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Abstract 

Beam po-;ition detection equipment often ettt~~!oys circuitk 
tllnt convert ;~tnl’lititne-mndulatctl position signals to phase 
motlltlation. Thrsc signals are limited to remove amplitutlc 
~~;lriatinns nntl phase detected to obtain analog position 
i:tfotmation. Tt IC l)~~~~se-~~~o~lulatcd signals arc clil)ped by 
liniitrrs that must be closely phase matched in pairs over 
the signal intensity range of intcrcPt_ Acc~trary atid dynamic 
range arc dctertnincd principally by the pltnse match between 
the litnitcrs. J1’hcn the time duration of the bcatn is a 
fe!v ttiicroseconds or more, significant improvements ciln be 
01 )inincd by tlowll-convert,illg t,!te RF signals to an intrrtncdiato 
frc,quency near 10 hlHz. Limiter circuits are available thn.t 
can be closely matched in pairs at 10 hlHz over a GO-rlB 
sigtlal amplitude range. For esamplr, the peak phase deviation 
n~casurrd atno~~g 30 matchrd pairs was <0.4”, corresponcling to 
a phase tracking error of <O.l dB. Tl . us exceptional tnatching 
erml~lrd beam posit,ion measurements over a 50.dB dynamic 
range of signal intensity. A description of tile detection 
tcclnliqrtc and the limiter is given by this leaper. 

Introduction 

B(~ant-I>osition detection equipment frequrntly cmpl~~ys 
circuits that convert amplitude-modulated (Ahl) position 
sigllwls to l)!lase modulation (Phi) using an .4h?/Phl convc,rtc,r. 
The phase-modulated signals arc clipped by limiters to rcmovc 
;lttli>littttl~~ variations and <are phase detected to obtain analog 
position information. Papers by Higgins,“2 Jacltim,” Sl~;~f~~rz’~5 
and 11-cl,l)er6 describe eqttiptncnt employing these circuits. 
\\‘hott the titne duration of the beam is a few microseconds 
or more. significant improvements in accuracy ant1 dynamic 
rnngc can be obtainctl l)y down-converting the RF siguals to 
an intermcdintc frccluency nenr 10 1lHz. Limiter circuits are 
nvailal)!e tltnt can be closely mntcltct! in pairs at 10 klHz over 
a CO-1d13 signal ittt,ensit)- range. -4 dcscriI)tion of tllcsc‘ circuit,s 
is givc,n l,?low. 

Down Conversion Equipment 

Figltrr 1 is a Lloc!~ diagrattt of a typical circuit, for 
&tccting tltc >; and Y positions of a beam. For this cnsc, 
a l)rototi bc~attl is tltotlrktcd at 200 3IHa ant1 intlltccs ZOO- 
hlHz itt-l)hase RF signals into striplinc pickups. T!ICW signals. 
&si~tlntctl A,. B,. -4,, and B, are applied to low 11:~s filtc.rs 
Itaring a cutoff frequency of about 300 ?rlHz. The filtcrct! 
sig:tn!s are amplified and fet! to the RF ports of fom tlot~ble- 
balat~ccd misc~rs. Applic~tl to the local oscil!at,or (LO) IWrts is a 
LO frc’qu<-ncy of ‘10 hlHz. Tl le difference frcqumcy of 10 kIHz 
is c.strartcd by fortr l~~tdpass filkrs as shown. Kotic.c, that t,ltcT 
LO fr(>qlt(*ticy aI)l)lietl to tlte B, ant! B, tniscrs is phase x!tift(~(l 
30” rc,!;tti\-cs to that apl)!ic~tl to tltcx A, and A, rrtisckrs. 

Tltr, outptlt frotn the .4-cltnnnrl tttiscr can be cspre~sed x 

E,, = $ COS [(LG’I,() - ‘dRF)t] , (1, 

\vltilc tllc, olttI)tlt front tllr B-c!tatn~:l tnixrr is 

En = 4j cos [(L+,,,() - LZk{F)t - 90”] (al 

‘\\‘Oll< suppoLtcd ad rllnrlcll I$ lII(, 1’S Ik]xlrllllcllt or lkf?nw Al711v 
Stv:ltegi< I)i~l;~~iic C1osl~lll:~ll~l, Iln~li~l. 111(, i)lx.l1l~x*i of 1!11’ (IS IlcpI~lli~cut <;I 
I;iKTg>~ 

Fig. 1 Block diagrnm of tlw beam l’o5ition-detfctiol~ equipment. 

Thus, the amplitude factors A and B are maintained in the 
difference frequencies, and tltc IO-kIBz component from tlte B- 
channel lags the component from the A-chatn~el by 90”. It is 
of interest to note that a local oscillator frequency of 190 >IHz 
will produce a 90” phase lead in the B-channel component. 

AM/PM Converter 

The four 10.MHz signal components are power-divided 
to provide signals for position detection and intensity 
measurement. The X and Y position channels are processed 
by Ahl/PM conversion circuits that transform the amplitude- 
modulated position infortnation to phase modulation. Figure 2 
illustrates the operation of tltis converter, which eml)loys 
three 0” power dividers and one O”/i80” divider. The 
interconnection of these components, along with the 90” 
phase lag produced by the down converter in the B channel 
produces two signals, rl and t-2, having the phase relationship 
$d = 2 tan-’ /B/.41. Thus, the amplitude ratio B/A is 
converted to a phase angle. The conversion gain is about F.G” 
per decibel of input signal imbalance for in-phase RF signals. 

Fig. 2. Olwration of lllr .A\l/PkI convcrlet 

A plot of this quantity is shown itt Fig. 3. For I)c~nm 
positions near the, ccntcr of the’ ~lmit~c!, the cur\-c is wlativcly 
litlc,nr. Becauscl tltis tccltniquc~ cmplo!-s ratio detection, the 
phase angle is irid~pcndcnt of th l~ratn intmsity over sevrrnl 
decades of lmllll CulIY~llt. 

Limiters 

The I-‘llase-tnodulated signals arc clipped by littlikrs 
tltat ttutst lx closely phase-matched in pairs over the sigt?al 
intensity range of irkerest,. ,4ccuracy and dyttatnic rnngr 
at-r detcrtnined principally by tltr phase match between the 
litnitcrs. If the: position detection circuits are operated near 
10 hlHz. comparators are nvailt~ble to swve as limiters t,hat 
can be closely phase matched over a GO-d13 dynamic range. 
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Fig. 3. Plot of the AU/PM converter phase relationship 

In particular, the SP9685 comparator is an excellent choice for 
this application. Figrue 4 shows a limiter circuit that uses this 
comparator. 

,$ 1 45 0” NJ 
IV I r--F----------- ~-- 

I 
-5 a 

.5 0” I x x It4 f 4 tx 
r----- 

0 mJT 1 
O-, ” 2: $2 

’ 

ic I* il., 3 O lUF 1 
1 3 sG--’ 100 
’ >liG 

D IYT ” 6’ ? , 3w lpoM I-: r( 

: ~~~ 

a”’ ,“‘:‘-. ‘y- : 39x*r *I , -‘irii; ( I* 0 SfF’ 101 
I r-- F 0 I”/ a”; ‘1 ‘1 300 Pan I ;, 124 -,.’ I 

-5 P” I” p JP” 
E’F I 

___-_ -------I i t 

Fig. 4. Schematic diagram of a limiter 
employing the SF9685 comparator. 

In Fig. 5, the peak phase deviation for 30 matched pairs of 
SPDFS5 limiters is shown. The worst case match was 1.6” and 
the majority were within 0.4” over the 60-dB dynamic range. 
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Fig. 5. I’r~ak pt~asc deviatinli of 30 type SP9685 
limiter pzirs matched over a GO-dB dynamic rnngc% of 
IO- hlllz input sigllal. 

A differential change of 1 dB in signal intensity produces 6.6” 
of phase change in the AM/PbI converter output. Thus, tire 
limiter phase-tracking error was less than 0.1 dB. 

Referring to Fig. 1 again, the two out~prrt signals from the 
limiters are applied to a double-balanced mixer that functions 
as a phase detector. An exclusive OR-circuit could also 
perform this function. The output is filtered and amplified 
to produce the analog position signal. 

Figure 6 shows oscilloscope traces that illustrate the 
dynamic characteristics of the equipment. The horizontal 
scale represents beam current variations ranging from about 
10 PA on the left to about 10 mA on the right. The 
corresponding signal power to each input ranges from -64 dBm 
to -4 dBm. The family of horizontal lines represents 21 position 
values corresponding to differential signal intensity changes of 
1 dB/step to the two inputs of the AM/PM converter. The 
beam-centered trace results when the two signals are equal 
(A = B). The upper traces correspond to A > B, while the 
lower traces result when A < B. The position measurements are 
quite uniform from about -54 dBm to -4 dBm. Below -54 dBm 
the limiter operation deteriorates, finally ceasing to operate 
below -64 dBm. The position measurement uniformity is due, 
primarily, to the excellent phase-matched characteristics of the 
limiters over the 50-dB dynamic range of signal intensity. 
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Fig. 6. Oscilloscope trnccs illustrating the dynamic 
charnctcrislits of the Position-dctcction quiplncnt. 
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