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Abstract

A multichannelsystemof power suppliesproviding a
biasvoltagein therangeof 0 - 410V for silicon micro-strip
detectorsis presented.All channelsare fully isolatedal-
lowing for flexible detectorsegmentation.A wide rangeof
functionsincludinge.g. a programmableurrenttrip limits
aswell asa ramp-upand ramp-davn control independent
for eachchannelrealsodescribed.

. INTRODUCTION

Silicon micro-stripdetectoroperatingin the LHC high
radiationernvironmentrequirethe biasvoltagewhich could
beadjustedn awide range.For the ATLAS SCTin partic-
ular [1] therequiredvariationis from 0 to 410(500)* V.

The ATLAS silicon micro-strip detector[3] is fairly
modularandit hasbeendecidedthatthe modularity of the
SCTvoltagepower supplysystenfollowsthe modularityof
the detector Consequentlyeachof 4088 detectormodules
is equippedwith its HV (aswell asLV) power supplymod-
ule. In additionit hasalsobeendecidedthat power supply
modulesare fully isolatedto allow for the maximumflex-
ibility at the final selectionof the shieldingandgrounding
schemeof theexperiment.

Il. GENERAL CHARACTERISTICS OF THE
ATLAS SCT HV SYSTEM

The system[2] consistf cardseachof which contains
several singleisolatedmodules(channels). The systemis
build in two similar versions. The full VME versionfor
laboratoryapplicationsn small centerstestingmodulesof
silicon strip detectors. In this versiona standardéU card
consistsof four independenpower supplies. The version
for thefinal detectorsystemof the ATLAS experimentuses
standard®f VME mechanicsut a customback planeand
cratecontrol. In this versioneightHV channelsarepacled
oneachcard.

Thesystenprovidesdigitally controlledstablebiasvolt-
agein 0 - 410(500)V rangeanda precisemeasurementf

1Theupperlimit requirements still underdebate

the outputcurrent. A maximumload of eachchannelis 5
mA. A currenttrip limit canbe setindependentlyor every
channelin therangefrom hundredf nA to the maximum
of 5 mA. Anotherparametewhich canbe selectedndivid-
ually for eachchannels the rampingspeedwith which the
nominalvoltagechanges executed.Rampingspeeds dig-
itally controlledcanbeselectedrom averywide range.
Single channel functions are controlled by pro-
grammablemicroprocessomwhich communicateswith a
programmableardcontrollervia fastseriallink.
Communicatiorwith the cratecontrollerfor the VME
versionusesstandardaddressingnode.In thefinal produc-
tion versionthis communicatioris realizedwith a fastcus-
tom parallellink. Reactiontimes of processorgo various
conditionslike requirementof a new setting, over-current
andover-voltagetrips etc. arewell belov 1 ms.

[11. CARD DESCRIPTION

One6U cardof the multichannelsystemof HV power
suppliescontainsfour identicalchannelgor eightfor thefi-
nal design). Another elementdocatedon the card, which
sene all channelsare: the card controller, the interfaceto
the cratebus andcircuits responsibldor the distribution of
power suppliedby the power packof thecrate.

A. Card Contoller

The ATMEL flashmicroprocessoAT89C52is usedas
the card controller It receves commandsfrom the crate
controller and communicatesvith microprocessor®f all
channeldocatedonthecard. Communicatiorwith channels
is realizedvia internalserialinterfacesoperatingin thefull
duplex mode,asynchronoushat 2 Mbaudrate. Transmis-
sionof bytesbetweencardcontrolleror channekontrollers
is bufferedandservicedwith the help of interrupts.

B. Card Addressing

For the full VME versionthe standarcaddressingnode
is used. The card addresscorrespondgo the eight VME
addresdines(A16 - A23) andcanbesetvia thedip switch
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Figurel. Block diagramof theHV channel

locatedon eachcard. In the final version,with the custom
backplaneand bus, the card addresds determinedby the
cardpositionin thecrate.Themainadwantageof suchsolu-
tionis thatall HV cardsareidentical.

V. SINGLE CHANNEL DESCRIPTION

The single channelblock diagramis shawvn in Fig. 1.
It canbe seenthatthe channels full isolationis realizedby
optocouplersn the communicatiorine andby transformer
in the supplyline.

A. Switch

ThemicrorelayMeiseiP12- controlledby thecardpro-
cessoras well as by the interlock circuit - is usedto turn
power on or off for thechannelstransformer

B. Trafo

The high frequeng transformen(48 kHz, squarewave)
hasone primary winding for Uy,,, of 58 V andthreesec-
ondarywindings of Uy,, = 280 V, Uy,, = 12 V and
Usm = 12 V. Theferrite coreEF16is madeof H21 material
by Fonox. Us,, andUs, areauxiliary voltagessupplying
channelscircuitry.

C. Rectifier multiplier andfilter

A typical voltage multiplier (x2) is basedon two high
speeddiodesUF4007andtwo capacitors.The high voltage
RCfilter is appliedfor aripple reduction.

D. Reyulator

The high voltageMOSFET power transistorBUZ78 of
Upsmax €qual800V (cataloguevalue)is usedasseries
regulator

E. Overcurrentprotection

An absolutg(hardware)over-currentprotectionis setto
5.2mA. If thecurrentexceedshis valuethevoltageis auto-
matically reducedo keepthe currentbelow thelimit. This
protectionis independenbn the programmableurrenttrip
limit whichis describedelow.

F. Voltage setting

Micro-controllercansetthe outputvoltageof the chan-
nel to the requiredvalue by settingthe 10 bit serial DAC.
This settingis always controlledvia the ramp-upor ramp-
down procedure.Ramp-upandramp-davn ratesareto be
chosenfrom several presetvalues. It may happenthat the
ramp-davn ratewill be determinedby the time constaniof



thecircuit ratherthanby the controller Presevaluesare10
V/s,20V/s,50V/s and100V/s.

G. Optocouples

Serial, asynchronousand duplex communicationline
betweencardandchannelmicro-controllerds “broken” by
two optocoupler§N137operatingat 2 Mbaud.

H. Voltage and currentreadout

The channelmicro-controller continuously reads the
outputvoltageandcurrentusing12 bit multichannelADC.
The outputvoltageis measuredvith high precisionvoltage
divider. Outputcurrentof thechannemayvary from tensof
nA to 5 mA. Every channels equippedvith themulti-range
currentreadousystem A particularrangeis selectedy the
channeimicro-controllerto keepthereadoutaccurag high.
Theserangesare partially overlapping. One measurement
cycle of voltageand currenttakesabout20 ms. The accu-
racy of thevoltagemeasurementsanbeestimatedrom the
following algorithm: +(0.1%of the reading+ 2 digits) and
similar for the currentaccurag: +(1% of reading+ 2 dig-
its), wherethe significanceof a digit is shavn in column
“resolution”in Tablel for all ranges.

Tablel. Rangeandresolutionof voltageandcurrent

measurements
RANGE | RESOLUTION
Voltage| 512V 1dgt=125mV
41.97uA | 1dgt=10.24nA
209.2uA | 1dgt=51.07nA
Current| 1.029mA | 1dgt=251.4nA
5.945mA | 1dgt=1.451uA

I. Error amplifier

This block is basedon the operationalamplifier OP07
with alow input offsetvoltage. Thevoltageregulationloop
can be openor closedby the micro-controller Whenthe
loop is openthenthe seriesregulatoris cut off.

[11. FUNCTIONS AND COMMUNICATION
A. Functionsof the channelcontrmoller
Principalfunctionsof the channelkontrollerare:

e serialinterfaceinterruptservicewhich takes careof
the transmission/receptioof the channeloutputand
input buffers,

¢ “new settings”commandecognitionandexecution,

¢ “send statusand measurements€tommandrecogni-
tion andexecution,

e permanenbutputvoltagemeasuremergndcheckfor
theover-voltage,

e permanentcurrent measuremenand check for the
over-currentcondition.

After recognitionof the “new settings” commandthe
channetontrollerreceves13bytes:2 controlbytes,2 bytes
of thenominalvoltage(binaryform of thesettingfor DAC),
8 bytesof currenttrip limits (two per eachof four probe
resistorsandonebyte specifyingarampingrate.

The channelcontroller program drives measurements
of the outputvoltageand currentwith an endlesdoop in-
terruptedeventually by the serial port. After completion
of the input a new commandis recognizedand executed.
Thechannetontrollertransmitsstatusandcurrentmeasure-
mentsonly on requestrom the cardcontroller The output
string consistsof one control byte, the byte of status,two
bytesof the voltagemeasuremerandtwo byte of the cur-
rentmeasurement.

B. Functionsof thecard contmoller

Thecardcontroller, for final designcommunicatesvith
the cratecontrollervia the parallel port servicedby a cus-
tom protocol(for theVME versionstandardead/writecom-
mandsareused).Main functionsof the cardcontrollerare:

o servicesfor interruptsfrom the serial link, parallel
link andtimer,

o executionof ON and OFF commandgeceved from
the createcontrollerand addressedo a given chan-
nel,

o distribution of new settingsreceived from the crate
controllerandaddressetbr agivenchannel,

e regular query of active channeldor their statusand
measurements,

e transmissionof the statusand measurementsf a
givenchannelpnrequesfrom the cratecontroller,

o specific reactionsto over-voltage and over-current
trips reportedoy channekontrollers(in status).

The card controller updatesregularly statusand mea-
surementsuffersqueryingsequentiallyeachof active chan-
nelsi.e. channeldor which the ON commandhasbeenre-
ceivedandexecuted.Eachbuffer is tenbyteslong andcon-
tainscontrolbyte,statusfwo bytesof voltageandtwo bytes
of currentmeasurementaswell asfour bytesfor control
anddehug purposesBits of the statusbyte have thefollow-
ing meanings:

e bit 7 - channetrippedfor theovervoltage

e bit 6 - channelrippedfor the over-current

bit 5 - channeis switchedoff for over-voltage

bit 4 - unstablevoltage(e.g.duringramping)

bit 3 - resere

bit 2 - resene



e bit 1 - MSB of the 2-bit numberof the currentprobe
resistor

e bit 0 - LSB of the 2-bit numberof the currentprobe
resistor

In thecaseof theover-currentrip animmediateactionis
takenby the channeltself. Theactionof thecardcontroller
is limited to the statustransmission.

In the caseof the over-voltagetrip the card controller
checks whether the output voltage of the channel has
droppedto zeroasrequestedy the channels controller If
not thenthe channelis switchedoff andthe statusbit 5 is
set.
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