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ANALYSIS OF THE CALIBRATION REQUIREMENTS
FOR THE BOOSTER
BEAM POSITION MONITORING SYSTEM

Introduction:
The purpose of the calibrartion mede for the Booster Beam Peosition
Monitoring (BFM) svetem is to:
1. provide a method for correcting anv position measurement
errors due to

mechanical asvmmetries in the detector and

gain and‘or otffsets in the proressing elactronics

{3

provide a means whereby the operator can «from the control
room) establish confidence as to the current crerating
condition ot easch PURE station.

Measurements made on each detector pricor to its installation in
the Booster will provide the hasic equation relating the front end
electronics output to the actual beam position at a particular PUE
station:

Position = M ————-————- + P [1]
(VA + VB)

where:

"M" has been measured to be on the order of 100 mm
and is particular teo a given detector (actual
prototype value is apprroximately 53 mm)

"Vp" and "Vg' are the voltages on the pickup elec-
trodes.

In the above equation, "P" is the apparent position offset (in mm)
which results from the PUE having different electrical and mecha-
nical centers (i.e.., mechanical asvmmetries within the detector).



The value for P does nct azcount for anyv offsets or unegqual gains
in the BPM front end electronice: thus the voltages Vg and Vg must
be corrected for this previous to its insertion into equation [1].
This paper will primarilyv tocus on how the apparent beam position
offset due to the BPM electronics can be minimized by correctins
Vp and Vg with constants ootained during a calibration routine.

Since we wisgh to obtain a position precision of 0.1 mm. we
need approvimately 0.1 % resclution. or 80 dB of isolation be-
tween the two input channels at the "front end” of the processing
electronics (ie, up until both the sum and Adifference of the two

input signals is acguired and digitized:). This calculation is based

upon measuurements made on the protctvpe electraostatic PUUEs for the
Booster. Using eguaticn (1], and assuming a pertfect detector
(i.e., P=0). then for C.1 mm position resolution. we reguire:

(Vg - Vg
O.1tmm = 100 mm ¥ —-—————=———
(VA + '\[B‘
(Vp — Vg
““““““““ = .00l -——-> -60 4R
(Vg + Vg

Although the preocessing electronics is aligned to achieve 80 dB
isolation (between ocutruts) previous to its installation in the
Booster., a method is needed to account for anv gain changes which
might occur over time.

Assumptions:

The following assumptions and approximations are made to
simplify this evaluation:

1. The svetem ADUs have sufficient resclution for their
errors not to enter into the analvsis.

2. The calibration ring maintaine its original coupling
protile to each pickup electrode for the duration of
its lifetime.

3. Since the coupling from the calibration ring to each
rickup electrode 1s identical to within better than
-60 dB, we can assume it to act as an ideal voltage
divider (i.e., equal voltages appear on each plate).

Calibration results will depend upon both the gain setting of the
electronics, as well as the number of turns which are integrated
over during a particular machine cycle.
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The Calibration Signal:

The calibration signal originates from a dedicated sgquare
wave oscillator within the BPM electronics. 1t is aprlied to the
detector s calibration ring and split into two egual voltages, each
of magnitude V. G.. where V. iz the calibration voltage at each
pickup el@ctrhi@ fnot receasarily z known value) and G. is the
courling constant of the calikbration rineg. Obtaining the calib-
ration signal through the detector provides contidence that all
0of the coaxial signal cables between it and the elactronics are
connected. The calibration ring also eliminates the nesd for a

precigion splitter and matched «ables within the calibration sec-
ticn »f the BPM electrcnics.

Basic Strategy:

The analvsis ot the BPM svetem calibration will be developed

ze follows:

. Firat, it is shown that the gains and »ffsets of components
located in sach of the two legs which immediatelv Tollow
the hvbrid {i.e.. the sum l=g and the ditfference leg) ~an
be combined.

. Then. while manipulating a calibration =ignal at the input
te; the BEPM electronics. the sum and difference voltages
measured by the system ADC=E can be used to obtain sipres-
sicns for intermediate gsain constante.

. These ronstants can then he used to realice evpressions
for the voltages which appear at the pickup rlates (with
reference to the calibration veltage).

. The equations developed up to thig point take voltages which
can be readily measured by the syvstem and relate them to the
voltages at each plate, normalized to the calibration signal.
Once the prlate voltages are known, it i1is a simple matter to
compute the difference s sum ratio. Upcon calculaticn of this
ratio. all reference to the calibration signal vanishes.

. We now have a diff/sum ratic which is corrected for the
electronics associated with a particular PUE station. We
need only to insert this value into equation [1] to obtain
the fully corrected beam position (i.e.. corrected for both
the electronice and the detector).

Evaluation of Calibration Requirements:

Figure 1A is a block diagram of the analog portion of the
Booster BPM electronics, from the detector te the input of the
ADCs. There are two items of interest in this diasram which serve
to simplify the analysis. First, it should be noted that any los-
ses in the cables which connect the PUEs with the electronics have
been absorbed into the front end egains, Gp and Gp. GSecond,
there are no DC offsets to the left of the sum and difference
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regult of the front end amplifiers being capacitively
e hvbhrid.

Combine gaine and offsets past hvbrid:

wcilated with
1 can be lumped

a0
gure 1A).

We wish to show that the gains and offsets a
bhoth the Base Line Restorer (BLR) and the Integra
together into one gain and one offset (refer to Fi
Define:

&
to
1

Oy = BLE aftfeet 0y = Integrator offset Ve = signal from the
hvhrid =SUM port
G, = BLE gain Gy = Invegrator €ain Viq = =ignal rrom the

hvbrid D1FF port

The feollowing eguation relates the ZUM port of the hvbrid to
the input of its A’D converter [(ADC) quyml:

Vaom = [iVa + OpG + 041Gy = VbpGy + OpGpGy + 0464
It should be noted that for a given gain setting and number
of bunches. all of the offsets and gains associated with both
the BLKF and the integrator are constant. Therefore,

Gaum = GRGy and Oaum = ObiGi + OiGi

are constants. and VgyM. the input voltage to (ADC)gym. can
be represented byv:

—-— al
VauM = VeGsum + Ogum-

Similarly., the egquation which relates the DIFF pert of the
hvbrid to the input of (ADC)giff is:
VDIFF = [(Vg + Op-Gp- + 04-1G3-
Vgl -Gy + Op-Gp-Gy- + 03-Gy-
where the primed (7)) subscripts are used to indicate the
BLRE-integratcr pair in front of (ADC)g4iff-
As before. for a given gain setting and number of bunches,
Gaiff = Gp-Gy- and Odiff = Op-Gp-Gi- + 03-Gy-

are constants. and the input voltage to (ADC)giff can be re-
rresented by:

VDIFF = VaGaiff + OQiff-

r41
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f rombining the gains and offsets of both the
r has been ectablished. the expressions re-

the input of the BPM electronics to those
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nece the validity

nd the integra
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DCYoym and (ADCY g4 rf are as follows (refer to Figure 1B):

VoM = Valsum * Osum = (Va%ha + VBERGeum + Osum
VpDIFF = YaGaiff * Cdiff = (VaGa - VRGRIGgiff + Odiff
where: Vp and Vp are the two PUE plate voltages
Ve and Vg are the outprut voltages from the sum

and difference ports of the hvbrid.
respectivelv. and
Gaum- Fditf are the values defined in [&] and [&]

-
Yeum- Ydi

»+

f

Uhtain intermsdiats gain caonstante:

Tt is desired to te able to determine the diff =sum ratio of
the rlate voltages. corrected for anv gains or offsets due to the
electronics. Since it ig neot possible to exwplicitly acquire all of
the gains needed to calculate the voltasges at each pickup., it is
necessary to work with intermediate constants which can be readily
measured bv the svstem. These constants are obtained while manipu-
lating a calibration signal at the input to the BPM electronics.

Equations [10] and [11] are the general expressions relating
the gains and cffsets within the BPM electronics to the voltages
actually arpearing at the sum and difference ADCs, respectively
(refer alsc to Figure 1B). Since these are the only voltages which
are accessible to the EPM controller (via the system ADCs), several
readings must be taken during a cal sequence in order to obtain
sufficient information to calibrate the electronics. The required
readings will be divided into three separate cases:

1. Vg = Vg = 0O

2. Vg VoGo and Vg = 0

3. Vy = 0 and Vg = VGg

where V.G, is the calibration signal arpearing at each
pickup electrode.

Case 1. Vg = Vg = O:

r10]

(117



During this porticn of the calibration seguence. the gain of
each channel of the BPM electronics is set to zero. Setting
Vp and Vp to zero in [103 and [11] gives:

VsUM = “sum [12]
VDIFF = Yaiff [13]

and the offsets Tor both the sum and diff legs in Figure 1P

are the voltages mweasured bv each respective ADC.

Cage &. Vp = VG- and Vg = O

With the calibration signal at input A4 and no =sipnal at input

B, eguations “101 znd {1171 hecome:
VolanGabeym = VoM a4 — Ogyp (147
VelbebipGdifr = (VpIFF_A — Ydifr! (18]
where Vengm a4 and Vpypp a4 are the voltages at
the ADCs when Vp= V.G and Vp= 0.

Note that each term on the right side of eguaticns [14] and

{151 is known. We now define a new pair of variables. each

of which represents the result of the subtraction of two

measured values:
VecA T YVAUM_A ~ Ysum (16]
VdcA = VDIFF_A — COdiff r171]

Case 3. Vp = 0 and Vp = V.G.:

With the calibration signal at input B and no esignal at

input A, equations 7107 and {11] become:
VeGe%RGaum = (YauM B - Osum ! 18]

{19]

VeGeGRGaiff = (VDIFF_ B — Ydiff !

where VgyM g and Vprpr B are the voltages at
the ADCs when Vp= O and Vg= V.G..

As in case 2 above, we define:
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Yace = VDIFF B — O4iff

A set of calibration constants consisting of Vgepa. Vdea- Vgep and
deP is required for each gain setting of the BPM electronlfs
used during a particulsr machine cvele. Medifvins the number of
integrating turns (N} will alse regquire a new set cof constante.

One should note however. that =since the integrator cffset is di-

rectly proportional to the number ot turns, each set of calibration

constants (for different values ~f N)Y is linearlv related. There-
fore, for a given zain setting. two sets of calibration constants

are sufficient to Fdlrﬂ ate the rorrection for anv cother number of

turne.

Obtain expregceions for FUE woltages:

Egquations (161, [171, [20] and [”1] can be used to re all"e
’grpcsions for the veltages at each plate. normalized to the
libr=ation signal. Multiplyving bur} sides of equatlﬁnc [107 and
11 by V.G, and rearr s

(I]

renging terms give

~
s

V. (Veimg - O Y o= AU (3 (A + YgU.C Cnl
VAo VUM - 8um e 4 h (

VoG (VDIRRE - Ydiff! = VAVRGRGaAGqiFf = VBV-GAGRG4irf

where boldface tvpe is used to distinsuish bhetween variables
during actual operatior and the calibkration "constants” (ie., with
respect to a particular machine cveled). Substituting equations
161 and [20] into [2027. and equations (177 and (211 into [237:

V-Go(VguM — COgum) = VAVgea + VBYgeB

VoG (VpIFFE - 2gdiff) = VaAVdca - VBVacR

Equations [24] and [25] can now be solved simultaneously for Vp
and Vg. ncrmalized tco the calibration signal:

A 4 P 4 s WAV Y . /2 ¥ R o -\ 7 —

VA ' VSUM Yesum’ ' VdcB’' T 'VDIFF Yditf''VscB'
v o ¢SS JE ¥ S ¢ S |
veYe LVscAYdecB 7 VYdcAVschb!

Vn (Vormd - O Y (VaaY — (Untow — Qa:ee)Y(Varn)

D N U1 o WA ach virp Al L L oo

VG [VaraVa~n + VaraVe~nr]

L i [y ey A i) A L3 [ LWy 5 )

It is now possible to write expressions for beth the corrected

[21]
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differ
result

ence and the corrected sum cf the twe rlate vecltases. The
ing evpressions are:
B {VsumM deum ' Vd-B - Vdca) + (VDIFF - Uaiff)(Vech + Vaca:
D e (28]
Y PV T = S ¥ 37 . T
L¥ecAvVdeE ¥ VescBYdcAd
.~ (N7 — 3
B (VUM — Osum!'VdeR * Vges!) + (VDIFF ~ Qdiff!' Vack - Vseca! i
T e e e r293}
7 7 7 7
[VecaVdeB *+ VaecBVdead

Performing the ratio o1 eqg.[Z28] to 29.[29]) eliminates any depen-

dance

on the calibraticn signal.

and vields the following

eguation:

K FOKK ¥ FOKOK ¥ K HORKE ¥ KKK R F A F R KK R R KR 0RO b Kok Kk K KK b o R Kok K kK KOF oF k¥ Ok % K K
(VDIFF — Odiff) VereB + Veeop! ¥

+  DIF
3 ———
¥ SUM
¥

F Ogum  (Vdrp = Vaea) +

............................................... P T P T S R P

AS S PSS AT ALSER LTSS ERSEEEEEEASE RSP ERREERE RS ER RS

is desired to have some
em s0 that a high level

of

indicates

method of
confidence

cv can be maintained after its initial installation.
that a calibration routine can be performed which

SE RS S SRS

calibrating the Booster
in itse measurement

ns Anal-

provides sufficient information to compensate for long term active

component drift within the BPM electronics.
combined with a knowledge of the detector offset.

information. when
can be used to

This

determine the absolute position of the beam.

E
into
appare

gquation

nt offzets due to

1] to obtain the actual position of the beam.
hoth the detector and the electronics.

[30] provides a numerical value which can bke inserted

corrected for

Constants obtained thrcocugh a calibration routine operate on the
SUM and DIFF voltages retrieved by the BPM svstem during machine

operation (beoldface tvpe).
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