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REMOTE CONTROLLED SIGNAL CONDITIONER AND FIBER
OPTIC DATA LINK SYSTEM DEVELOPMENT FOR CPRF!

L.S. Schrank, L.D. Caudill, A. Haberstich, K.A. Kiare, W.A Reass
Los Alamos National Laboratory, Los Alamos, NM B7545

ABSTRACT

The 2TH reversed-field pinch to be instalied in the Conlinement
Physics Research Facility (CPRF) will produce a significant ambient
magnelic lield. Tc avoid ground-loop and other eleclrical problems.
the diagnostics in direct or possible contact with the experiment
will be accessed through C liber oplic dala way. The frequency-
modulated analog links developed lor this system have a bar.dwidth
of DC 1o 100 kHz and a signal-to-noise ratio of better than 60 aB.
The fiber oplic iransmitter units include a signal conditioner and a
microprocessor controller. The conditioners can be conf.gured as
DC-coupled, low-noise differential amplitiers, or as high-gain, low-
dril dilferential inlegrators with & vary long droop time constant.
Magnelic field pickup is minimized by balancing sensitive Circuil
areas 1o within 5 mm? in ail three glanes of the PC boards. The
gain, ofisel, and integrator tesel are controlied and monitored by the
microprocessor, and their status is displayed on the lront panel of the
transmitter unil. The signal conditioner can be controlied locally, or
by way ol a fiber optic counled control network. The systern allows
fast. convanienl, noise-immune control of a large number of signal
condilioners from a central host compuler. By varying the oliset, the
compuler can verily the operational integtily of tha data hnks.

INTRODUCTION

Being an air-core device, the ZTH revarsed-field pinch 1o be
inslalled in the Conhinement Physics Resaarch Facilily (CPRF) wil
produce a subsiantial amblent magnetic hiald.! The far lield can be
approximated by a dipole fieid with a magnilude of up100.03 T at a
radius of 8.5 m from the cenler ol the gxpetimenl. Thae presence of
this figld is a significant faclor in thu design ol the interlace batweon
diagnoslics and gata acquisition sysiem.

Time varying magnelic fields can induce large polental
riillorences batwaen the diagnosiics and the front end, as well as
circulating cutrent: in the diagnoslics grounding system. These
eflecis can, in turty, gengrale r.putious signals on the diagnoslic data
path and, in exlramw cases, damage to the diagnostics. The problem
will be solved in 1ho case o! diagnoslics well isolated from the ZTH
experiment by using a single diagnostics grounding point and by
avoiding ground loops  Thermocouples may be handled by hber
of.'c coupled programmable cuntroliers. The following approach
has been adopled for the other sensors

Diagnontics in direct of possible contact with the axpariment are
grounded at tha lront end ol the lacility. To pravent giound leops,
the diagnosiica are olh@rwise isclaled rom eazh other and from
1he oulside world by the uke of liber oplic dala inks  Frequency
modulated analog links with a bandwidlh of 100 kHz ansure rahable
oparation,

Tha fibar optic transmitiar units are located in the exparimoental
halla' a radius -8 5 miromiha front end Lo mitigale magnatc pickup
by the electionks  Tha tiber optic r@cavars are Instaidod in a romote
data aoquisition area This data acquisibon notwork han the added
advantage of baing inmune to elactromagnatic pickip and ol pre
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venting noise propagation among the various areas ol the facility.
The wansmilter units include a signal conditioner to match he
characterislics of the diagnostics signals o the dynamic range of the
links. The conditioner parameters are set and monilored by a built-
1 controller. Access 10 the conlroller irom the user work slations
is through a fiber oplic control network and a host compuler. Local
access from the transmilte) front panel i1s also available.

Automated verilication ol the gain and lneartity of the data
links will be performed by the hosl computer. An offset signal will
be cyded lhiough the data a.quisilion system, and lhe response
checked for accuracy of gain and linearily.

DATA ACQUISITION NETWORK

The purpose of this network is (0 route the signals produced by
the diagnostics to an area containing the dala acquisition transient
recorders as well as mixing and monitoring equipment. Analog
links are used o provide on-line access to the data. for equilibrium
control, for example. Frequency moduialion ensures reliable gain
and linearity.

The transmitter units incorporale the sighal conditionaers and
controllers described below. The circuits are built on a single printed-
circuit board mouniad in a NiM-type plug-in unit. These units fit in
spacial crales 10 ensure electrical isolation from each other and from
the outside world. Powaer is provided by loating power supplies.

FIBER OPTIC LINK

The link operales with a carrier frequency ol 750 kHz and a
maximum swing of + 250 kHz. An AD650BD chip is used as a
voltaga-to-frequency converter in the transmiller, and frequency-1o-
vollage converter in the receiver. Low-loss glass-core fiber aliows
communicalion over several hundred melers.

The link has an overall voltage gain of 1, and a dynamic range
ol + 5V. Tha bandwidth extends from DC 10 100 kHz. with a signal-
10-noisa ratio of at ieast 60 dB The linearily and gain errors are 1ess
than 0 2%. Tempearature compensation techniques will ba used to
ensure a baseline stabiity of better than 0.2 mv/"C.

To achiave *his low noise level with the minimum carnor
frequency of 500 kHz, the receiver makes use ol an active 9 polo
Bessel liltar.? This filler has an attenuation of 3 dd at 100 kHz and of
85 dD at 500 kHz. The filgr inroduces a delay of 7 ;8 in the signal
This delay will be taken into consideralion in the data analysic

SIGNAL CONDITIONER

The signal conditioner must be able lo amplily the diagnostc
signals by several orders o, magnitude. Most of the electrcal
diagnoslics signals must also t.o timg 'ntegrated. The main elemanis
vl the condilionar ate indicated i Whe block diagram of the transmitter
unit shown in Fig. 2.

The input stage of tha signal conditoner can be conlgured as
@ preamplifiar or as an inlegralor  The inpul is diferential in both
cases (o reject common mode electromagnetic pickup inducud in
he diagnostic lines. The gain of the preamplilier is preset dunng
assombly at a value of 1 to 10. By carelul malching of componaenis,
a common mode tejeclion ratio ol 100 dB (s achieved al the low
frequency end. The ratio is reducad to 70 dD al 1,0 kHiz

Tha preampltor is follownd by 2 programmable gain amphhers
Thase amplhihers have a combined gan ol 1 10 18 The amiYitude
o! tha smaliest full acala input signal is, therelore, 78 mV with a
preamplilier gain of 10 The bandwidth of the signa' condiionor
exceeds 240 k}{z in this conliguralion

When used as an integrator, tho signal condiionar must he
sble 1o inlegrate signals ovar & penod of 5 soconds with nirimal
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Fig. 2. Block Diagram of the Trarsmilier Unil
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base line drift This is accomphshed wilh he crcuil shown iniig 3
Use ol an operational arnplifier with an opan Joop gan grealer than
135 dB and of low leakage intoqeator capacitors producas A droop
ume constant greater (han 5,000 s.

The integrator crcull has a gain of 0.5 V/imV s The ovatall gamn
ol the conditioner in the integralor moda can. therefore, be varnd
between 0.5 and 64 ViV 5. By maiching cothponents, a common
moda t0jaction ratio of 100 dB 15 oblained at low frequoncy A ratio
ol 50 dB. at 100 kHz, Is made possibie by bultening the output of
the oparational amplihar UY.

Tha ntagralor is rasel betweoen shols to control the starting
point ol the inlogration  Thus oparation 1s performod by UY  The
base hno of the inpyt signal can bo shi'led, in the preamphtior or
integrator conhiguration. by ijochon ol an offso voltage producod
Ly a D/A conventor

The gin, oltsot, and rtosot patametors ate set and monmitored
by an on board controller The operation of s gl and the control
notwork ate doscobod bolow



The front pane! of the transmiiler unit is shown n Fig 1. LED's
display the status of the signal conditiorer, and swilches allow local
access to the controlier. This feature will be uselul during the setung
up of a diagnostic, for example. A conneclor is available 10 monilor
the inpul to the vollage-to-frequency converler or, as an option, 1o
drive a 100-Q line. The dierental output range. in the latier case.
is 1 V.

The printed circuil board 1s dasigned 1o minimize ambient
magnetc field pickup. Use is made n! a 3-layer board with the
center layer used for the ground conductors. Input traces are lad
out In a pattern analogous 1o a twisted pair. Unavoidable loop areas
thus tend to cancel each o:her. An effective area of less than 5 mm?,
as referred lo the input of the conditioner, has been oblained in all
orientations o! a prototype board. The anticipated spurious outpul
signal will be less than 10 mV at maximum gain in the integrator
conliguration.

CONTROL NETWORK

The control syslem provides user access 10 a widely distributed
array of signal conditioners. Up to 992 controllers can be connected
10 a8 host compuler with 16 serial data ports. Star hubs (Fig. 4)
with a subsel of up lo 62 conlroliers can be clustered as dictated
by geographic requiremenis. Al inlerconnections use liber cplic
componenls for electrical isolation and noise iImmunity.
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The network and the user interactions are managed by a host
apphcation program  This apphcation program. presantly undaer
devalopment, may. for exampla, respond lo a usar roquast for gam
wlormation on “diagnoshc numbor 125 ° The application program in
this case will tead sonal port number {1, controller numbor 24 lor its
G seting and return tha information 1 tho user

CONTROLLER TASKS

Tho controllor must respond 10 commanids, goenerated by (he
host computer and Lo demands genecatod rom the front panol ol
the ransmutter umit - Host compulor commiants (aftor panty and

protocol checks) must b ransied and uned 1o ot o gl

condiioner parameters. Tlie Iront panel demands are serviced al a
high priority and allow immediate contiol of the signal conditioner
After adjusiment ol the signal condiioner paramelers the controlict
outpuls the updaled front panel display and enlers an idie mode
In this mode he conlroller tasas are reduced to maintenance of the
watchdog circuil using ils associaled timer interrupt

CONTROLLER HARDWARE

The prnmary hardware component is an Intel model 87C51
microcontroller.  This microcontroller has been selected for s
small size, low power consumplion, and extensive sel ol on
board resources. These resources include a senal poit for
communication with tha hos!t, an erasable programmable read only
memory for storage ol the embedded program, input'outputl ports
for conneclion to the signal condiioner, and interrupt support which
allows responsive design of lhe conlroller program.

The block diagram ol the conlroller (Fig. §) shows the support
circuils necessary lo complete the controller/signal condioner
inlerface, the conlroller/local user interface, the controller host
interface, and three "housekeeping” tasks.
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Fig. 5. Microcontrolier and Support Circuils

The test housekeoping task 1s management of a walchdog
tmor - This crcot ansures that tho @mboeddoed program s runing
and that propet controb sequonces arn tollowed
program must ponodthcatly update the walchdog ot sufler a parbal
taset 1o return the program to cottect oporahon

e pmbodded

Tha socotid housekoeping task 15 1o read the conlrolte:
addeoss Thus 6 bit value s usot seloctiblo lor addresses Y o G2
And urquely dontihes a sgnal conditoner channel  Tha addreay in
storod inntemal memary dunng the intialize pochion of the contratler
program and used to detormune which contrallor reuponds 1o a hosd
command

The tinal hounekorping sk involves a4 it ddontihoabon codoe
tolurned wilth the sagnat conditionet dataon responase to a bost goory
Thewo 1D steapn e pormmanently not to ddonhly sigoal condiones
paramaelers soch as the mtegralon lone constang



EMBEDDED PROGRAM

The controller program must manage the on-board resources,
interact with the support circuits, and mainlain communication with
the signal condilioner by lollowing predelined rules. These rules
result from the seiection of @ communications prolocol and a
hardware conlig Jration.

The communications protocol defines the interchange of
commands, status, and dala between the hosl and the conirolier.
Figure 6 shows the program How chart which exercises conlrol
ol the signal conditionars by following the protocol rules. The

FINESH
NIALCE

L

enlers the idle mode wailing for a command. Commands Irom

) " 3
main program segmant slarts lrom reset, initializes resources, and ‘ *1 proct $son
o
the hos: generate a serial interrupl. This interrupt drives a second
program segment which procasses the host input and alerts the main o
program. The main program then exits the kile mode, executes the B
command, updates the froril-panel display, sends a response to the m
host, and returns 10 the idle state. Parily and procedure error checks vis
58

Cont
are perlormer on the arrlving commands during execulion of these
two program segments. The status of these checks is returned in
PROCE

MM Pyt !

the response sent to the host. A
Another inlerrupt signais that the front panel inlerface needs LPONTE DeRAY & 1URN
service. The manual controi routing of Fig. 6 shows how the -
conlroller progtam acknowledges this interrupt and executes the
BEND RE SPONSE
10 HOST
and reset information 1o the front panel.

The timer routine uses two inlerrupts 1o manage the walichdog l
circuit. A timer interrupt establishes the walchdog update rate and
tne second interrupt (shown in the main program segmant) forces a MAIN PROGRAM
resel Il the watchdog times oul.
is responsive lo the dil'erent real-time events which cccur during A
the control of the signal conditioners. Asynchronous occurtences
of host commands, ‘ront panel demands, and umer iterrupls are
processed reliebly.

GEI FRAONT E3TARLISH

A liber optic Jata link system has been developpoed lor Y
CPRF/ZTH diagnostics requiring electrical isolation from each other
and from the oulside world. Immunity to lhe magnetc held ]
environment has been a prime consideration. The links have a Pt L KT
bandwidth ol OC to 100 kHz, and good iineanty, signal-to-noise ratio ot

local user command while supplying updated displays of gain, olfset,

These interrupt driven code segments creale a program which @
CONCLUSIONS AN SWIlCHES TSR et LOw
and st#bility.

The dala links include a signal conditinher capable of handling POATE anora ot
10 wATLKRE)

8 wide range of diagnostcs requirements. Remole selling of m“tx'wml o
the condilioner parameters can be handled from the user work ]
stations. Reliability is ensured by Ihe choice of circuits, the choice

ol control procedures. and a provision lor gulornated verification of

the operational intagrily of the system.

ACKNOWLEDGEMENTS
The autho' - wish to thank C. J Buchenauer, 1. L Pelorsen,
3nd R W. Wilking yor stimulating discussions and helpful advice

MANUAL CONTHOL HOUTINE TIMLILBOULING

REFERENCES

1. C F Hammar and P Thullon. “Confingment Physics Research
Facility/ZTH. A Progross Foporl” Proneadings ol the 140
Symposium on Fusion Engineconng, Knoxville, TN, O¢t 2
6, 1989

2. 0. S Humphetys. *Analysis, Design. and Synthesis of Floct:.cal
Filwrs,” Prenpice Hall (1970)

Fig. 6. Embodded Program | low Chan



