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Abstract 
The CMS Preshower detector (ES) comprises on-detector 

and off-detector components of the readout and control 
system, as well as the powering system and optical links. The 
fast control system is largely built around the one originally 
conceived for the CMS Tracker (FEC, DOH, CCU etc.) whilst 
the readout part profits from developments made for the CMS 
ECAL (DCC, GOH, AD41240). There are two ES specific 
ASICs: PACE3 (front-end preamp/shaper/analogue memory) 
and K-chip (data concentrator). Two custom on-detector 
PCBs have also been developed: the front-end hybrid 
(containing the PACE3) and the system motherboard 
(containing all power regulators, digital chips, optical 
components and ADCs). The full architecture is presented. 

I. INTRODUCTION 
The CMS Preshower (ES [1]) is a fine-grain detector 

placed in front of the endcap Electromagnetic calorimeter. Its 
primary function is to detect photons with good spatial 
resolution in order to distinguish pairs of closely-spaced 
photons (principally from the decays of π0s in jets) from 
single photons (e.g. from the decay of an SM Higgs). Silicon 
sensors are used as the active elements. Each ES endcap has 
two layers of lead absorber to generate electromagnetic 
showers, each followed by a plane of silicon sensors and 
associated electronics. The two sensor planes are arranged 
orthogonally, allowing 3-dimensional reconstruction of the 
particle incidence. 

II. ARCHITECTURE OVERVIEW 
The ES Readout and Control architecture can be easily 

divided into on-detector and off-detector parts. The on-
detector part comprises around 5001 “ladders” hosting 7-10 
sensor “micromodules”. Each ladder includes a “system 
motherboard” (SMB) that performs data formatting and 
transfer (to the off-detector electronics) as well as control of 
                                                           
1 This is for the total ESA system: a total of four detector 
planes – 2 in each endcap. 

the front-end electronics. The off-detector part comprises two 
custom VME boards, one being a data concentrator (DCC) 
and the other a clock and control system (CCS [2]). All 
control and data transport is achieved by means of optical 
fibres. The overall architecture is presented in figure 1. 

 
Figure 1: Block diagram of the ES readout and control architecture 

One can see a clear separation between the on- and off-
detector parts, as well as a separation between the control and 
data readout parts. In reality this latter separation is academic, 
as the SMB hosts both control and readout functions. It 
should be noted that the ES does not provide information for 
the 1st level trigger of CMS, simplifying somewhat the 
electronics requirements.  
Upon reception of a level one trigger TTC [3] signal (LV1A) 
by the CCS, it is decoded and passed to on-board ring 
controllers that encode it into the clock signal and transmit it 
via optical links to the on-detector control system (on the 
SMB). After decoding this trigger signal the SMB passes the 
LV1A to the associated front-end (PACE3 [4]) and data-
formatting (K-chip [5]) chips (described in sections 3 and 4). 
Analogue data stored in the PACE3 are pushed to AD41240 
ADCs [6]; the digitized data are then reformatted by the K-
chip before being pushed out to off-detector data concentrator 
cards (DCC). The DCC performs CRC checking of the data, 
followed by unpacking and zero suppression. The zero-
suppressed data are then sent via S-link64 interfaces to the 
CMS data acquisition system. 
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III. ON-DETECTOR ELECTRONICS 

A. Micromodule 
The ES comprises around 4300 silicon sensors, each 

measuring 6.3cm x 6.3cm and 320 μm thick, divided into 32 
strips. The 1.9mm pitch results in a relatively high strip 
capacitance of about 50pF. Each sensor is DC-coupled to a 
single PACE3 front-end chip, which performs amplification 
and shaping of the signals from the silicon, followed by 
voltage sampling into an on-chip analogue pipeline memory 
192 cells deep. PACE3 is actually a combination of two 
ASICs: DELTA (hosting the 32 channel front-end circuit) and 
PACE-AM (containing a corresponding 32-channel analogue 
memory, readout control, output multiplexer, differential 
output buffer etc.), assembled in one fpBGA 196-pin package.  
The DELTA performs continuous amplification and shaping 
of the signals induced in the sensor strips. Each channel 
comprises a charge pre-amplifier followed by a switchable 
gain shaper and output buffer, as well as a leakage-current 
compensation circuit (as the sensors are DC-coupled). The 
amplifier chain can operate in one of two modes: high gain for 
detecting minimum ionizing particles (1 MIP = 3.7fC @ 
320μm Si) needed for calibration; low gain for  physics 
running, which requires a high dynamic range (1-400 MIPS). 
DELTA contains 16 internal 8-bit registers, controllable 
through an i2c interface. Several of these registers are used to 
set internal biases and currents through on-chip DACs. In 
addition, an internal calibration injection circuit is included 
that can provide charge injection through any channel (or 
combination of channels).   
The PACE-AM performs voltage sampling of the shaped 
pulses from the DELTA at 40MHz, before storing these 
samples into an analogue memory (192 cells deep). It also 
incorporates a readout multiplexer, output differential buffer, 
address FIFO (48 deep), fast control and various setup 
circuits. It contains 13 internal 8-bit registers for control, 
internal biases and currents (through DACs).  
At the reception of an LV1A, three consecutive samples 
previously stored in the analogue memory are blocked and the 
corresponding memory addresses written into the address 
FIFO. The FIFO can store the addresses from up to 16 
triggers. Assuming the maximum average LV1A rate in CMS 
of 100kHz, the probability of overflow in PACE3 is 
negligible. The data readout starts as soon as the PACE3 
digital circuitry sees that the FIFO is not empty. This is 
asynchronous with the trigger. Analogue data are transferred 
to a sample-and-hold circuit, then to the readout multiplexer 
before being pushed out of the chip through a differential 
analogue buffer in the form of three 32-channel bursts that 
lasts a total of 7.3 μs. 
 
PACE3 is soldered to a PCB hybrid bonded to a silicon sensor 
mounted on a ceramic support and an aluminum tile (to allow 
overlapping in one direction of adjacent sensors), forming a 
“micromodule” as shown in figure 2. The hybrid also contains 
a DCU chip [7] for calibration and monitoring of the PACE3 

analogue performance and connects to the system 
motherboard (SMB) via an embedded polyimide cable. 
 

 
Figure 2: An ES micromodule, incorporating the PACE3 front-end 

DC-coupled to a 32-channel silicon sensor. 

All required PACE3 chips have been produced; most have 
been tested, with excellent results [8]. The hybrid design is 
finalized and in production. 

B. System Motherboard and ladders 
The SMB is a relatively large double-sided PCB 

containing active elements on one side and connectivity 
(optical and electrical) to the micromodules and off-detector 
electronics on the other. Figure 3 shows photographs of both 
sides of a typical SMB. 

  
Figure 3: A type-1 SMB. Top image shows the connector side, 

whilst the bottom image shows the ASIC components etc. 



Four types of SMB are used, connecting to 7, 8 or 10 
micromodules (figure 4), to enable close-to-circular coverage 
of the ES fiducial region. 

The SMB has three principle roles: 
• Control of the PACE3 and the components on the 

SMB 
• Digitization and packaging of the data from the 

micromodules 
• Power distribution to the electronic components 

(micromodules and SMB) as well as the silicon 
sensor 

 
Figure 4:

                                                          

 The four types of SMB used for the ES 

1) Control part 
The SMB contains an implementation of the CMS Tracker 
control chipset [9,10] (CCU, DCU, PLL, QPLL, 
LVDSmux4P, LVDSbuf) used for setup of all ASICs, as well 
as distribution of the fast timing signals (clock, trigger, reset). 

2) Data digitization, packaging and transfer 
The SMB hosts 12-bit 40MHz AD41240 ADCs for digitizing 
the analogue samples stored in one or two PACE3. The 
digitized data from up to 2 ADCs (i.e. up to 4 PACE3) are 
formatted by another ES-specific ASIC – the K-chip before 
being sent via gigabit optical hybrids (GOH [11]) to the off-
detector readout system. SMBs type 1, 2 and 3 each contain 2 
K-chips (and correspondingly 2 GOHs) whilst SMB type 0 
contains 3 K-chips (and 3 GOHs). Its main components are:  
data FIFOs, event data formatter and readout controller. The 
FIFOs are used to store data temporarily in order to absorb 
fluctuations of data flow caused by the trigger distribution2. 
The event formatter aligns data in 16-bit words, assembles 
event packets, assigns bunch crossing and event numbers, 
before finally encapsulating the data in a format suitable for 
transmission via the GOH. Each event packet from one K-
chip is 299 16-bit words. The role of the readout controller is 
to react to fast control signals, thus handling trigger command 
decoding. The triggers and the clock are distributed to the 
PACE3 and ADCs. The Kchip also performs PACE3 readout 
synchronization monitoring, to check that the memory 
addresses read-out from each PACE3 are identical (a simple 
check for synchronization). In the unlikely event that the 

 
2 The CMS trigger will follow a Poisson-like distribution with 
a maximum sustained rate of 100kHz. 

PACE3 (or indeed the K-chip itself) is overflowing with data, 
the K-chip can transmit “null” events instead of real events. 
This prevents an overflow of the optical data link and 
minimizes the need for resynchronization. 

3) Power Distribution 
Linear voltage regulators (LHC4913 [12]) are used for power 
distribution to the on-detector electronics.  There are 
individual regulators for control (CR) and readout (RR) parts, 
with the readout part being further divided into multiple 
regulators for the analogue (PACE3, analogue part of the 
ADCs) and digital (GOH, K-chips, digital part of the ADCs) 
sections. Special care was taken by implementing a protection 
resistor network on most of the signal lines in order to make 
the board stable in all power failure combination scenarios. 
The bias for the silicon sensors is also distributed from a 
dedicated connector on the SMB through the polyimide cables 
of the front-end hybrids. Decoupling capacitors are placed on 
the SMBs and the hybrids. 
 
The combination of an SMB and its associated micromodules 
is called a “ladder”, and is the basic sub-unit of the ES 
system. The ladders also incorporate aluminium baseplates 
(for mechanical connection of the micromodules to the lead 
absorbers) and heatsinks. A photograph of the side of one 
ladder is shown in figure 5. 

 
Figure 5: Side view of a full ES ladder, showing micromodules 
(bottom) connected to an SMB (top) with heatsinks in-between 

One can notice provisory ground connection enforcement 
between the micromodules and the SMB by means of copper 
foil. Indeed, the quality of the grounding scheme has a big 
impact on sensor shielding, thus reducing eventual common-
mode pickup. In order to enclose the sensors in Faraday cages 
and to avoid ground loops between the ladders, the aluminum 
tile is divided into an upper and a lower section, such that the 
upper section (glued to the sensor) has no DC path to the 
absorber. The tile and the heatsink are both alodyned and 
firmly connected to the SMB ground. Since alodyned 
aluminium parts have to interconnect to gold-plated PCB 
copper surfaces special care has to be taken in order to avoid 
electro-chemical corrosion in case of accidental moisture 
deposits. 
Pre-production of the SMBs is ongoing, with full production 
expected in early 2006. 



C. Control Rings 
Up to 12 SMBs are inter-connected to form “control rings” 
similar to those of the CMS Tracker and ECAL systems. In 
contrast to the other two systems, the ES does not have 
separate PCBs for the control system: in the case of a severe 
failure one has to power down all motherboard voltage 
regulators, including the control system. By spreading crucial 
communication components such as the digital optical hybrid 
(DOH – used to communicate between the SMBs and the 
CCS) and “dummy” CCU on multiple SMBs within a control 
ring one has enforced safety of the whole system. A typical 
ES control ring architecture is shown in figure 6.  

 
Figure 6: Schematic design of a typical ES control ring 

A non-negligible problem in the control ring architecture is 
possible ground level differences between SMBs. Every SMB 
has its own power and return ground wire. In one control ring 
not all boards are powered from the same power supply. A 
voltage drop on the supply wires in normal working 
conditions should not produce ground differences of more 
than 0.6V. The DC-coupled LVDS signals can operate 
normally in this condition; however the reset distribution 
cannot operate in this condition and thus must be AC-coupled. 

IV. POWER DISTRIBUTION 
The low voltage is supplied to the system by 25Amp CAEN 
Easy A3025 modules through unscreened copper conductors 
to the outer perimeter of the ES vessel. Feedthroughs at this 
point provide filtering of any noise on these lines and 
connection to the LV distribution inside the ES vessel to the 
voltage regulators on the SMBs. As mentioned previously, 
each SMB contains a control regulator (CR) for supplying the 
control chips, and a group of readout regulators (RR) for the 
PACE3, ADCs, DCUs, K-chips and GOHs. The CAEN 
system can control the CRs and groups of RRs to allow the 
switching on/off of relatively small units within the ES whilst 
still maintaining the integrity of the control rings whenever 
possible. Power distribution is a star-like configuration with 
floating power supplies. All SMBs from one control ring have 
a common ground at the ES vessel feedthrough to avoid 
control ring perturbations. Since ladders do not have galvanic 
connections to the absorber plates (except protection earth 
connection via 470 Ohm resistors) there are no ground loops 
in the power distribution.  

The bias for the silicon sensors (up to 500V) is provided by 
CAEN 1527 supplies through shielded twisted-pair cables to 
the feedthroughs and then to the SMBs.  

V. OFF DETECTOR ELECTRONICS 
There are two principle components of the ES off-detector 

electronics: the Clock and Control System (CCS) and the 
Data Concentrator Cards (DCCs). 

A. Clock and Control System 
The CCS is a 9U VME (64x compliant) module, common to 
CMS ES, ECAL and Tracker. The main purpose of the CCS 
card is to maintain control and trigger distribution over on-
detector and other off-detector parts of the ES. It is divided 
into three parts: trigger and clock reception and distribution; 
groups of up to 8 front-end control mezzanines (mFEC 
daughterboards) and the VME interface unit. The mFEC 
board contains 40MHz bidirectional transmission controllers 
equipped with two main FIFO structures: one for transmission 
of control data to on-detector electronics; the other for 
reception of control and monitoring data. The trigger 
reception circuit handles incoming TTC signals, decoding 
them by means of a TTCrx ASIC and passes them to a 
“trigger FPGA” that distributes fast timing signals to the 
mFECs and backplane connectors. These backplane 
connectors provide communication between the CCS and 
DCC (see below), thus reducing the number of optical 
connections needed. In case of an absence of the external TTC 
signal, the trigger FPGA may produce valid LHC clock pulses 
with trigger patterns programmed by internal registers. The 
input/output part of the card is a standard VME slave 
controller implemented in an FPGA that makes use of a 
proprietary local bus.  

B. Data Concentrator Card 
The main objective of the Data Concentrator Card is to 

acquire on-detector data from optical links, perform zero 
suppression and pass the concentrated data to the CMS event 
builder. The baseline ES DCC will reuse the hardware 
developed for the CMS ECAL [13], with necessary 
adaptations to the firmware. Studies are ongoing as to whether 
the ECAL DCC is sufficiently performant for the ES data 
reduction algorithms. If not, a modular evolution of the ECAL 
DCC will be developed, allowing easy future upgrades. 

 A block diagram of the firmware concept is presented in 
figure 7. 

 
Figure 7: Block diagram of the ES DCC firmware concept 

Experiment data arriving via optical links is de-serialized, 
checked for integrity and unpacked in receiver circuits. The 



next step is to subtract pedestals and suppress common mode 
in the data pre-processing part. Finally, amplitude 
reconstruction from the 3 time samples is done, together with 
bunch-crossing assignment (to remove out-of-time pileup) 
and zero suppression in the data merger. In the event builder 
part the data are formatted before being pushed out via S-
Link64 transmitter to the CMS data acquisition system.  

VI. BEAM TEST RESULTS 
In late 2004 an ES prototype, incorporating 2 orthogonal 

ladders (4 real micromodules each) on lead absorbers, was 
operated in a beam at CERN. The SMBs used were close-to-
final prototypes, incorporating final ASICs and all optical 
connectivity. Readout and control was achieved using a stand-
alone test board (due to limited availability of the final VME 
boards) equipped with optical receivers/transceivers. Low 
voltage was supplied through unshielded wires from an 
Agilent E3631A dual-channel source (again due to limited 
availability of the CAEN units). Unlike the final ES system, 
the prototype was not placed in a Faraday cage. The prototype 
functioned well, with all parts of the readout and control 
systems operational. A 150 GeV muon beam was incident at 
around 15 degrees on the prototype (~mean angle of the ES 
sensors in CMS) and allowed an estimation of the signal-to-
noise (S/N) ratio for single MIPs, with the PACE3 operated in 
high-gain mode. The MIP spectra obtained were in excellent 
agreement with a GEANT-4 based simulation [14], as shown 
in figure 9. An S/N ratio of around 9 was obtained, after 
subtracting a small amount of common-mode noise3. This 
ratio will be sufficient for absolute in-situ calibration of the 
ES in CMS [15]. 

 
Figure 8:

                                                          

 Spectra of 150 GeV muons obtained in the 2004 ES beam 
test, and comparison with simulation 

VII. CONCLUSIONS 
With the exception of the precise off-detector readout 

board, the electronics chain for the CMS Preshower has been 
fully defined and validated in the laboratory and in a beam. 
Existing components have been used wherever possible. Two 

 
3 The aluminium tiles were not of the final design, and indeed 
did not have the DC separation from the lead absorbers. In 
addition, the grounding and shielding of the prototype was not 
fully optimized for this beam test. 

Preshower-specific ASICs, the PACE3 and K-chip, have been 
designed, produced and tested, with excellent results. Front-
end hybrids incorporating the PACE3 have been finalized and 
are in production. System motherboards are in pre-production; 
full production is expected in early 2006. The powering and 
grounding schemes have been defined and, for the most part, 
verified. All power supplies, cables and connectors have been 
defined. 
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