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Abstract

The CMS electromagnetic calorimeter requires about
113 kW at 2.5 V to power the custom designed readout
chips in 0.25 µm technology. The power is converted to
low voltage DC at the periphery of the CMS magnet and
distributed by copper buses over ∼ 25 m to the detector.
Low voltage regulator cards using radiation hard low volt-
age regulators from CERN/ST microelectronics provide
the power to the readout cards. The power is delivered
floating and is grounded at the detector end. Several reg-
ulator cards were produced and tested.

1 Introduction

The CMS[1] electromagnetic calorimeter consists of a lead
tungstate crystal calorimeter divided in a barrel (EB) and
an end-cap (EE) part and a silicon pre-shower detector
in the end-cap region. This article describes the power
supply system of the crystal calorimeter only.

The EB is composed of 61200 lead-tungstate crystals
arranged in 36 super modules (SM) housing 1700 crys-
tals each [2]. The 2 end-caps consist of 14648 crystals
arranged in 4 so called Dee’s with 3662 crystals each. The
scintillation light of the crystals is converted into an elec-
trical signal, by an avalanche photo-diode in the EB and a
vacuum photo-tube in the EE. A multi-gain pre-amplifier
(MGPA) amplifies and shapes the signal with 3 different
gains and sends it to an ADC chip with 4 parallel 12 bit
40 MHz ADC’s and a digital selection logic (AD41240) to
choose the optimal gain range. Five such readout channels
are implemented into a single very front-end (VFE) card.

The obtained digital data are processed in the front-end
(FE) card. It uses 7 FENIX ASIC’s, which perform differ-

ent tasks. Five of them buffer the data of five VFE cards
for the level 1 trigger latency and estimate the energy sum
of the five channels in φ. Another FENIX generates the
trigger tower energy, identifies the associated bunch cross-
ing and sends the information to the readout system using
an optical link system with a Gigabit optical link (GOL)
chip. The last FENIX collects the data out of the buffers
and sends them via a second identical optical link to the
data acquisition system, in case of a level 1 accept signal.
As the outputs of the AD41240 are low voltage differen-
tial signals (LVDS) and the inputs of the FENIX are single
ended a signal adaptation is necessary. This will be done
by special input pads on the FENIX or by an additional
radiation hard buffer. In order to be conservative we sup-
pose the necessity of 16 channel buffers with 100 mA at
2.5 V.

Clock distribution and the control of the system is per-
formed by using the clock and control unit (CCU) and de-
tector control unit (DCU) ASIC’s developed for the CMS
tracker project.

For the readout of 25 crystals, corresponding to a trigger
tower (TT) in the barrel, five VFE and one FE board
are used. In addition there is one mother-board, which
distributes the high voltage, the analogue low voltages and
re-routes the signals from the photo-detectors to the VFE
cards.

The power needed for 25 readout channels is conditioned
in a separate low voltage regulator card.

1.1 Power requirements for the on-detec-

tor electronics

All used integrated circuits are developed in the same
0.25 µm technology which requires a supply voltage of
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Figure 1: ECAL low voltage distribution system.

2.5 V. While an under-voltage will not harm the circuit an
over-voltage of 7% for more than 300 ms may already dam-
age it. The analogue and the digital part of the electronics
will be powered from a single power supply. As the ana-
logue signals from the photo-detectors are very small and
sensitive to any perturbations and all the digital electron-
ics runs at 40 MHz clock frequency we provide isolation of
the power supplies for the analogue and the digital part
of the system by using separate low voltage regulators.

Chip N / TT Iana in mA Idig in mA

MGPA 25 232

ADC 25 101.6 110.8

Buffer 25 100

FENIX 7 120

GOL 2 120

CCU 2 140

DCU 6 10

Table 1: Components currents at 2.5 V.

The different power consumptions of the active compo-
nents are summarized in table 1.

In addition to the power required at the load there is a
significant power loss in the low voltage regulators due to
the drop-out voltage which is assumed to be 1.8 V, includ-
ing a 20% margin compared to the regulators specification.
The regulators require about 7% of the load current as bias
current. From this the total current and power consump-
tion for a trigger tower are calculated to be ∼ 16 A and
∼ 68.5 W respectively. Thus the power consumption per
channel is 2.7 W. About 46% of this power is dissipated
in the low voltage regulators. The detailed numbers are
summarized in table 2.

The power consumption of the ECAL is summarized in
table 3, where a low voltage channel (LVCH) consists of 4
TT and the EE power is scaled from the EB power by the
number of channels.

U in V +2.5 Vana +2.5 Vdig Sum

Iload in A 8.34 6.55 14.89

ILV R in A 0.58 0.46 1.04

Itot in A 8.92 7.01 15.93

Pload in W 20.85 16.38 37.23

PLV R in W 17.52 13.76 31.28

Ptot in W 38.37 30.14 68.51

Table 2: Power consumption of a trigger tower.

Unit I in A P in W

LVCH 63.7 274

EB SM 1083 4658

EB 39002 167710

EE 9335 40141

EB+EE 48337 207850

Table 3: ECAL power consumption.

2 CMS Low Voltage System

The CMS experiment will use a common low voltage (LV)
distribution system to provide DC power to the periphery
of the detector. Each sub-detector is further distributing
this power and adapting it to its specific requirements.

In the first step the 3-phase 50 Hz AC power is converted
to 3-phase, 400 V, 400 Hz at the surface area of the CMS
experimental site. This can be done by motor generators
or static power converters. In either case the stored en-
ergy in the conversion system will remove power glitches of
several 100 ms of the AC distribution network, providing
thus a more stable power to the CMS detector.

The 400 Hz power is transferred via cables into the ser-
vice cavern. There, isolation transformers provide a sep-
aration for different parts of the system and enable an
adaptation of the output voltage if needed. The output
power of the transformer is distributed to AC-DC conver-
sion boxes at the periphery of the detector. For each of
this boxes there is a separate power cable with a circuit
breaker and a computer controllable switch in the service



cavern, such that each box is individually controllable and
secured. The boxes have to operate in a magnetic field of
about 0.1 Tesla and in a radiation environment with about
6×1010 N/cm2 and a total dose of 0.1 Gy for the integrated
luminosity of 5×105 pb−1. They use a simple transformer
plus rectifier plus filter capacitors configuration. The rea-
son for using 400 Hz as a frequency for the supply voltage
was the possibility to built reasonably sized transformers
which will operate in the magnetic stray field. The boxes
have no specific line or load regulation capabilities and
their output voltage will be adapted for the needs of the
sub-detector systems.

3 ECAL Low Voltage System

The ECAL uses commercial switching mode low voltage
power supplies (LVPS) located at the periphery of the de-
tector close to the AC-DC conversion boxes. The power
is delivered floating with remote sensing to local voltage
regulators for groups of 4 TT, i.e. 100 readout channels,
over a distance of about 27 m. A low voltage distribution
panel (LVD) provides the sensing of the voltages, an ad-
ditional filtering if necessary and distributes the power to
4 low voltage regulator cards (LVR) serving one TT each.
See figure 1.

The LVPS will supply a single voltage for each LVCH.
The split between the analogue and the digital part of the
electronics is achieved by using separate regulators and
proper filtering.

3.1 Power losses

In table 4 the cable cross sections (A), drop-out voltages
(U) and the power losses (P) in the low voltage cables
are summarized. The power loss in the cables for a sin-
gle LVCH is 99.1 W hence about 1 W per readout channel.
Thus the total power loss for the EB is ∼ 61000 W. As-
suming the same configuration for the EE the power loss
there is ∼ 15000 W. About 85% of this is dissipated in
the cable trays between the LVPS and the detector patch
panels.

Index 0 1 2 3

U0,1,2,3 in V 4.30 4.33 4.53 5.86

N1,2,3 wires 2 × 2 2 × 2 1 × 2

A1,2,3 in mm2 2.5 16 50

l1,2,3 in m 0.25 2.5 27

P1,2,3 in W 0.51 12.3 84.7

Table 4: Distribution wires and power losses. The symbols
U , N , A, l and P are voltage at this point, number of wires,
wire cross section, wire length and power loss respectively.
The row “index” refers to the index of the quantities, as
they are given in figure 1.

The total power required by EB and EE from the LVPS
is ∼ 283 kW of which ∼ 113 kW corresponding to 35% are
used in the readout electronics and the rest is lost in the
distribution system.

3.2 LVPS requirements

The power supplies are attached to the periphery of the
detector. They have to operate in a magnetic field of
about 0.1 Tesla and in a radiation environment of about
6×1010 N/cm

2
and a total dose of 0.1 Gy, like the AC-DC

conversion boxes, as given in section 2. There are at least
two manufacturers which have proven to be able to built
power supplies operating reliably under this conditions. In
particular DC-DC supplies are required with the following
properties:

• output voltage: nominal ∼ 5.8 V; range 2 V to 7 V

• output current: nominal ∼ 64 A; maximum 77 A

• floating supply voltage

• remote sensing capabilities for a line voltage drop of
up to 2 V and a sense wire resistance of up to 10 Ω

• ripple and noise of less than 5 mV pk-pk and less then
0.5 mV RMS after 25 m of cables and a load capaci-
tance larger than 300 µF.

• load and line regulation less than 0.5%

• Temperature stability better than 0.5%

• output voltage adjustment by means of a potentiome-
ter or a 10bit DAC

• 4 software controllable TTL compatible, optically iso-
lated output signals including status monitoring of
them

• absolute maximum output voltage of the power sup-
ply is 10 V.

• over current protection by hardware and software lim-
its

• monitoring of output current, output voltage, remote
sense voltage and supply temperature with 0.2% pre-
cision

• compliance with European electromagnetic interfer-
ence (EMI) and safety standards

The EB consists of 36 super modules with 17 low volt-
age channels each. Hence, 612 LVPS are required. The
EB uses about 160 LVPS. Therefore, the total number of
LVPS required is about 772.
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Figure 2: Schematic view of the LVR card.

Figure 3: Schematic view of the LVR card.

4 Low Voltage Regulators

The low voltage regulators are embedded in the detector
and have to operate in a radiation environment of up to
30 kGy and 3 × 1014 N/cm

2
, in the case of the EE. The

only regulator known to us is the LHC4913 [4], developed
by ST-microelectronics and CERN. It is a positive volt-
age regulator with maximum output current of 3 A and

a load dependent drop-out voltage of 0.5 V per ampere
of output current (see specifications). The regulator has
an adjustable output current limitation, over-current pro-
tection, over-temperature protection and provides a TTL
output signal in case of an output short circuit.

One of its important features is the TTL compatible
active “high” INHIBIT input, which allows its output to
be turned ON and OFF.

The line regulation of the regulator was measured (see
figure 4) to be 0.07% for a load current of 2.0 A. This is in
good agreement with the 0.1% given in the specifactions.

The load regulation was measured to be 0.5% (see figure
5) confirming the specified value of 0.4%.

An output voltage of the MGPA of 400 µV corresponds
to the least significant bit of the ADC. In order to have a
constant pedestal it is required to limit the contribution
of the low voltage power supply to the noise at the ADC
input to about 40 µV. With a power supply rejection ratio
of the MGPA better than a factor 10 the supply voltage to
the MGPA has to be stable within 400 µV. As the current
of the MGPA is stable, the load regulation of the LVR has
no influence. Its line regulation of 0.1% requires an input
voltage stability better than 400 mV. Hence the required
stability of 0.5% of the output voltage of the the LVPS
leaves about a factor 10 safety margin.

The requirement of less than 0.5 mV RMS noise together



3.4

3.6

3.8

4

4.2

4.4

4.6

4.8

5

3 5 7 9 11

Uin in V

U
o

u
t
in

V

Iload = 2.0 A

Iload = 1.0 A

Iload = 0 A

Figure 4: Measured line regulation of the LHC4913 for
different load currents. The line is only to guide the eyes.

4.885

4.890

4.895

4.900

4.905

4.910

4.915

4.920

0 0.5 1 1.5 2 2.5

Iload in A

U
o

u
t
in

V

Figure 5: Measured load regulation of the LHC4913 with
a fitted line.

with the power supply rejection ration of 0.1 guaranties
that the contribution of the power supply to the MGPA
noise is less than 50 µV and hence negligible.

A prototype of the regulator card had been designed
and built for the previous version of the ECAL electron-
ics. The card uses 8 LHC4913 positive regulators and one
LHC7913 negative regulator. Four of those cards have
been used during the ECAL test beam period in summer
2003. We did not encounter any problem with the positive
regulators.

Five of the regulator cards (see fig. 2) were modified
to power the new, 0.25 µm ECAL electronics, described
above. The schematic view of the card is shown in figure 2.
There are 5 regulators which provide the analogue power
for one VFE card each. Two regulators provide the digital
power for the VFE and FE cards and one powers the clock
and control system including the token ring board. This
regulator has its INHIBIT connected to ground such that
whenever input power is provided, it is turned on. The IN-
HIBIT of all other regulators are connected together and
will be controlled by the the LVPS (see section 3.2). At
power on, the LVPS will disable all regulators by setting
the INHIBIT signals to “high”, it will then turn on the

output power which will in turn start the CCU on the FE
card. Now the power for each TT can be switched on and
off individually by the LVPS. In this way, a single TT can
be switched off in case of problems without affecting other
TT’s connected to the same power supply.

One of the low voltage regulator cards was used to
power the first complete trigger tower of readout electron-
ics. Since the FENIX chips were not yet available, we used
a prototype FE card equipped with XILINX FPGAs in-
stead. As buffer, a non radiation hard device operating
at 3.3 V was used. The current for the +2.5 V analogue
was measured to be 8.91 A, which is in perfect agreement
with the calculated value of 8.92 A. The current consump-
tion of the FE card was measured in stand alone mode for
different numbers of GOH’s (see table 5). The results in-
dicate a current for the GOH of 104 mA which is about
10% less than the expected value of 120 mA.

GOH 0 1 2 1 and 2

I in mA 462 564 565 656

Table 5: Current consumption of FE card.

For the complete TT the current of the 2.5 V digital
power was measured to be 2.92 A. Subtracting the current
used by the FE card, we obtain a current of 2.36 A for
the 25 ADC’s resulting in a current of 94 mA per ADC
instead of the expected 110.8 mA from individual ADC
tests. The bulk part of this difference can be explained
by the usage of different termination resistances in the
differential output lines of the ADC, 110 Ω compared to
100 Ω for the individual ADC tests. The current of the 25
differential buffers was measured to be 2.1 A, indicating
that the estimated value of 100 mA is reasonable.
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