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Pro ject Overview

Silicon microstrip tracking is all but guararteedto play an essetial role in any detector that
will instrument an interaction region of the International Linear Collider (ILC). Whether
reconstructing the Higgs, or measuring supersymmetric masses,the capabilities of the ILC
machine place stringent demands on the accuracy of the detector. Solid-state tracking is
unparalleled in its ability to provide precise space points for traversing minimume-ionized
tracks. This, combined with the large areasassaiated with Linear Collider tracking systems,
point to microstrip sensorsas a likely componert of any Linear Collider detector [1]. Indeed,
all three current detector concepts{ GLD, LDC, and SiD { incorporate silicon microstrip
systemswith active areasin excessof 10° cm?.

Thus, there is an urgent needto put forth designsfor microstrip systemsthat can provide
excellent momertum resolution while instrumenting relatively large areaswithin the tracking
volume. Sinceno existing microstrip detector is optimized to do this, this requiremert places
silicon microstrip dewvelopmert on the critical path of ILC detector R&D.

For microstrip detectors, this R&D hinges upon the dewvelopmert of readout systems(both
analogand digital) that take advantage of the characteristics of the ILC beamspill. Although
the selection of beam delivery parametersis not yet nalized, the beam is expected to be
deliveredin roughly 1 msecspills of bunchesthat crossevery 250-500nsec,with spills repeating
at 5 Hz.

This spill structure is rather bene cial for microstrip tracking. If the readout electronicscan
be activated within 1 msec,a duty cycle of approximately 10 2 can be achieved, eliminating
the needfor active cooling, and the assaiated complexity and material burden. On the other
hand, the relatively relaxed bunch spacingallows for the use of long shaping-time electronics,
with its attendant low-noiseperformance. This allows, in turn, either for the instrumentation
of long daisy-chained ladders of sensors.eliminating complexity and material by minimizing
the number of readout channels, or for the achievemert of ultra- ne point resolution for
shorter ladders.



The goal of the microstrip R&D work beingdoneat SCIPP is the dewvelopmert of a prototype
readout system optimized for a generic Linear Collider Detector. This system would be
complete, from the front-and analogampli cation through the discrimination and digitization

phases,data processingand bu ering, and readout into a remote DAQ system. We hope to
be able to provide a proof-of-principle of the complete systemin a test beamrun in late 2007
or early 2008.

Status Rep ort

Work at SCIPP gearedtowards developing silicon microstrip readout optimized for a Linear
Collider Detector beganwith the developmert of a simulation that modeledthe full process
of charge deposition and transport, ampli cation and digitization, and o -line cluster and
certroid nding. This simulation was used to guide the design of the front-end LSTFE2

ASIC that is currently undergoing tests at SCIPP. The 3 secshapingtime chosenfor the
prototype ASIC wascon rmed by the simulation as having a workable operating point (high

e ciency with low noise occupancy) for ladders of up to 2 metersin length. In addition,

the simulation suggestedthat, due to the intrinsic limitations of the statistics of charge
deposition, a time-over-threshold analog readout would provide performanceequalto that of
a precisedigitization of the charge integral. In addition, it was found that the inclusion of a
second,lower-threshold comparator (read out only in the neighborhood of a high-threshold
comparator crossing) would allow for the reconstruction of the pulse-deposition certroid to

better than 7 m rms for a 50 m pitch sensor. For example, Figure 1 shaws the expected
resolution for a 167cmladder, asa function of the setting of the lower threshold. Theseinputs

from the simulation were incorporated in the designof the LSTFE2 ASIC.

The LSTFE2 chip was submitted in the 0.25 m mixed-signal RF processo ered by TSMC,
and was received badk at SCIPP in mid-August 2005. The designappearsto have full func-
tionality, and we are learning much from its study.

Figure 2 shows the response of the preampli er and shaper chain as a function of the size
of an input calibration step, with one times minimume-ionizing corresponding to approxi-
mately 3.5 mV. The large gain, resulting in saturation just above minimum ionizing, is a
feature of the chip design,for which pulse-heigh information will be derived from time-over-
threshold. Linear responseis maintained through the minimume-ionizing region to provide
adequate resolution for reconstructing the certroid of clusters of neighboring channels with
minimume-ionizing-level signals that crossthe low threshold. Larger pulse heights are sig-
natures of slovly-moving particles, for which the tracking system would want to provide a
measuremen of dEdX. The pulse-dewelopmert simulation has shavn that, sincethe deposi-
tion varies rapidly with particle velocity in this (1/ 2') region, the essetially logarithmic
time-over-threshold measuremen for large pulse heights provides ample resolution for the
dEdX determination. On the other hand, the large gain results in the presenation of a
sizable signal to the high-threshold comparator, limiting the e ects of processvariation in
comparator performance, and preserving the critical noise performance of the comparator
discrimination.
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Figure 1: Pulse-dewlopmen simulation prediction of the resolution of a 167 cm microstrip ladder,
as a function of the lower threshold comparator setting.



Shaper Amplitude as a Function of Input
Calibration Pulse
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Figure 2: Responseof the LSTEF2 preampli er/shap er combination. One time minimum-ionizing
correspondsto a calibration step of approximately 3.5 mV.
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Figure 3: Testboard with LSTFE2 chip mounted.

One of the certral elemerts of the design, and perhaps the most challenging, is the fast-
switching capability. To adieve the goal of a 1% duty cycle (for 1 msecspills at 5 Hz), the
chip must be stabilized and ready to processsignalswithin about 1 msecof switching it badk
on. The approad usedto adieve this fast turn-on, given the relatively long time constarts
assaiated with the 3 s shaping time, was to maintain the chip's bias levels just before
the chip is powered down at the end of the spill, and through the 200 msechigh-impedance
power-o phase. With a minimal excursionto restore, the chip should recover to its proper
bias levels within the msecspec.

Howevwer, the recovery time of the LSTFE2 chip, when operated as designed,is obsened to
be about 20 msec; although this would provide a substartial power saving relative to DC
operation, it is much longer than that expected for the design. Benc tests have shavn that
this is due to leakagecurrents that allow the bias levelsto erode when the chip is poweredo .

If current is injected into the preampli er stage at the level neededto cancelthese leakage
currents, the expected power-on time of 1 msecis achieved.

Thus, one step immediately in front of us is to determine the sourceof the leakage current.
Two sourcesare suspected: the protection diodes and the deep n-well structures used to
form capacitors. We are currently preparing a new board to be brought to a Focussedlon
Beam (FIB) facility in Silicon Valley, where the protection diodeswill be sewred, allowing
us to determine if there are other sourcesof leakage that needto be addressedin our next
submissionof the LSTFE ASIC.



Figure 4: Interface board and commercial FPGA board usedto read out the LSTFE2 chip and to
dewelop the badk-end digital data architecture strategy.

Other studies that lie in the near future include characterization of the noise and timing
performance, and examination of the performance when bonded to a daisy-chained ladder
of silicon-sensorsof length approacing 2 meters. A eld-programmable gate array (FPGA)
based data acquisition system, with analysis software, is in place to quickly do the noise
characterization once the FIB studies are prepared. Figure 3 shaws the test board that
servicesthe chip, while Figure 4 shows the FPGA system that processeshias levels and
calibration signals,and acquiresand bu ers data from the chip for readout into a computer.

Figures 5 and 6 show progressto date in dewveloping modules for a daisy-chained microstrip
sensoradder. Each module incorporatesfour 8 cm sensorsfor atotal length of 32 certimeters.
A system of connectorshas beendeweloped that allows an arbitrary number of modules to
be chained together. We plan to begin our studies with ladders between 1 and 2 meters,
depending on the noise performanceof the chip.

We have also made progressin the design of the digital architecture that will evertually

be incorporated into the front-end ASIC. Becausethe analog readout stcheme (time-over-
threshold) is an e cien t way to encade the relevant information, there is no needto establish
time buckets within the msec-longspill. Instead, the entire train of leading and trailing edges,
including a channel ID and time stamp for ead edge,can be written into an on-chip bu er

that can beread out at the end of the spill through an optical b er operating in burst mode.
Beginning from a similar program deweloped for a SCIPP medical physics application, we



Figure 5: Prototype long ladder (33cm per module), with the LSTFE2 readout board attached.

Figure 6: Detail of connector systemthat hasbeendeweloped to connectindividual modules.



have written FPGA code that implements this procedure. We have added a feature that

enablesthe readout of low-threshold comparator leading and trailing edgesonly within a
short time window for channels neighboring a channel ("nearest neighbors') for which the

high-threshold comparator experienceda transition. This limits the overall data rate from

the low-threshold comparator, recording their leading and trailing edgesonly when necessary
for constructing a precisecertroid. This code has beenimplemened in a simulation of the

data stream expected for the innermost layer of the SiD tracker; we are currently training

two undergraduate thesis students (Conley and Horn) who will work with postdoc Kroseberg
to download and test/debug the code on the actual FPGA.

For a low-threshold comparator setting of half that of the high-threshold comparator, the
overall readout rate of the SiD detector (if implemented with long sensoradders)is dominated
by electronic noise, and would be about 50 GHz. The nearest-neighbor bad-end logic, by
suppressingthe readout of low-threshold crossingsthat are closein time or location to a
high-threshold crossing, would allow this to be dramatically reduced. Figure 7 shows the
simulated readout rate per 128 readout chip, per beam spill, assumingthe nearest-neighbor
logic is in place, for the highest occupancy (inner) layer of the SiD tracker, as a function
of the setting of the low-threshold comparator. Scaling this up to the number of channels
expectedfor the long-ladder SiD tracker, and accouring for the number of spills per second,
this would correspond to an very modest overall data rate of approximately 0.5 GHz. Were
the SiD tracker constructed of 10cm ladders, this would increaseby roughly a factor of 10 {
still atractable data rate, although strategiesfor multiplexing of signalsfrom separateladders
into optical b ersfor transmissiono the detector would needto be developed.

Finally, it should be emphasizedthat the need for silicon strip tracking is not con ned to
the certral region of the SiD tracking; it is almost certain that both the certral and forward
regions of all three detector concepts will employ microstrip tracking. The design under
dewelopmert as SCIPP, including both the front end ampli er-comparator chain as well as
the digital architecture, is equally applicable to all the detector concepts.

FY2006 Pro ject Activities and Deliv erables

With a working chip in the lab, and extensive testing underway, the primary focus of Fiscal
Year 2006work will bethe re nement of the LSTFE ASIC designbasedon test results. Thus,
the funds we are requesting are gearedtowards providing technical support to carry out the
testing program, and then funding another fabrication run.

We plan to do a complete characterization of the existing ASIC during the rst part of FY
2006, nishing in March 2006. This characterization will include the following studies:

Mapping of the turn-on behavior as a function of external control parameters (shaper
current, temporal relation of switching signals), and determination of the source of leakage
currents.

Characterization of the noiseperformanceasa function of load capacitance,for capacitances
corresponding to a range of detector lengths between10 cm and 2 meters.



Figure 7: Expecteddata throughput for most occupied (inner) channel of the SiD detector, assum-
ing they are instrumented as single ladders with the LSTFE system. Data rate shown is per pulse
train, for a 128 channel chip.



Determination of the timing characteristics of the circuitry, as a function of pulse height,
over the range of pulsesexpected from minimum ionizing signals passingthrough a 300 m
thick sensor.

Characterization of the noise and timing performance when reading out a physical long
ladder, studying the e ect of propagation delay, dispersion, and attenuation as a function of
distance betweenthe point of excitation and the readout.

With this information at hand, it will take approximately three months to re ne the designof
the LSTFE2 ASIC, and submit the LSTFE3 design. We plan to submit the LSTFE3 by July
1, 2006, with delivery expectedin late summer. The goals of this designwill be to further
re ne the noise performance, eliminate leakage currents that compromisethe turn-on time,
and increasethe channel court from 8 to 128 channels.

Simultaneous to the dewelopmert of the front end ASIC, we intend to test and re ne the
badk-end digital architecture via the FPGA system. The FPGA data accunulation logic is
directly transferable to the LSTFE amplier chip onceit had been perfectedin rm ware.
Thus, overseenby the project's senior physicists, the two undergraduatesthat will program
the FPGA will do most of the digital electronic engineeringnecessaryfor the project. Al-
though we will requestno funding from this sourcefor this work, we expect to have the digital
logic nalized and fully tested by the end of calendaryear 2006. A deliverable for scal year
2006will be to have the prototype algorithm downloaded and running on the FPGA, and to
begin the processof characterizing the performanceof the algorithm and its implemertation.
Subsequeh implementation of the digital logic on the LSTFE ASIC would be donein con-
sulation with SCIPP a liates in the Electrical Engineering departmert; this is a relatively
pro-forma step, howewer, and is not neededfor a proof-of-principle.

By the way, should this approad to microstrip readout electronics be chosen for one or
more detector designs,we would needto dewvelop a burst-mode data transmission systemthat
could read out the on-chip data bu ers in a small fraction of the time betweenspills. We have
had discussionswith SCIPP-a liated engineeringsenior faculty, recertly hired into our new
Sdaool of Engineering, that are expert in data transmission, and it is felt that this step would
not be particularly demanding: we could expect that, under the guideanceof those faculty
members, it is felt that a Master's level engineeringstudent could designan adequatesystem
in two quarters. Thus, at somepoint, we may want to requestfunding for such a student.
Again, though, this is arelatively pro-forma step, and not necessaryfor the proof-of-principle.
Given the current availability of funding, then, we expect that this would take place after the
two-year period of this grant request.

FY2007 Pro ject Activities and Deliv erables

Testing the re ned LSTFES3 chip, again relying on SCIPP technical sta, should be more
straightforward than for the earlier LSTFE2 chip, and should be completed by Decenber,
2006. We ervision a nal submissionto nalize the LSTFE designin April, 2007, after a
four-month designand layout period. The nalized LSTFE chip would arrive badk at SCIPP
in June 2007.
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During this period, we would be preparing for a test beamrun; current researt into planned
test beam facilities suggeststhat this run would probably take place at either FNAL or
CERN. We have discussedthe possibility of doing a coordinated test-beam run within the
international SiLC collaboration, which would prove most e cien t if timelines mesh. Since
no group is far enough along yet to target a speci ¢ date for a high-energy test beam run,
concrete plans have yet to form. Currently, we are targeting late 2007 for this testbeamrun,
with a follow-up in mid 2008to answer any questionsthat arise as the test beam data is
analyzed. The testbeam run would concenrate on e ciency, occupancy and temporal and
spatial resolution, as a function of incident angle, for tracks of energy above the multiple
coulomb scattering dominated regime. This would allow us to presen a proof-of-principle in
late 2008, as requestedby the ILC Detector R&D Panel.
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Budget justi cation:

The core of the proposedprogram for FY 2006 involvesthe design, fabrication, and charac-
terization of the LSTFE front-end ASIC. Analog engineer Spenceris funded from the base
program, and thus requiresno support from this source. A minimal run of the TSMC 0.25 m
mixed-signal RF processis $21,000. Two months of work (to be spreadout half-time over four
months) of our test engineer (specialist Max Wilder) for the testing/characterization work
is about $8,800. We are also asking for approximately $4,000for miscellaneouslaboratory
supplies. Miscellaneouslab items that we have purchasedin the pastinclude data acquisition
boards, electronic componerts, connectors, FPGA chips and supporting infrastructure, and
probe tips; we expect a similar rate of unanticipated needsfor such equipmern to cortinue
through FY 2006. Including fringe and indirect costs (seebelow), this yields a total request
for FY 2006 of $53,000.

The core of the proposedprogram in FY 2007 remainedlargely the sameasthat of FY 2006,
as we expect one more stage of re nement for the LSTFE ASIC. Accourting for in ation

and maturation in sta salaries, we are budgeting $9,000for two months of time for our
test engineer. We expect unanticipated laboratory material needsremain at about the same
level, and are asking for approximately $3,500in miscellaneoudaboratory supplies. Our total

requestfor FY 2007remains at $53,000,the sameasthat for FY 2006.

For FY 2006, of the requested $53,000,a total of $17,429has been budgeted to allow for
the campus's49% indirect costrate. In addition, campusemployeesin the careertechnician
track have a fringe bene t rate of 22.5%,leadingto a budget allocation for FY 20060f $1,976.
These gures remain about the samefor FY 2007,with $17,429again allocated for indirect
costsand $2,035allocated for fringe bene ts.
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Tw o-year budget, in then-y ear K$

Institution:  University of California at Sarta Cruz

\ Iltem FY2006 FY2007 | Total |
Other Professionals 9 9 18
Graduate Students 0 0 0
Undergraduate Students 0 0 0
Total Salariesand Wages 9 9 18
Fringe Bene ts 2 2 4
Total Salaries,Wagesand Fringe Bene ts 11 11 22
Equipment 21 21 42
Travel 0 0 0
Materials and Supplies 4 4 8
Other direct costs 0 0 0
Institution 2 subcortract 0 0 0
Total direct costs 36 36 72
Indirect costs 17 17 34
Total direct and indirect costs 53 53 | 106 |
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