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INITIAL INSPECTION

It is recommended that the shipment be inspected immediately upon delivery. If it isdamaged in any
way, contact Bergoz Instrumentation or your local distributor. The content of the shipment should be
compared to the items listed on the invoice. Any discrepancy should be notified to Bergoz
Instrumentation or its local distributor immediately. Unless promptly notified, Bergoz
Instrumentation will not be responsible for such discrepancies.

WARRANTY

Bergoz Instrumentation warrants its beam monitors to operate within specifications under normal use
for aperiod of 12 months from the date of shipment. Spares, repairs and replacement parts are
warranted for 90 days. Products not manufactured by Bergoz Instrumentation are covered solely by
the warranty of the original manufacturer. In exercising thiswarranty, Bergoz I nstrumentation will
repair, or at its option, replace any product returned to Bergoz Instrumentation or itslocal distributor
within the warranty period, provided that the warrantor's examination discloses that the product is
defective due to workmanship or materials and that the defect has not been caused by misuse, neglect,
accident or abnormal conditions or operations. Damages caused by ionizing radiations are specifically
excluded from the warranty. Bergoz Instrumentation and its local distributors shall not be responsible
for any consequential, incidental or special damages.

ASSISTANCE

Assistanceininstallation, use or calibration of Bergoz Instrumentation beam monitorsis available
from Bergoz I nstrumentation, 01630 Saint Genis Pouilly, France. It isrecommended to send a
detailed description of the problem by fax.

SERVICE PROCEDURE

Products requiring maintenance should be returned to Bergoz Instrumentation or itslocal distributor.
Bergoz Instrumentation will repair or replace any product under warranty at no charge. The purchaser
isonly responsible for transportation charges.

For products in need of repair after the warranty period, the customer must provide a purchase order
before repairs can be initiated. Bergoz Instrumentation can issue fixed price quotations for most
repairs. However, depending on the damage, it may be necessary to return the equipment to Bergoz
Instrumentation to assess the cost of repair.

RETURN PROCEDURE

All products returned for repair should include a detailed description of the defect or failure, name and
fax number of the user. Contact Bergoz Instrumentation or your local distributor to determine where
to return the product. Returns must be notified by fax prior to shipment.

Return should be made prepaid. Bergoz Instrumentation will not accept freight-collect shipment.
Shipment should be made via Federal Express or United Parcel Service. Within Europe, the
transportation service offered by the Post Offices"EMS" (Chronopost, Datapost, etc.) can be used.
The delivery charges or customs clearance charges arising from the use of other carriers will be
charged to the customer.
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YOU JUST RECEIVED A BEAM POSITION MONITOR ....

The BPM system includes:

Description Order code

* BPM €electronics module BPM-XXX.XXMHz....

» 19’ chassis with power supply BPM-RFC/X, X = BPM stations number
» Table-top test kit with power supply BPM-KIT

» 3U-Card extender with coaxial contacts BPM-XTD

* RF service module with four front-panel SMA BPM-SERV/RF

* TTL commands service module BPM-SERV/CMD

with front-panel DB9 and DB15 connectors
This delivery may include:

» Option: Single button sampling BPM-SBS
* Option: Fast NIM gate BPM-FG

If included, these options are mounted on the BPM electronics module.
Check that the voltage of the power supply corresponds to your mains voltage.
On thetable-top kit: The voltage isindicated on the power supply module.
If it does not correspond, use atransformer or contact the manufacturer to get another power supply.
In the 19” chassis. The power supply is autoranging (98V...264V), and does not need any
adjustment.
QUICK CHECK
Y ou can check immediately that your BPM system is working.

If you have the table-top test kit (BPM-KIT), use the following set-up:

Oscilloscope RF Source
Ch.1 Ext. trig. ] I
DVM DVM A A
A A Power
SDEMOD SYNC splitter
X Y A _— clock
Beam
v B——
— Position C % >
D

Power
: Y
Monitor supply X
] / agc

8-bit DIP switch  /
AC mains

Place all DIP switchestotheleft: OFF
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QUICK CHECK (Cont'd)
If you have a 19" chassis (BPM-RFC/X), use the following set-up:

Oscilloscope To button inputs RF Source
(back of chassis)
Power
splitter [ [
D 2L Ch.1 Ext. trig. / P
A A A A
| o
= Z| = :/ (@)
]
X Y =
= (0 N0 W -

Attach the equipment together as shown above.

Set the oscilloscope time base on 0.2 ms/ div.
Ext. trigger connectsto SYNC signal, trigger level 0.2V, 1 MQ AC coupling
Channel 1 to SDEMOD signal, sensitivity 0.1V / div., 1 MQ AC coupling

Set the RF source to the operating frequency.

Amplitude ca. -13 dBm

Note:  The BPM module operating frequency is written on the F—Key daughter board.
To access the F—Key, remove the BPM module shield.

Set the X and Y voltmeters range in such away that millivolts are readable.
Connect to AC mains, the oscilloscope should display:

8~Jul-86
15:34:02

I I R I 1 Synchronous demodulated signal.

Main Menu ‘ Each period 100...125ps represents

--/the successive buttons A, B, C, D, A, B...

A S S ~ The signals are equalized before delivery
M%ﬂu/“‘f\“\ p Pm?"iu Jj‘tﬁ\ﬁ of the BPM module, using a precision
e ' e . input 4-way splitter.
+ .
% Differences in signal level as shown here
_— T N _— __ are due to uneven input signals.
TTTTETTESITIIRITTTIITTTTITTTNi Chan 1
— g 2ms .1V ) ) ) )
z ] Note: 1 dB input signal difference gives

- ca.300 mV of demodulated signal
EXT 0.50 VLFRES  OH .1 V.~ gmplitude difference
N

CH2 1mV ~
T/div .2ms
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QUICK CHECK (Cont'd)

It may be that the demodulated button signals are uneven, like this:

8-Jul-86
15:35:69
| T o —————— Synchronous demodulated signal.
Main Mers L . Each period 100...125us represents
""" N e VT e D e the successive buttons A, B, C, D, A, B...
e N - (R
T /2 . . —
S + This demodulated signal indicates large
U O £ LR =0 Ot 1 O 9 O difference of power applied to the button
| T S =———— inputs.
I B Differences in signal level as shown here
S B e s Bt SR SRR v exceed 1 dB.
T H t.2ms .1V
; i < i
L : .
———— -
EXT 0.50 V LFREJ CH1 .1V =~
_J—_L_.. CH2 imv =~
Tsdiv .2 ms

The on-board button attenuators could be adjusted to compensate for the input power difference,
therefore equalize the signals, but...
Do not readjust the on-board attenuators before you are familiar with the BPM behaviour.

What if the display does not look as shown

Check that all DIP switches of the table-top test kit are set OFF (left position).
Check that all cables are properly connected.
Check that the RF source gives the required frequency and amplitude.

If you have more than one BPM module, try another one.

Getting familiar with the BPM

Vary the power from the RF source to simulate beam intensity variations.
Explore the range from 0 dBm down to -90 dBm.
Remember that the 4-way power splitter absorbs some power: adjust for it !

While the RF source output power is changed, observe the intensity dependence of X and Y
outputs on the voltmeters. |f the BPM electronics gain has been set for 1 V/mm, each mV is
equivalent to 1 pm beam displacement.

Measure the rms noise at various signal levels.
Observe the noise spectrum with an FFT or baseband spectrum analyser, at various signal levels.
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ON-BOARD ATTENUATORSADJUSTMENT
I ntroduction

The BPM module is equipped with four on-board adjustable attenuators. Each attenuator
adjustment range exceeds 1 dB. We recommend that all BPM modules are adjusted on center for
equal power applied to the four button inputs. The on-center condition is satisfied when the
amplitude variation of SDEMOD is below 20mV at —10 dBm input power. Then, X=0 and Y=O0.
Theremaining X and Y zero offsets can be eliminated (within £20mV) by fine tuning the
attenuators.

The BPM electronics has best performance, i.e. more linearity over the dynamic range, when the
power difference between input signalsis kept to aminimum. Thisis obtained for a centered beam
and cables with equal attenuation.

The on-board attenuators can be used —within their limited 1-dB range— to compensate for an off-
centered beam or unequal cable attenuations.

Procedure

The table-top test kit (BPM-KIT) isthe easiest setup to adjust the attenuators.
Extract the BPM module and proceed as described in “ Quick Check”.

Note: BPM modules can be removed and inserted while the power is on.

The card extender (BPM-XTD) alows a BPM module to be extended out of its chassis slot.
Extract the BPM module, install the extender and proceed asin “ Quick Check”.

Note: The card extender has unequal button-to-button attenuations. It introduces an offset in
Xand Y. The card extender offset was measured at the time of shipment. To recheck it, measure
the X and Y offsets with and without extender .

To adjust the on-board attenuators, we recommend that the shield is removed:

To remove shield: Remove screws (2) from under

\\%_
@)

On-board attenuators access
holes
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ON-BOARD ATTENUATORSADJUSTMENT (Cont’d)

Beam Position M onitor board

SBS-mode
fixed level gain AGC RF BPF Attenuators
\ IF BPF
\
y \ | NN o
Demod. phase ;ZLNA \fa" BUTA
:E g‘" GaAs BUTB
Demodulator switch BUTC
Carrier phase g’" driver BUTD
IF BPF Level shift |piixer \ ¢ Clock
2] |_\O adjust
Single F-Key
Button g -
Y
Sampling gan
(option) GATE
X qain (option)
o—

To adjust the attenuators, use a screwdriver with a ceramic tip. A metal tip changesthe signal !

Set al four on-board adjustabl e attenuators 1/4 of aturn clockwise. Oneturnisca. 31v2.

Set the RF source to the BPM operating frequency. Set power level such that -10 dBm is applied to
each button, taking the 4-way power splitter attenuation into account.

Adjust progressively A, B, C and D attenuators until the SDEMOD signal has minimum level
differences.

Note: The BPM module adjustment must be done by observing SDEMOD to minimize the button-
to-button power differences. It can not be done by simply adjusting X=0 and Y=0: Thereisan
infinite number of A,B,C,D combinations satisfying X=0 and Y=0; i.e. A=1,B=2,C=1,D=2
yields X=A-B-C+D=0 and Y=A+B-C-D=0.

BUTTON SAMPLING

The BPM module has an on-board clock to drive the input multiplexer. Theinternal clock
frequency is adjustable by the “Clock adjust” potentiometer from 8 to 10 kHz.

Each button is thus sampled during 100 to 125 ps, and a complete scan is made in 400 to 500 ps.

The beginning of each scanning cycleis available as output signal SYNC rising edge (See
“Connector Pins Allocation”, this manual). SYNC frequency is 1/4 of sampling frequency.

Theinternal clock can be overridden by an external clock.
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EXTERNAL CLOCK

An external clock can be applied to the BPM module to drive the input multiplexer.

It must be applied to CLK* (See “ Connector Pins Allocation”, this manual).

Amplitude > 6Vp-p, or 23V positive-going, pulse length = 10ps.

It overrides the internal clock after afew milliseconds.

The BPM module operates properly up to an external frequency of 40 kHz, therefore the sampling
of each button input can be made in 25us, the four buttons can be sampled in 100us. Asaresult,
the beam position can be effectively sampled up to afrequency of 10 kHz.

The use of an external clock —and faster beam position sampling— may be required to eliminate
aliasing of certain beam motions.

The performance of the BPM module is not affected by a higher sampling frequency:

» The X/Y output noise increase is not noticeable

» The X/Y zero (on-center) dc values are slightly shifted, but stable at each particular frequency.
ALGORITHM & POLARITY CONVENTION

45° puttons

AY
Va-Vg-Vc+Vp B A

= K
X X Va+ Vg + VetV 2(\%
K)Z » X

Va+VE-Ve-Vp
Va+ Vg +Vc+Vp C D

Y = Ky

Orthogonal buttons

Va- Ve B
X = K
X Va+ Vg +Vc+Vp
C \ «
A
Ve -Vp
Va+Vg+Vc+Vp D
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PRINCIPLE OF OPERATION

The signal from the BPM buttons are time-multiplexed into asingle signal applied to a
superheterodyne receiver. The demodulated signal is demultiplexed into four button value stored in
analog memories. The four signals are summed and the sum is maintained constant by an
automatic gain control. The sum of all buttons being equal, the beam position is obtained by the
analog summations X=A-B-C+D and Y=A+B—-C-D for 45° buttons, and Y=D-B and Y=A—C for
orthogonal buttons.

More details in the attached Annexes:

Annex I1. Precision Analog Signal Processing for Beam Position Measurements in Electron
Storage Rings, J.A. Hinkson and K.B. Unser, Proceedings of the 2nd DIPAC,
Traveminde 1995

Annex I1l.  New Generation Electronics Applied to Beam Position Monitors, Klaus B. Unser

1996 Beam Instrumentation Workshop, Argonne National Laboratory.
Many of the fundamental principles of our BPM module were developed by John W. Bittner and

Richard W. Biscardi for the National Synchrotron Light Source at Brookhaven National
Laboratory. U.S. Patent 5,001,416 was granted to them on March 19, 1991.

BLOCK DIAGRAM

: frequency
| synthesizer [\

BERGOZ Instrumentation - 01630 Saint Genis Pouilly, France - Tel.: +33-450.426.642 - Fax: +33-450.426.643
email: bergoz@bergoz.com - http://www.bergoz.com - Registre des Métiers: Bourg-en-Bresse - Registre desingénieurs. Zurich
TVA-VAT-IVA-USt. N° FR88414997130 - Sarl. capital 152K€ - Siren 414 997 130 R.C.S. Bourg - APE 332B



BERGOZ Instrumentation Multiplexed

01630 Saint Genis Pouilly, France Beam Position Monitor

Tel. +33-450.426.642

Fax +33-450.426.643 Page 10 User’s manual
PERFORMANCE

BPM electronics for closed orbit measurement are characterised by:

Sampling frequency of the button signals

Output signal noise (resolution) vs. input signal strength

Dynamic range of signalsthat may be applied to the unit, itself characterized by:
Position error (linearity) vs. input signal strength for equal signals (on-center beam)
Position error (linearity) vs. input signal strength for unequal signals (off-center beam)
Drifts caused by environmental changes

The performance of the first regular production unitsis given hereafter:

Sampling frequency

Upto40kHz. X and Y are updated at the rate up to 10 kHz. With theinternal (default) clock, the
sampling frequency is 2...2.5 kHz.

Output signal noise (resolution) vs. input signal strength

93.750 Hz Y= 205.7 pVrms/JHz LogMag PSD 0
[ ! 1 ] 1 ! i ! H
‘ | I

: | i | | i |
\ [ ‘ Noise in 10V Y output at 1 V/mm sensitivity for 17.12 -mm chamber in Y
—————————Unit tested: BPM499.658MHz-X0.0607V/%-Y0.1712V/% serial #0035
‘ | ; Test instrument: Stanford Research SR760, Average rms = 50

%’“‘/V\J 10 mVrms VHz
V\M\r\f\w\“ Signal power applied to BPM inputs
A

Mﬂjzﬂ f ,—90 dBm

| % | VW
\\/\Mmﬁ v\*ﬂw\m ~80 dBm o

| WW WVM\/ W\M **** 1 mVrms WVHz
AWM A M\j\“’”n —70dBm VYA \J\M\’“ﬂ

100 mVrms NVHz

A Y i Mafiy ] T

WMM —60 ;g\n;)\/\” ,\W‘V"\fv/\ W\”\/\/‘/\/\

N M/\N WUVWV\“/\JJ\ LAY W‘*"‘ 100 pvrms WHz

A —50 dBm

- | Y W%’V“\vw»\jpm VANWW\W

Noise spectra at higher input power are WMMW&

similar to the spectrum at -50 dBm input
0.0 kHz 781.250 Hz 1.562500 kHz 10 pvrms WHz
Top = 100mVrms/J{Hz 10 dB/div Wndo: BMH

File= Live

6/4/986 8: 50: 41
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PERFORMANCE (Cont’d)

Position error (linearity) vs. input signal strength

Front Panel

Frequency| X Gain | 'V Gain

\ e
: 0“--(9@7‘3{" 5.85 e }#— c&u#f.f‘
\Poee
% . e St e .-Vm"z
';: ‘~_\\\‘ i
1 2.5 oﬂ*cem@r '

LabVIEW data acquisition virtual instrument using NB-M10O-16XH sampler, by Karen Scott
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PERFORMANCE (Cont’d)

Temperature dift

DRIFT of the X output Unit tested:
Cold start LNLS Campinas, serial #020
9 hours recording BPM-476.003MHz-X0.21V/%-Y0.21V/%
Day/Night temperatures
Min. = 19.4°C Date: Apr. 29, 1996, by Alain Charvet
Max. = 25.3°C
1P Bp 60 A
06 .
=
L=
-
=
[
=
e b
=
'_
1 mV/ div.
b4
40
\
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CLOSED ORBIT OPERATING MODE

Thisis the most smple operating mode. It isthe default mode, i.e. when no external control
signals are applied to the BPM module.

In the default mode, the internal clock controls the button sampling frequency (8...10 kHz).
The average beam position is available as:

XOuUT X output. Analog output. (See Algorithm & Polarity Conventions, this manual)
Voltage range: —10V...+10V. Zero iscentered beam.

YOUT Y output. Analog output. (See Algorithm & Polarity Conventions, this manual)
Voltage range: —10V...+10V. Zero iscentered beam.

The value of each individual button A, B, C and D isaso available. They can be used to compute
—externally— the beam position with algorithms other than A/Z :

AOUT A output. Analog output.
Voltage range: 0...+10V. Pedestal ca. 1V.

BOUT A output. Analog output.
Voltage range: 0...+10V. Pedestal ca. 1V.

CouT A output. Analog output.
Voltage range: 0...+10V. Pedestal ca. 1V.

DOUT A output. Analog output.

Voltage range: 0...+10V. Pedestal ca. 1V.
In closed orbit mode, the BPM modul e performance can be monitored with:
PLLOCK PLL demodulator inlock & good signal level. TTL output.

High=PLL inlock and signal level OK
Low = PLL out of lock or signal level poor

The DB9 female front-panel connector allows the observation of the multiplexed demodulated

signal:
SDEMOD Synchronous demodul ator output. Analog output. For oscilloscope viewing.
SYNC Synchronization pulse. TTL output. Positive-going. For oscilloscope trigger.
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FIRST TURN CAPABILITY

When the Single Button Sampling option (BPM-SBY) isinstalled on the BPM module board, the
BPM module has a limited capability of monitoring the first turn(s) after beam injection.

The BPM-SBS option consists of asmall piggy-back plug-in board which installs on the BPM
main board.

Thefirst turn capability offered when BPM-SBSisinstalled consists of measuring four successive
injections, first with button A, second with button B, third with button C and fourth with button D.

The value of each button is given by the BPM module on the X analog output XOUT. It
corresponds to the highest signal received by the selected button, until it isreset by the user. A
peak and hold (P/H) circuit on the BPM-SBS piggy-back board implementsit.

The value of each button must be measured and the position must be calculated by an external
computer.

When the SBS mode is enabled, the Automatic Gain Control (AGC) isdisabled. The amplifiers
gain is controlled by a 20-turn potentiometer “Gain Adjust” located on the BPM module front panel.
The potentiometer must be roughly adjusted so that the amplifiers gain is sufficient in relation to the
injected charge and the pickups sensitivity. Note: The gain may be different among BPM modules.
The Single Button Sampling mode is enabled by pulling down:

SBS* Single Button Sampling mode. TTL inpuit.

The button is designated by a 2-bit address:

BADDO* Button addresses. TTL input. Active only when SBS mode is enabled.
BADD1*
BADD1 BADDO
Button A high low
Button B low low
Button C high high
Button D low high

Default value: Button C
The output is obtained on:

XOuUT Analog output value of button addressed, from P/H circuit
Voltage range: 0...+5V, pedestal =0.5V.
Settling time< 1 ms
Signal droop negligible up to 100 ms.

The Peak and Hold circuit isreset by pulling down:

PHRESET* Peak and Hold Reset. TTL input.
Thisinput has no interna pull-up.
Pull up to reset (min 5 ms).
Pull down to measure bunch, at least 1 ms before bunch. Keep down to hold.
But don’t pull down too early, or SBS will measure peak ambiant noise !
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FIRST TURN CAPABILITY (Cont’d)

Timing

=>1ms

Beam

Button signal

PHRESET*

=10 ms

XOUT

<1ms

Gain setting

In Single Button Sampling mode (SBS* pulled down), the automatic gain control (AGC) is
disabled. The circuit gainisset by the front panel potentiometer labelled “ Gain Adjust”.

The potentiometer must be set so that the injected bunch causes the X output XOUT to be ca.
+2.5V. In practice, if the beam isnot on center, it might be necessary to read successively all four
buttons and set the 4-buttons average output valueto ca. +2.5V.

After setting the gain potentiometer, the setting can be recorded, in order to reset it to the same value
whenever needed: While the BPM isin Single Button Sampling mode, measure the AGC voltage
and record it. The AGC voltageisareliable indication of the potentiometer gain setting.

The AGC voltage (VAGC) is available from the front panel DB9 connector (pin 3) and from the
DIN41612 rear connector (pin c19). Onthe BPM chassis ref. BPM-RFC/xx, it is available from
the DB15 connector (pin 2).

BERGOZ Instrumentation - 01630 Saint Genis Pouilly, France - Tel.: +33-450.426.642 - Fax: +33-450.426.643
email: bergoz@bergoz.com - http://www.bergoz.com - Registre des Métiers: Bourg-en-Bresse - Registre desingénieurs. Zurich
TVA-VAT-IVA-USt. N° FR88414997130 - Sarl. capital 152K€ - Siren 414 997 130 R.C.S. Bourg - APE 332B



BERGOZ Instrumentation Multiplexed

01630 Saint Genis Pouilly, France Beam Position Monitor
Tel. +33-450.426.642
Fax +33-450.426.643 Page 16 User’s manual

FIRST TURN CAPABILITY (Cont’d)
Button value readout
The output signal XOUT is (in first approximation) proportional to the logarithm —or dB value— of

the button signal strength. The signal has a pedestal =0.5V, it has the same value for all four
buttons.

5.00

4.00

X 3.00

T 2.00

e
poet”

0.00 -
0 10 20 30 40 50
Relative button signal strength [dB]

The pedestal must be read in the absence of beam and deducted from the button value reading.

The phase relationship between the beam bunch and the superheterodyne receiver local oscillator
(LO) isarhitrary. As aconseguence, the down-converted signal variesin amplitude, depending on
the phase angle. Amplitude variations from bunch to bunch (i.e. from conversion to conversion)
can be as high as 20%. These variations are purely statistical and can be eliminated by averaging a
series of readings.
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SINGLE BUNCH / SINGLE BEAM MODE

The Fast Gate option (BPM-FG) allows to monitor the position of a single bunch out of a beam, or
to separate beamsin colliders, provided the selected bunch can be fitted in the gate of 20 ns
minimum width. The BPM-FG option consists of amodified GaAs switch driver —with aNIM
pulse command- replacing the standard switch driver, and the addition of the GATE input
connector.

The Fast Gate may be used with the Closed Orbit mode and with the Single Button Sampling mode.

* In Closed Orbit mode, the Fast Gate allows to monitor the average position of a single bunch, or
selected bunches.

* InFirst Turn mode, the Fast Gate allows to capture the first turn only, or any other subsequent
turn.

The gate is defined by:

GATE External fast NIM gate. Only with option BPM-FG.
Gate width= 20 ns.

The Fast Gate feature works like this:
* When no signal is applied to GATE (disconnected), the Fast Gate featureis not active.

* When GATE ispulled down by aNIM (-20 mA) signal, all multiplexer GaAs switches
remain open (non-conducting).

* When GATE isreleased high (0 mA), the GaAs switch addressed by the button address lines
BADDO and BADD1 closes (conducting).

Fast Gate timing

> 20 ns
GATE ‘ \

- I I

4 e

%'{7{1# conducting
GaAs switch non-conducting non-conducting

Beam

Gated bunches /\j\

To display the above signalsin their correct time relation, the service module BPM-SERV/RF can
be inserted in place of aBPM module. It providesthe RF signalsBUTA, BUTB, BUTC, BUTD
and the delayed GATE signal.
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X AND Y GAIN ADJUSTMENT

Conventions

BPM modules are referenced in terms of operating frequency and X /'Y gains as they appear on the
order code:
BPM- 000 00 MHz-Xx 000 V/%-Y 0.00 V/%

|_ I—Vertical gain
Horizontal gain

Operating frequency

The BPM module X /'Y gain units are V/%.

The BPM buttons sensitivity is -depending on the laboratory- expressed as.
» Vacuum chamber calibration factor [mm]

* Vacuum chamber Sensitivity [mm-1] or [%/mm] or [dB/mm]

The overall gain of the BPM buttons and el ectronics system is expressed in V/mm.
It isthe product:

Gain[V/mm] = Vacuum chamber Sensitivity [%/mm] x BPM module gain [V/%)].

BPM module gain adjustment

The X and Y gains have been adjusted before shipment according to the order code.
Two on-board potentiometers allow afine adjustment of thegain: X gainand Y gain:

SBS-mode
fixed level gain AGC RF BPF Attenuators
\ IF BPF
\
1% ; — i
Demod. phase ;ZLNA \fa’ BUTA
:E g‘" GaAs BUTB
Demodulator switch BUTC
Carrier phase {a" driver BUTD
IF BPF Level shift |piixer \ ¢/ Clock
2] I_\O adjust
Single ¢ F-Key
Buttor! Qf Y gain
Sampling
(option) GATE
X gain (option)
ol—

The gain potentiometers are accessible via holes bored through the Single Button Sampling (option)
piggy-back board.
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BPM module gain adjustment (Cont’d)
The gains can be adjusted over awider range by changing a few components.

X again is determined by the equivalent resistance of R168 in parallel with R141.
Y again is determined by the equivalent resistance of R169 in parallel with R151.

The equivalent resistance as a function of the desired gain can be approximated by:

_ 0.93
Requ [kQ] =
e k@ = = [VI%] — 0.034

L IR
. ’%ﬁ—@?fﬂ 17 =

[0

Al

Fi iy ==
O

(0

i
i

I

niE—_
=
[

—
(]
[

X gain: R168 || R141 Y gain: R169 || R151

BERGOZ Instrumentation - 01630 Saint Genis Pouilly, France - Tel.: +33-450.426.642 - Fax: +33-450.426.643
email: bergoz@bergoz.com - http://www.bergoz.com - Registre des Métiers: Bourg-en-Bresse - Registre desingénieurs. Zurich
TVA-VAT-IVA-USt. N° FR88414997130 - Sarl. capital 152K€ - Siren 414 997 130 R.C.S. Bourg - APE 332B



BERGOZ Instrumentation Multiplexed

01630 Saint Genis Pouilly, France Beam Position Monitor
Tel. +33-450.426.642
Fax +33-450.426.643 Page 20 User’s manual

LOCAL OSCILLATOR PROGRAMMING

I ntroduction

The beam spectrum selected harmonic —called the * operating frequency”— is mixed with the Local
Oscillator (LO) frequency to obtained the Intermediate Frequency (IF).

Mixing two signals produces many frequencies, one of which is of interest to us. |fop— fLo|-

The BPM module uses 21.4 MHz as intermediate frequency. As aconsequence, the LO frequency
can have either of two values:

fro = fop—21.4 MHz, or fro=fopt+21.4 MHz

The IF filters have atypical 3-dB bandwidth in excess of 500 kHz. However, BPMs made for
very large machines may have narrower filtersto reject their revolution frequency.

The phase-locked synchronous demodulator tracks the carrier signal over awide range:

21.25MHz < fir< 21.55 MHz

The on-board local oscillator frequency synthesizer uses an MB87003A circuit from Fujitsu. It
requires a 17-bit serial word for its programming'. The BPM module implementation of this circuit
is described in an annex to this manual®.

Changing the L O frequency

Note: It may be necessary to change the LO frequency if the difference between your beam chosen
harmonic and the BPM operating frequency exceeds 100 kHz.

The 17-bit word is generated by a small daughter board plugged on the BPM module main board.
Each bit is programmed high or low by a solder bridge to either +5V or ground:

» Solder bridges on the F-Key components side are pull-ups.

» Solder bridges on the F-Key solder side are pull-downs.

Programming bits are numbered as follows:

F-Key

—a® — e —

(e ) (o )
bit-12 C3 ) bit-11 bit-4 3 ) bit-3
bit-13 C3 ) bit-10 bit-5 33 ) bit-2
bit-14  hit-9 bit-6 3  bit-1

bit-17 & -16 CJ ) bit-8 bit-7 3 ) bit-0

(e ) (e )

la— — (— —

Components side

Note: The synthesizer receives effectively 17 bits from the F-key. Thefirst programmed F-key bit
is sent twice, asbitl7 and as bit16.

! Fujitsu Telecommunications Products, 1992 data book, Cmos PLL frequency synthesizer, page 2-3 thru 2-14
2 New Generation Electronics Applied to Beam Position Monitors, K.B. Unser, page 4, Thp.: proceedings of the 1996
Beam Instrumentation Workshop, Argonne.
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Changing the LO frequency (Cont’d)

Example:

APS RF frequency 351.94 MHz

Desired fLo fre+21.4 MHz = 373.34 MHz
Modulus M =64

Ref. divider ratio 64

fref 69.275 kHz

Nearest sythesized fLo 373.325 MHz

N 84 =00 0101 0100

A 13 =000 1101

f-code (0) 0010 1010 0000 1101

fin=synthesized fLo —21.4 MHz
Deviation

351.925 MHz (nearest programmable operating frequency)
(351.94 — 351.925) MHz = 15.4 kHz

Condition Deviation << 150 kHz PLL tracking range: accepted
Top View e — — e —
(e ] [ )
Pull-ups = “1” (- - (= -
L I ] (e -
(= . — D
(. ] (e .
(. ) (e )
(e A -] (— B -
Bottom View
Pull-downs = “0” L L
[ [
[ [ -
[ [ -

On request, the BPM manufacturer will send the solder bridges layout for a given LO frequency.
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SIGNALS

Button | nputs

BUTA
BUTB
BUTC
BUTD

Button inputs A, B, C, and D. Impedance 50Q.
See Algorithms & Polarity Conventions, this manual, for buttons assignment.

Auxiliary fast signals

RFOUT
LOIN

GATE

RF signal output. Reserved for future use.

Input for external Local Oscillator. On option only.
Nominal power 0 dBm, range -8 dBm...+6 dBm. Internally terminated in 50 Q.
External Local Oscillator option not compatible with on-board LO.

External fast NIM gate. Only with option BPM-FG.
Multiplexer GaAs switch closes only during GATE.
GATE isNIM signal -20mA in 50Q load.

Gate width= 20 ns.

Common external commands

Common external commands are commands which are common to al BPM modulesin a BPM

chassis.

Note:

SBS*

BADDO*
BADD1*

PHRESET*

When no external commands are applied, the BPM default mode is:
* Closed orbit measurement

» Sampling frequency as given by theinternal clock

» Automatic gain control

Single Button Sampling mode. TTL inpuit.
Default value: high = SBS mode not enabled.

Button addresses. TTL input. Active only when SBS mode is enabled.

BADD1 BADDO
Button A high low
Button B low low
Button C high high
Button D low high

Default value: Button C

Peak and Hold Reset. TTL input.

pull down to reset

Reset pulse duration = 10 ms

Reset pulse must terminate at least 1 ms before the bunch to be measured.
Default value: high
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Common external Commands (Cont’ d)

AGCD*

CLK*

GND

AGC disable. TTL input . Disablesthe Automatic Gain Control (on option only)
Pull down to disable AGC.
Default value: high.

External sampling clock, input, overrides the internal clock after afew
milliseconds when applied.

Maximum frequency 40 kHz

Amplitude =6 Vpp, or 23 V positive-going

Pulse length > 10 ps

Default value: theinternal clock is active.

Ground for externa commands.

I nput and output signals

Input and output signals hereafter are specific to each BPM module, contrary to the above Common
external commands which are shared by all BPM modulesin aBPM chassis.

GND
PLLOCK

VAGC

XOuT

YOUT

SOUT

AOUT

Analog ground for outputs

PLL demodulator inlock & good signal level. TTL output.
High = PLL inlock and signal level OK
Low = PLL out of lock or signal level poor

Automatic Gain Control voltage. Analog output. Used for production tests.
Voltage range +4V...+8V when PLL in lock.

X output. Analog outpuit.

Voltage range: —10V...+10V. Zero iscentered beam.

Output impedance: 100Q

Driving capability: 10 mA

When BPM-SBS option isinstalled and SBS* islow,

XOUT isanaog output value of button addressed, from P/H circuit
VoltagerangeO...+5V, pedestal ca. 0.5V.

P/H circuit isreset by PHRESET* low.

Y output. Analog outpuit.
Voltage range: =10V ...+10V. Zero iscentered beam.
Output impedance: 100Q
Driving capability: 10 mA

Anaog sumof A, B, Cand D signals. Analog output. Used for production tests.
Voltageis maintained by AGC at fixed valuein range -3V...—4V

A output. Analog output.

Voltagerange: 0...+10V. Pedestal ca. 1V.
Output impedance: 1kQ

Driving capability: 1 mA
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I nput and output signals (Cont’ d)

BOUT

CouT

DOUT

SYNC

SDEMOD
PDEMOD
GAIN

B output. Analog output.

Voltagerange: 0...+10V. Pedestal ca. 1V.
Output impedance: 1kQ

Driving capability: 1 mA

C output. Analog output.

Voltagerange: 0...+10V. Pedestal ca. 1V.
Output impedance: 1kQ

Driving capability: 1 mA

D output. Analog output.

Voltagerange: 0...+10V. Pedestal ca. 1V.
Output impedance: 1kQ

Driving capability: 1 mA

Synchronization pulse. TTL output. Positive-going. For oscilloscope trigger.
Rising edge marks the beginning of button A sampling sequence.

Remains high during button A sampling cycle; down during B, C and D.

SYNC freguency is 1/4 of sampling frequency, aso when external clock CLK* is
active.

Synchronous demodul ator output. Analog output. For oscilloscope viewing.
Peak demodulator output. Analog output. Reserved for future use.
External gain setting. Analog input (on option only).

Voltage range: >0...<+10V.
Active only when optional signal AGCD* (AGC disable) is pulled down.
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BPM CABLESLAYOUT, INSTALLATION

A button signal amplitude difference of 0.00043 dB ....

....changesthe BPM output by 1 mV = 1um.
Thisis equivalent to 2.5mQ change in connector contact resistance !
Conditions: 20-mm vacuum chamber calibration factor, 1 V/mm BPM system sensitivity, 50Q cable

Cable layout

Unnecessary intermediate connectors should be avoided. When for practical reasons patch-panels
must be used, the cables on either side of the patch-panel should be passed through tubular ferrite
cores. Ferrite material must have high permeability at the BPM operating frequency.

The four cables pertaining to the same BPM stations must be laid side by side. Cables, BPM

chassis and modules should be kept away —as much as possible- from RF equipment, klystrons,
cavities.

Connectors must be chosen carefully to match the cable used. Connectors manufacturers
instructions must be followed meticuoudly. If cable layout is subcontracted, subcontractors must
be informed of the extreme reliability expected from these cables. All cables with connectors must
be checked before installation with a network analyzer, up to twice the operating frequency at least;
i.e. up to 1 GHz for 500 MHz operating frequency.

BPM modules must be installed in an RF-shielded chassis.

Note: Unlike most BPM electronics, the BPM module does not require the button signal to bein
phase. Cables do not need to be phase-adjusted. The BPM module tolerates any phase change,

even 180°.
CH1 B/R&M log MAG .41 dB/ REF o dB Defective Cab|es examp|es
sn-13 [ S N R B
FFrequency response of two defective | | A close examination of this
cor RG316U 25-cm 50Q cables terminated by cable showed that 7 wires of
SMA jack and Siemens 1.0/2.3 coaxial n the cable braid had been cut
Avg connectors. when the SMA connector
4 was fitted. The cable braid

/ has a total of ca. 60 wires.
»

ANNANNA r[\ A Close examination of this

1 ' cable did not reveal anything
suspect. Yet, 9 cables out of
302 exhibited this particular
behavior

Please note vetical sensitivity 0.1 dB/div.}

Good cables exhibit a
frequency response within
+0.01 dB upto 1 GHz

START 100 MH=z STOP 500 MHz
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OPERATING CONSIDERATIONS

BPM aliasing of AM and FM modulations

Aliasing by the BPM can indicate nonexistent beam motions. Both FM and AM modulations of the
RF signal can cause aliasing. No matter which button sampling frequency is chosen, aliasing will
appear at a certain modulation frequency.

Aliasing occurs because the beam sampling frequency is lower that the other frequencies involved.
Some of the frequencies come from the beam:

« al harmonics of the revolution frequency, thus,

* the RF frequency extending to the full frequency spectrum of the bunches,

* the betatron and synchrotron frequencies.

More frequencies are produced by the BPM module itself:
* thelocal oscillator frequency and its harmonics,

« theoriginal frequency of the quartz,

* the prescaling dividers of the frequency synthesizer.

These frequencies are voluntarily mixed together in the superheterodyne mixer and produce every
possible sum and difference. Most of them will be eliminated by filters, but some of them are so
close to the intermediate frequency that they cannot be eliminated.

Finally the BPM sampling process —at the frequency of the clock—will produce signal aliasing.
Any of these frequenciesin the range 0 to 1 kHz will appear asa spectral line in the BPM outputs
(X,Y,A,B,CandD).

Identifying and eliminating aliasing

The BPM output (X, Y or both) must be observed with alow frequency spectrum analyser or FFT
analyser in the 0 to 2-3 kHz bandwidth.

First, check the BPM with an RF generator. Apply the RF generator signal to the BPM module via
a4-way splitter (see page 4, thismanual). The BPM noise spectrum should look as printed on the
Noise vs. frequency hardcopy shipped with the calibration certificate.

Then, connect the BPM to the beam position pick-ups. If spectral lines (noise peaks) appear in the
spectrum, several actions can be attempted to eliminate them.

Note: It is possible that one BPM module exhibits those spectral lines, while other BPM modules do not. Thisis
because the local oscillator frequency and the clock frequency is not eactly the same for all BPM modules.

a) The sampling clock frequency can be changed.
b) The local oscillator frequency can be changed by a few thousand Hertz
¢) Thelocal oscillator frequency can be changed in large steps by changing
the synthesizer’s F-key, yet thiswill generally not be necessary.
(see "F-key" page 7, thismanual, for its location, page 20 for its programming)

I recommend to start with the sampling clock. The on-board clock generator frequency can be
adjusted over asmall range (ca. £20%) with the “ Clock adjust” potentiometer (see “Button
Sampling”, page 7, thismanual). For awider range, the on-board clock can be overridden by an
external clock signal (see “External Clock”, page 8, this manual).
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OPERATING CONSIDERATIONS (Cont’d)

By increasing the sampling clock frequency, it may be possible to “push” the spectral lines (noise
peaks) out of the 0...1 kHz bandwidth of BPM response.

Note: When the external clock signal is applied to the BPM module thru the DB9 male connector (pin 8) at the rear
panel of the BPM-RFC chassis, it overrides the clock for all the modulesin the chassis.

If the spectral lines cannot be pushed out of the 0...1 kHz bandwidth, or if it is not desible to
change the sampling clock frequency, then the local oscillator (LO) frequency can be changed.
Thiswill work only if LO intermodulation is at the origin of the spectral line. To test this
hypothesis, install the BPM module out of the chassis on a card extender (see ” Procedure”, page 8,
this manual). Put your finger on the quartz crystal oscillator (The quartz islocated next to the
"Clock adjust" potentiometer). The LO frequency will change by afew hundreds of Hertz.
Observe the output spectrum: if the spectral lines (noise peaks) move up or down in frequency, it
may be possible to “push” those lines out of the 0...1 kHz bandwidth of BPM response.

More than 2 kHz L O frequency change can be obtained by installing a few-pf capacitor (C94) on
the BPM board.

Aliasing was observed on ALS at LBL® while using the LBL-built BPM prototype. Jim Hinkson
suggests a diagnostic of aliasing and a cure: "We know the frequencies for synchrotron and
betatron oscillations in our machine. These frequencies change with machine settings. 1t would be
asimple matter to program a clock frequency based on tune measurements. Thiswould allow usto
avoid aiasing under all conditions. It'seasy to seeif aliasing isaproblem. Using alow frequency
spectrum analyser | can clearly see coherent "beam™ motion in the sub-micron range. If diasingis
suspected, all one needsto do is change the clock frequency and seeif the spectral line moves. If it
does, it'saiasing."

® Jim Hinkson, private communication, June 1995
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CONNECTORSPINSALLOCATION Rev. 4.0

Connectorson Table-top test kit BPM-KIT and Chassis BPM-RFC/X
BPM Modulerear connector
Rear connector DIN 41612,
form M, 3 rows of 8 pins each, + 2 groups of 4 coax 1.0/2.3 connectors
DB9 female front panel connector
Button inputs Signal
BUtON A e (210 7 R b2
Button B e 2] U = S b5
ButtonC BUTC....cooieii | it b8
ButtonD s BUTD..coovveeee | eeeeenn b1l
Auxiliary fast signals
Fastgate e GATE....ccccov | weeieens b22
Reserved (RF signal out) ......cccoeviiiinianennnn. RFOUT......... | ceeeenne. b25
Reserved (Local oscillator) ........ccceveieienennnn. (O] |\ A R b28
Not allocated ~  ..ooiiniiiie e free e | e b31 \
DB9
Common external commands male
Single button sampling mode. ...........c.ccoeueee.e. SBS i | e bl7 ............ 2
Button address Upper bit.........ccoooiiiinins BADDY*........ [ weeeenenne. b16............ 3
Lower bit......coooeieieienanns BADDO*........ | ceenenene. cl7 oeenn... 4
Reset (single button mode).........c.cceeieveannnn.. PHRESET*.... | ....cee... b15............ 5
AGCdisable oo AGCD*......... Vo b13..eeeeee. 7
Sampling clock (inhibits on-board clock)........... CLK*........... 6 .eiennns cl6 ............ 8
Reserved e free . coeeeeces e al9
Ground e GND...coviieiis i cl4 ............ 9
RESEIVEd e e aaeeeaeeas bi8............ 1
DB15
Input and output signals female
Ground (signal ground for al outputs).............. GND............ 5 it a20 .......... 15
PLL demodulator in lock output...................... PLLOCK.......  .oeeeenne. al3 ............ 1
AGC voltage OUtPUL .....cueueeeiieieieeeeeeenn VAGC........... K cl9............ 2
X (also button value in single button mode)........ XOUT........... 4 ... (0220 I 3
Y OUtPUL e YOUT........... 8 i b19............ 4
Z0UtPUL e SOUT.cciiiis aiiieiens b20............ 5
A button signal OUtpUL........cccoeveiiiiiiieaanene. AOUT...ccoviiis e, al7 ............ 6
B button signal output...........cocoiiiiiiiiiiianann. BOUT...cccoeeet e al8 ............ 7
C button signal OULPUL.........oeieiiiiiiiieenn. COUT..ciiiieis e als ............ 8
D button signal OUtpUL........coeeieiiiiiieennn. DOUT...cceviis e al6 ............ 9
Sync. from sampling clocK..........c.cooiiintns SYNC........... 9 et bl4 .......... 10
Synchronous demodulator output.................... SDEMOD....... 7
Peak demodulator output (single button mode).....PDEMOD....... 1
External gain setting input........c.coocieiiieiennnn. GAIN........... 2 et al4 .......... 13
Power Supply
+15V 15V e, c13
=15V SISV cl5
OV (power supply ground).........coceevmveiennenens GND....coveies et cl4
*Active low
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ACCESSORIES
Table-top test kit (BPM-KIT)

Three versions are available. Only difference isthe power supply voltage:
* BPM-KIT-100V
* BPM-KIT-115V
* BPM-KIT-220V

The BPM-KIT includes:

A power supply. Check AC mains voltage on power supply module before using
A DIN41612M 24+8 mating connector
Four coaxial cables connected to the button inputs, terminated by SMA plugs
A DB9 male connector for External Commands input.
Similar connector and pin-out as used on the BPM chassis BPM-RFC/X
» A DBI15 female connector for Output signals
Similar connector and pin-out as used on the BPM chassis BPM-RFC/X
» Five BNC jacksfor:
X output XOUT
Y output YOUT
Sum output SOUT
AGC voltage output VAGC
External clock input CLK
* 8-bit DIP switch, to control (pull down):
PLL time constant. Reserved for future use
Single Button Sampling SBS*
Button address BADD1 and BADDO
Peak and Hold Reset PHRESET*
Peak Demodulator PDM. Reserved for future use
Fast Gate Enable ENGAT*
Clock CLK. For production tests.

The BPM-KIT isvery convenient. It allowsthe BPM module to be placed flat on the table.
In this position, the shield can be removed, and the user can:

a) Re-adjust the zero of the BPM. Thisis useful when the “normal” beam position is not at the
geometric center of the button pick-ups.

b) Re-adjust the X and Y gains, to change the sensitivity of the BPM. Thisisuseful in two
situations:

- when the beam is very stable, the gain can be increased

- when the beam has very large displacement from the center, the gain can be decreased.

¢) Re-adjust thelocal oscillator frequency. Thisis necessary when changes are made to the
accelerator lattice. It could be useful also to change the working sideband, when one sideband is
disturbed by alocal television transmitter.

d) Change the bandwidth of the intermediate frequency filters. It may be needed to have a narrower
|F bandwidth to reject the revolution frequency on very large rings.

The adjustments above cannot be made when the BPM processing unit isin the chassis. They
require aBPM-KIT or acard extender BPM-XTD.
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ACCESSORIES (Cont’d)

Card Extender BPM-XTD

The card extender allows access to the BPM module adjustments while it is connected to the
chassis, thusto the readout and control system.

The BPM-XTD is not as convenient as the BPM-KIT for adjustments.

The coaxia connections extensions of the button signals cause an offset of the X and Y outputs

when the extender isused. Thisisdue to the differencein signal attenuation between the 4
extension cables. These differences are recorded on alabel affixed to the extender.

TTL Commands Service module BPM-SERV/CMD
Not available at the time this manual is written.

The TTL Commands Service module can be inserted in a BPM station of achassis, in place of the
BPM module.

It brings to the front panel:

* On aDB9 female connector, the External Commands applied by the control system to this station
Similar connector pin-out as used on BPM-RFC/X and BPM-KIT, but reversed gender.

* On aDB15 male connector, the Output lines to which the BPM module would apply its Outputs.
Similar connector pin-out as used on BPM-RFC/X and BPM-KIT, but reversed gender.

Thismoduleis useful because access to the cables at the rear of the chassis will be very difficult.
With this module, one can:

(a) Observe and debug the signals sent by the control system to a BPM station

(b) Feed known signalsinto the BPM readout system, to test it.

RF Service module BPM-SERV/RF

Not available at the time this manual is written.

The RF Service module can be inserted in aBPM station of a chassis, in place of the BPM module.

It brings to the front panel —on SMA jacks- the four signals applied to this BPM station by the
BPM buttons.

For oscilloscope and spectrum analyser viewing of the BPM button signals.

Very useful, because the RF cables at the rear of the chassis are too crowded to be disconnected.
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ACCESSORIES (Cont’d)

BPM Chassis BPM-RFC/X

The BPM-RFC/X chassisis built around a 19" Schroff rackable RF chassis.
Dimensions of the bin: 3U x 84F

Schroff reference: Europac Lab HF/RF #20845-283

The BPM-RFC/X is available equipped for 1 up to 16 BPM stations. X being the number of
stations.

BPM-RFC/X with less than 16 stations are partially equipped BPM-RFC/16. Asaresult, all
BPM chassis are field-upgradable to the full 16-station chassis.

Chassisrear view

DB9 male External commands input connector. Common to all stations

/ SMA jack RF input for test station

O O O O

cfC_o o oo
[

C_—_Pbo ooo
C_—_Pbo ooo
fC_o oo o
(C_9o oo o
(C_9o oo o
c(C_®o oo o
cfC_o o oo
C_9o oo o

SMA jack A to D button inputs, 4 per BPM station, A on top

/-oo
e

DB15 female BPM station output connector, one per BPM station

IEC male connector for AC mains
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SPECIFICATIONS

BPM module

Beam intensity range >75dB

Input signals +5dBm...—70 dBm, 50Q

Operating frequency According to order code

Noise rms <2mV [0...1kHz] in 10V @ +5 dBm
<5mV [0...1kHZz] in+10V @ -35 dBm
<50mV [0...1kHz] in+10V @ —60 dBm

Linearity error On-center: <5mV [+5dBm...—35 dBm]
2-mm off: <20 mV [+5 dBm...—35 dBm]

Sengitivity User’s choice. 1 V/mm recommended

XandY gan According to order code

Buttons sampling

Local oscillator
Intermediate frequency
Outputs

Front panel LED
Single button sampling
Button address

Single button output
Fast gate

Power supply:

Power Supply module
AC mains voltage

Power derating
Output

Power
Efficiency

I nrush current
Dimensions
Manufacturer
Model

2...2.5 ksamples/s with internal clock

Up to 10 ksamples/s with external clock
Factory-set frequency

21.4 MHz or 10.7 MHz for narrow band IF
X: 10V, A-B-C+D, or A—C

Y: 10V, A+B-C-D, or B-D

2. A+B+C+D, constant value (=3V)
A,B,CandD: >0...<+10V, ca. 1V pedestal
PLL inlock

Enable and Reset TTL commands

Two TTL addressing lines

Output on "X": >0...<+5V, pedestal =0.5V
NIM (50Q negative-going —16mA pulse)

+ 15V, <200 mA (<250 mA with SBS option)
— 15V, <40 mA (<60 mA with SBS option)

Autoranging 98...132Vac and 185...265Vac
with automatic range changeover

No derating down to 85 Vac (at full chassis |oad)
+ 15V, unequal loading tolerant

BW

84% at 220Vac

81% at 110 Vac

limited to 10A max.

per DIN41494. 3U high, 8F wide, 160mm deep
Delta Elektronika BV, the Netherlands

75 SX 15-15
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BPM MODULE REAR CONNECTOR DIN41612M 24+8

Note: For connections, See Connector Pins Allocation, this manual.

BPM chassisfor 1 up to 16 BPM modules are part of Bergoz Instrumentation sales program (BPM-
RFC/X) and include the necessary mating connectors (See BPM chassis, this manual).
The following is of interest to those who wish to design their own chassis.

The BPM module rear connector commonly designated DIN41612M 24+8 is a male connector with
24 pin contacts and 8 holes for coaxial connectors. V42254-B1200-M 240 from Siemensis the
reference used.

The coaxial connectors inserted in the rear connector are of the “jack”-type series 1.0/2.3.
Four V23601-A1227-E1 from Siemens are used for button inputs (jack, right angle, soldering type)
One V23601-A602-E71 from Siemensis used for the optional Fast Gate (jack, straight, crimp)

On the chassis side (or “Backplane” side), for each BPM module, the following is needed:

* One DIN41612M female connector with 24 pin contacts and 8 holes for coaxial connectors.
We recommend using Siemens connectors to assure compatibility:

V42254-B2240-M 240 from Siemens, for wrapping connection

V42254-B2202-M 240 from Siemens, for soldering connection (4.5-mm pins)

Other references available for press-fit connection.

» Four or five coaxial “plug’-type connectors, series 1.0/2.3.

A large number of manufacturers produce these connectors. However, to assure good connector
mating, we recommend that you use connectors from Siemens:

V23601-B302-E71 or V23601-A302-E71 for straight cable attachment to RG316 (Jext.<2.6mm)
V23601-A302-E1 for straight cable attachment to RG178 (Jext.<1.9mm)

V23601-A502-E71 (18.7mm long) for 90° angle cable attachment.to RG316 (Jext.<2.6mm)
V23601-A556-E71 (22.3mm long) for 90° angle cable attachment.to RG316 (Jext.<2.6mm)
V23601-A502-E73 (18.7mm long) for 90° angle cable attachment.to RD316 (Jext.<3.0mm)
V23601-A556-E73 (22.3mm long) for 90° angle cable attachment.to RD316 (Jext.<3.0mm)

Cable type correspondence:

US manufacturers designation VDE designation |EC designation
RG316 5YC5Ye0,5/1,5 50-2-1

RD316 5YCC5Y 0,5/1,5 -

RG178 5YC5Ye0,3/0,86 50-1-1

Siemens recommends to use connector crimping tool reference M1002-K 1.
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SCHEMATICS & BOARD LAYOUT

Schematics and board layouts of our instruments remain the exclusive property of Bergoz
Instrumentation at al times. They are protected by the copyright laws.

Schematics and board layouts are not delivered with our instruments. They can be obtained at the
specific request of the instrument’ s user.

A request should be sent by fax, worded in the following way:

To: Bergoz Instrumentation
From: *User's name*
Date *kkkk*

| am auser of instrument type XXx-xxx serial nr. Xxx,XxXx,XxXxX,XxX, etc.

Please send me one copy of the corresponding schematics and board layout.

I will useit for the instrument’s maintenance only.

| will make copies only for my own use.

I will inform others who need these schematics that they should request them from Bergoz
I nstrumentation.

Signed: XXXXXXX
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RF Connectorsfrom Siemens

Excerpt from Siemens Plug connectors data book 1992

Other references:
Siemens RF connector data book, part number A23001-G22-D004-X-7400

Siemens Connector DIN41612 data book, part number A23001-G21-D012-X-7400.

PC612M
Type M

Female connectors

Schematic depiction in accordance with DIN

Type M, shown: 24-contact + 8 SK )
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Version (view of the soldering side Number Dimensions in mm
of contacts”) "
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RF Connectorsfrom Siemens (Cont’d)

Excerpt from Siemens Plug connectors data book 1992

Other references:
Siemens RF connector data book, part number A23001-G22-D004-X-7400
Siemens Connector DIN41612 data book, part number A23001-G21-D012-X-7400.

Coaxial connectors of series 1.0/2.3 for female connectors
Plug for cable connection

Type A
Inner conductor can be soldered on through soldering opening

% ]‘
O
-—l 475 l-—

Type | Order designation Packed in units of ea.

aaT
5

S 216 ] A V23601-A302-E71 1

Type B
Inner conductor can be soldered on separately”

L 1 |

_ —‘"— T 7 =

A S Tvoe | : :

; _ — | Type | Order designation Packed in units of ea.
EHLEJi | -
s - 55 = _B V23601-B302-E71 1

Orderdesignation | Packed in units
of ea.

Vv23601-A502-E71 | 1
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Precision Analog Signal Processor for Beam Position Measurements in Electron
Storage Rings*

J. A. Hinkson' and K. B. Unser?

Abstract

Beam position monitors (BPM) in electron and positron storage rings
have evolved from simple systems composed of beam pickups, coaxial
cables, multiplexing relays, and a single receiver (usually a spectrum
analyzer) into very complex and costly systems of multiple receivers and
processors. The older systems may have taken minutes to measure the
circulating beam closed orbit Today instrumentation designers are
required to provide high-speed measurements of the beam orbit, often at
the ring revolution frequency. In addition, the instruments must have
very high accuracy and resolution.

A BPM has been developed for the Advanced Light Source (ALS) in
Berkeley which features high resolution and relatively low cost. The
instrument has a single purpose; to measure position of a stable stored
beam. Because the pickup signals are multiplexed into a single receiver,
and due to its narrow bandwidth, the receiver is not intended for single-
tum studies. The receiver delivers normalized measurements of X and Y
position entirely by analog means at nominalty 1 V/mm. No computers
are involved. No software is required.

Bergoz, a French company specializing in precision beam
instrumentation, integrated the ALS design in their new BPM analog
signal processor module. Performance comparisons were made on the
ALS.

In this paper we report on the architecture and performance of the ALS
prototype BPM.

Introduction

A new beam position monitor (BPM) has been developed for the
Advanced Light Source (ALS) in Berkeley. Based upon an NSLS
concept [1], the new BPMs are to be used primarily for storage ring
vacuum chamber protection. In 10 of 12 storage ring straight sections
button electrodes have been installed for the purpose of monitoring
electron beam position entering and exiting insertion devices, ie.,
undulators and wigglers. Under certain conditions an errant photon beam
from an insertion device may damage the vacuum chamber. The purpose
of the BPMs is to sense vertical beam displacement through the insertion
device and abort the beam should vertical deflection exceed 2 mm from
the nominal beam orbit. A secondary purpose of the BPM is to provide
feedback signals to a local beam stabilization system. The new BPM will
add 20 measurement sites to the existing 96. The older BPMs [2] do
have single-turn capability which is frequently used.

Pickup Front End

The pickups used in the ALS BPM are 11 mm Metaceram type ESRF
buttons. They are installed in highly elliptical chambers, 19 mm high by
90 mm wide. Their linear range of operation is small, only +/- 4 mm
about the geometric center. The sensitivity of these buttons to centered
beam is 6.54 %/mm in Y and 15.74 %/mm in X. This geometry is not
optimum for a wide range of beam motion.

Four Heliax cables approximately 30 meters long transport the button
signals to the electronics. Wide-band, 6 dB attenuators are installed at the
buttons to absorb reflections from the electronics. The attenuators also
serve to terminate the buttons should the electronics be disconnected.

While it may seem that highly-dispersive, low-quality cable may be best
to help minimize reflections, it is felt that the high degree of shielding and
stability provided by Heliax cable is warranted for optimum BPM
performance.

The RF center frequency for the ALS BPM electronics was chosen to be
499.7 MHz. This is the only frequency in the electron bunch spectrum
below 1GHz that is always available regardless of the number of bunches
and their pattern. With an average current of 300 mA in the ring the
499.7 MHz signal measured at the input to the electronics is about -10
dBm. The maximum input signal anticipated is 0 dBm.

With 40 mA (average) in a single bunch, the button signal at the end of
the cable is a 100 ps pulse (FWHM) greater than 50 V in amplitude.

Electronics Front End

Because of the high single-bunch pulse amplitude, the multiplexing
switches are protected by lowpass filters at the input to the RF section
(Fig. 1). Apart from their insertion loss stability and constant attenuation
at very high frequency, their performance is not critical. For the ALS
prototype, three-section Chebychev, tubular filters with cutoff at 550
MHz were chosen. These filters reject most of the energy in the button
signal. The low-loss cables transport the reflected signals back to the
buttons where they are re-reflected by capacitive button reactance. The 6
dB attenuators at the buttons absorb the reflections.
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Fig. 1. BPM front end.

The attenuators following the lowpass filters are very important to the
BPM function. In order to keep beam intensity related position errors to a
minimum, it is essential to equalize the IF detector input signals. With
perfect linearity in the RF, IF and detector sections we should expect no
intensity related errors. The circuits are not perfect, so we must make
sure we keep detection working over the most linear range of the receiver.

When the X and Y centers of the button array have been determined with
beam-based alignment, the adjustable attenuators are set for X=0 and
Y=0 at the BPM output. Then the attenuators are locked and not
adjusted again. During calibration the attenuators are useful in setting up
the BPM post-detector gain for the correct position sensitivity.

Anzac SW221 GaAs FET switches were chosen for the input multiplexer.
These switches have low loss and high isolation. At 500 MHz the
channel-to-channel and input/output isolation in the ALS prototype
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exceeds 60 dB. The switches are non-reflective. That is, they terminate
the BPM input in SO ohms when they are not closed.

The switches drive a bandpass filter centered at the chosen operating
frequency. Two filters have been tried in the ALS prototype. A 500
MHz, 3-section Chebychev tubular filter with 5% bandwidth and 1dB
loss was used at first. Then a filter with 1% bandwidth and 6 dB loss was
installed. The pulse response of the filter is not critical. The narrow-band
IF filters and post-detector lowpass filters establish the BPM transient
response.

The RF preamp is a Triquint TQS114 low-noise, AGC amplifier with 30
dB gain range. It drives an active mixer, RF Micro Devices type
RF2401. The IF output of the mixer at 21.4 MHz is filtered and sent to
the IF processor. The filter presents 50 ohms to the out-of-band mixing
products.

The local oscillator in the ALS prototype is a Vectron crystal controlled
oscillator operating at 478.26 MHz.

IF Amplifier and Detector

We desire precision detection of the 21.4 MHz IF signal 1o obtain the
relative amplitude of the multiplexed button signals. It is common today
to use television IF and video processing integrated circuits (IC) for this
purpose. The NSLS BPM [1] uses Motorola ICs , the MC1350 and
MC1330. The 96 BPMs currently in use at the ALS [2] have the
National LM1211 (no longer available). The amplitude detectors in
these ICs are quasi-synchronous. An amplitude limited version of the IF
signal is compared with the linear signal. When the IF signal is small,
these detectors have trouble with precision detection. In the new BPM we
use the National LM1823, a complete television IF processing IC with
AGC IF amplifier, AGC circuits, phase locked loop (PLL), and LO
automatic frequency control (AFT). The PLL provides a true
synchronous detector when it is locked. The phase of the synchronous
detector reference input is constantly locked to the IF signal. This
provides superior dynamic range compared to the quasi-synchronous
detector.
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Fig. 2. IF amplifier and demodulation.

The LM1823 1823 IF amplifier is gain-controlled over a 50 dB range. A
single-tuned bandpass filter with 500 kHz bandwidth selects the desired
frequency and drives the detector input. Two other tuned circuits set the
amplitude limiter and PLL frequency. These tuned circuits have
bandwidth similar to the IF tank circuit.

The video detector bandwidth is 9 MHz, much greater than required. The
detector quiescent output voltage is 7.5 V. At maximum IF input the
detector output falis to 1.5 V. The linear operating range of the detector
is approximately 3 V. A low-pass filter rejects the synchronous detector
sum frequency components and switching transients. A buffer amplifier
and active lowpass filter serve to limit video bandwidth, increase the
voltage swing, and remove detector DC offset.

Since the local oscillator in the RF section is crystal controlled, there is no
need to use the LM 1823 AFC capability.

Demodulation of the individual button voltages is performed by LF398
sample and hold ICs. At the sample and hold outputs we have the
individual button voltages which are subsequently processed to obtain
beam position.

Analog Processing

Three sections of operational amplifiers are necessary to perform button
signal sums and differences. OP27 amplifiers are used here. We add all
four signals to obtain the “Sum” signal which is used to control the gain
of the RF and IF amplifiers. In this case the Sum signal is maintained at
exactly 3.00 V over the dynamic range of the instrument. This form of
beam intensity normalization makes it unnecessary for us to use analog
multipliers (dividers) or digitizers and computers to perform the
difference over sum calculations. See Fig. 3.
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Fig. 3. Gain control and analog processing.

To obtain position information we take differences between the button
signals and apply gain commensurate with button sensitivity. In the case
of four pickups rotated off the horizontal and vertical plane, we subtract
the sums of C and D from A and B to find the vertical position.
Horizontal beam position is found by subtracting the sums of A and D
from the sum of B and C. When pickups are arranged in the horizontal
and vertical planes, the analog calculations are simpler. To accommodate
beam pickups of different geometry and sensitivity, we simply change the
amplifier gains and resistor connections.

Aliasing and Multiplexing

Because we sequentially switch between the pickup buttons there is a
possibility of aliasing [1] high frequency beam motion (longitudinal or
transverse). In the ALS we observe synchrotron beam oscillations at
between 8 and 12 kHz. Betatron sidebands appear about beam rotation
harmonics at approximately +/- 375 kHz. In order to determine the
BPM’s susceptibility to synchrotron oscillations we angle-modulated test
signals and adjusted the degree of modulation to match measured beam
oscillations. Then the multiplexing rate was adjusted over a range of
frequencies. We determined experimentally that a switch rate of 5.625
kHz was sufficient for the BPM to be insensitive to ALS synchrotron
oscillations. With the incorrect multiplexing rate we observed erroneous
beam motion of approximately 20 microns.

Ordinarily we would like to set the multiplexing rate at least twice as high
as the highest synchrotron frequency to avoid aliasing. This would
require us to switch at 25 kHz or more. This may conflict with our
desire to have the BPM insensitive to bunch loading patterns. We do not
want to have an IF bandwidth wide enough to show single bunch response
at the output of the detector.

The GaAs switches and sample and hold ICs are controlled by the system
clock running at 90 kHz. A programmable array logic (PAL) and a
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Abstract: Cellular telephones and GPS (Global Positioning System) satellite receivers
are examples of modern rf engineering. Taking some inspiration from those designs, a
precision signal processor module for beam position monitors was developed. It features a
heterodyne receiver (100 MHz to 1 GHz) with more than 90 dB dynamic range. Four
multiplexed input channels are able to resolve signal differences lower than 0.0005 dB with
good long term stability. This corresponds to sub micron resolution when used with a
beam position pick-up with 40 mm free aperture. The paper concentrates on circuit design
and modern dynamic testing methods, used first during development and later for production
tests. The frequency synthesizer of the local oscillator, the phase locked synchronous
detector and the low noise preamplifier with automatic gain control are discussed. Other
topics are design for immunity to electromagnetic interference to ensure reliable operation
in an accelerator environment.

I ntroduction

Beam position monitors (BPM) are essential diagnostic instruments in a particle
accelerator and every accelerator project usually includes the development of a specific
beam position monitoring system. Conventional beam positions pick-ups use 2 or 4
electrodes (directional couplers or buttons) as position sensors. Beam position is a
function of the amplitude difference of these electrode's signals. The fundamental
frequencies are specific to each particular accelerator and the power spectrum may extend
to many GHz. Many methods for processing the beam position pick-ups signals have
been used or proposed in the past (1). Modern circular machines and storage rings, for
example synchrotron light sources, have very high demands on the precision of these
measurements. The objective is now to measure beam position with a resolution better
than 1 um. This requires measurement of the ratio of 4 electrical signals with a precision
better than 0.0005 dB. The amplitude of the signals themselves could change over arange
of more than three decades (>60 dB) for different operating modes.

A universal BPM signal processor

We have taken the initiative to develop a universal BPM signal processor that
would adapt easily to the frequency patterns of different accelerators. Starting point was a
new BPM system designed by J. Hinkson (2), which is optimized t measure the average
closed orbit position with high resolution. His primary
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application was transverse feedback and beam interlock systems near insertion devices in
the ALS (Advanced Synchrotron Light Source at the Lawrence Berkeley National
Laboratory).

Our BPM signal processor uses the same basic concept and architecture, but
its centre frequency is programmable anywhere between 100 MHz and 1 GHz. It tracks
input signals over a limited frequency range (200 kHz, extension possible up to +1
MHz). Optional features are fast signal gating and a limited capability for single turn
measurements. Low cost, reliability and simplicity of production were the other key
requirements.

The central function of the signal processor is a receiver in the
VHF/UHF frequency range. It was therefore a good idea to have a closer ook at modern
telecommunication equipment before starting our project. High-Tech consumer products
like cellular telephones and GPS (Globa Positioning System) satellite receivers have
started a revolution in modern rf technology. Complex systems are now being built on
very small circuit boards, using novel integrated circuits functions and miniature passive
components . They do not need heavy shielding enclosures.

Taking inspiration and components from those designs allowed to shrink the
processor module to a single height Eurocard (100 ¥ 160 mm). A build-in pre-
programmed frequency synthesizer for the down converter makes the unit completely self
contained and independent of any external control or timing system. In its default
operating mode, the user has only to connect the pick-up signals and the power supplies
and obtains the normalised x and y outputs. All intermediate coaxial connectors were
eliminated by using on-board miniaturized band pass filters, micro strip low pass filters
and adjustable attenuators. This improves the reliability of critical interconnections and
lowers the component cost significantly.

Operating principle

The BPM signal processor has 4 parallel input channels for the 4 input signals
A to D. The input multiplexer switches sequentially from one input channel to the next. A
single receiver measures the signal for each input channel in turn and storesits value in 4
corresponding analog memories. The voltages (VA to VD) in each of these memories are
therefore proportional to the power levels of the origina input signals. To normalize the
readings (to make them independent of changing beam current), automatic gain control
(agce) is used to keep the sum VA+VB+VC+VD constant.

Sequential scanning and the use of a single receiver ssimplifies the circuits and
has as mgjor advantage, that the gain for all channels is aways identical. Gain changes
due to temperature effects or component aging are eliminated by the automatic gain
control. The measurements are only valid if input conditions do not change during the
scan. In practice, this is a very good method for beam position measurements of the
average closed orhit.

The X and Y coordinates are calculated with amatrix of sum & difference



analog circuits. They use the following algorithms for atypical position pick-up (with the
4 electrodes rotated at 45° in respect of the vertical axis)

AY
Va-Vg-Vc+Vp B A

= K
X X VA +VB + Vc+VD f\%
p X
Va+Vg-Vc-Vp K}(

Y 'Va+ Vg +Vce+Vp C D

The calibration constants Kx and Ky of the beam position pick-up are an
approximation and apply only to the centre of the vacuum chamber.

The basic operating principle, as described above, has been used for the first
time at the NSLS storage ring (3). In the following chapters, design criteria for certain
elements of the system will be discussed. A more complete description of the prototype
for the ALS can be found in an earlier report (2).

Input multiplexer

The block diagram (Fig. 1) shows 1 GHz low pass filters in each of the 4
input channels. They are necessary to protect the GaAs switches from the very short, high
voltage pulses which are typical of wide-band pick-up signals. Strip line filters have been
used before (4) for this function, but in our design they are folded up to occupy a very
small area on the circuit board. Not shown on the diagram are the high pass filters (7
MHz) which protect the switches from an accidental dc or low frequency ac input. The
attenuators (if required) reduce the signal power to the maximum level which the amplifier
can accept. A 1-dB variable adjustment is used to equalize insertion loss in al 4 channels.
The output impedance of the 4 channels, as seen by the switch, have to be matched to
very tight tolerances.

L ow noise amplifier

Thisis a key element for the performance of the BPM signal processor. It has the
dual function of low noise amplifier and attenuator with a 50-dB gain control range. More
than 100 dB dynamic range is required, without gain compression, because gain
compression anywhere in the signal path would change the calibration of the BPM signal
processor as afunction of input signal power.

Amplifiers with gain control have a tendency to change input admittance when
changing gain. Considering the unavoidable matching errors of the input channels, this
could be the cause of an unbalance in channel gain. This has to be avoided, because the
resulting effect for the BPM signal processor is a zero offset which changes as a function
of input signal power.



The requirements above are very different from the usual specifications of
telecommunication equipment. It was therefore necessary to build a special amplifier with
discrete transistors to cover the 100 MHz to 1 GHz frequency range and reach an
acceptable compromise between conflicting demands.

Local oscillator and frequency converter

An active mixer is used as down converter to the 21.4 MHz intermediate
frequency (if). Thisis another critical element in the signal chain, where gain compression
is likely to limit the available dynamic range. Thanks to the agc in the preamplifier, the
signal amplitude changes are aready reduced at this point.
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Fig. 2 Frequency synthesizer

The local oscillator should not contribute any significant amplitude or phase
noise to the processed signals. A frequency synthesizer is used as a source. It consists of
a VCO (voltage controlled oscillator) with programmable divider (5), phase locked to a
reference frequency (fref). A 17-bit serial word from the plug-in F-key module selects the
divider ratio for a specific receiver centre frequency. Spectral purity of the local oscillator
depends on the choice of the reference frequency and the dynamic response of the phase
locked loop (PLL).

| F-amplifier and demodulator

The integrated circuit*  used as if-amplifier and demodulator is designed for
television applications. We had to add discrete transistor stages at input and output of the
if-amplifier to match the if-filters and improve the gain compression limits. The if-
bandwidth (Fig.3) can be tuned from 200 kHz to 2 MHz to suit any particular
application. The bandwidth is large enough to allow a fast step response when switching
from one input channel to the next. Sidebands at the revolution frequency are rejected, to
make the detector see the same kind of signal independently of the accelerator operating
mode: multibunch or single bunch.

* LM 1823, National Semiconductor Corporation



Synchronous detection of the if signal requires a reference frequency. This
reference is generated by a voltage controlled oscillator (VCO). A phase detector compares
the reference with a filtered sample of the carrier frequency and controls the VCO in a
phase locked loop (PLL). The dynamic response of the PLL loop is controlled by the loop
filter.

If the pick-up signals applied to the BPM signal processor inputs are not in
phase, the switching from one input channel to the next would produce sudden phase
jumps of up to 180°". Even a fast PLL loop would have difficulties to follow and this
would serioudly limited the maximum scanning frequency.

Many of the BPM systems presently in use require indeed precise phase
matching on all signa cables coming from the pick-ups. We preferred to solves this
problem in a different way. Our loop filter has an electronic switch (not shown in Fig. 1)
which reduces the time constants during 10 ps after channel switching. This allows the
receiver to settle on anew signal level; as aresult, phase errors up to 180° are tolerated.

Fig. 3 Frequency response of if-amplifier (BPM processor for ALS)
Bandwidth (-3 dB) = 434 kHz
Marker indicate the sidebands for a revolution frequency of 1523.4 kHz

Electromagnetic interference

The BPM signal processor will be used in machine protection interlocks,
where reliable operation is extremely important. In addition to shielding the sensitive parts
of the board, a number of special precautions have been incorporated in the design to
improve immunity to electromagnetic interference.

. The coaxial inputs pass via an uninterrupted ground plane before connecting to the
circuit board.



. All other input and output connections have low pass filters to keep the
interference outside and limit the frequency response to what is absolutely necessary.

. All control inputs have 10-ms LP-filter time constants.

. Each circuit function on the board is specifically designed to be insensitive to
frequencies outside its normal operating range. This is particularly important for
operational amplifiers which have a tendency to demodulate rf-signals and, as a result,
produce erroneous dc outpuit.

Dynamic testing

The different rf-circuit and filter functions of the BPM signal processor
require alignment and dynamic testing during development and in the final production
phase. Conventional rf circuits have special coaxial test connectors. Considering the high
packing density on our printed circuit, this was not a desirable solution. Instead, after
some initial experimenting, we developed a special miniature rf test set. On the board, this
required simply two plated-through holes at a distance of 0.1 inch, with one of them
connected to the ground plane. The coaxia test probes have two corresponding test pins,
consisting of gold plated spring loaded contacts. For use with a network analyzer
(Hewlett Packard HP8753D), a matching calibration set (open, short and 50 ohm load)
permits to establish the correction constants, which take care of the small residua
discontinuity of these connections. The test set is used for measuring impedance and
transfer functions (Fig. 3) for frequencies up to 3 GHz.

Testing the transient response of feedback (agc) and phase locked loops uses
the same type of test connections, but requires a different instrument set-up. Generally
speaking, the method consists of injecting a square wave modulated stimulus, most often
adc current, in a suitable summing junction of the loop under test. The transient response
is observed with an oscilloscope at another test point and can be optimized by tuning the
different elements of the loop filters or phase correction networks.

A spectrum analyzer (Anritsu MS2601B) is used to measure the signal at different
points of the signa path. It can determine the 1-dB gain compression point and the
saturation limit for every location along the signal processing chain. Spectral purity and
stability of the local oscillator is verified with the spectrum analyzer.

A specia test generator has been built to simulate fast pick-up signal pulses
with repetition rates up to 15 MHz. This allows to test the BPM signal processor by
simulating different filling patterns and single bunch mode. The peak amplitude of the
generator is at present limited to 22 V and therefore insufficient to test the upper limit of
the dynamic range in these modes.

An automated test bench for final testing and certification of the BPM signal
processor is at present under development. It uses a programmable cw signal



generator (Marconi Instruments 2022D) as a signal source. A precision 4-way power
splitter and 4 specialy designed precision attenuators with remote switching control
prepare the 4 input signals. A Macintosh computer with a 16-bit ADC, multiplexer and
control interface (National instruments NB-MIO-16X) runs a specialy developed
LabVIEW application program (6). The test bench establishes a test report, recording
noise and offset errorsin all quadrants over the entire dynamic range (>80 dB)

The noise spectrum of X and Y outputs, as a function of input signa power, is
recorded with a FFT Spectrum analyzer (Stanford Research Systems SR760).
Performance figures

The following dimensional data refer to calibration with a “reference” pick-up: Sensitivity
inX and Y plane = 5%/mm (40 mm aperture).

Noise fi. X andY signa (for thefirst 40 dB of the dynamic range):
lessthan 1.5 pm (rms) for a bandwidth of 0 to 1 kHz
less than 0.5 pm (rms) for a bandwidth 0 to 100 Hz

zero stability fi.  XandY zero drift lessthan 0.5 pum during 10 hours

Linearity fi.  Over 60 dB of input signal range:

less than 5 pm error within £0.5 mm of centre
less than £10 pm error within £3 mm of centre
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