 3.3.3 below.

Dosiskor WES

Table 9: Channel 1 Qutput Current vs. Input Voltage o 3G (s
Input Nominal Output Actual Qutput Notes
Voltage Current (mA) Current (mA) Measpyed ol ‘{C‘c",q_
1V 10.1 So 20V bl esermag 2 KV S0,
-1V -10.1 ) %= -.3G9 '
+5V 50.5 J5 5 (543 VY
-5V -50.5 -sv.of —1.97¢
+10V 101 /e / 2G5V
-10V -101 S5 Rl p -
+20V 202 2073 792 v @2\, S17y- Is§ °F W%
=20V -202 ~Z03 -7.%2
Table 10: Channel 2 Output Current vs. Input Voltage
Input Nominal OQutput Actual Output Notes
Voltage Current (mA) Current (mA)
+1V 10.1 fo.r ‘368
-1V -10.1 —fo. -.3A93
+5V 50.5 Ao—pt 5D LiG774
-5V -50.5 Gt 7 7 W = 15 e ' >
+10V 101 9 3 .%3 IDW
-10V -101 -9y e P
+20V 202 203 9 ; i
20V 202 ~Zo -4 desistf Fewmp = (370
Table 11: Channel 3 Qutput Current vs. Input Voltage
Input Nominal Output Actual Output Notes
Voltage Current (mA) Current (mA)
+1V 10.1 fo.r . 3973
-1V -10.1 -, 3987 .
+5V 50.5 so. LT 5657
-5V -50.5 el e B B4
+10V 101 I 2% ST
-10V -101 -3 . ¥z " J
+20V 202 o3 15| i2osistr tewp =&k
-20V -202 - 7.5 2
Table 12: Channel 4 Output Current vs. Input Voltage
Input | Nominal Output | Actual Qutput | Notes
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Voltage Current (mA) Current (mA)
+1V 10.1 _ 344
-1V -10.1 -, 36
+5V 50.5 7.9717
-5V -50.5 -197s
+10V 101 3.8§2
10V -101 - 3.%2 /94‘?%
+20V 202 7.93
20V -202 - 794

3.2 Noise Tests

The most stringent noise requirement for the Top Driver comes at 10Hz where the output noise
current from the driver needs to be less than 73 pA/yHz. Measuring the actual noise current into the
40 ohm load resistor is a very difficult measurement, so the noise current must be implied by
measuring the output noise voltage of the driver using test points on the board (TP9 and TP13). The
total series resistance in the output of the driver including the 40 ohm load is 120 ohms. The means
that the output voltage noise measured between TP9 and TP 13 needs to be less than 8.7nV/\Hz at
10Hz. A plot of the simulated noise versus frequency is shown in the figure below.

1 SCATMNO )

111

Figure 3: Top Driver Qutput Noise

The simulation predicts that the noise at 10Hz should be approximately 7.7nV/yHz. In the table
below, record the output noise at 10Hz measured between TP9 and TP13 for each channel. The
inputs to the channel under test should be tied to circuit ground and relay K3 should be energized
(Run Mode). In addition, save the noise data for one representative channel to disk and record the file
name in space provided below. The frequency range for the saved file should be from 0.1Hz to
100Hz.

\ ry é_f‘ﬁ'f
Channel Number Measured Nojse at 10Hz ie IS&
[ OV /il ¥ e o
/% 4 p w &y

B L B

70

h%_L =

File Name for noise measurement (Run Mode):
Channel Number for saved file:
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3.3 Monitors, Controls and Circuit Protection

3.3.1 Noise Monitor Transfer Function Tests

The noise monitor board in the driver chassis provides a low-noise, AC coupled monitor of the
voltage output of each channel. The nominal transfer function of the monitor is 4 zeros at DC, 4
poles at SHz and 2 poles at SKHz which are added to the response of the driver channel. These tests
measure the transfer function from the input of a particular driver channel to the corresponding noise
monitor output. The coil driver output should be load with 40 ohms during the tests. Relay K3 should
be energized during the tests. The figure below shows the response nominal response.

| Evmorad)

Vet om wen

Cumer A= (1000, 60378 V)

+ma | -
oo

Cunar @ = (V2002 , -3023 V)

Figure 4: Top Driver Response at Monitor Qutput

In the tables below, record the measured magnitude and phase of the response for each channel. In
addition, save the transfer function for one representative channel to disk and record the file name in
space provided below.

Table 13: Channel 1 Noise Monitor Transfer Function Measurements & 0*) HE
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase Ners e
(dBV/Volt) Phase (dBV/Volt) (Degrees) n,o‘F' JO 2
(Degrees) e o7
0.1 873 -16.3 pecau s
1 14,5 _133.6 =13.4 —/33.8 lexere
10 6.0 -362.9 6. G ~3C/ ¢, Cac 2y
100 -2.8 -372.7 -7 —_—=P_( htr
1K 3.6 -386.2 .G ~A86.
10K -18.2 -492.1 — /5. tf —¢

Table 14: Channel 2 Noise

Monitor Transfer Function Measurements

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees)
(Degrees)
0.1 -87.3 -16.3 il
1 -14.5 -133.6 —/3.0 ~IX¥. @
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10 6.0 -362.9 2,/ “3s52 .Y
100 -2.8 X7 s, -38c.9
1K -3.6 -386.2 -7, < -288 .8
10K -18.2 -492.1 ~)6.% -4G0. g |

Table 15: Channel 3 Noise Monitor Transfer Function Measurements

Table 16: Channel 4 Noise

Monitor Transfer Function Measurements

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees)
(Degrees)
0.1 -87.3 -16.3 ] -
1 -14.5 -133.6 — )4 -5 =123
10 6.0 -362.9 vd =3I, 6
100 -2.8 -372.7 —d .4 ~3ps
1K -3.6 -386.2 -2.G§ - 380,.3
10K -18.2 -492.1 -17,7 A )
File Name for Noise Monitor Measurement:
Channel number for saved file:
3.3.2 Noise Monitor Output Noise Tests
A plot of the simulated noise versus frequency is shown in the figure below.
- S ] == S

Curnor A = (10048, 18

Figure 5: Monitor Output Noise

As can be seen from the plot, the noise at 10Hz at the monitor output should be approximately
1.9uV/\Hz, although the noise model for the parts used in the simulation been found to be slightly
inaccurate at 10Hz. The gain of the noise monitor circuit is 42.4dB at 10Hz. If this gain is applied to
the driver output noise requirement stated in section 3.2 above, the monitor output noise should be
less than 1uV/yHz at 10Hz. In the table below, record the output noise at 10Hz. The inputs to the

#Sofay Lpmp pasn

C VD o
‘;‘;.VWJJ =) %]<J_

~e ’23-4{0’ PoPP PO ¥

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees) < 5’:
(Degrees)
0.1 -87.3 -16.3 s e
1 -14.5 -133.6 —~ J¢f, s

10 6.0 -362.9 %‘/ - r:qg, 7 _{: 3
100 -2.8 -372.7 0 - — _ 2. “'}79‘.6
1K -3.6 -386.2 . - - ‘{1 - S0
10K -18.2 -492.1 ) - -

. 212 Lo
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Channel Number Measured Noise at 10Hz

.28 2 o 7.’5—4;’.'7*

B || —

Lra4,¢444ﬁé____

File Name for noise measurement:
Channel Number for saved file:

3.3.3 Output Voltage and Current Monitor Tests

The monitor board connected to the Top Driver board inside the chassis provides continuous
monitors of the output voltage and current (FC) and rms current (SC) for each channel. These
monitors are tested in this section. These tests can be conducted in conjunction with the dynamic
range tests described in section 3.1.3 of this document. In the tables below, record the current and
voltage monitor output for each input voltage.

Table 17: Channel 1 Monitor QOutput Tests

Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
Monitor Monitor Current | Monitor |C. Monitor [= (Volts)
(FO) Mon (Volts) (Volts)
SO [3- /5 - N - 12
+1V 0.407 0.271 0.271 213 17 o 1Y
-1V -0.407 -0.271 0.271 =190 —~. 125 2y
+5V 2.03 1.36 1.36 /1.962 13u J-333
-5V -2.03 -1.36 1.36 =g - /.319 /.32
+10V 4.07 2.71 2.71 d.o1 2.9 2.3
-10V -4.07 -2.71 2.71 — 4. 0o -2.69 2. Y
+20V 8.13 5.42 5.42 Y.-06 s.do S.Y8”
-20V -8.13 -5.42 542 | -~Y.0 | -5.3% 8. 36
Table 18: Channel 2 Monitor Output Tests
Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
Meonitor Monitor Current | Monitor | . Monitor (Volts)
(FC) Mon (Volts) |~ (Volts)
(SC) - -4
+1V 0.407 0.271 0271 | .39% 266 .20
-1V -0.407 -0.271 0.271 ~. 3¢ - 2l 270
+5V 2.03 1.36 1.36 1.97 /.31 /.324
-5V -2.03 -1.36 1.36 ~1.97 —1.31 /-3
+10V 4.07 2.71 2.71 R xd 2.57 2.0
-10V -4.07 -2.71 2.71 -3.¥f | -2.5 2.85
20V 8.13 5.42 5.42 X.072_ €30 S.dl
-20V -8.13 -5.42 5.42 ~Y-of - $.30 §.33
Table 19: Channel 3 Monitor Output Tests
Input Nominal Nominal Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor

JLe-
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Monitor Monitor Current | Monitor Monitor (Volts)
(FC) Mon (Volts) | . (Volts) Se

(SC) - of i (s
+1V 0.407 0.271 0.271 -39% |S9.2% G .31 & ‘?
1V -0.407 -0.271 0271 |-39) |[999 86! [Gwo ¥.oo
+5V 2.03 1.36 136 | 4 MM935 99 S-3¥% 9.93 Q/‘-('ﬁ
-5V 2.03 -1.36 136 | —1.97 L.63 b. ¥ F
+10V 4.07 2.71 2.71 3.¥5 |lo.ss /0. 51,
-10V -4.07 -2.71 2.71 ~3.¥2 . 14 .17
+20V 8.13 5.42 5.42 ¥.oz /.38 /.90
-20V -8.13 -5.42 542 |~ ¥&.0r - 200 2 .04

=9.12 =94 & ov T/p
ov F/p
Table 20: Channel 4 Monitor Output Tests
Input Nominal Nominal Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
Moenitor Monitor Current | Monitor Monitor (Volts)
(FC) Mon (Volts) (Volts)  [<c _

(SC) il ~Z -3
1V 0.407 0.271 0271 | .39 2Ll 267 < }
-1V -0.407 -0.271 0271 |--399 | -.z70 2 a
+5V 2.03 1.36 1.36 /. 9% /31 /33
-5V -2.03 -1.36 1.36 -1.97 —1.31 /- 30
+10V 4.07 2.71 2.71 3.%4 2-St, 2.5%
-10V -4.07 -2.71 2.71 -3.%3 =2 St Z-5%"
+20V 8.13 5.42 5.42 ¥.0Z 5.5 S.4o
-20V -8.13 -5.42 5.42 -~ %.02. | -8§.a% §. 30

Qo.plauzel? et on X B"“‘Je'f’L-NDCw:J
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:_‘{ ~1.9¢ == LB [/, 25 v/
=¥ 1 3.%3 2.56 } 2.-5%
i -3.84 | -2.56 ‘z.sq \
* L ¥. 07 .39 5-3Y (
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