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REMOTE CONTROLLED SIGNAL CONDITIONER AND FIBER
9PTIC DATA LINK SYSTEM DEVELOPMENT FOR CPRFI

LS. Schrank, LDCaudill, A. Habershch, K.A Klare, WA Reass

Los Alanlos :Jalional Laboratory, Los Alamos, NM E17545

ABSTRACT

The ZTH reversed-field pinch 10 be inslalled m the Conhnemonl

Physics Research Facilily (C PRF)wdl produce asignllcanlamblen!

msgne!tlield. Tc avoid groundloopand olher electrical problems.

she diagnostics In Ulrecl or possible conlact wllh Ihe experiment

will ba accessed Ihrough c Iiber oplic dala way The frequency.

rnodulaled analog hnks developed for lhls syslem have a bardwidlh

of DC 10 100kHz and a s@a140. noise ratio olbeller ll?an60 dB

The fiber optic Iransmlller unlls Incltie a signal condihoner and a

microprocessor controller. The condi[loners mn be confi~ured as

DCcoupled, Iow.noise ddlerennal amplifiers, or as high-garr, low

drlil dilferenlial in[egralors wllh a very long droop lime constant

Magnelic held pickup is minimized by balancing sensitive Circuil

sreas 10 wilhm 5 mm’ in all three planes of Ihe PC boarda. The

gain, offset, and integrator resel are conllolbcf and momlored by Ihe

rswopmcessor, and Ihelr slalus is displayed on Ihe Ironl panel of Ihe

transmitter unil, The sqnal condlhoner can be cmrlrolled locally, or

by way 01 a fber OPIIC comled conlrol nehvork The syslem allows

fasl. cmvsnienl, now.e-immune conlrol of a large number of signal

ccmcfilmnars from a cenfral hosl Cofnpuler. By <arymg the ollsel, Ihe

IXmIpuler can verify the Operahonal mlegrlly of Ihd dala Imks

INTRODUCTION

Being ● n alr.core devb. the ZTH rswwsed fmld pinch 10 be

Inslalled In the Conhnemenl Physics Resaarch Faclhly (CPRF) WIII

prcduc-e a aubslanllal amblem rrmgm?hc bald. 1 The far Ileld can bo

●pproximated by a dipole fwld wllh ● magnllude of up 10003 T al a

radius cd 8.5 m from the cenler of lhe experlmonl The presence of

Ihls held Is a slgnllcanl faclor in Ihu design 01 Ihe Inlorlace bolwcmn

dlagnosllcs ●nd dale acqumillon syslem

Time varying megnelrc Ilelds can induce large polerlllal

rjlllorenu~ belwaen Ihe diagnoshcs and the fronl frnd, as WCJIIas

tirwla!mg currrml: in Ihe dlagnosllcs grounchng system ltleso

ellecls can, in Iurr), generale spurIoufi cignale on lhe dlagncmhc dat~

pa!h tnd, h .xlromb cases, damago 10Ihar dmgnosbcs The problnm

WIII bo solved In Iho case d dlapnoslics well Isolalod from [he 27 H

●xpwhnenl by using a slnglo dl~gnostim grounding poml and by

Stwidlng ground loops Thermocouples may bo handled by hbw

OFuc coupled program,mablo Controllers The followlrw approach

ha$ boon adof)krd for lha Oll!ssr Sensors

Dlagrrontirn m dhuct or pos~lble contncl WIItI ItWI eDpnr~men! arn

grounded ml Ilw Ironl and 01 Ihe lncIIIIy. lo prwrmt glound lr?oIJs,

Iha dmgnosfm nre oIt Iwwlse Isolmled Irom OISCI1oltmr and from

IIMI OUI!IILIOworld by Ihe USP of fber opl Ic d~la Imh!s Fls+quwwy

modulamd andW links wIIIIs bancfwdlh of 100 kllz miure rolltiblo

opafsflor),

Tt)e tlbar opllc Ifansmlllor UIIIIS me Ioatod II) lhe mpcrrlrmrllkrl

1]s11n’ a lmilun .85 m horn Il!e Ilor]l end 10 nutqn[n miiurlttltc pkkul~

IIV 1110 .IOCIIOIIIM lhn filnrf opltc IeccrIvnf6 aro If ISlallml II} 8 IIIllh IIII

W41a ac~ul~llloll cstijn 7 his dalfr ncqumlmn nrrtwwh Ilnn ltlo nrklud

●[fvanlagm of bumg Inmwla 10 srlrwlromngnoll(; pIMIII) ,Ir}(f 01 1110

Iuiilm
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venling noise propagation among he various areas of the Iaclhly

The fransmiuer unils include a signal conditioner 10 malch Ihe

characlerisli~ of Ihe diagnostics wgnals 10 Ihe dynamic range of Ihe

links. The conditioner parameters are sel and monilored by a buill-

; I conlfoiler, Access 10 the controller Irom [he user work s[anons

is Ihrough a hber OPIIC cormrol nelwo(h and a hosl compuler. Local

access from tha Iransmillel fronl panel IS also avadable.

Aulomaled verilicahon of the g~in and Imearily of Ihe dala

links will be performed by Ihe hosl computer. An cdlsel sgnal will

be cycled Ihlough lhO data a~u!slllon system, and Ihe response

checked for accuracy of gam and hnearily

DATA ACQUISITION NETWORK

The purpose of [his nehvork is 10 route Ihe signals produced by

Ihe dingnoslii 10 an area conlai,ling Ihe dala acquisition Iranslenl

recwders as well as mixing and monitoring equlpmenl. Analog

hnks are used 10 prodde on.lme acc8ss 10 Ihe dala, for equlhbrlum

control, for example. Frequency modulation ensures reliable gam

and linearity.

The Iransmiller units incorporate the signal rmrchlloners and

conlrolkrrs described below. The clrcuils ale buN on a single prinled-

clrcult board rnounled m a NIM-lype plug.in unit. These unils fll in

special cYales 10 ensure electrical isola[lon from each olher and from

the outside world. Power iS provided by Iloaling power supphes,

FIBER OPTIC LINK

The link operales WIItI a cmrler Irequency of 750 kHz and a

maximum swing of + 250 kHz. An AD650BD chip is used as a

vollag9.fo. frequecq conv6rler m Ihe Iransmlller, and frequency lo-

voltage converter in the recewer, Low loss glass .core fiber allows

Comrnunirxlion over several hundred reelers.

The link has an overall vollage gain of 1, and a dynamic range

01 + 5 V, The barwiwldlh extends from DC 10100 kHz, WIIh a s~nal.

lonome ratio of al Ieasl 60 dB The Imea!lly and gam errofs are less

Ihan O 2%. Temperature compensahon lachnq~les will bo used 10

ensure a baseline slablldy of LIeller Ihan 0.2 mV/nC.

TO acfuove *his low noise Ievol wl[h Ihe mmlmum carrlor

frequency 01500 kHz, Ihe ~ecEwer makes use 01 an achve 9 polo

Bessel liller.2 TINS Illler has an allenuallon of 3 dt) al 100 kHz and of

85 dB al 500 kHz The hllrrr mlloducos a delay of 7 IIS in Ihe signal

This delay WIII be Iakon Into conwderallon In Ihe dala analys!

SIGNAL CONDITIONER

The signal cmndllloner musl be able 10 ampllly Ihe dlagr]osuc

sqnals by several orders o, rnagrwlude, MOSI of Itle electrical

dlagnoshcs s!qnals musl also LJ lime mtogrntod The mam elemonls

u! Ihe cond%oner ale lndlca~od m Il\e blwk diagram of the u ansrwller

unll shown in Frg 2.

The Input alagQ of the signal cor}d(horwrr can be conl~ured as

a praamplifmr or as an Inlvgfalor Tt)e mpul Is dhfolonlwl In both

cawrs 10 reject common mode eloclromagnetlc pickup rrducod In

IIW diagnostic lines The galrl of the preamplllmf Is prosol during

assrrtily al a value of ! to 10 By carohd nmlchmg of conlponorus,

a common mode IQIr?ckrIl raoo 01 100 du (S nctI!ovmf al llle low

frequency end, Tha ratio IS reducnd 10 70 dU n[ 11,0 k}lz

Tho pf~arnpldlor IS Iollowod by z plocjrnmumbla gairl arllptllwrs

lh(tSO nnl@hOIS llaV(I a COlllbllltd gnlrl d 1 10 1~’H 1)10 allll.’ll Utlll

ol Ills slll14110sl Ii.Jll ~:aln Irlpul fiigllml Is, lfloflllnra, / fl rllv WIIII :1

prearnplllkr gnln 01 10 1 Ilo Immlwmltll of Ilm slg~ln’ colldlllolmr

S)XCeWS 24ti k!i~ IU Itll!i conlqufalloll

Who!} uled m an Inlrrgralw, Ilm ri,vllnl cotldlhollm IIIIJ51 b(!

-Me 10 Inlegfale wgnals ovm a pro Iod d 5 rwu.rrds wIlh IIllrlllllill

4

Fig. 2, Block Diagram of Ihe Transmll(er Uml
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Fig. 3. Integralol Clrcull

base Ime drill TIIIS IS aaolnphslmd WIII1 [he ctIcuII SI1OWIIIrl : Ig 3

Use 01 an operahonal alnpldler wIlh an operl lcJop gmrr groaler Illnrl

135 dB and 01 low Ieahago Inloq!a!o! capacl{o!s pfcdurxm ~ r-l!ool)

wrle conslan[ greater Itlan j,000 s,

Tlw Inlegralor CIICUII lms a galrl of O 5 V/nlV s llIrI ovmall f];i[rl

of Ihe cortdmoner m ItIO h]lrruralor modo c811, Ihoroforo, be vn(Io[!

IJOIWOOI1 O 5 and 64 V/IIIV s Fly mnlchmg colnpononls, a corllrlloll

modo tojrrcllon fallo 01 100 cI13IS chlamod al low Irequorwy A rnhrr

of 50 dB, al 100 ktlz, k rrlade possible try buflermg Ihr? ou~ml of

[he oporahonal arnpllllor U I.

1110 lnlOglalOl k II?S(!I ~lJtWOIIll ShOIS 10 COfllfol 111P s(ilfllll~]

polnl 01 1)10 Inlogfnllorl I tIIS opol~ltrll IS pcrlortl)od by U,] 1 III,

Mso III1O of Itw Irlp(lt slUrlJl (011 110 StII !0(!, 111 1110 ~)lvisllll!lrlIIIf m

Ifllfqjrnlol (!(Jll!lQUr Oll[lll. by IIIIIIIIKIII 01 All crllstIl voll;lgo prodil( II(\

W a [)/A mmvmlor



The Ironl panel of Itie Irznsml:ler unll IS shown In FIg 1 LED’s

display [he stalus of Ihe signal condlhoner, and swllches allow local

access to Ihe controller. This Iealure will be uselul ilurlng Ihe selling

up of a dlagnoshc, for example A conneclor is available 10 momlor

[he inpul 10 Ihe vollagelo-frequency Converlar or, as an opl!on, 10

drwe a 100.Q line, The dlfferenhal outpul range, m Ihe Ialler case,

Is *Iv.

The prmled crrcull board IS d.xlgned 10 mmlmlzo amblen[

magne(c held pickup, Use IS made d a 3-layer board wllh Ihe

cenler layer used for Ihe ground conductors. Input traces are Iald

orJl m a pattern analogous 10 a twlsled pair. Unavoidable loop areas

thus lend 10cancel each o:her, An effeclwe area of less Ihan 5 mmi,

as relelred 10 Ihe inpul of Ihe cmdllloner. has been oblalned m all

orlen[ahons of a prololype board. The anllctpaled spurious OUIPUI

signal WIII be less Ihan 10 mV al maximum gain m Ihe mlegralor

conllguralmr.

CONTROL NETWORK

The conlrol syslem prowdes user access 10 a widely dlslrlbuled

array of sgnal condlllonefs Up to 992 Conllollers can be connecled

10 a hosl compuler wllh 16 serial dala ports. Slar hubs (Fig 4)

wllh a subsel of up ICI 62 controllers can be cluslered as dlclaled

by geographic requlremenls, AII inlerconnecllons use Itrer cphc

components for electrical Isolahon and noise Immumly
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condllloner parameters The Ironl panel demands are servl~eci al a

high prlorlly and allow Immedlale control or Itle s;gnal condllloncr

Afler adjustment of Ihe signal condllloner parameters IhP con[rotlcl

oulpuls Ihe updaled front panel display and enlers an Idle mode

In Ihls mode Ihe conlrollef Iasms are rWuced 10 maln[crlance of II It?

watchdog clrcull using IIS associated Ilmer in[errupt

CONTROLLER HARDWARE

The primary hardware component ,s an Intel model .97C51

microcontroller. This mlcroconlrollcr has been selcclcd I?r ,IS

small s,ze, low power consumption, and exlensve se[ 01 on

board resources These resources Include a serial pOIt for

commumcal!on wllh Ih.s hosl, an erasable programmable read or)ly

memory for slorage o! Ihe embedded program, mpu Lou[pul porls

for connection 10 lhe signal condllloner, and In[errupt supporl WhICl)

allows responswe design 01 Ihe controller program,

The block diagram 01 Ihe controller (Fig 5) shows the support

clrculls necessary 10 complele Ihe controller/stgnal condf[loner

mlerlace, Ihe conlrol16r/local user mlerface, Ihc controller hosl

mlerlace, and Ihree “housek.eeplng- Iasks
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Fig. 5. Mlcrorolltrollw and SuppoII LlrLulls

Fig. 4, Conlrol Nelwork

1110 rwlwork afti ItIe user Inlwtic:lIorIs aro misrmgnri by a hrml

al]~hcallcm prouriml This OppIICaIIOrI prograrll, pr(tsonlly ur]dmr

devolopmerll, may, for exarrlplo, !Qspond 10 a lisur foqurtsl for gn)rl

I,,lcurriallor) rJII ‘dl;igr)oslw nunlbof 1?5 “ llwr applitilllorl pIWr LIIII IrI

IIIIS CJ<(~ WIII Inisd SOIInl porl rlur71bor 1, collllullor nunllmr 2CI 101113

L:llll Wlllnu 911LIrotwll llm Illlorltlnllorl lr~ lfIrI u!.r,I

CONTROLLER TASKS
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EMBEDDED PROGRAM

The controller program musl manage Ihe or-board resources,

Interac[ wlh Ihe supporf circuik, and main[ain communicahon with

Ihe signal mndilioner by lollowin~ pradehned rules. These rules

resull horn Ihe seiecllon of a COMmLIflkallOnS grrolocol and a

hardware mnh~ Jrallon,

The communtilions prolocol defines Ihe interchange of

commands, slalus, and dala between Ihe hos[ and the controller.

Figure 6 shows Ihe program Ilow char! which exercises ccmlrol

01 Ihe signal mndiliowrs by following the probcol rules, The

main program segment slarls from reset, Initializes resources, and

enlers the idle mode wailing for a command. Commamls Irom

Ihe hosf generale a serial inlerrupl. This inlerrupl drives a second

program segment wfwch prmosses the hosl inpul and alerls Ihe main

program, The Inain program fhen exils the Idle mode, executes the

commaml, updates the Ironl.panel display, sends a response 10 the

host, and relurns 10 the idle slate. Parily and procedure error cheds

Qre perlormwl on the ardving cemmards during execullon of Ihese

IWO program segrnenfs. The slalus of Ihesa checks is relurrrad In

the rrmponse sent 10 fhe host,

Another hlerrupl signa:s Ihal Ihe fronl panel Inlerface needs

service, The manual cmnlrol rouline of Fig 6 shows how the

conlrol~r program ac+mowkfges this Iruerrupl and executes It?@

local user command while supplying updaled displays of gain, of fsel,

and read Information 10 the honl panel,

The (her rouline uses two interrupts lo manage Ihe walchdog

circuil. A Wrier Inlerrupl establishes Ihe walchdog updale rale and

me sacred krlerrupl (sho~n In the main program s~menl) forces a

resel II Ihe walckkrg lhnes OUI.

These inlerrupl driven code segrnanls creale a program which

is responsive 10 Ihe d, f!erenl real.lima evenls which cccur during

Ihe conlfol of Ihe sigrlal condilmers Asynchronous mxurrenccs

of hosl commands, fronf panel demands, and hmer I;;lefrup[s are
prcmsssed reli~bly.

CONCLU910LW
A Ilber CIpk dala Ilnh system has been developpod Ior

CPRF/ZTH dlagnoshcs roquirmg eleculcal ,solallon from each oit]er

and Irom lhe oulmde world Immurvty 10 lhe magne!lc Ilold

envlronmeol has been a Frlme conslderallon. The hnks have e

bandwldlh of UC kr 100 kl-lz, and good imear!ly, slgnallonow+o raho
and sl~bhly.

ThrJ dala hnks Include B signal condllloner capable of handling

e wide range of dlagnosncs requhemenls, Remolfl sellll!g of

the Condllioner paramalers can be handled horn Ihe user work

slahons FleliabMy Is ensured hy W? ch@ce of CJICUIIS,Ih@ choice

01 conllol procedures. and a provlslon Ior aulomaled tierlflcallon of

Ihe opernllonal lnlegf~!y of Ihe 6ys\em

ACKNOWLEDGEMENTS

The aulho, wish 10 Ihanh C J Buchorlauer, T L POIPIWIII,

Brvl F!, W. Wikms Ior sllmulamg dw.cIJwjIoIM and hfrlpful ndwmr

REFERENCES

1

2

C F )+~mmw IWW! P lIIUIIQII. “~onfinommrt fVIyslcs FI051=:IIcII

FsIcIl,Iy/Zlll A I’rcy, yrtss Fnpoll,- PlrYl?r)(@s [)1 1110 1:1111

Symposwm orl f u!smn Erigmnulmg, KHOMVIIIO, IN, ( )(, I ;J

G, 1959

1) S Humpllm[s, ‘Allalyws, lkrsIgII, mId !;yIIllIrIriIs of f lItI 1:,.;II

FIIIUIU,” Ihsm[tce Ilall [1970)

(j)(j)
b- J

QS[nlu
C41tn
.wwr

S
fwtw

MI MILrS

FW!%cW

*

Pflomm

8

wltn
WV I

11

Glrrncw
WML Swllcws

oqIwh
10

uaw

14ANUALCW!t~UL [WL![lNE

LOMMANCIINPuT ROIJT~

QIlulo
NI(H
MU=I

r
i

Fig. 6. EIIILIoIMIIII f’roglalt] I low (; I1;III


