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1. Introduction 
This document presents the R&D work done by the Saclay group to develop a compact and cost 
effective front end electronics optimized for the SDC ShowerMax Detector (SMD). The idea 
adopted is to combine in a realistic manner the detector performance with the less-risky 
technology choices. 

2. Requirements and constraints 
The Shower Maximum Detector [Ref. 1] provides fine segmentation within the EM calorimeter. 
The 8 Phi-strips and 8 Eta-strips per tower are used to measure the position and the shape of the 
EM showers. In besides data being readout through the DAQ system, information is also generated 
for use by the levelland level 2 triggers: This electronics will also be used to instrument the 
Massless Gap at the front of the barrel calorimeter. 

2.1. Channel count 

The SMD electronics process 47,104 electronics channels (94,208 after upgrade) plus 10,368 
Massless Gap electronic channels. 

2.2. Dynamic range 

The SMD should measure EM showers from transverse energies from 10 Gev to about 1 Tev. The 
factors determining the required dynamic ranges of the electronics are listed in the table below. this 
range just fits onto a 12 bit ADC, with a minimal separation between the pedestal and the useful 
signal . 

Consideration Factor 

Energy range 10 Gev to 1 Tev 33 

Downward fluctuation at 10 Gev 2 

Upward fluctuation at 1 Tev 1.5 

Shaping and center of gravity 10 

Pedestal separation 4 

Total range 4000 

2.3. Input signal 

A 10 Gev electron will leave on the average an 80 mip-equivalent signal in each of the SMD layers. 
The largest signal in a single strip will be about 40 mips. The least count will correspond to half a 
mip. It is expected to get 2 photoelectrons per mip with 4 mm thick scintillator or one 
photoelectron per count. It is not clear what is the real shape of the input signal which depend of 
the shifting fiber characteristics. First observations of these signals show a rise time of 10 ns and a 
fall time of 20 ns. The present study is based of a more optimistic 5 ns rise time and 10 ns fall 
time. 
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2.4. Level 1 trigger 

At level I, it is difficult, complex and too costly to use the full granularity of the SMD to match 
the tracker detectors. In addition barrel cracks in the calorimeter mechanics could provide some 
inefficiency at the first stage of the event selection. However, some limited information at the level 
1 can be useful for certain category of calorimeter trigger particularly to reject photo tube sparks or 
unexpected electronics noise. The logical OR of 16 discriminated signals above a programmable 
threshold would be adequate. 

2.5. Level 2 trigger 

At level 2 more information is available from the tracker (including the inner silicon tracker) and 
from the SMD. Photon conversion can ~ found using the silicon tracker. Fake electron can be 
eliminated by using the momentum-energy match and the track-shower match using the full SMD 
granularity. Monte-Carlo results shows that the SMD can be useful to reduce the level 2 rate. 
The fine segmentation of the ShowerMax detector allows to refine the granularity of the 
electromagnetic shower detector and give the basic level2 grid of 1024 phi x 30 eta. Theoretically, 
an electromagnetic shower hits more than 3 adjacent strips. A simple logic should be able to give 
the position of strip "centroid" including a rough' estimate of the energy deposition. However, 
cracks in the detector and possible inefficiencies' dues to radiation damage should be incorporated 
and may complicate this simple hardware-oriented algorithm. Utilization of the second "eta" layer 
of strips should minimize these effects. 
This requirement imposes to access and extract full or part of the digitized information directly after 
each level 1 trigger. Extraction of this information for the level 2 trigger is not yet clearly 
understood. In the worse case 8 bit of data per strip should be send out 

2.6. Photo detectors 

2.6.1. Multichannel Photomultiplier (MCPMT) 

MCPMr have traditionally been used as the photo detector element of the baseline choice (!DR) 
for the SMD, in particular the Philips XPI722 64-channels. This device is based on an established 
and reliable technology with a gain of 5 x 10**5. On the other hand, the quantum efficiency is low 
(7-10%), its linearity, uniformity and cross-talk (- 5%) characteristics are marginal. Improved 
devices with lower cross-talk and with green-enhanced photo cathodes are being developed with 
Philips and Hamamatsu. From the technical point of view they may be a viable solution for the 
system, however the cost of - 4000 $ or more per tube is a major disadvantage., and one of the 
main reasons why an alternative is being sought 

2.6.2. A valanche Photo Diode (APD) 

Avalanche Photo diode (APD) arrays operated in a linear mode are potential candidates to replace 
MCPMrs. They offer a much simpler mechanical design, large quantum efficiency (60-80%) and 
dynamic range, good uniformity and low cross-talk. The drawbacks are lower gain (100-500) and 
temperature stability requirements. Therefore low-noise, moderate gain, fast preamplifiers are 
required. However the low cost of 600-800 $ per array makes them very attractive. 
Commercial APD's produced by EG&G (Vaudreuil, Canada) gave very encouraging results in the 
beam test of the SMD prototype. Recent API 3x3 array pixel looks also very promising. 

2.6.3. Hybrid APD-PMT 

APD-PMT would use an APD array mounted in a proximity-focused image tube with a 
conventional or extended photo cathode. The gain is high because the photoelectrons are accelerated 
in a strong electric field before impinging on the APD. The APD array under development at 
Advanced Photonix (API) is being incorporated in this hybrid device by Litton Electron Device. 
This new device should have in principle good qualities such as improved quantum efficiency,low 
cross talk and large dynamic range. However a full study of their behavior in beam tests including 
lifetime and rate performance has to be done. 
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The table below give a summary of technical characteristics [Ref. 2] of the 3 different photo detector 
types. Taking into account the uncertainty about the final choice of the photo detector technology, 
the SMD front end electronics will be designed to be compatible as much as possible with anyone 
of the final decision. 

MCPMr APD APD-PMr IDEAL 

• Gain - 5.10**5 100-500 10**5-10**6 ~ 10**5 

• Quantum efficiency @ 550 nm 7-12% 60-80% up to 35%? 100% 

• Linearity 10**3 ~ 10**7 ~ 10**5 ~ 10**4 

• Noise, dark current 5nA -10nA -10nA ~5nA 

• Crosstalk 3-5% ~1% low? 0 

• Uniformity 5:1 10-20% good ~ 10% 

• Temperature stabilization No Yes ? No 

• Magnetic sensitivity 70 Gauss? No· No? No 

• HV orVbias ~2kV 200V-2kV lOkV ~2kV 

• Radiation hard OK under test? '1 Yes 

• Status Established Tested for SMD Prototype -
• Availability 64 Ch. 9 to 32 pixels -
• Technical complexity None Preampli ? None 

• Main concern Quantum Efficiency S ignal/N oise Lifetime '1 -
• Cost per channel ~50$ -10$ 16 $ ~20$ 

• Manufacturer Philips,Hamamatsu EGG,API,Hughes? Litton & API -

2.7. Calibration aspects 

Additional features, including a possible current integration capability for source calibration and a 
variable- amplitude charge injection test signal, should be provided. The technical specification for 
the design that depend on the photo detector choice is not yet completely studied. 
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3. Read Out scheme 

3.1. Conceptual choice 

Two schemes are being developed for the calorimeter read-out [Ref. 3]. If that choice of technology 
will be the same for the calorimeter and the ShowerMax. this is a short comparison of the two 
concepts. 

For the SMD a dynamic range of 12 bit is required as opposed to 17 bits for the calorimeter and the 
outputs from the photo detector are arranged in groups of 64 channels. 

3.1.1.Analog scheme 

The analog read-out is a conventional approach (charge integrator. shapero pipeline and AID 
converter) using well-understood techniques and cost relatively predictable. Large systems have 
already been built and are operational. 

The disadvantages of an analog system are essentially timing considerations that are however not 
critical for the SMD: 

a signal shaping of 5 ns rise-time and 10 ns fall-time is assumed. Due to the long decay times 
of the fiuors in the WLS fiber. some part of the signal will be lost after the shapero This lost is 
estimated to be approximately 20%. 

some time response variations due to the signal jitters with respect to the SSC reference clock. 

transport of analog signals between the different parts of the processing chain should be 
optimized to be insentitive as much as possible to the signal degradation. environmemt noise 
and crosstalk. 

3.1.2.DIgital scheme 

In this implementation. every SMD channel is connected to a single ASIC that performs all 
functionality's from the digitization to the storage directly after the phOto detector. This ASIC 
consists of a current splitter. a gated integrator array. a 5 bit Flash ADC and associated data 
storage. This modem and elegant scheme is simple in its principle and looks very attractive. 

Advantages of the digital system are: 

all the signal (if less than 16 ns) is collected. 

once digitized the system is effectively noise immune. 

It seems difficult at the early stage of the study to estimate the possible unknown or hidden 
complexity and drawbacks of integrating all the functionality's including crosstalk. analog-digital 
coupling, chip to chip performance spread (current splitter ... ), etc .... 
Coupling this one channel ASIC to a 64 channels photo detector array can be a delicate and 
complex problem to keep the crosstalk low. Advantage of an "all in one" ASIC becomes a 
disadvantage when the photodetector choice and parameters are not yet optimized. The "variable 
gain" function may also add some complexity. 
In addition, the "system issue" in a realistic environment (noise, temperature behavior ... ) has not 
yet been demonstrated in any large system. 
Cost is another major issue, which however should be comparable to the analog one, even if there 
are four times more ASICs. 

Taking into account these considerations, the choice made was to develop a readout chain around the 
conservative SCA analog pipeline developed at LBL. As it is emphasized above, the SMD read-out 
requirements are much less severe than that of the calorimeters in dynamic range and timing 
accuracy and our concern is to design a low cost read-out that will meet our requirement's [lISt. 
Effort in the design and optimization in the cost and high level of packaging of each element is 
then the key issue of our study. 
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3.2. Read out components 

• MCPMT 

·APD 

·APD- PMT 

? 

The output signal from each photo detector channel will be coupled to an analog signal processing 
chain consisting of a charge integrator, a shaper, a gain adjustment amplifier and discriminator, the 
analog pipeline and finally an AID converter. This scheme is basically the same as the calorimeter 
analog readout chain. 

However there are two substantial differences: 

The photo detector is an array of 64 pixels with only one common HV (MCPMl) or Vbias 
CAPD). Therefore some gain adjustment between individual channels is required in the readout 
chain. In addition a relatively high degree of integration should be done. Since the SCA is 
already packaged into 16 channels ASIC, it is foreseen to keep this basic number for all other 
functions 

Digitization should be achieved directly after a level 1 trigger to be able to extract information 
toward the level 2 trigger. Independent of this specific requirement, this classical 2 step's 
approach is certainly the more flexible in a long term view in case of trigger upgrade for 
example and should be strongly considered for the calorimeter scheme itself. At that level 
some multiplexing can be introduced in order to use only one fast digitizer per 16 channels. 

• Integrator 

• Shaper 

• Gain 
adjustment 

• Discriminator 

64"Phi" 
30 "Eta" bit 

III!!I!I!II!I'IIIIII!IIII II hlllth 1111 

t 
Analog 
Pipeline 

SCA 
(LBL) 

::;;4~ec 

12 bit 
resolution 

7 

1024 "Phi" 
x 30 "Eta" 

• Multiplexing 
& 

AID Flash 
converter 

• dynamic -> 12 bit 
• resolution ---> 8 bit 

~~~: .. ~~ 
~ 

DAQ 

& 

L2T 

Read out 



3.3.Functionalities 

• • 

The signal processing part has been optimized for the Philips MCPMT photo detector. 
Modification for the other photo detectors will be discussed in the paragraph 5.2 (New 
developments). 

The required characteristics are: 

• Charge integrator with a rise time less than 5 ns. 

• Occupancy S 5% 

• Peaking time less than 16 ns. 

• Gain and sensitivity optimized for a MCPMT output signal between 15 fC and 60 pC. 
(Dynamic range 4000 compatible with the range 1m V - 4 V of the SCA) 

Gain adjustment from 3 to 16 (range - 6) between channels. 

• Programmable discriminator threshold with a range of a factor 10 and a logical "OR" of the 
outputs for use in the Level 1 trigger with a minimum threshold of 4 Gev +/- 15%. 

~ 

Thresh. min --> 
4 Gev+/-15% 

Level 1 trigger bit 
(Logical OR of 16 Channels) 

E • Q I peak V out 
x Gain (to··S) to SeA 

250 Mev 1 15fC 2~ 1 mV 
ITev 4000 60 pC 8 mA 4 V 

~lmlaT:~~;~@ilMl§A~. 
AD Digital 

Buffer 

Where to cut ? 

This readout chain will be topologically implemented in two physical parts connected through few 
meters of cable (5 to 10 meters): 

The "Mother Board" directly connected to the photo detector in the back side of the calorimeter. 

The "Front End Card" installed in the "Front End readout Crate". 

The choice of the function to be implemented in each board and the consequences for the inter­
connection system (line driver and receiver, signal levels, clock distribution ... etc) is discussed in 
the next section. 
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3.4. Choice of configuration 

3.4.1. Technical Report (TDR) configuration 

In the TDR [Ref. 1] all the signal processing functions are grouped in the same ASIC. In addition 
to the complexity of designing such ASIC and its associated "Mother Board", there is a mixing 
between the analog ( comparator input) and digital (60 MHz clock) signal processing functions. To 
avoid coupling between these 2 functions, it should be safe to separate them. There are also a large 
number of connections and fast signal distribution that is always very costly. 

ASIC# 2 ASIC# 3 

,-------16------~~ 

64 Ch. Mother Board 
Con 128 Ch. Front end card 

• Mixing analog· digital 
• High power 
• "Large" size 
• Lot of control signals 

Pro 
• 3 ASIC's 
• Front end card more "simple" 

• High cost 
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3.4.2.Ca/orlmeter type configuration 

,": 

In this scheme, the pure analog function is separated from the rest of the signal processing. The 
shaping is made using individual delay lines like for the calorimeter. These delay lines are placed 
just after the charge integrator. This is certainly the best technical and clean solution with many 
advantages like: 

Recovery time « RC filter circuit. 

Timing reproducibility (dependent on the signal shape) 
---> insensitivity to the jitters between the physical PMT output signal and the SCA clock, 
minimization of the "walk" at the comparator input. 

No signal attenuation. 

This solution that is certainly very desirable for the calorimeter is not compatible with a low cost, 
low power consumption and a high integration. 

ASIC # 1 

,--- 16 --~~:::: 

64 Ch. Mother Board 

Con 
• High dissipped power 
• large Mother board (64 delay lines) 
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3.4.3.New proposed configuration 

This scheme is a modified version of the previous one that isolates in a nice way the pure "high 
sensitivity" analog part from the rest of the digital functionality's. The shaping part is made using 
RC circuit implemented in the front end card which looks a good compromise in our case. This is 
also the best configuration to minimize noise problems. 

In addition, there is a one important advantage keeping the system very flexible: 

• The "Mother Board" contains only the part that is specific to a particular device (MCPMT or 
APD) without changing the rest of the readout chain. This board drive signals across a cable to 
the next stage. 

The "Front End Card" located in a crate filled with other MD or calorimeter card is 
approximately "general" where common calorimeter and SMD functions can be implemented. 

In this solution the readout is achieved using four different 16 channel ASICs. These are: 

• The CHARGE INTEGRATOR (ASIC# 1). 

The SHAPER , gain adjustment & level 1 signal extraction (ASIC # 2). 

The ANALOG PIPELINE (ASIC # 3). 

The MULTIPLEXING ADC (ASIC # 4). 

ASIC # 1 ASIC ASIC 

~----16----~~::~~p 

64 Ch. Mother Board 

Pro 
• No mixed analog· digital 
• Less power 
• Shaper on ''front end card" 
---> better low frequency noise rejection 
---> increase signal/noise ratio 
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3.5. Integrated circuits 

Three ASICs are currently developed by the Saclay Microelectronics Group. 

3.5.1.Charge Integrator 

lout (PMT) 

The first stage of the signal processing has been optimized for the Philips MAPMf XP1722 with 
a positive anode current output and a typical capacitance of 2pF, dark current of 4 nA, rise time of 
5 ns, transit time spread of2 ns, and maximum current amplifacation of 10**5. 

The characteristics of this CMOS ASIC are presented in the following diagram: 
(The line driver function will not be implemented in the first version of the chip. This is a 
problem which is common for both calorimeter and SMD) . 

Input hypothesis 
- Gain PMT = 100000 
- Delta GIG -> Gain Min = 20 000 
- 0 minimal ~ 20 000 8 

• unction 
• Technology 

(t) -10-58<0<2.10··48 
&....-=' .. __ ~~~ - 250 Mev < E < 1 Tev 

• Number of channels! ASIC 
• Bandwidth 
• Dynamic range 

ntegrator 
1.5~CMOS 

16 
60 MHz 
4000 

1(1) 

Cf = 15 Pf 

,~ .......... .. . . 
: Une : . : 
: Driver ~ 
~"" .. , .. ~ 

Vs 

• Time constant ( 300 KQ*15pF) 
• Transfer function 
• Settling time (= 5%) 
• Power dissipationlCh. 
• Input noise (expected ENC) 
• Output range 
• Non-linearity 
• Crosstalk (expected) 
• Out ut im edance 

4.5 J.1sec 
67 mV/pC 

< 16 ns 
25mW 

2000e rms 
1mV-4 V 

<1% 
< 2<'10 
50 

The circuit schematic for the charge sensitive preamplifier is presented below. The topology is a 
classical cascode preamplifier and source follower with a low output impedance and low power 
dissipation. 

~:.5f~ ~ ~,.S 
Default Va"ulbl.~: 

Iml- ,- .. 
~ ep- IPOl.l 0I ... t------, 
~ • f .. 

• Us.,. V.,-uablee1 
~l ~ 
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Three simulations are shown, the photomultiplier being modeled by a 2pF capacitor in parallel with 

the current source. 
• Normalized time response of the integrator to a simulated charge stimulus of 10 to 60 pC. 
• Time response after an RC filter. 
• Linearity of the output of the RC shapero The 80 pC value is there to show the non-linearity 

part 
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3.5.2. Shaper - Gain adjustment and Comparator 

The functions of this 16 channel CMOS ASIC 1.5 J.Un technology (MIE1EC) are the following: 

Line 
Receiver 

• unc Ion 
• Bandwidth 
• Input 
• Gain 
• V control 

Line receiver (not implemented in the first version). 

Shapero Filtering is provided by a simple RC circuit with a time constant of 4 ns. The choice 
of this cheap and low consumption technique instead of a delay line was explained in the 
previous section. The single main advantage of the delay line being to be insensitive to the 
signal amplitude and then to minimize timing fluctuation in the recovery time. But this is not a 
strong argument if we compare to the 1 % expected occupancy. There is an attenuation of the 
signal by a factor of 3 (range 0-1.35v) which should be recovered by and additional gain 
adjustment 

Variable gain with both separate adjustment for the SCA input buffer and the level 1 
comparator. 

Fast comparator. The basic requirements of this function are: 
- Bandwidth 60 MHz 
- Sample during one SSC period (16 ns). 
- Insensitive to the "walk". 
- Threshold range - 50 (6 bit) 
- threshold dispersion - 15% 

Vc (mV) 
rnV 
bU 
300 

.-l~ Va Shaping 
RC i'~ 0·' .35 

'td- 4 ns ',I 

ana e gain 
60 MHz 
0- 4V 
3 to 16 

gm=IIV 
rnA/v 

U.4 
2 

Gain A 

3.2 
16 

Threshold 

SCA 

Level 1 
Coml"1ls:1rs~tnirL __ Trigger 

Vth minimum (4 Gev) 
-> 64 mVi"8 mV 

• Integral non linearity 
0- 500 mV 

:=:;2% 
• Power supply 
• Power consum tion 

7V & -3V 
40 mW/ch. 
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The simulation of the "variable gain "function shows: 
• the output signal to the SeA at maximum gain for different input coming from the integrator . 
• tranfer curves for 2 values (intermediate and maximum) of the "varable gain" ,inter 
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The comparator for the level 1 trigger is the most sensitive function and may be the most 
technically interesting. The minimum threshold has been set to 4 Gev with 15% accuracy. This is a 
realistic compromise between the physics requirement and the technical difficulty. The solution 
investigated is based on the Ref. [4] . 
This is a very low power, very small area and high speed (>60 MHz) CMOS comparator. This 
circuit performs directly by mean of regeneration without extra offset cancellation circuit. The low 
offset voltage of the comparator is obtained through carrying out the comparison in two steps of 
regeneration with the use of two non overlapping clocks. 
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In order to be as much as possible independent of the "walk" and timing difference between 
channels, the sampling is made around the peaking time. To be sure that the comparator output is 
"true" only during one SSC period, the "time over threshold" is chosen greater than 16 ns. 
Reducing the threshold dispersion should involve a careful knowledge and optimization of the 
"offset" problem. 

\ALlD Oact IloecopG: <:OI'1"fA'\TU.R1 

x AM .. I Tt ...... i t'tIIr"k.,.. I U\., Itt" 

C1 V\ 1\ J\ n ~ -
"J" f-----r;,. -~-- ----- ------ -----7 
r------~I- -~-------------------------r;;; ~-- ---~------------------~ r--
seT r--}~-- ------~----------------r-
01B 

/ I.k-Qf 
\ . r----

- I-" I I Q2 

1 2 

~ ~ ..J., J., .;.l., .;.l.., .;.!., 

-
OlannQ I O,.pl .. ~ ScaiQ/Otu f"une Value 

1 Seep. Set OfT A 1_ wIJ 111 7e0 fd.J ~ 
2 Seep. s.t Ot< 1-2.5:i! 100 .... t12 SE>4 "'** iU 
3 Seop. 5G'C. Ot< Sl<i(RE9Cf) 1e.0 V "1 5.00 U fT 
.. SeoP" 5Gt Ot< SlG(SCT> 10.0 V 111 5.00 V 

o~ 
I. 

t1aU S, 1992 11 42Pt1 

16 



3.5.3. Analog pipeline 

Switched Capacitor Arrays (SCA) will be used to store the analog data until digitization. The SCA 
is a 4K addressable sample-and-hold analog memory, divided into 16 channels of 256 cells each as 
described in Ref.[ 3 J. It 'samples and stores, in parallel, 16 analog inputs at the SSC crossing rate 
of 60 MHz. It can simultaneously store a 12-bit analog sample in one cell and retrieve another such 
analog sample from a different cell. The analog memory is controlled by a specialized integrated 
circuit, the Address List Processor (ALP), which manipulates stored data addresses (pointers) 
through a series of bookeeping lists. 

This ASIC is currently available at LBL. Improved version less sensitive to the environment with 
ECL logic inputs and 3 separate power lines is under developmenL 

3.5.4. Dlgltlzatlon 

The Level I accepts occur in average every 10 Jl.Sec. This time interval is sufficiently long to allow 
the use of a single ADC. The 16 channels are multiplexed to a common analog bus connected to a 
single inexpensive 8-bit 20 MHz Flash digital converter (FADC). In order to preserve the full 12 
bit dynamic range, a range detection system compo~ of two comparators and four amplifiers (gain 
0.5, 2, 4, 8) is placed in the front of the FADC. The result of the conversion is a 12-bit number, 
which is stored in a digital FIFO buffer. An alternative solution will be to use a commercial 
monolithic or hybrid 12-bit 20 MHz Flash converter when it becomes available at reasonable price. 

The diagram of the principle of this converter is presented below. 

Specification 
• 12 bit dynamic range 

·8 bit resolution 

Functions 
• Analog mUltiplexor 

• Range detection 
---> comparator 

• Ampli 
---> gain 0.5, 2, 8 
• AD converter 

---> Sony CXD 1175 
8 bit - 20 MHz, 
CMOS,60mW 

Implementation 
• 16 channels ASIC 

• 1.5 Jlll1 CMOS 
• Conversion time 

---> 8.84 Jl5eC 
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The functions integrated in this CMOS ASIC 1.5 ~ technology (ES2) are the following: 

16 channels analog multiplexor. 

2 comparators for the range detection. 

4 amplifiers to adapt the 0-4 volts SCA output to the 0-2 volts input range of the commercial 
digital converter. 

Control logic. 
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Simulation results using a scheme that combines comparators with hysteresis and operational 
amplifiers give a conversion time of 400 ns per channel and a power consumption of 40 mW for 
the analog part. The surface of the chip will be 15 mm2. The total conversion time is expected to 
be 8.84 J.1Sec. 

The converter selected is a CMOS 8-bit 20 MHz SONY CXD1175. The power consumption is 
60 mW and its cost is - 6 $ in large quantity (3000). 

• Function 
• Mode 
• Input range 
• Output range 
• Resolution 
• LSB (0 --> 62.5 Gev) 
• LSB ( 62.5 ---> 250 Gev) 
• LSB (250 --> 1 Tev) 
• Technology 
• Number of channels 
• Conversion time I Ch. 
• Total conversion time (16 Ch. + SCA settling time) 
• Cross talk (expected) 
• Power dissipation 
• CostQer chiD (15 mm2) 

3.6. Cables & Drivers 

ulgltizer wltn range selection 
Multiplexor + FADC 

0-4V 
12 bits 
8 bits 

0.25 Gev/cx 
1 Gev/cx 
4 Gev/cx 

1.5 J1m CMOS 
16 

400ns 
9 JlSec. 
<2% 

30mW 
10$ 

Connection between the 2 parts (ASIC # 1 ---> ASIC # 2) should be achieved through a 
multiconductor cable (which is not the case for the single PMT calorimeter scheme). Among the 
possible solutions as "coaxial" or "twisted pairs" cables, the DIFFERENTIAL TWP approach has 
some advantages: 

• TWP are known to be cheaper than coaxial cables, not only the material itself but also for the 
connector part. 

• TWP have small crosstalk and have good behavior in a noisy environment 

• Differential TWP are very well adapted to signal polarity change, since the fmal decision for the 
ASIC # 1 is not yet done. 

However differential TWP needs more complex line driver/receiver design with also more power 
consumption. Integration of such function in the CMOS ASIC # 1 (Line driver) and ASIC # 2 
(Line receiver) will be studied in collaboration with the calorimeter group. 
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4. System aspects 

This section describes how the overall system could be organized. This is a draft version. More 
details will be available in the next few weeks. 

4.1. Mother board 

Each front end analog module will handle 64 channels from a single photo detector MCPMT or 
APD array (32 phi strips and 32 eta strips). This corresponds to one 0.1 x 0.1 hadron tower cell. 
The design depends strongly of the choice of the photo detector (MCPMT vs. APD). There will be 
784 of such boards mounted around the back of the calorimeter. This is a simple printed circuit 
board of 5 x 15 cm2 maximum size with no particular technical difficulty that will contain the 4 
ASIC # 1 and the necessary control and calibration logic. A prototype of such board will be done 
in 93. 

4.2. Front end card 

Implementation of this card is strongly connected to the concept and the design of the Level 2 
trigger and DAQ systems. In addition, the design of this card should be closed as much as possible 
to the calorimeter one. These elements are not yet very well understood today. The ideas presented 
here are personal inputs for later discussion in the trigger/DAQ group. 

In a classical approach "a la VME" (Option I-TDR), characteristics of this card could be the 
following: 

• 9 U "Jumbo EURO" card with 3 rear connectors . 

a "Control bus" access which is typically today the VME bus ( 20 Mbytes per second) which 
can be replaced if there is the necessity by another commercial BUS (Futurebus) 

an "Extension bus" connector (like the VSB) which can be used for the connection to the level 2 
trigger if the "control bus" bandwidth is not sufficient. 

• a "Dedicated bus" access for synchronization signal distribution (Clock, Trigger Accept & 
Reject ... ). 

• the I/O functions to the DAQ that contains the various "general purpose" interfaces to the 
"standard" Control bus (VME .. ), a DRAM. up to internal resources including a "local processor 
.. kernel (a DSP or a RISC). 

• one or more specific "piggy back" multilayer PC board containing: 
the analog/digital conversion chain (ASICs 2 + 3 + 4 + FADC). 
the level 1 trigger logic including timing and clock synchronization. 
the level 2 "extraction feature"logic. 

A card with 128 channels (4 x 16 channels chain) is a realistic goal. 

This card was used to get a cost estimate of the "option I" readout chain. 

A more modern, versatile and attractive concept is under study to optimize the reliability and 
minimize the cost and maintenance and upgrade aspects without loosing any perfonnance. This is 
based on 12 years "good and bad" experiences in LEP experiments where the maintenance cost and 
system upgrade were rarely considered! In this scheme, the "front end card" has the following 
characteristics: 

9 U "Jumbo EURO dumb" card with no intelligence at all and no connection to any data bus. 
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a simple "fiber channel" interface with "minimum" protocol, which is a point to point optical 
fiber link to "push" data to an external "data collector card" located in the surface control room. 

the minimum functionality'sdescribed above as "specific piggy-back board" for 128 channels. 

The cost of such a card is obviouSly cheaper than the previous one since there is no interface and 
connector to any bus. It should be noticed also an important simplification in the specification for 
the Front End Crate which does not requires any "standard" bus. Distribution of Clock and 
Synchronization signals could be done in a very simple and cost effective manner. Power supply 
can be carried out using a simple dedicated back plane. "Local slow controls" can be done using 
either the "local back plane" or remotely through the fiber link. 

This scheme was used to get a cost estimate of the "option 2" readout chain. 

4.3. Level 2 trigger data extraction 

Clearly. a dedicated data extraction feature is a very heavy and costly solution. Effort is underway to 
understand what is the best way to achieved the integration of the SMD in the Level 2 Trigger. It 
is also clear as presented in the next section that this technical problem depends strongly on the 
DAQ readout scheme. 

4.4. Data Collection (DAQ) 

4.4.1.lnput parameters and Data throughput 

The read out of the 47104 SMD channels is achieved using a modular tree structured organization 
from the front end "Mother Board" level to the "Data Collector" crate. The table below review the 
different physical components: 

Component Contains Barrel End Cap Total 
• Channels number - 28672 18432 47104 
• Mother board 64 Ch. 448 320 768 
• Front End Board 128 Ch. 224 160 384 
• Front End Crate 16 Cards 14 10 24 
• Data Collector Board 1024 Ch. 28 20 48 
• Data Collector Crate ~ 14 Cards 2 2 4 

Event size and data throughput at each level can be estimated using the following assumptions: 

5% maximum occupancy. 

Sparsified data syse of 8 bytes per "cluster" (2 bytes address and 2 x 3 bytes data strips). 

Trigger rates: Levell = 100 KHz and level 2 = 1 KHz. 

Raw Sparse 
• Unit Strip Cluster 
• Data size 12 bits 8 bytes 
• Front End Card read-out 128 Ch. 6 clUsters 
• Event size @ the Front End Card (FEC) level 192 bytes 48 bytes 
• Data throughpuV FEC @ level 1 trigger rate 19.2 Mbytes/sec 4.8 Mbytes/sec 
• Event size @ Data Collector Card level ... 384 bytes 
• Data througput / Data Collector Board @ Level 2 rate ... 384 Kbytes/sec 
• Maximum Data Troughput / Data Collector Crate 5.3 Mbytes/sec 
• Data Througput total SMD 20 Mbytes/sec 
• SMD maximum event size 20 Kbytes 
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4.4. 2. Front End read-out topology 

In both options described in the section 4.2, the first step of the data collection is achieved by 
front end digitizer cards placed in each "Front End Crate". Each crate contains 16 front end 
cards. The full SMD DAQ readout is carried out using 24 crates. Then, the read out of the front 
end digitized data is carried out by "Data Collector Cards" placed in an external "Digital Read out 
Crate". 

There are 2 topological arrangements for the front end readout 

along the azimuth "phi" sector segmentation that fits perfectly the 32 physical "wedges". 

• along "eta" slices. For example each one of the 24 crates can collect all the 1024 contiguous 
azimuth PHI and their associated ETA strips. The advantage is to minimize the complexity of 
the "feature extraction for the level 2 trigger data". Disadvantage is the increase of the cable 
length between the crate and the "Mother Boards". In addition this scheme intrOduces a 
difference in the data throughput between "end cap" and "barrel" readout crates. 

ShowerMax Readout 

(768) 

Mother Board 

On calorimeter 

(48) 
Digital Data 

Collector Card 
81ibers 

1024 channels 

o 
o 
o 
o 
o 
o 
o 
) 

(384) 

Front End Card 150 m fiber 

0000 
0000 
0000 
0000 

Trigger & Synchro 

0000 
0000 
0000 
0000 
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4.4.3.Data Col/ector Board 

As described in the previous section. the data collection is achieved externally by the "Data 
Collector Board " through a "fiber point to point link". A maximum throughput of 20 
Mbyt.es/sec is necessary to "push" every digitized raw infonnation out of each front end card. 

Preliminary specifications of this Data Collector Board are the fOllowing: 

• able to read and monitor up to 1024 front end channels. 

8 fiber inputs (one per Front End Board) with its internal resources (LAN ... ) 

a RISC microprocessor kernel 

Dual port DRAM buffer memory. 

Control or DAQ bus interface 

interface "feature extraction" for the level 2 data including a possible "local level 2 data 
processing" perfonning a cluster finding algorithm. 

With this scheme. he full SMD DAQ readout can be done using 384 fibers connected to 48 "Data 
Collector Boards" (each card being the image of 8 Front End Digitizer Cards). They fIll up 4 
Digital Readout Crates ( 2 for the end caps and 2 for the barrel). This is a flexible manner to solve 
the "topological "readout problem and the level 2 data extraction. There is another advantage that the 
Front End Crate can contain indifferently any Front End Card belonging either to the calorimeter or 
the SMD. 

5.3 

~ Data Sources 
• Main trigger t!:::p' to Event Builder 

total :20 Mbytes/sec • Local test trigger 
• Calibration trigger •.• 

Synchronlzati 
• Clock 
• Level 1 Trigger 

I Event Size s; 20 Kbytesl 
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5. Prototypes 
Series of tests are planned for 1993 in order to implement such configuration in a realistic 
environment. This will be mainly focused on photo detector comparison and performance of each 
ASIC and little on the system aspect. 

5.1. 1993 tests 

It is foreseen to equip up to 256 channels of the SMD electronics in 93 • Two calorimeter-SMD 
test-beam prototypes have been selected. Three successive steps have been identified. They are 
compatible with the production of each ASIC in order to systematically test each function in the 
best realistic environment : 

Step #1 : the end cap monolithic prototype (LBL design) with up to 64 channels (BNL - June 
93). Photo detectors (MCPMTs & APDs) associated with the ASIC#1 (charge integrator) could 
be implemented at that time. 

Step # 2 : the Barrel "Full Scale Prototype" with up to 256 channels of the SMD (FNAL ~ 
July 93) where the fIrst activity will be to test the system environment and the combined 
calorimeter/SMD performance. Test of the read out front electronics (ASICs # 1 + 3 + 4 ) 
should be possible but with a limited time. 

Step # 3 : Test of the full chain (> September 93) using a prototype of the "Mother Board" 
(ASIC # 1) and a versatile 6U VME front board equipped with the ASIC 2 + 3 + 4, including 
the connection (line driver and receiver). 

5.2. Status of the various components 

The status (august 92) of each ASIC necessary for the 93 test is presented below. A summary of the 
different operations is presented in the flow chart diagram. Until now, analog CMOS 1.5 l1m 
technology is only available in Europe in the MIETEC company with only 2 runs per year 
(November and April). Another company ES2 has a better running time (6 weeks) but has no 
experience in analog CMOS technology. A 20 chip's wafer for each ASIC (320 channels) will be 
produced for next year: 

ASIC # 1 (integrator): optimization and simulation of the design is completed. This is a 10 
mm2 CMOS chip. The layout in underway which will be submitted the 1st of November 92 at 
MIETEC. 

ASIC # 2 (Shaper, Variable Gain & Fast Comparator): optimization of the variable gain 
function is not yet totally completed. Global simulation is underway. This is also a 10 mm2 
CMOS chip. Submission will be made in November to MIETEC in the same time as the ASIC 
#1. 

ASIC # 4 (analog multiplexor, amplifier and comparator) : design and simulation are completed 
since July 92 and a first layout was submitted to ES2 as a "test bed" for analog technology. 
This is a 15 mm2 CMOS chip. A first wafer of 20 chips will be expected to be delivered in 
September 92. Submission for a second run will be possible to MIETEC or/and ES2. This 
depends on the test results (end September 92). 
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ASIC # 1 ASIC#2 ASIC#4 

Analog part Mixed Analog - Digital Mixed Analog-Digital 

Line R v Buffer Multiplexor 
Integrator Driver e S a & 

L c H G r Fix Gain Analog to digital 
ie A a a Comparator Converter 
n i P i b -, e v E n I Logical "OR" 

e R e 
Buffer L r "'::: ... . ,=--:o:J#. 

~, 
~, 

~F 

Specifcation ,!o ~: Problem? Specifcation Problem ?~ NO<@> 
End July? End August? End June? 

OK 

Yes .. , 
LAYOUT ES2 
(Digital technology) LAYOUT MIETEC """ August - October July .-

~ RUN submitted 
End July 

RUN submitted Deliver --> 6 weeks 
1 st November -. 

+ RECEIVE Chip 
Mid - september 

RECEIVE Chip .-
1 sf Mach 93 .\ TEST Chip \ • 2 w -> 1 st october 

TEST Chip 

Correction ? ~ Techno 
~ ES2 OK? + 

IMPLEMENT 
on mother board Upgrade 

+ Submit --->ES2 

~ I(FINAL TEST 
June 93 
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The design of the system aspect i.e. mounting these ASICs on simple printed circuit board will 
start soon (September 92) : 

The 64 channels "Mother Board" should be defined in close connection with the photo detector. 
A dedicated meeting is planned in October at RockfeUer University to define its specification. 
The first prototype should be ready by march 93 when the ASIC# 1 will be delivered. 

The "Front End Card" that contain the pipeline and the digitizer is under study. A IlI"st VME 
card containing 48 channels (3 SCAs) is under design at LBL. This card can be used for the 
combined barrel FSP calorimeter /SMD test at FNAL. However, it is foreseen to implement 
our digitization scheme in a very simple and economic manner. The idea is to avoid to spend 
time and money to design a standard 6U VME board with its DAQ interface. We intend to use 
for example the CBS MIO board [Ref. 5]. The architecture of this module is based on five 
major blocks: 
- the microprocessor kernel 
- the system DRAM 
- the internal resources 
- the VME bus interface 
- the I/O specifiC hardware which is tailored for each application. The I/O functions are designed 
on separate piggy-back modules. Up to 4 piggybacks can be attached to a standard MIO board 
with 96 pins I/O connector. 

A first idea is to implement the digitization chain (ASIC 2+3+4) and its control logic on one or 
two piggy-back boards. Minimum of 32 channels could then be implemented in such a way. 
Further modification or evolution will be very easy to design an another piggy-back without 
changing anything in the readout part. In addition, optimization of noise problem could be 
achieved in such layout by a physical separation between the front end analog/digital 
conversion chain and the VME logic. A first piggy-back with one SeA followed by the 
ASIC # 4 can be implemented soon. 

Connection of the 2 parts (line driver, cable and line receiver) in a typical calorimeter/ SMD 
common problem and should be solved in the same manner. Discussion with LBL about this 
subject will take place in a meeting in September at Saclay. 

i-· 

• R3051 RISC Controller (25 MHz) 

• 4 / 16 Mbytes of system DRAM 

• 12B.2S6or512KbytesofEPROM 

• 8 Kbytes of EEPROM 

• 6 Timers & CSR 
• Versatile Interrupt control 

• Remote RESET register 

• AFO based message passing 

• VME Slave Port (A32) 

VMEMasterPortwith fast Block­
Mover capability 

• 4-level VME Interrupt 

• 96·pin DIN I/O-Bus connector 

• Complele software tOOls 

limiled by the specifIC 
.pplication (froot panel) 
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5.3. New developments 

The flexibility of this· design is that we should be able to investigate others photo detector devices 
by adapting and optimizing only the fl1"St function (charge integrator) . Two developments are under 
discussion: 

5.3.1.Negatlve current Input for the ASIC # 1 

A new 64 channels MCPMT fabricated by Hamamatsu is being tested at UCLA. This device has a 
negative output current. 

A modified version of the ASIC #1 (integrator) is under study. 

5.3.2.Avalanche Photo Diodes 

APDs array of 8 x 8 pixels are being developed for the SOC SMD detector. Prototypes of these 
array currently exist, are tested and are exhibiting good gain uniformity, with room temperature 
dark currents low enough to make direct detectionof few photons minimum signal feasible. These 
devices are operated in a linear mode, with gain of 100 to 500. 

A particular charge integrator (ASIC # 1) is under discussion between LBL and Saclay. This ASIC 
is derived from erxisting study of similar circuitry. For a device with a pixel capacitance of 1 pF 
and 5 nA dark current, preliminary specification and simulations results are: 

16 channels 1.2 ~m CMOS. 

• Gain 1000. 

• Equivalent Noise Charge (ENC) 200 electrons rms (for a 16 ns RC-CR shaper). 

• Signal/Noise ~4. 

• Power consumption 10 mW/Ch. 
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6. Logistic 

6.t.Cost 

This chapter presents for the fIrst time the situation of the electronics seen from the "Saclay point 
of view". It should be emphasised that until now the Saclay group has the responsibility to design 
the readout chain and to build a large part the SMD electronics. It is not yet clear if we can afford 
50, 75 or even 100% of these channels? It's depends strongly of the way to define the balance 
between the " cash money" and internal engineering labor. The cost was evaluated using 
European criteria and our past experience in large experiments at LEP (Aleph, Delphi, Opal) and 
HERA (HI) in the design and fabrication of front end electronics systems. It could be slightly 
different from the previous TDR WBS that currently couples together the calorimeter and SMD 
may be not the optimum realistic solution. As it is presented above the "Mother Board" will be 
anyway different, but it likely that the connection (Line Driver and Receiver) and the "Front End 
Board" can use identical blocks as much as possible and even be the same. This chapter is not yet 
completed and there will be a revised version for the September revue. However, our fIrst goal is to 
give a realistic evaluation of the cost of one channel of this electronics chain as described in this 
document 

The following table presents the production cost including assembly and test of each component 
(for a large quantity) based on a realistic and known European price list and a dollar currency 
exchange at 5 FF. Prototypes, development costs and calibration stuff are not yet included due to 
the lack of time. In particular, it should be noted that the grater part of the cost is coming from the 
"Front End Card" which was estimated using a recent "conservative" commercial example. 
Optimization and refInement can to be achieved by the end of 92. It is also clear that the readout 
option 2 is already 30% cheaper. It should be notice that there is a very strong interconnection 
between the Front readout Card and the DAQ system and these 2 items are diffIcult to be estimated 
independently. 

Component Cost # ch. Cost cost Quantity Cost(K$} 
est. ( $ ) per 

channel 

Option 1 total 
• ASIC# 1 (Charge Integrator) MIETEC 1 6 20 1.25 3000 60 
• ASIC # 2 (RC + Gv+ Camp) MIETEC 1 6 20 1.25 3000 60 
• ASIC # 3 (SCA) "LBL" 1 6 20 1 .25 3000 60 
• ASIC # 4 (MUX+ range det.) ES2 1 6 ~O ~.'t~ 3000 150 
• FADC 8 bit-20 MHz s::NY 1 30 1.88 3000 90 
• Mother Board Saclay 64 200 3.13 800 160 
• Cables and connectors CERN 32 40 1.25 1600 64 
• Front End Board* CES ... 128 2500 19.53 400 1000 

Total (option 1 ) 32.65 1644 

Option 2 
• "Dumb" Front end board .. Saclay 128 1000 7.81 400 400 

Total (option 2) 20.93 1044 

Level 2 Trigger 
• "Data Collector Board" CES 1024 2500 2.44 48 120 
• Fiber Channel 1 Gb connection UWS 128 300 2.34 400 120 

Total (Level Trigger 2 part) 4.78 240 
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6.2.Schedu/e 

A realistic and coherent time scale and a description of the different phases of activities including 
critical choices are presented below. Taking in account uncertainties of the sse schedule. it would 
be very unrealistic to take decision too early since some developments to reduce the costs are 
underway (photo detectors for example!). This schedule is however compatible with an sse setting­
up in late 99 where all decision should be made by the beginning of 95. Production is spread over 
the next 3 years (95 to 98). 

components proto 
1!i.JII size preserJes~' 

Test beam 

~ 
Photodetector 

• Prototype ••. xxxxxxxxx xxxxxxx<-·Choica--> 
• Delivery (800 x 64 Ch.) xxxxxxxxx xxxxxxxxx 
• Bases or preampli(APD) Pro t 0 - - - - Prod ---> xxxxxxxxx 

Front end 
• ASIC #1 (Integrator) s- -R - Prod ---> 
• ASIC #2 (Shaper +Gain+ Trigger) -S---R- Prod ---> 
• ASIC # 3 (SCA) Prod ---> 
• ASIC# 4 (Mux +Converter) 5-R Prod ---> 

Read·out 
• Mother board (64 Ch. x 800) P(Test) JII size) - Prod xx)Xxxxxxxxx ins tall---> 
• Front end board (128 Ch. x 400) -P(T)- ---P(F)- Prod xxxxx xxx install ---> 
• Cables Prod xxxxx install ---> 

Spending profile 
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6.3.Manpower 

CIRCUIT ASIC 

UJ.lJ.2. 

Presently, there are 4 persons working almost full time (FTE) on this project. Most of the work 
has to be done on the ASIC part and the definition of the 2 PC boards. Prototype's production is 
not yet well estimated due to the lack of time. In the next 2 years, it is foreseen to have 3 FI'E (2 
engineers and 1 technician). Since the production will be done outside our institution, this number 
should decrease to 2 (one "project engineer" and one technician). The following diagram shows 
the first part of our planning (92 to 94) up to the production phase. 

g;WlClE EN PfBSQ<NfI. 
,812:2 A. I. , A II 
,,13:21..1.21.11 
1114:21..1.21.11 
'886 • , .. I: , A • I. , A II 

DIffUSION: ..... 8OAQ£AUO, ... _ ERNWEIN. 

~OT 11';,;1':.,:2=---_-;;3 C N_ -
CIRCUITS ASIC 

PREPAAATION OU DISPOStTIF 
DE TESTS CIRCUIT , 

HUaaN\D, L£ 0\1, __ 

101101, f, LUQlEZ. C, CURE 

PHOP/02 'Alll~ 3/12/82 

~ 
1I'1t2 011182 3,60 11/11/82 3.60 1/31t"';.;3'--_-.. 7/0 It 3 3 117"3 0 

ElVOEASIC'.I-__ -I NPv.NTATION I-...... --l REALISATION TESTS 1-__ --1 REAL':;'ION 1------1 ~~I. 

,1.,60'lI0 
,1.1160 '110 

CAJJ 3/1/12 , A • ~ 11111112 EXTEREUR 6/3/13, A. 60 '110 , A • ~ '-"':::::::;':"-::':"':'/:-!'"13 
'AII~ '1.1160'110 ,1.1160'110 

CIRCUIT ASIC 2 

UJ.lJ.2. 

I PREPAAATICX'l OU DISPOStTIF 
DE TESTS CIRCUIT 2 

\l1l~ 31121t2 

111102 01t/02 3,60 7/01t3 3 

.t.O.D.YUI .. 

211~/n 

ElVO~1C2.1-__ --1 IMPI..ANTATION 1-----1\".. ___ 1---4. __ ....... '------ REAL~ION 1-_________________ -; 
,1."0'" 3/11t2 'A"",,, 11/11112 EXTERlEUR 613103 ,A""", 7/7/03 '-__ oJ 
,1.1160'110 '1.1160'" '1.1160'110 

CIRCUIT ASIC 3 

1llJ.ll. 
PREPAAATICX'l OU DISPOSITIF 

DE TESTS CIRCUIT 3 
, A IIl20'llo 

3/7102 3 

1--_--1 REALISATION 1-----1 

217112 EXTERlEUR 2/10/12 'AI 3111182 lA' 31121t2 ,A, 
'1.1160'110 ''1.1160'lI0 'AU60'110 
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7. Conclusions & Summary 

This document intends to present a coherent, realistic plan to build a reliable and cost effective 
front end electronics chain for the ShowerMax Detector using the available manpower. 

The main characteristics of such an electronics chain are: 

COMPACT: using a series of 4 "functional CMOS Application Specific Integrated Circuits 
(ASICs) allowing a high density electronics design, fabrication and packaging. 

FLEXIBLE with a logical implementation in 2 parts : 
- a 64 channels pure analog "Mother Board" optimized for the selected photo detector (MCPMf 
or APD). 
- A "simple" 128 channels "Front End Board" that contains essentially the pipeline and the 
analog to digital converter part. 

MODULAR approach that allow a cost effective "repair, maintenance and performance upgrades 
as better quality photodetectors (MCPMfs or APDs) becomes available. 

CHEAP: a minimal production cost - of 20 $ per channel can be achieved. 

It is also demonstrated what are the technical advantages but also the limitations of a common 
calorimeter & SMD "global readout concept". Finally, study of the cost shows that there is a very 
strong connection between the design of front end and the DAQ readout scheme. In particular in 
term of system upgrade, reliability and maintenance over a long period. Minimizing the front end 
card functions to a simple "dumb" board should allow to save not only much money but also 
maintenance cost 
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