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1. Introduction - 

Over the last few years silicon microstrip detectors have been developed and 

successfully employed as vertex detectors in fixed target experiments [l]. Re- 

cently, several groups have proposed to use microstripdetectorsin colliding beam 

experiments [2]. In particular, we are developing a vertex detector for the MARK 

II experiment at the SLAC Linear Collider to study short-lived particles produced 

in the decay of the 2’ [3]. 

This silicon strip vertex detector will consist of three layers with a total of 

over eighteen thousand detecting strips. As the outer radius is less than 4 cm, it 

is clearly impractical to consider using conventional readout electronics. Instead, 

we plan to use the Microplex integrated circuit [4-61 which provides 128 channels 

of charge-sensitive amplifiers with multiplexed analog output on a single chip 

4.7 x 6.4 mm2 in area. 

As operating experience with silicon strip detectors equipped with Microplex 

chips has so far been limited (see references 5 and 6 for previous results), we 

assembled a telescope consisting of three such detectors. In this paper, we report 

on the results from a beam test performed at the Stanford Linear Accelerator 

Center. 

2. The Telescope 

Table 1 summarizes the properties of the three silicon detectors that make 

up the telescope. Each detector [7] has diode strips with a pitch of 25 pm. We 

note that detector B has a wide implant of 17 pm and that detector C, due to a 

large leakage current, was operated at only about 60% of the expected depletion 

voltage. 

A Microplex chip is mounted at each end of a detector and each chip reads 

out 128 alternate strips. The pulse height of the output signal from the Mi- 
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croplex chip for a given channel is proportional to the charge collected on the 

corresponding detector strip. 

A detector assembly is shown in Fig. 1. The silicon detector, two Microplex 

readout chips, and printed circuit fanouts for the power, control, calibration, and 

output lines, are glued to a ceramic frame. This frame is & turn glued to a 

precision mount with the detecting strips parallel to its bottom edge. The three 

detector assemblies are then clamped together on a flat granite plate with the 

strips horizontal and with an equal inter-detector spacing of 2.1 cm. 

3. The Test Beam and Data-taking 

The telescope was exposed to a 15 GeV/c positron beam with a spot size of 

0.9 mm FWHM, an angular divergence in the vertical direction of f0.3 mrad, and 

a beam spill of 100-200 nsec. The beam was adjusted to an average intensity 

of 0.1-0.5 particles/pulse at a rate of 10 pulses per second, and entered the 

telescope normal to the plane of the detectors. Upstream from the telescope was 

a scintillation counter Sl. Downstream were two overlapping counters, S2 and 

S3, followed by a 10 radiation-length-deep lead glass shower counter. 

The trigger for the data runs was a coincidence between a beam spill signal 

and the signals from S2 and S3. The effective gate width for registering particles 

in the silicon detectors was 500 nsec. For the background runs we triggered on 

a delayed beam spill signal. The 3 x 256 output signals from the telescope were 

multiplexed to a single BADC CAMAC module [8] which performed analog-to- 

digital conversion and first-order pedestal subtraction for each channel. 



4. Data Analysis and Results 

4.1 Analysis 

The signal from each channel is corrected off-line for pedestal drift (evaluated -. 
about once per minute of data-taking), channel gain, and event-by-event baseline - 
shift (due to noise common to all channels on a read-out chip or detector). A 

display of the corrected strip pulse height as a function of the strip number for 

the three detectors in a single event is shown in Fig. 2. The display clearly shows 

the trajectories of three particles, separated from each other by about 125 pm. 

The pulse height cut drawn at 42 BADC units (with 820 units = one volt) is 

used to define a hit as discussed below. 

About 12% of the channels had low gains (identified by no response to the 

beam and/or noise levels below 10% of normal), or had large pedestal variations. 

These channels (and their immediate neighbors) have been excluded from the 

analysis. The problems associated with these channels are being investigated. 

4.2 Efficiency and noise rate 

We evaluate the detector efficiency as a function of the pulse height threshold. 

For this analysis, we restrict ourselves to events in which the lead glass counter 

and the scintillation counter Sl indicate that one and only one charged particle 

was present during the beam spill. We also require that two of the detectors 

have one and only one cluster (see below for the definition of a cluster), and that 

the track projection passes through the active region of the detector in question. 

Fig. 3 shows the probability of finding one or more strips in detector D with 

a pulse height above threshold as a function of that threshold. Using our out- 

of-time background runs, we also show the detector noise rate (defined as the 

probability of finding at least one strip in the detector above threshold) as a 

function of pulse height threshold. Taking a pulse height cut of 42, we find an 

efficiency of the active strips of 99.99 f 0.01% (1 miss in 7300 events) and a 
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corresponding detector noise rate of < 1.2 x 10s3 (zero hits in 2000 background 

events). 

Fig. 4 shows the differential strip noise distribution-a histogram for detector 

D of the pulse heights of all active strips in the background events. The Gaussian 

fit shown in the figure works remarkably well over’more than four orders of 
- 

magnitude. The fit gives gnoiee = 8.1. We observe no entries above the pulse 

height cut of 42; this allows us to set an upper limit on the noise rate of < 

8.4 x 10B6 per strip per event. 

4.3 Clusters 

Now we look for “clusters” consisting of contiguous strips with significant 

pulse height. Our cluster algorithm is as follows: (1) we search for a strip with 

pulse height above 42 (about 5.2 gnoiee) to begin the cluster; (2) we add to the 

cluster any immediately adjacent strips with pulse height above 20 (about 2.5 

onoise); and (3) we repeat step 2 until the adjacent strip pulse heights fall below 

the cut. 

Fig. 5 shows the distribution of total cluster pulse height for detector D. The 

histogram is based on events in which the lead glass and Sl signals indicated the 

presence of a single particle, and for which one and only one cluster was found 

in each detector. The most probable pulse height is 136. Dividing‘this by the 

corresponding value of cnoise, we find a signal-to-noise ratio of l7:l. 

Fig. 6 shows the probability distribution for the number of strips per cluster. 

In Fig. 7 we show the average pulse height for the strip with the largest signal in 

the cluster, as well as the average pulse heights of the neighboring strips. 



4.4 Spatial resolution 

To evaluate the detector spatial resolutions, single particle events with a 

single cluster in each detector are analyzed. The spatial position y of a cluster 

is calculated by taking the pulse-height-weighted average coordinate of the strip -. 
with the largest signal and of the immediately adjacent strips which are included - 
in the cluster. For the three equally spaced detectors we compute the residual 

r with r = @  [y2 - 1/2(yr + ys)]. H ere, yz is the cluster coordinate for the 

center detector and yr, ys are the coordinates for the two outer detectors. With 

this definition of r, the standard deviation or will equal the spatial resolution oV, 

assuming that the three detectors have the same resolution. Fig. 8 shows three 

measurements of r with detector B, C, or D in the center. From Gaussian fits 

to these distributions, we obtain, respectively, the residual resolutions a,(B) = 

4.3 f 0.2 pm, a,(C) = 4.8 f 0.1 pm, and a,(o) = 3.9 f 0.2 pm. From these three 

quantities we can derive the individual detector resolutions, oY (B) = 4.2f0.3 pm, 

aY(C) = 5.2fO.l pm, and aY(D) = 3.4f0.3 pm. The contribution from multiple 

scattering is negligible. 

4.5 Two-particle separation 

Events containing two particles are selected by cuts on the lead glass and 

Sl signals. Using the same cluster algorithm as specified in Sect. 4.3, we look 

for the events with two clusters in each detector, compute the trajectories of the . 

two tracks from the cluster positions, and plot in Fig. 9a a histogram of the 

separation of the tracks in the center detector. For normalization, we show in 

Fig. 9b the separation distribution for tracks taken from different events. The 

bin-by-bin ratio of histograms 9a to 9b is shown in Fig. 9c. Even with the 

very simple cluster algorithm we are now using, high efficiency for finding two 

tracks can be achieved for track separations greater than 150 pm. The residuals 

for the tracks found with separations less than 150 pm are plotted in Fig. 10; 

a,.(C) = 4.8 f 0.3 pm for these tracks indicating that there is no deterioration in 

the spatial resolution. 
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5. Conclusions -- 

Silicon strip detectors equipped with Microplex readout chips can achieve: 

- clean separation between signal and noise, 

- a spatial resolution better than 5 pm, and ‘- - e - _ 
- two-track separation better than 150 pm with no deterioration in spatial 

resolution. 

However, it is to be noted that these results are for detectors in a fixed-target 

configuration, with tracks at normal incidence. There remain many challenges 

ahead for successful operation at colliding beam machines such as the SLC, LEP, 

or the Tevatron Collider. 
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Table 1 

Detector Property 

Detector 

B C D Units 

Pitch 25 25 25’ 

A&,i+e Length 60 60 60 

Active Width 6.4 4.6 6.4 

Thickness 285 292 315 

Guard Ring no yes yes 

Implant Width 17 10 10 

Interstrip Capacitance* 11 8 8 

Depletion Voltage m55 =55t m55 

Operating Voltage 55 32 55 

# of Bonded Channels 256 185 256 

Fraction of Working Channels 91 95 79 

Pm 

mm 

mm 

Pm 

Pm 

PF 

V 

V 

% 

* calculated 

t expected 



Figures 

1. Photograph of a detector assembly. 

2. A display of the corrected strip pulse height vs. the strip number for 

the three detectors in a single.event. The dashed fine indicates the pulse 

height threshold cut for a hit. The problem channels (and their immediate 

neighbors) which have been excluded from the analysis are set to zero pulse 

height in this plot. 

3. The probability of finding one or more strips in detector D with a pulse 

height above threshold as a function of the threshold. Results for both data 

runs and background runs are shown. 

4. The differential strip noise distribution for detector D. The curve represents 

a Gaussian fit with u = 8.1 BADC units. 

5. The cluster pulse height distribution for detector D. 

6. The probability distribution for the number of strips per cluster in detector 

D. 

7. The average pulse heights for the strips in a cluster as a function of the 

relative strip number. The strip with the largest signal is given a relative 

strip number of zero. The data are for detector D. 

_ 8. (a)-(c) Th e h t g is o rams of the residuals (defined in the text) for data runs 

in which, respectively, detector B, C, or D was the center detector. The 

fits shown are Gaussian. 

9. (a) Histogram of th e calculated separation of tracks in two-track events. 

(b) Histogram of a simulated two-track separation using tracks from dif- 

ferent events. 

(c) Ratio of (a) to (b), calculated on a bin-by-bin basis. The dashed line 

indicates the average ratio for two-track separations between 200 and 

500 pm. 
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10. A histogram of the residuals for all tracks found in the two-track events 

with separation < 150 pm. The fit is a Gaussian. 
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Fig. 1 
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