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Abstract o C
The recent discovery of the Higgs particles at the LHC (Large Hadron Collider) was made by two very large Coupled Air Core Inductor Alr ore In du CtO IS
particle detectors (CMS and ATLAS) These consist of a large magnet that is filled with and surrounded by, particle Connected in Series
detector systems. These detectors have to operate in very high magnetic fields and high radiation levels. Millions of
electronic readout signal channels are needed to track, identify and measure the many particles that are produced
in high energy collisions.
Yale designed and built the powering system for the ECAL (Electromagnetic Calorimeter) part of the CMS detector
at LHC. The front end electronics is located inside the detector and required a total of 50,000 Amps at 2.5V. Using
linear regulators (35,000 of them!) at the point of load, the power delivery efficiency was only 40% but if the cost of
waste heat removal is included the efficiency is 20%.

64mm x 23mm X 0.8mm Dual 12V > 2.5V @ 5 amps

4 MHz

Efficient power delivery has been recognized for many years as a major issue for large, high energy physics
experiments. DC to DC conversion provides a means to reduce the cable bulk and mass, and the power and heat
removal requirements of experiments.

Collaborative efforts over more than five years by groups in Germany, at CERN, and elsewhere in Europe have 1 MHz
made progress, but have also demonstrated that the DC-DC conversion requirements of high efficiency, low noise

generation, small size and a large voltage reduction ratio are difficult to satisfy simultaneously.

CERN Design - ATLAS Tracker Converter Prototype

. C At Yale, we are developing a two stage converter starting with 48 Volts and ending with 1.2 Volts. The intermediate o . .
CMS Detector @ CERN Laboratory in Geneva, Switzerland : pmg. 5 5 : & WIth . Noise Pickup from Converters into Detector
bus (close to the detectors) is 5 volts and converters for 5V to 1.2V will be used at the point of load. High frequency Air Core Toroid: OD = 10 mm. ID = 4 mm thickness = 4 mm. # of turns = 20
37 Countries, 155 Institutes, 2000 scientists (including about 400 students) October 2006 operation is essential to allow use of air core inductors and keep physical size and mass small. : ’ :
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oA ' - Multiple Particle detector systems (tracking detector, Electromagnetic calorimeter and Hadron calorimeter) are
‘\t' . packed like sardines inside the 15 Meter diameter (21.4 meters long) superconducting solenoid magnet.. All the
] ‘it’-ﬁ-’-’" o ) PHPSH{IIIF&H _ electronics has to operate in this uniform 4 Tesla magnetic field with no magnetic material allowed (magnetic
— 'ﬁ‘ e objects will move when the magnet is switched on/off). The radiation level is the highest at the center of the
¥ 1 y f detector and is reduced at larger radii due to the shielding effect of the calorimeters
= = In the center of the CMS a Silicon strip detector measures the position of a particle track with an accuracy of a few

10s of microns. Particles (protons, muons, etc.) produce ion pairs in the silicon that are collected by the strips and

' detected by a custom ASIC that contains 1000 charge sensitive amplifiers and the digital logic needed to read out
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Farrel o Ben Fetinia Cormany Cromes Bl W e the data. This ASIC chip is located inside the detector, next to the silicon strips. The signals are very small, and can

Endcap: lapan®. USA be corrupted by electromagnetic interference.
) o y We have designed DCDC converters with spiral air core (no iron or ferrite) inductors embedded in multilayer Noise Injection http://project-dede.web.cern.ch/project-DCDC/public/
iﬂfﬁ?ggﬁﬂ&cnﬁﬂ : PCBs to power these chips for the next generation of detectors. To test these DCDC converters we use a Silicon dcdc on Top of Sensor OR co-planar ' R
All countries in CMS contribute ) == strip detector that has a 410 pm thick silicon substrate with 56 pm wide strips. We have found that the EMI from
l-';.:rj .?.'l];"Tl.f.:r,ﬁ.f'ifl:":!.] ,:.” FJ,_E;TE:::.HW' FEET y L e FORWARD the converter in this case is predominately from electrostatic coupling to the silicon strips. The strips are
Korea, Switzerland, LISA Pakistan chirg "\ ' ."' CALORIMETER terminated in a charge sensitive amplifier at the readout end while the other end is floating. We have found that
) . ! Hungary, Iran. Hussia, Turkey. USA this is easily shielded from the spiral coils by a thin 50 pm Al foil.
H{;:.'l II . . . . 3 . . .
‘ Bl Bulgaria, India, Speln", USA MUON CHAMBERS We will report on buck converters with air core coils using commercial chips operating at 1 MHz and 6 Amps and
Total WEIght . 12500 T Enccap: Belarus, Bulgana, Georgia, Russia, Bamrel: Auvustna, Bulgaria, CEREN, China, at 20 MHz and 0.8 Amps-
Overall diameter :@ 15.0 m Ukraine, Lizbekistan Germany, Hungary, laly, Spain, Our radiation tests on commercial converter chips with Gammas, protons and neutrons show that a thin gate
Overall Iength D215 m HO: India Enclicap: Balarus, Bulgana, China, Calarmibis * Oy thraugh . . .. . . . e .
Magnetic field - 4 Tesla Karea Pakistan. Russia USA industrial contracts oxide is a necessary condition (but not sufficient) for high radiation tolerance (reported in 1984).
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Why do we need electrostatic Shield ?
Parallel Plate Capacitance in pF = 0.225 x A x K/ Distance
Inches C in femto farads

Area = 1
Distance = 0.4 500
GLAST =.5x 1.3 0.6
per strip= 0.6 /48 0.0125 6.25

1 volt swing on spiral coil will inject Q= 6 femto Coulombs
Charge from one minimum ionizing particle (1 mip) = 7 femto Coulombs

Inductance Panel to test EMI

Coils phase / anti- phase
Possible Future Solution Multi- Layer Coils

Length of Power Cables = 140 Meters

Installed ATLAS Tracker

4088 Cables

10 Chip Hybrid — SCT Module | 35V Cable Resistance = 4.5 Ohms

for LHC X 1.5 amps Voltage Drop =6.75 V oy 0
Power delivery Efficiency = 30 %

Proposed Possible Future Solution

Silicon Technology Limit

Including Heat Removal Efficiency = 20 %

(Radiation limited) Current Reduced by 10 ( losses by 100 .
——— 3V [ x| S5y v 10 v 109 Expected Efficiency = 80%
et e - Per Volage Dop= 108V 14.08 v It takes 2 watts of power to remove 1 watt of heat load
4 @mps | Converter .24 amps

> X 40 with Gallium Nitride Transistors
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