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1 Introduction

We report on the bench-test results and evaluation of the Advanced LIGO Suspension Upper Intermediate
Mass Driver chassis (UIM) supplied as a pre-production prototype by the University of Birmingham.
Bench tests were conducted in accordance with the test plan described in LIGO document T080021-00-C,
“UK UIM Driver Pre-Production Test Plan”. A copy of the scanned version of the test plan evaluation
results with bench notes is included in Appendix A of this document. The design requirements for the UIM
Driver can be found in LIGO document number T060067-00-C, “AdL Quad Suspension UK Coil Driver
Design Requirements”. We assume familiarity with these documents in the descriptions that follow. For
reference, the relevant requirements for the UIM driver are listed below:

Upper Intermediate Mass (UIM) Requirements
The UIM requirements cover the 4 coils used in the UIM. They are commonly referred
to as UL, LL, UR and LR, denoting their relative positions.

Output Current

The maximum output current indicated by the suspension system models occurs for
the High Dynamic Range mode of operation (also known as the “noisy state” or the
“acquire mode”) for the UIM is ~90uAms. Assuming a safety factor of x20 to cover
transient events, each UIM coil driver should be capable of sourcing or sinking at least
2mAms. The UIM coil driver current is frequency dependent. For frequencies less
than 1 Hz, the coil driver must be capable of supplying the full 2mAms, and the driver
shall be capable of supplying currents of up to 16uAms (0.8uA x 20) for frequencies of

100Hz.
Output Noise
Frequency Current Noise Requirement
1Hz 0.500 nA/\NHz
10 Hz 3 pA/NHz
100 Hz 200 nA/NHz
1000 Hz 1000 nA/\NHz

This report follows the outline of LIGO document T070288-00-C, “Adl Noise Prototype Electronics Test
Plan”. The tests outlined in T0700288-00-C are a series of tests and evaluations that will be used to
evaluate the full set of electronics provided by the University of Birmingham for the AdL Quad Suspension
system.

2 Observations

The packaging, labeling, and configuration of the UIM Driver-Monitor is similar to the Top Driver and the
PUM Driver units. The test reviews of the Top Driver (T080034-00-C) and the PUM Driver (T080050-00-
C) document details of shared concerns on the physical properties, cabling, mechanical layout,
serviceability, labeling, and maintenance issues. The same concerns and recommendations also apply to
this system and will not be repeated here. In the following we describe some specific concerns to the UIM
Driver electronics. These are presented as major, minor, and cosmetic.
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2.1

2.2

ARG

Major
We need the ability to inject a test signal without breaking the control loop. In the
present design enabling the test input disables the main drive signal. A possible
alteration would be to add two switches to the input in parallel: one for the test input
and a second for the main input (to preserve the ability to have a watchdog circuit).
What circuit drives this board? This is a question of input and output impedances. If
there are, e.g., 100 ohm resistors in series with the outputs (or 300 ohms in the
advanced LIGO AA and Al Filters, D070081) the loading by the input circuit will
lower the DC gain by ~5% (or ~12%, respectively). This is a broader, system level
question, but the loading of stages and out impedances need to be specified.
The default setting for the DC bias of the input circuit op-amps needs to settled.
Leaving the bias current returns open leads the device vulnerable to common mode
noise and problems when connected into different settings.
The AD743 is no longer available in a DIP package and the only other package is a 16-
pin SOIC. This is a major drawback to using this chip and will require a re-layout.
The switching speed of the relays is slow and raises the question of long-term stability
of the delay time. From the time the drive signal is asserted to when the relay contacts
close (measured using the readback circuit) was ~lms. This action needs to be
synchronized with a corresponding software-switched digital filter, which defines the
meaning of simultaneity in this case. A long delay and any variation in that delay will
be problematic and lead to stability problems in the overall control system. Since we
are often trying to switch a digital filter simultaneously with the analog switch this
could be a problem. We also noticed some ringing and contact closure bounces.

Minor

The signal arrangement on J6 and J7 is unusual. It starts on pin 19/37 skipping every
third line and then switches to using every pair. The way the channels are arranged
between the two connectors is also odd. We would be tempted to put all the binary
inputs on one connector and the outputs on the other connector, starting with pin 1 for
the first channel and continuing in pairs (1-20, 2-21, etc.). If we use twisted ribbon
cable, the pairs will match up with the pairs in the cable. These are binary signals so
there's no real reason to skip lines between the channels.

On J4 we recommend connecting the unused lines to GND.

The power connector is an IDC style, which is not appropriate for long term stability
and safety. (This has been mentioned before in the other test report summaries.)

Put low value resistors in the feedback path of unity gain followers. The slew rate of
the AD734 is relatively slow at 2.8V/us and this could lead to problems. Considering
the bandwidth of the driver in low noise mode it's probably not a performance issue as
much as a best-practice recommendation.

We like the independent readback circuit for switching the filters.

We like having a slow and fast current sense circuit. That will be very useful.

We found a solder bridge on channel 1 between R7 and R8 of the driver board. We
also found that R30 on channel 4 of the monitor board had been jumpered out. These
and similar production related issues will need a good QA program.

The rms monitor did not seem to work as expected and its dynamic range came into
question.
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2.3 Cosmetic

1. The boards had a good proliferation of testpoints. The addition of more GND
connections on the board should be considered. One for the whole board made testing
a bit awkward.

2. Some of the diode and capacitor footprints are wrong.

3. There are minor errors on the footprint for J1 on the monitor board. The holes for the
board locks are too small.

4. The chassis has a very nice, clean layout.

5. Move the monitor board LEDs to the back panel. That way there will be LEDs on the
front and rear of the chassis.

6. There needs to be heat shrink insulation on the exposed wires in the chassis on the
3W3 connector and on the switch.

7. Move the 3W3 connector to the other side of the switch. The wiring will be a little bit
cleaner that way.

8. Update the chassis to our newer chassis and front panels.

9. Create a chassis drawing or assembly drawing to detail what goes where.

10. The colors used for the wiring does not match the “LIGO standard”. In particular
black for the DC return is not used. (The establishment of color codes for wiring is in
some dispute; however we recommend, for consistency with past use, the codes
recommended in T0O80034, the Top Test Mass Driver report.)

11. The connectors on both boards are nicely labeled. We encourage a more permanent
marking in the field versions, such as silk screening, engraving, or laser etching.

2.4 Adequacy of Documentation

The documentation was incomplete, only a bare set of schematics was provided. No bill of materials,
layout or assembly drawings, test plans, test results, quick start guide or other documentation was provided.
Prior to production all materials listed in Electronics Requirements document (T060067) and LIGO
document T000053-04-D, “Universal Suspension Subsystem Design Requirements Document” need to be
supplied.

2.5 Misc Comments

DC Bias Return: The lack of a DC path for the bias currents of IC4 and IC8 on the driver board should be
addressed and resolved. For example, a 1 M ohm resistor parallel to jumper W2 would eliminate the bias
question and would not contribute to the differential output noise.
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3 Performance

Performance of the chassis was measured using the set of tests described in LIGO document
T080021-00-C. The completed report is included in Appendix A. The categories are dynamic range,
transfer function, monitor, noise, and cross talk. The sections below summarize the tests results.

3.1 Dynamic Range and Transfer Function Tests

Coil Driver
SR560 Under Test
SR785 Analyzer ALY SR560
2.2k
8 x1 Vis
0.1Hz < f < 10kHz 5 Vin |In Out R,
(]
- 2.2k B x1
In2 In1
590
VSRSGO

SR560 output

Fig. 1 Test set up for transfer function measurements. There is a correction for the input impedance of the
driver loading the SR560 output. The voltage divider formed by the series 590 ohm resistor in the output
of the SR560 and the 2k ohm input resistance of the UIM driver board result in a 0.79 factor or -2.06 dB
correction of the input voltage.

3.1.1 Dynamic Range

All channels meet the dynamic range requirements in DC tests of being capable of supplying 2mA into a
19.6 ohm load.

3.1.2 Transfer Functions

The transfer functions for each channel of the UIM Driver were measured with resistive loads of 19.6
ohms. The output was measured across the load resistor. The test setup is shown in Fig. 1. The test signal
for the differential input was formed by splitting the output of the SR785 using two SR560 amplifiers, each
with unity gain. This doubles the input signal in relation to the reference signal into the SR785 analyzer.
The 2.2k input resistance of the UIM Driver loads the 590 ohm output resistance of the SR560 amplifier.
The input to the Driver channel is reduced by the voltage divider in the ratio 2200/(220+590)=0.79. The
combined corrections of the factor two from the single to differential input and the factor of 0.79 from the
loading of the SR560 by the input circuit of the driver board amounts to 3.97 dB correction This brings the
simulation and the measured values into good agreement, as shown in Fig. 2 for the high dynamic range
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mode and Fig. 4 for the low noise mode transfer functions. Residual deviations appear to be consistent
with component tolerances.

3.1.3 High Dynamic Range Transfer Function

The High Dynamic Range mode is defined as the configuration of the driver board with all gain control
relays de-energized. Table 1 below lists the nominal and measured magnitude ratio (in dB) and phase of
input to output. In order to convert from a voltage ratio, which is what is read out from the SR785, to a
transfer resistance the value of the load resistor must be divide out. This is also shown in table 1.

Table 1: Channel 1 Transfer Function Measurements, High Dynamic Range Mode

Freq (Hz) Nominal Gain Nominal Phase Actual Gain¥ Actual Phase
[dB(amps/Volt)] (Degrees) [dB(Volt /Volt )] (Degrees-180)
out in
0.1 -76.2 178.2 -46.4 (-29.8=76.2) |-0.81
1 -76.2 180.7 -46.3 (-29.8=76.1) |0.98
10 -76.2 189.5 -46.2 (-29.8=76.20) |19.79
100 -70.4 237.0 -40.1 (-29.8=69.9) |57.8
1K -52.5 241.4 -22.1 (-29.8=51.9) |58.59
10K -45.3 191.2 -15.5 (-29.8=453) |1.22

+Subtract 20*(log(2) + log(19.6) + 1og(0.79)) = 6.02+25.85-2.06 = 29.8 to convert to dB[amps/volt]. The
number listed in the table was the number readout on the SR785. See the text for details.
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Fig. 2 Transfer function for the UIM driver in high dynamic range mode. The measured values are shown
as red circles. The solid blue curve is the spice simulation. Agreement is seen to be very good. The
voltage ratio is plotted in dB. To convert to the values appropriate for a transresistance transfer function,
divide the output voltage by the load resistor, which was 19.6 ohms for these tests; i.e., subtract 25.85 dB.

The simulation data was produced from a spice model based on the schematic shown below in Fig. 3.
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R23
10me

accounts for the output resistance of the SR560 voltage source

Fig. 3 Schematic diagram of the spice simulation for the High Dynamic Range case.

relays switching the intra-stage filter setting resistors were de-energized.

0.68yF 100
R11

3.9k

For his case all the

3.1.4 Low Noise Mode

The Low Noise mode is defined as the configuration of the driver board with all gain control relays
energized. Table 2 below lists the nominal and measured magnitude ratio (in dB) and phase of input to
output. In order to convert from a voltage ratio, which is what is read out from the SR785, to a transfer
resistance the value of the load resistor must be divide out. This is also shown in table 2.

Table 2: Channel 1 Transfer Function Measurements, Low Noise Mode

Freq (Hz) Nominal Gain | Nominal Phase Actual Gain¥ Actual Phase
[dB(amps/Volt)] (Degrees) [dB(Volt /Volt )] (Degrees+180)
out in
0.1 -75.5 163.9 -25.9 (-49.8=75.7) |-155
1 -84.9 58.8 -35.4 (-49.8=85.2) |-122.8
10 -127.9 68.9 -78.6 (-49.8=128.4) |-106.3
100 -131.2 221.1 -81.7 (-49.8=131.5) |41.4
1K -113.4 239.8 -63.3 (-49.8=113.1) |57.1
10K -106.2 191.0 -56.8 (-49.8=106.6) |7.3

tSubtract 20*(log(10) + log(2) +

log(19.6) + 10g(0.79)) = 6.02+25.85-2.06 = 49.8 to convert to

dB[amps/volt]. The number listed in the table was the number measured on the SR785.
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Fig. 4 Transfer function for the Low Noise driver in high dynamic range mode. The measured values are
shown as red circles. The solid blue curve is the spice simulation. Agreement is seen to be very good. The
voltage ratio is plotted in dB. To convert to the values appropriate for a transresistance transfer function,
divide the output voltage by the load resistor, which was 19.6 ohms for these tests; i.e., subtract 25.85 dB.

The simulation was produced from a spice simulation based on the schematic shown below.

Page 9 of 32



R2 R9
1MEGS 3.3k

Rload196
196

R23
10m

The 590 ohm resistors represent the series output resistance of the SR560
The 2.2k loading by the input resistance results in a 21% effect mN

o
&
>
é)\ﬂi éw 2ac dec 1001 0.1 10000

12v -12v.
SUS QUAD UIM Driver
Low Noise Mode

Fig. 5 Schematic for the spice simulation for the low noise mode.

The low noise mode has all the intra-stage relays energized, which selects the shorter time constant RC
networks.

3.2 Driver Noise and Dynamic Range Measurements

Input +
VmP > sms60
50 Q UIM Driver (A-B)x10 SR785
Input - VmN > [
Low Noise
FET Preamps
x100

Fig. 6 Test setup for noise and dynamic range measurements of the UIM driver board. The low-noise
preamp (~1 nV//Hz) [LIGO-D060205] and the SR560 provide a gain of x1000 to extend the SR785.

3.2.1 Driver Noise

The noise requirements for the low noise mode of operation (specified as the more conservative SRD state)
are outlined in T060067. The summary table was shown in the introduction of this document. The noise

is given in units of current spectral density. Measuring this low of a current noise directly is very difficult.
For these tests we measured the output voltage noise of the driver at the test points before the RC-network
in the output stage and the current noise was inferred by dividing the measured voltage by the load
impedance at the frequency of interest. A plot of this impedance is shown in Fig. 7.
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Fig. 7 Magnitude of the Driver load impedance as seen from the monitor points VmP and VmN of the

Driver circuit. At 10 Hz the magnitude is 7.7k ohms.

Assuming a 19.6 ohm coil load and the particular design values chosen by the University of Birmingham,
the noise requirements in terms of output voltage noise can be calculated for each of the frequencies in the
table. We have ignored the effect of the OSEM coil inductance and compare the test and simulation results
for a purely resistive load of 19.6 ohms. The voltage noise requirements are shown in the table below.

Table 3: Voltage referred noise requirements

Frequency Voltage Noise Requirement

1 Hz 0.500 nA/NHz * 7850 ohms = 3.9 uV/VHz
10 Hz 3 pA/NHz * 7700 ohms = 23 nV/NHz
100 Hz 200 nA/NHz * 3900 ohms = 780 uV/VHz
1000 Hz 1000 nA/NHz * 500 ohms = 500 uV/VHz

The plots in Fig. 8 show the measured and simulated output noise versus frequency for the UIM Driver.
The simulated noise data was generated using spice simulation software from Linear Technologies, Inc.
using an improved noise model in the op-amps.
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UIM Noise Measurements

T T

MA b EJ. b ppedoe oo
TV U\v/ T Py

vV, JitHz

10

10 i i i i i i i i i

0 10 20 30 40 50 60 70 80 90 100

10

Fig. 8 Driver noise measurements and comparison with spice simulation. Note the test setup had a x1000
preamp in front of the SR785. The spice simulation used conservative noise models for the opamps, which
slightly over estimates the corner noise for frequencies below 10 Hz. The drop in the baseline noise for
frequencies less than 10 Hz is an artifact of the capacitive coupling used in the test set up for this particular
measurement and should be ignored. The trace legend is: Red: Test setup baseline noise, Green: Driver
Output noise, Blue: Spice simulation

3.3 Monitor Board

Measurements of the monitor board’s transfer function and noise are shown below.
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SR785 Analyzer + A UIM Monitor
3 x1 Coil Driver

0.1Hz < f < 10kHz 5 Vin |In Out R, .
@ Under Test Adjacent Ch.

B NM Output
x1
In2 In1
; SR560

Fig. 9 Test setup used to determine adjacent channel crosstalk. The output was measured through the
monitor board.

3.3.1 Noise Monitor Transfer Function
The transfer function from the input of the driver to the output of the noise monitor circuit was measured. A
plot comparing the expected transfer function with measured data is shown in Fig. 10.

UIM Driver (LN Mode) + Monitor Transfer Function
20 T T N B A T T T Tl R R T

Voltage Ratio [dB]
A
(=]

-80¢

I I R

-100 HE S I R B S P il
- 2 3

300k i

Phase [deg]

400k L ..... S

5001 vvvvv 9 e i

-600 T ;

f[Hz]

Fig. 10 Combination Driver and Monitor boards cascaded to measure the combined transfer function. The
red circules are measured data and the blue lines are spice simulations.
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Fig. 11 Spice schematic documenting the simulation of the combined driver card connected to the monitor
card. The Driver board is in the “Low Noise” mode.

The monitor board also provides rms capability through the AD736 IC. This chi provides an analog
computation of an averaged rms voltage. The measured results show a distinct error of a factor of ~10 and
this sub-circuit may need some tweaking. For the full dynamic range, the inut attenuator to teh AD736 will
need to be adjusted to prevent exceeding its 200mV maximum input.
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3.3.2 Monitor Board Noise Measurements

- Uin Manatar MNaiss
1|:| J T T T

itz

a 0 20 30 40 50 &0 Ei! 80 an 100
f [Hz]

Fig. 12 Monitor board noise measurements in low noise mode. The red circules are data and the solid blue
line is the simulation. The schematic of the simulation is shown in Fig. 11.

3.4 Cross-Coupling

The cross coupling between adjacent channels on the driver board was measured using the procedure in
section 3.3 of the test plan. The plot below shows the typical coupling observed from the input of one
channel to noise monitor output of the adjacent channel.
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Figure 13 Cross coupling measurement between adjacent channels of the combination driver and monitor
boards.

3.5 Mode Switching and Glitch Tests

The design of the Top Driver provides for one relay that can be used to switch each channel from what can
be called “acquire” mode to a lower noise “run” mode. The design is such that the relay can be switched

using either a set of contacts or an open-collector output from the US provided control system. The design
also uses another set of contacts from the mode switch relay (K3) to monitor the relay position. The design
meets the requirements called out in the Suspension Universal Design Requirements document (T000053).

An attempt was made to measure any glitches or transients in the current output of the driver caused by the
switching of relay K3. These tests are described and the results documented in section 3.4 of the test plan.
During the tests glitches were observed across the load. The glitches were very small (50 mV) and fast (2
usec) impulses. They carried little energy, but were noted here for the sake of completeness. The
switching time of the relays used on the board was found to be approximately 1milli-second and consistent
from channel to channel. This is significantly better than the maximum 3 milli-seconds specified by the
manufacturer of the relay. However, we do not have a sufficient lifetime test to determine the long term
stability of the delay.

Additional tests should be conducted once the entire electronics package has been assembled to control the
Noise Prototype suspension at LASTI. These tests should include:

* A more sensitive test for glitches possibly using an optical cavity

* A test of the ability to coordinate the switching of a hardware mode switch with a software
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compensation filter. An optical cavity would also be useful during these tests.

3.6 “Glitch” tests of relay transitions

Fig. XXX Test setup for glitch measurements, illustrating what the test setup was at the time. The loa for
these tests was a ImH inductor, with an internal 40ohm series resistance, to more closely simulate the
actual setup in the field.

Ch 1 is the control signal that energizes relay 3. Ch 2 shows the contact closure. Ch 3 is the voltage x 100
(effectively 20 mV/Div because of the gain of 100 in the SR560) across the load inductor, which in this
case was 1 mH and 40 ohms. The transient induced by the inrush current is seen on Ch 3 in the lower left
image. The change in mirror momentum by this impulse is expected to be small and of negligible
consequences, but a detailed evaluation of such impulses needs to be carried out. The closure of the
contacts is seen in the illustration on the lower right. Some mild contact chatter is seen. This is of
negligible effect on performance, of more concern is the long (~800 usec) delay between the assertion of
the control signal (Ch 1's falling edge) and the closure of the contacts.

UIM Coll Tektronix SR560 e Scope T ™ VRl LPthree
Driver . Active Probe A-B
4o Power DC Coupled v IM 33k 100 +
Supply Gain=100 é é « é ov
¢

Fofs 3
DS340 l K3 [+
10vpp, L agur !

SVDC Offset 1

Square Pl y VRla
Wave LPthrecON

Fig. 14 Test setup to measure relay switching transients. An idealized version of the relay circuit are
shown in the schematic on the left.

The oscilloscope traces shown in Fig. 15 illustrate the glitches that that occur when the coil in the relay is
energized and when the relay contacts close. For these tests the load was an 1 mH inductor with 40 ohms
of equivalent series resistance. For investigating transients it was thought an inductor would be a more
realistic choice for the load and highlight any glitches. The large frame image provides an overall view of
what's going on and the time scale involved, 200 us/div. It takes 1msec for the relay to respond once you
send a the signal to switch. The lower left image shows the first part of the switching process. Here you
can clearly see the spike that's seen across the inductor. Taking into account the DC resistance and gain of
the SR560 this works out to ~ImA of current through the load inductor. In the right image there's a smaller
transient when the relay contacts actually close, but it's considerably smaller than the first one. Because we
see this before the relay actually engages we believe we are seeing a transient from the relay coil charging,
but these explanations are preliminary. The relay contacts chatters quite a bit when it closes. This is in
addition to the glitches from the coil energizing.
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Fig. 15 Glitch-test oscilloscope traces of the relay-3 control signal, relay-3 contact closure, and the voltage
across the load. For these tests the load was a ImH inductor with a series equivalent resistance of 40 ohms.
The lower right oscilloscope image shows the details of the energizing coil. The lower left image shows
the details of the contact closure. The time between the energizing of the relay coil and the contact closure
is Ims, as may be seen in the top image.
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1 Introduction wuilt

The tests described below will be utilized to test the first proddction prototype of the Adl Quad
Suspension UIM Coil Driver. These drivers are being designed and blul.d?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. Tt is assumed that the drivers have been thoroughly tested by the University of

Birmingham prior to shipment.

2 Test Equipment p WM,N a{v‘qu/z
o Stanford Research SR785 analyzer JX Z g6 T VMJL \/a]‘)‘e,ﬁgz
e  Voltmeter
. Oscilclloscope ”ﬁ 7”@ : I]é,f Q 0-6;‘4 M
e  Board Schematics- TBD
GHl557

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. /"<\>
3.1 Dynamic Range and Transfer Function Tests / /7 /A
Each channel of the UIM coil driver is equipped with three relays that are used to change { J /HW' ’t‘MZL

_/

response from a very high dynamic range high noise to a low dynamic range, low :0/561 esponse. In
reality, these relays (K1, K3 and K4) are switched in one at a time, but in the interest of conserving
Z [ 0.5 2 test time only the extremes of the fert possible modes are tested. The high dyrfamic range mode does
not have any of the relays energized and the low noise mode has all relaysenergized. The tests for
i cach of these two modes are described in the sections that follow. Nafe that it has been assumed that
the actual response of each individual mode has been tested by tle UK group prior Todelivery of the
unit. The transfer function for each mode of operation is me@red by injecting a signal into the test

input-of a-channel-and-measuting-thecurrentthrough Wohiiresistor-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.

(Y
/ I‘“”J) DUT
SR785 T etk i
0.1Hz<f<10KHz 5 (=i OITZent® 3~ UIMDriver 3
= Rz 1 =
. Amp=5Vp @ yd _l__.F
CH2 «,  -CH1 P
i il {@fj}/
’ﬂr"’L_}
SR TE ‘ 20 ohms
v Lo /e r
SR560 o5
. _(A-B) L
.5‘/’3""‘ Gain =1
MA.
VGM“ . -,
7ﬂul§,Fn’ wﬁf%

sR5bo J
purea’ | 5 222 _p, %9 ’{7%‘/&%

P Vi

—— T 52008599 o
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3.1.1 High Dynamic Range Mode
In the high dynamic range mode, relays K1, K3 and K4 are NOT energized. The nominat response of
the coil driver this mode is a zero at 60Hz and a pole at 2.3KHz and is shown in the plot below. Note
that the transfer function is in units of volts in to amps output into a 20 ohm load. 4w /A 4/ 7 |V
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space provided below.

Table 1: Channel 1 Transfer Functi?n Measuremerts

addition, save the transfer function for one representative channel to disk and record the file name in

Freq (Hz) | Nominal Gain Nominal &Actual Gain | Actual Phasej
(dBamps/Volt) Phase ) (Degrees)
(Degrees) viY
0.1 -76.2 178.2 - U4, 56 -0, 82
1 762 180.7 U4, >3 .92
10 -76.2 189.5 L&, 23 9,13
100 -70.4 237.0 -Rf.27 4%6. 22
1K -52.5 2414 - 22174 4°.36
10K -45.3 1912 -5 4% $o 7
Table 2: Channel 2 Transfer Function Measurements ~ 15, 7
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -76.2 1782 -Hé, 27 2,34
1 -76.2 180.7 -4é.30 0.9y

X2 &‘L«M:/WV g
olw.;:t«%wuzam-j;ﬁv

204, (%) * 20 Les, (19,
e N

) W/wu:}é,\
yxs
{ fe smpmemomned wff;" )

Page 21 of 32

402 ofV% *fow'
M gbos &
19,65 v‘éﬂ‘ﬁ"w

viot geccunt
Fov (215701

fotul)

602 w2585 = 3/,&’7&/5

/




Serial Number: Date:

Tech:
10 762 189.5 ~U5.F1 9.9
100 704 237.0 B AR 5672 !
1K 52.5 2414 - 2717 5702 i
10K 453 191.2 -6 1Z -5

Table 3: Channel 3 Transfer Function Measurements

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -76.2 178.2 -46 45 -0 %l
1 762 180.7 - 15 0,97
10 76.2 189.5 - 46, 7% 57
100 704 237.0 -40,%4% £7.1>
1K -52.5 2414 -2%0% 55,62
10K 453 1912 -16.0% 3>
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 -76.2 1782 442 | ol X
1 -76.2 180.7 - Y& 74 0,94
10 -76.2 189.5 - 46,23 9.497
100 -70.4 - 237.0 ~lp 35 56,97
1K -52.5 2414 -22.%4% 59,32
10K -45.3 1912 ~|ZHZ oOHT

File Name for tr?nsfer function measurement (High Dynamic Range Mode): é% 5 wl ¢ 72 W
e ettt

& havme &,
3.1.2 Low Noise Mode

In-the-acquire-mode;-relay-K.1;-K3-and-K4-are-energized:-The-nominal response.of the.coil. driver i

low noise mode is thiree poles at [Hz, thiee zeros at 10HZ, one zero at 60Hz and ote pole at 2:3KHz:
The nominal response is shown in the plot below. Note that the transfer function is in units of volts in
to amps output into a 20 ohm load.

K+ (amrfuk ]
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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 representatlve channel to disk and record the file name in

space-provided-below. -

X513

or.

FHASSrcol 13

;5'4(}'1(‘// y/i

Table 5: Channel 1 Transfer Function Measurements

/Qc,mf 17

%m V?a//

sl via/

_5].57 M,

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -75.5 163.9 -22.39 -156.9%
1 -84.9 588 -3% 4 =2Ik -123 2
10 -127.9 68.9 - 74.59 ~1¢3.$%
100 -131.2 221.1 -78.62 29. 29
1K -113.4 239.8 -4H.08 59, 35
10K -106.2 191.0 - 5475 5. 25
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 -75.5 163.9 ~ 24,37 -15.46
1 -84.9 58.8 -4 91 -1z1.Z
10, AN ) 1279 /6. YT Ren | AW
Csia A [ozil A - K[ FY 40771

T ! ? ", < -
20 dg,(2) * 2045, (424) 4 20 Loy, (19) = 5187

Page 23 of 32




Serial Number:

‘Date:

Tech:

[ 1K -113.4 [ 2398 | -4%97 | 52599 |
| 10K -106.2 [ 910 | -56.57 | &HSF |
Table-7:-Cl 1-3-Transter-Funection-IM ements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase

(dBamps/Volt) Phase (dBamps/Volt) (Degrees)
(Degrees)
0.1 -75.5 163.9 -24 89 -\4, 6%
1 -84.9 58.8 -25,267 | ~121.9
10 -127.9 68.9 -79.6% SNy
100 -131.2 221.1 -90. % 325
1K -113.4 239.8 ~539 5947
10K -106.2 191.0 - %5.79 4,59
Table 8: Channel 4 Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Aq}unl Gain Actual Phase
(dBamps/Volt) Phase (dBamias/V olt) (Degrees)
(Degrees)
0.1 75.5 163.9 -2%,5% . -\%.47
1 -84.9 58.8 L Ars -1Zl Z
10 -127.9 68.9 -73.49 - F 14
100 -131.2 221.1 -2l 4 %9 %
1K -113.4 239.8 -£2.27 55,63
10K -106.2 191.0 -54.75 g3

File Name for transfer function measyrement (Low Noise Mode): 5 14 ﬁ 00213 ld
Channel Number for saved file: ~—— T ——

L éf:; 1.3 Dynamic Range Tests

The maximum output current requirement for the driver is +/- 2mA . for frequencies less than 1Hz.

SRSEF3.78D

Ay

- (',wuwmI obie——The tests below will verify thatthedesign meets thisrequirement. 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 20 ohm load resistor connected to the
channel under test. [n an effort to save test setup and execution time, this test may be conducted in

conjunction with the current monitor testing described in section 3.5.3 below.

Table 9: Channel 1 Qutput Current vs. Input Voltage

Input Nominal Output Actual Output Notes
Voltage Current (mA) Current (mA)

+1V 0.17 AV

-1V -0.17 ~o 17]

+5V 0.84 9. TU2,

-5V -0.84 -0, 54/

+10V 1.67 ), 675

-10V -1.67 -1, 6Z]

20V 335 %147

20V -3.35 -3, IL{'}
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Table 10: Channel 2 Output Current vs. Input Voltage
Input Nominal Output Actual Output Notes
Voltage Current (mA) Current (mA)
1V 0.17 O 16
-1V -0.17 ~ 0,171
+5V 0.84 o, 847
-5V -0.84 -0,93%
+10V 1.67 |, &80
-10V -1.67 -4
+20V 3.35 2,44
20V -3.35 -2,142
Table 11: Channel 3 Output Current vs. Input Voltage
Input Nominal Output Actual Output Notes
Voltage Current (mA) Current (mA)
+1V 0.17 0,12
-1V -0.17 ~od 70
+5V 0.84 o 346
-5V -0.84 - o, JUI
+10V . - 1.67 |, 680
-10V -1.67 -], %]
+20V 3.35 3,143
20V -3.35 AL
Table 12: Channel 4 Output Current vs. Input Voltage
anut Nominal Output Actual Output Notes
Voltage Current (mA) Current (mA)
+1V 0.17 0,162
= Y =077 G 5"",',“' =
+5V 0.84 0,4
-5V -0.84 -0, 22>
+10V 1.67 . 622
-10V -1.67 -1, 477
+20V 3.35 2,143
20V 335 -2 4]
- 250°%
3.2 NoiseTests o%
o

MW’"»WM;’ %

% (jll??x;wu 260 )

The most stringent noise requirement for the UIM Driver comes at 10Hz where the output noise
current from the driver needs to be less than 3 pA/VHz. Measuring the actual noise current into the 20
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 (TP7 and TP11). The total series
impedance in the output of the driver including the 20 ohm load is 7.8 Kohms at 10Hz. The means
that the output voltage noise measured between TP7 and TP11 needs to be less than 23 AnV/Hz at
10Hz. A plot of the simulated noise versus frequency is shown in the figure below.

| sta? 27°
/Z()(ﬂ) '-:/EUfV)( 4. ¢72 = 5-8)/)(/0-/&]/

= 580 p V/l/[;'}

300V V07

1

An(209) = 29 pA JyE
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The simulation predicts that the noise at 10Hz should be approximately 20.5nV/VHz. In the table

h’“'\ %f\ below, record the output noise at 10Hz measured between TP7 and TP11 for each channel. The

o 3X inputs to the channel under test should be tied to circuit ground and relays K1, K3 and K4 should be
RN energized (Low Noise Mode). In addition, save the noise data for one representative channel to disk
Ly and record the file name in space provided below. The frequency range for the saved file should be

& 3  from0.1Hzto 100Hz.

L 8= :
Lo

Channel Number Measured Noise at 10Hz
- Th 1 : T 1582 WIHZ
ke 2 v o 13,92
<. . 3 FFo S 20,84
A ) S |8 %4

File Name for noise measurement (Low Noise Mode): Zl_’z ; GUL} , f / é 7 & H'\'ﬁ'/ j Vlf ) 7 5;
Channel Number for saved file: __ 1
‘V‘é‘q;’Zima e é7 ;7 ;

3.3 Crosstalk Tests

_In this set of tests the crosstalk from one channel to another is measured. The measurement is made

I 2

by-measuring the fransfer-function from-the-input-of-one-channel o the noise-monitor output of ——

adjacent channels. The noise monitor is used because it is a convenient measurement point and it
provides a high gain, AC coupled measurement of the voltage output of the channel. The test setup is
shown in the figure below. The driver channels should be setup for Low Noise operation, i.e. relays
K1, K3 and K4 for all channels energized.

( #h o
\/oa#} s

Noise Monitor
Qut of Adjacent
Channel
SR785 3 o < .
1|_/i\2:1:)<-_~150\/Ksz “4,:02 - Driver E UIM Driver.
‘CH2 11" cHi J S e
A é
Lg\

. < R
ﬁh—mﬁyzﬁ# | | B
WLT— T

3 3
oy OW/Q/ 74V ov@l//aqa/f f%féﬁ/ S : .
N (g
l/iéﬂa/ s ohith oAvivevs, 13 §
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The inputs to the unused driver channels should be tied to circuit ground, the coil driver outputs

should be loaded with 20 ohms and the transfer function from each channel to the noise monitor

output of the adjacent channels should be measured. The transfer function showing the highest cross
coupling should be stored to a file. The file name is recorded in the space below. p

B ane CEHPATE
File Name for Crosstalk Measurement:__%& A5 ekl 15V — nb- "/% 7
Input and output channel numbers for saved file: __} =¥ 2

3.4 Mode Switching and Glitch Tests

In the test described below, an attempt is made to measure any transient currents that occur when
relays K1, K3, and K4 are enabled. Each of the three relays should be tested sequentially in the order
K1, then K3, then K4, leaving the previously tested relay energized when moving on to the next
relay. The test setup is shown in the figure below.

5
UIM.Driver. *§

" Binld . BinOut:

CH1

20 chms

oscope SR560
- (AB) -

che . Gain=TED i}

2.7 AC couple:sii-

BV, £ overloels sM650
The signal source is a Stanford Research DS345 or equivalent that is set to produce random noise on
top of a.5% DC offset. The output of the signal generator is then low pass filtered by the SR650. This
is done.in an effort to.simulate the types of signals that will be input to the driver during operation. A

=== —————————"switch should be connected tothe binary input controls for relays K1, K3 and K4-and the-binary -
output monitor for the corresponding relay connected to channel 1 of the scope. The scope should be
set to trigger on the rising edge of channel 1. Any changes in the output current caused by enabling
the relays should be coincident with the corresponding monitor signal. If any glitches are observed
note them in the space below and record the oscilloscope trace to disk.

Glitches Observed? (24

Description: fﬁ@ o \H\“&h& &/ /'L /.

< 2 covo) PG

File Name of recorded trace:

3.5 Monitors, Controls and Circuit Protection
3.5.1 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
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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
fm_o%tﬁ{gyﬁglt. The coil driver output should be load with 20 ohms during the tests. The fest setup

of the measurements is the same as that for the crosstalk measurements with the exception that the
noise monitor used is the monitor for the channel under test. Relays K1, K3 and K4 should be

energized during the tests, The figure below shdws the response nominal response.
~ (N - moe.

.03 aEmonli

TP TeT

MR EET PR PRI s R L PR

1860 0

Frecueny thel

PHABE(monou)

RN (IR P WA [ R AT (R AR
1ce3 1393 o 1e33e 1903
Fracuency st

In the tables below, record the measured magnitude and phase of the response for each channel. In

— ”77adﬁ'it’ion,—s’zive’tfreftrénsfer:fun’ct'ronforfori't-rrepresentative’channelicrdisktandtrecordtthe;ﬁIe'némefin -

space provided below.

Table 13: Channel 1 Noise Monitor Transfer Function Measurements

Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees)
(Degrees)
0.1 -86.3 -20.9 - $0,931 AN
1 -16.2 1695 | -~ FZF -1724.7
10 -7.8 -377.6 -390 -3 7
100 -12.9 -366.7 -0 UEZ %74
K -134 . -384.8 -10,091 -2%4
10K 277 -486.6 -24,424 - 494, 3
Table 14: Channel 2 Noise Monitor Transfer Function Measurements
[req (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees)
(Degrees)
0.1 363 20.9 -0, 632 | -20.77
1 -16.2 -169.5 -10.607 -
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10 -7.8 -377.6 -2.4o% -Ze 4
100 -12.9 -366.7 -9, 7Y -248 R
K 134 -384.8 -|0.0b4 -3%559
10K -27.7 -486.6 -2U)E2 -493 %
Table 15: Channel 3 Noise Monitor Transfer Function Measurements
Freq (Hz) Nominal Gain Nominal Actual Gain Actual Phase
(dBV/Volt) Phase (dBV/Volt) (Degrees)
(Degrees)
0.1 -86.3 -20.9 - %1, 0463 - 20,84
1 -16.2 -169.5 SN -17L2
10 -7.8 -377.6 ~2.43% - 252
100 -12.9 -366.7 -9, 471 - 243
1K 134 -384.8 ~Ww.o9| - 234,94
10K 277 -486.6 -Z24,947 - Y494.7
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 -86.3 -20.9 -%1173 20,35
1 -16.2 -169.5 3 (2 -170. 5
10 7.8 3776 -2 4% -382.L-
100 -12.9 -366.7 -9,43z -24%.] -
1K -134 -384.8 -10.0%4 2 -2387
10K 277 -486.6 ~ZBHIE | —267F-496.9

File Name for Noise Monitor Measurement: z K 20| Z 7 94
4

Channel number for saved file:

3.5.2" Noise Monitor OvﬁfﬁuTNGi'é'é' Tests .

A plot of the simulated noise versus frequency is shown in the figure below.

400
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" As can be seen from the plot, the noise at 10Hz at the monitor output should be approximately

3.4uV/VHz. In the table below, record the output noise at 10Hz. The inputs to the channel under test

should be tied to circuit ground and relays K1, K3 and K4 should be energized (Low Noise Mode).
In addition, save the noise data for one representative channel to disk and recofd the file name in

- spaceprovided-below.-The-frequency-range-for-the saved file.should be from 0.1z to 100Hz.

Channel Number Measured Noise at 10Hz

1 3, 2968 wilde'
2 7,159 "

3 Z. 9l

4 Z 171

\/;w \AVMV&V‘/ \
ol Ve W

File Name for noise measurement: 5’4;0!;: 7 ¥ ‘ﬂ
Channel Number for saved file: __ 4

3.5.3 Outbut Voltage and Current Monitor Tests %@“

The monitor board connected to the UIM 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
vange 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.

Page 30 of 32
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Table 17: Channel 1 Monitor Output Tests
Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
‘| Monitor Monitor | Current | Monitor Monitor (Volts)
. (FC) Mon (Yolts) (Volts)
(80
+1V 0.443 0.217 0217 | ooz | 0. 222 | 00K
-1V -0.443 -0.217 10217 | -p W44 | -0 220 | 0,0Z]
[ +sv_ | 222 _ 2094 | o094 | o NeF , |
SV 222 =285 [ - e¥7 | o7& !
+10V 4.43 U35y | Z. 14% 2,217
-10V -4.43 -uggE| 2,376 | ©. 219
20V 8.87 2166 | NotZ o 4o&
20V -8.87 ~g 77| -Yo7z | 0,36
Table 18: Channel 2 Monitor Output Tests
Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
Monitor Monitor Current | Monitor Monitor (Volts)
(FC) Mon (Volts) (Volts)
(SC)
+1V 0.443 0217 0217_| OHI9 | 0297 | 0,020
-1V -0.443 -0.217 10217 |- Ut -0 2241 A.02]
+5V 222 1.09 109 [ Z,208 | |10] o 4
-5V -2.22 -1.09 109 [-2,023 | | 6FF | o.1074
10V 443 2.17 2.17 Y257 | 21172 0. 217
-10V -4.43 -2.17 217 [-u,247| -7,17X o213
+20V 8.87 4.34 4.34 147 Uo72 o Hoéb
-20v -8.87 -4.34 #434 [ -gu7d | -Hhott | ©.299
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Table 19: Channel 3 Monitor Output Tests
Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Yoltage Current rms Voltage Current Tms Vionitor
Monitor Monitor | Current | Monitor Monitor (Volts)
(FC) Mon (Yolts) (Volts)
: (8C)
1V 0.443 0217 0217 | o, 4eZ| 0.20% 0,020
v 0443 0217 10217 |~ Hitf| -0 221 v o 22
+5V 2.22 1.09 1.09 7,207 L2 o, Iz
5V 222 -1.09 1.09 | -2,097 | -, 084 O, 1685
+10V 4.43 2.17 2.17 H,352 2171 o 2170
-10V -4.43 217 12.17 -u36l | -7074% o, 2137
+20V 8.87 434 4.34 21157 y,07Z 0,408
20V -8.87 -4.34 1434 | -176 | -4h07F o 719
Table 20: Channel 4 Monitor Output Tests
Input Nominal Nominal | Nominal Actual Actual Actual Current
Voltage Voltage Current rms Voltage Current rms Monitor
Monitor Monitor | Current | Monitor Monitor (Volts)
FO) Mon (Volts) (Volts)
(8C)
1V 0.443 0217 0217 | o, HA | 0,222 erzoF o0 2
-1V -0.443 -0.217 10217 | -0, deft| -0, 222 .02
+5V 222 1,09 L9 [ xz2ez| |97 oillg
-5V -2.22 -1.09 .09 |-z 48 <, 079 NI
+10V 4.43 2.17 2.17 U322 2147 o.217Z
10V -4.43 217 217 | -§252] - 2,71 02125
20V 8.87 4.34 4.34 74 y,072 o do7€
20V -8.87 -4.34 +4.34 -7y | -u,07% ©.399
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