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Abstract

A multichannelsystemof power suppliesproviding a
biasvoltagein therangeof 0 - 410V for siliconmicro-strip
detectorsis presented.All channelsare fully isolatedal-
lowing for flexible detectorsegmentation.A wide rangeof
functionsincludinge.g. a programmablecurrenttrip limits
aswell asa ramp-upandramp-down control independent
for eachchannelarealsodescribed.

I . INTRODUCTION

Silicon micro-stripdetectorsoperatingin theLHC high
radiationenvironmentrequirethebiasvoltagewhich could
beadjustedin a wide range.For theATLAS SCTin partic-
ular [1] therequiredvariationis from 0 to 410(500)1 V.

The ATLAS silicon micro-strip detector[3] is fairly
modularandit hasbeendecidedthat the modularityof the
SCTvoltagepowersupplysystemfollowsthemodularityof
thedetector. Consequently, eachof 4088detectormodules
is equippedwith its HV (aswell asLV) powersupplymod-
ule. In additionit hasalsobeendecidedthatpower supply
modulesarefully isolatedto allow for the maximumflex-
ibility at the final selectionof the shieldingandgrounding
schemeof theexperiment.

I I . GENERAL CHARACTERISTICS OF THE
ATLAS SCT HV SYSTEM

Thesystem[2] consistsof cardseachof which contains
several single isolatedmodules(channels).The systemis
build in two similar versions. The full VME versionfor
laboratoryapplicationsin small centerstestingmodulesof
silicon strip detectors. In this versiona standard6U card
consistsof four independentpower supplies. The version
for thefinal detectorsystemof theATLAS experimentuses
standardsof VME mechanicsbut a custombackplaneand
cratecontrol. In this versioneightHV channelsarepacked
on eachcard.

Thesystemprovidesdigitally controlledstablebiasvolt-
agein 0 - 410(500)V rangeanda precisemeasurementof

the outputcurrent. A maximumload of eachchannelis 5
mA. A currenttrip limit canbesetindependentlyfor every
channelin therangefrom hundredsof nA to themaximum
of 5 mA. Anotherparameterwhich canbeselectedindivid-
ually for eachchannelis therampingspeedwith which the
nominalvoltagechangeis executed.Rampingspeedis dig-
itally controlledcanbeselectedfrom a verywide range.

Single channel functions are controlled by pro-
grammablemicroprocessorwhich communicateswith a
programmablecardcontrollervia fastseriallink.

Communicationwith the cratecontroller for the VME
versionusesstandardaddressingmode.In thefinal produc-
tion versionthis communicationis realizedwith a fastcus-
tom parallel link. Reactiontimesof processorsto various
conditionslike requirementof a new setting,over-current
andover-voltagetrips etc.arewell below 1 ms.

I I I . CARD DESCRIPTION

One6U cardof the multichannelsystemof HV power
suppliescontainsfour identicalchannels(or eightfor thefi-
nal design). Anotherelementslocatedon the card,which
serve all channels,are: the cardcontroller, the interfaceto
thecratebusandcircuits responsiblefor thedistribution of
powersuppliedby thepowerpackof thecrate.

A. Card Controller
The ATMEL flashmicroprocessorAT89C52is usedas

the card controller. It receives commandsfrom the crate
controller and communicateswith microprocessorsof all
channelslocatedonthecard.Communicationwith channels
is realizedvia internalserialinterfacesoperatingin thefull
duplex mode,asynchronouslyat 2 Mbaudrate. Transmis-
sionof bytesbetweencardcontrolleror channelcontrollers
is bufferedandservicedwith thehelpof interrupts.

B. Card Addressing
For thefull VME versionthestandardaddressingmode

is used. The card addresscorrespondsto the eight VME
addresslines(A16 - A23) andcanbesetvia thedip switch

1Theupperlimit requirementis still underdebate
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Figure1. Block diagramof theHV channel

locatedon eachcard. In the final version,with the custom
backplaneand bus, the card addressis determinedby the
cardpositionin thecrate.Themainadvantageof suchsolu-
tion is thatall HV cardsareidentical.

IV. SINGLE CHANNEL DESCRIPTION

The singlechannelblock diagramis shown in Fig. 1.
It canbeseenthat thechannel’s full isolationis realizedby
optocouplersin thecommunicationline andby transformer
in thesupplyline.

A. Switch
ThemicrorelayMeiseiP12- controlledby thecardpro-

cessoras well as by the interlock circuit - is usedto turn
poweron or off for thechannel’s transformer.

B. Trafo
Thehigh frequency transformer(48 kHz, squarewave)

hasoneprimary winding for ����� of 58 V and threesec-
ondary windings of ������������� V, ��� �!�#"$� V and
��% �&�'"(� V. TheferritecoreEF16is madeof H21material
by Fonox. � � � and � %)� areauxiliary voltagessupplying
channel’scircuitry.

C. Rectifier, multiplier andfilter
A typical voltagemultiplier (x2) is basedon two high

speeddiodesUF4007andtwo capacitors.Thehigh voltage
RC filter is appliedfor a ripple reduction.

D. Regulator
Thehigh voltageMOSFETpower transistorBUZ78 of

�+*�,.-0/21 equal800 V (cataloguevalue) is usedasseries
regulator.

E. Over-currentprotection
An absolute(hardware)over-currentprotectionis setto

5.2mA. If thecurrentexceedsthisvaluethevoltageis auto-
matically reducedto keepthecurrentbelow the limit. This
protectionis independenton theprogrammablecurrenttrip
limit which is describedbelow.

F. Voltagesetting
Micro-controllercansettheoutputvoltageof thechan-

nel to the requiredvalueby settingthe 10 bit serialDAC.
This settingis alwayscontrolledvia the ramp-upor ramp-
down procedure.Ramp-upandramp-down ratesareto be
chosenfrom several presetvalues. It may happenthat the
ramp-down ratewill bedeterminedby thetime constantof



thecircuit ratherthanby thecontroller. Presetvaluesare10
V/s, 20 V/s, 50 V/s and100V/s.

G. Optocouplers
Serial, asynchronousand duplex communicationline

betweencardandchannelmicro-controllersis “broken” by
two optocouplers6N137operatingat 2 Mbaud.

H. Voltageandcurrentreadout
The channelmicro-controller continuously reads the

outputvoltageandcurrentusing12 bit multichannelADC.
Theoutputvoltageis measuredwith high precisionvoltage
divider. Outputcurrentof thechannelmayvaryfrom tensof
nA to 5 mA. Everychannelis equippedwith themulti-range
currentreadoutsystem.A particularrangeis selectedby the
channelmicro-controllerto keepthereadoutaccuracy high.
Theserangesarepartially overlapping. Onemeasurement
cycle of voltageandcurrenttakesabout20 ms. The accu-
racy of thevoltagemeasurementscanbeestimatedfrom the
following algorithm: 3 (0.1%of thereading+ 2 digits) and
similar for thecurrentaccuracy: 3 (1% of reading+ 2 dig-
its), wherethe significanceof a digit is shown in column
“resolution” in Table1 for all ranges.

Table1. Rangeandresolutionof voltageandcurrent
measurements

RANGE RESOLUTION
Voltage 512V 1 dgt=125mV

41.97uA 1 dgt=10.24nA
209.2uA 1 dgt=51.07nA

Current 1.029mA 1 dgt=251.4nA
5.945mA 1 dgt=1.451uA

I. Error amplifier
This block is basedon the operationalamplifier OP07

with a low input offsetvoltage.Thevoltageregulationloop
can be openor closedby the micro-controller. When the
loop is openthentheseriesregulatoris cutoff.

I I I . FUNCTIONS AND COMMUNICATION

A. Functionsof thechannelcontroller
Principalfunctionsof thechannelcontrollerare:

4 serial interfaceinterruptservicewhich takescareof
the transmission/receptionof the channeloutputand
inputbuffers,

4 “new settings”commandrecognitionandexecution,

4 “send statusand measurements”commandrecogni-
tion andexecution,

4 permanentoutputvoltagemeasurementandcheckfor
theover-voltage,

4 permanentcurrent measurementand check for the
over-currentcondition.

After recognitionof the “new settings”commandthe
channelcontrollerreceives13bytes:2 controlbytes,2 bytes
of thenominalvoltage(binaryform of thesettingfor DAC),
8 bytesof current trip limits (two per eachof four probe
resistors)andonebytespecifyinga rampingrate.

The channelcontroller programdrives measurements
of the outputvoltageandcurrentwith an endlessloop in-
terruptedeventually by the serial port. After completion
of the input a new commandis recognizedand executed.
Thechannelcontrollertransmitsstatusandcurrentmeasure-
mentsonly on requestfrom thecardcontroller. Theoutput
string consistsof onecontrol byte, the byte of status,two
bytesof the voltagemeasurementandtwo byte of the cur-
rentmeasurement.

B. Functionsof thecard controller
Thecardcontroller, for final design,communicateswith

the cratecontrollervia the parallelport servicedby a cus-
tomprotocol(for theVME versionstandardread/writecom-
mandsareused).Main functionsof thecardcontrollerare:

4 servicesfor interruptsfrom the serial link, parallel
link andtimer,

4 executionof ON andOFF commandsreceived from
the createcontrollerandaddressedto a given chan-
nel,

4 distribution of new settingsreceived from the crate
controllerandaddressedfor a givenchannel,

4 regular queryof active channelsfor their statusand
measurements,

4 transmissionof the statusand measurementsof a
givenchannel,on requestfrom thecratecontroller,

4 specific reactionsto over-voltage and over-current
trips reportedby channelcontrollers(in status).

The card controller updatesregularly statusand mea-
surementsbuffersqueryingsequentiallyeachof activechan-
nelsi.e. channelsfor which theON commandhasbeenre-
ceivedandexecuted.Eachbuffer is tenbyteslong andcon-
tainscontrolbyte,status,two bytesof voltageandtwo bytes
of currentmeasurementsas well as four bytesfor control
anddebugpurposes.Bits of thestatusbytehave thefollow-
ing meanings:

4 bit 7 - channeltrippedfor theover-voltage

4 bit 6 - channeltrippedfor theover-current

4 bit 5 - channelis switchedoff for over-voltage

4 bit 4 - unstablevoltage(e.g.duringramping)

4 bit 3 - reserve

4 bit 2 - reserve



5 bit 1 - MSB of the2-bit numberof thecurrentprobe
resistor

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

In thecaseof theover-currenttrip animmediateactionis
takenby thechannelitself. Theactionof thecardcontroller
is limited to thestatustransmission.

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