Problems of the Front-end Electronics

Low Voltage Power Supply in CMS

I. Vankov

Institute for Nuclear Research and Nuclear Energy, 

Blv. Tzarigradsko chaussee 72, Sofia 1784, Bulgaria, ivankov@inrne.bas.bg
The CMS (Compact Muon Solenoid) detector of the new accelerator at CERN LHC (Large Hadron Collider) includes [1] three large parts – one barrel and two endcaps. Each of these parts is composed by a few subdetectors – tracker (TR), electromagnetic calorimeter (ECAL), hadron calorimeter (HCAL) and muon chambers (MU). In all subdetectors they are very high number of measuring channels. For example only in endcap MU the number of channels is 483830 [2] and in all ECAL – 236544 [3]. Generally the number of measuring channels in entire CMS is more than 1000000. And each channel should have its own, very fast front-end-electronic devices.

Apparently such a quantity of fast electronic circuits has very high electrical power consumption from relatively low voltage power supply – 5 to 10 V. In order to decrease the noise perturbations separate power supplies for the analog and digital devices of the front-end-electronics will be used in all subdetectors. In Table 1 the currents from these power supplies and total consummated power for three different subdetectors are shown. 

	SUBDETECTOR
	DIGITAL

I, kA
	ANALOG

I, kA
	TOTAL POWER

P, kW

	ECAL
	13,7
	7,2
	92,5

	HCAL
	2,35
	1,7
	21,6

	EMU*
	3,7
	2,6
	43


Table 1
 *EMU – Endcap Muon Chambers  

Obviously these very high values of the total power are imposing strongly limitations on the supplementary power losses in the low voltage power supply system of each subdetector. Normally best results could be achieved by installing the mains transformers, rectifiers and stabilizer as near as possible to the supplied circuits, thus avoiding the power losses by the high current in the long cables. But there are in CMS-detector two specific factors, which are very unfavorable for the utilization of such a classical low voltage (LV) power supply system - high magnetic field and high radiation doses.

The magnetic field inside the superconducting magnet [4], where are installed TR, ECAL and HCAL, is 4 Tesla. On similar conditions operate the endcap muon chambers, installed among the magnet yokes. This environment obviously excludes the operation of any electromagnetic device like transformers and LC-filters. Also an integrated dose up to 2 Mrad and neutron flux up to 5x1013 n/cm2 are expected in this region, imposing the use only of radiation-hard electronic components. 

Outside the detector the stray magnetic field and radiation level are strongly depending on the location. On the periphery surface of the endcap magnet yoke the mean magnetic field is of the order of 0,1 T with a maximum strengths of 0.32 T (3200 Gauss). The neutron fluence, predicted for 10 years of LHC operation, will be 1,5-7 x 1010 n/cm2. In the galleries – at a distance of about 20 m from the detector - the radiation level is about 100 rad absorbed dose and the magnetic field – about 0,05 T. The best conditions are outside the cavern, but the distance to the detector is 100 – 120 m.

Taking into account all circumstances two basic solutions were proposed till now: two stages and three stages low voltage system.

1. Two stages low voltage system.
This solution is accepted and developed for the ECAL subdetector [5]. The structure of the low voltage system (LVS) is shown on fig. 1. In the first stage linear low voltage power supplies (LVPS) located outside the cavern feed low voltage regulators (LVR) inside the detector, constituting the second stage, over about 120 m long cables. The LVR’s regulate the voltage at the front-end-electronic (FE) modules in a distance of about 8 m. Remote sensing for on load voltage stabilization is used in both stages. This configuration is identical for all four voltages, required by the FE modules: +5 V and –2 V for analog part and +5 V and +2 V for the digital.

The LVS is subdivided into independent low voltage channels. Each of them powers (with all 4 voltages) groups of 50 crystals, corresponding to 5 FE modules. Assuming a total number of 93200 crystals (61200 in the barrel and 2 x 16000 in the endcaps [3]) 1864 LV channels are necessary in LVS. 

The major disadvantage of this so called “all copper solution” is the huge power losses in the system. Using the data, given in [5], the losses in all ECAL are calculated and shown in Table 2  ((U  = ULVPS  - ULOAD).  As it is seen, the to-  

	ULOAD, V
	ULVPS, V
	(U, V
	I, kA
	(P, kW

	+5
	+11,9
	5,9
	11,9
	70,2

	-2
	-5
	3
	1,9
	5,7

	+5
	+8,3
	3,3
	2,3
	7,6

	+2
	+5,8
	3,8
	5,0
	19,0


tal power losses of 102,5 kW in this case are more than the power consumed by ECAL FE system – 92,5 kW (see table 1) and obviously the entire system, 
                                                                         Table 2     including cables, requ-ires water-cooling.

    If the original used 8 mm2 cables between LVPS and LVR would be replaced by AWG 2 cables with a crosssec-
                                                                  Total 102,5    tion of 169,5 mm2 the power losses in them would decrease from 47,6 kW to 2,2 kW. But in such a case the total weight of these cables will be 176900 kg and cross-sectional area – 6320 cm2  (80 cm x 80 cm). Their price will be about 1726000 $ (0,98 $/ft).
All these results show, that a very carefully estimation of all factors in the LV system should to be done in order to find an optimal solution.


2. Three stages low voltage system.
This solution is accepted for EMU [5] and HCAL [6] subdetectors. The structure of the system is shown on fig. 2 [7, 8]. In the first stage three phase AC-DC converters (one for the EMU of each endcap) are used, generating a DC voltage of about 300 V.  They are located in the control room - outside of the magnetic field. Each AC/DC converter feeds by about 100 m long cable several DC-DC converters constituting the second stage. They are installed on the outer surface of each yoke iron ring relatively near to the third stage (4-12 m far from EMU and about 20 m from HCAL). 

DC-DC converters feed all LVRs forming the third stage (corresponding and similar to the second stage of the ECAL LVS). In EMU the low voltage regulators are mounted on a low voltage distribution board (LVDB) installed on each cathode strip chamber (CSC) [7]. In HCAL, the third stage of LVS is housed in the read-out boxes together with the photo-detectors and FE modules [8]. 
       As an example the structure of the two last stage of the ME1/1 LV system for one CSC is shown in details on fig. 3. In order to optimise the length of the connecting cables to the LVDBs, the DC-DC converters are separated into 18 groups (distributed across 20 degrees on the YE1 edge), one group supplying two LVDBs. These converters are installed in soft iron boxes to reduce the existing magnetic field on the yoke surface region (about 0,1 T). The cables between them and LVDBs are designed to avoid large voltage drop across them, i.e. the cross section is over design for expected current. The estimated voltage drop is about 1 V, guaranteeing low power losses in the cables.  

     The LVDB is located on each chamber to minimise the wire runs and voltage drops to the cathode FE boards (CFEB) and anode trigger logic board (ALCT) (anode FE boards - AFEBs are fed through ALCT). There are on each LVDB 24 low power voltage regulators providing all necessary voltages (see fig. 3) for the front-end electronic boards.
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Fig. 4

The main advantage of the three stage LVS is the very significant decreasing of the power losses in the long cables between AC-DC and DC-DC converters, due to the high voltage of 300 V. Assuming for each endcap an input power for all DC-DC converters of 30 kW (i.e. an efficiency of 70%) the input current at 300 V will be 100 A. If for example a pair AWG-2 cables will be used, the power losses would be 144 W at a voltage drop of about 1,5 V.



The problems come from the hostile environment of the DC-DC converters – magnetic and radiation fields. As baseline DC-DC converters with 300 V nominal input and 12 V output voltages produced by VICOR Corp. [10] are chosen. As shown in [7] the magnetic field problems could be avoided housing the converters and filters in a soft iron box. A prototype for 6 DC-DC converters with water-cooling, using soft iron plates of 1,25 cm thickness (fig. 4) is successfully tested this year in Fermilab.

More complicated is the problem of the converter radiation hardness. Tests performed of VICOR DC-DC converters using low-energy neutrons [11] show that only the feedback opto-coupler is sensitive to damage. Its replacement by a similar device, manufactured by Hewlett Packard, prove to be an effective solution. But in spite of low dose, the energy of the neutrons is in the range between 60 and 200 MeV. And it is very important to investigate the tolerance of the converters to single event effects (SEE) in this environment. 

Tests are performed on 60 MeV proton beam in Louven-la-Neuve, Belgium [7] at 2x1011 protons/cm2.  Two types VICOR DC-DC converters are investigated under nominal and softer conditions (Table 3). The results show that these

	DC-DC converter
	V300B12C250AL
	V300B5C200A

	Nominal values

VIN

VOUT

IOUT
	300

12

21
	300

5

40

	Test values

VIN
VOUT

IOUT
	200

7,5

20
	200

5,2

25


                        




Table 3        converters are robust to SEE only at low current and reduced input vol-tage. The reason is the converter re-gulates the output voltage and rejects load variation changing the switching frequency. Due to this mode of operation, the voltage across the power transistor during “off” state depends on the load current and input voltage. The conclusion is, that the input voltage of the converters has to be decrease to about 200 V, thus decreasing the efficiency of entire LVS.



Besides these problems, the DC-DC converter solution is also expensive. In [7] the price of EMU LVS second stage is estimated to $220 000: 150 k$ for the converters, filters and its PCBs and 70 k$ for magnetic shielding.



All these difficulties lead in the beginning of this year to a new proposal for the second stage of the LVS: instead of DC-DC converters to use classical low voltage power supply, composed of three phase transformer and full wave rectifier. In order to decrease the size and the weight of the transformers and filters, a 100 kVA motor-generator of 400 Hz AC could be used in the first stage of the system.



Provisory estimation of the price, provided for EMU by S. Lusin [7] show that this solution is the cheapest one – total price (without magnetic shielding) will be $53 000: motor-generator – 30 k$, transformers – 15 k$, rectifiers with filters - 8 k$. Many investigations on this solution have to be done in near future*:

· Efficiency measurements, including core losses;

· Magnetic field testing;

· Noise and harmonic estimation;


Linear voltage regulators.



The choice of linear voltage regulators is another problem common for all LVS solutions. As mentioned above, they will operate in the most hostile environments – inside the magnet. For this reason in the frame of the RD-49 project a special development of radiation hard, low voltage regulator for EMU and HCAL LVS is performed. In the result the LHC4913 IC is proposed and ST Microelectronics manufactures many prototypes. Using this chips, prototype of LVDB are produced and tested by US EMU group and by INRNE-group in Sofia. They proof the radiation and magnetic hardness of these LVRs, but a few serious problems are noted [12]:

· Spurious currents in undervoltage condition: when the input voltage is increasing slowly, current exceeding 0,5 A passes to ground through the LVR;

· The inhibit function is not operating during the ramp-up; it is ineffective at input voltages lower, than nominal output voltage; the effect leads to unexpected and large currents through the load during the turn on and off of the LVS;

· Insufficient output current; the highest current deliverable by the tested IC is 2,6 A (instead of 3 A), after which the output voltage is fast decreasing.

All these problems are communicated to RD49 and ST Microelectronics and improvement have to be expected in next IC prototypes. Nevertheless investigations of other types commercial voltage regulators are in progress.
Because of the higher currents other solution are investigated for ECAL LVS [4]. A series of commercial components was tested on the PSI Optis beam with 1,25x109 protons/cm2s of 64 MeV. As a result a very simple LVR , using Motorola MC1723CP regulator and the Siemens SIPMOS transistor SPP30N03L are used for the prototype. All control functions like switching of the output voltages, over voltage and over current protection etc. were moved into the first stage (LVPS).

CONCLUSIONS

1. The comparisons between three described variants of LVS show, that the best solution most likely will be the three-stage system with transformers in second stage. Possible reason to abandon it could be safety or noise considerations.

2. Further investigations and efforts are needed for application of this system in ECAL and TRACKER. 

3. Further investigations of commercial low voltage regulators are necessary for finding an optimal solution.  
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   * Initial results of a prototype investigation in Fermilab will be presented by S. Lusin during the September CMS week.  





PAGE  
224

_1061875943

