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DC-DC conversion

ω [ǳƳƛƴƻǎƛǘȅΥ мл34 cm-2s-1
Ą 534 cm-2s-1

Up to 10 times more particles per collision in the tracker

More channels, track information in level-1 trigger 

Faster and more complex electronics

DC-DC converter
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New tracker with a new powering scheme
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V0, I0V0, I0V0, I0 Ån detector modules Di powered in parallel,
one converter C per detector

ÅDetectors are operated at V0 = Vout whileVin = rV0

ÅPower losses are reduced by factor  of r²

System integration

Topology of choice: buck converter

Motivation: the CMS tracker ςfrom LHC to SLHC

Å/ƻƴǾŜǊǘŜǊ ǎǿƛǘŎƘŜǎ ōŜǘǿŜŜƴ άhƴέ ŀƴŘ άhŦŦέ ǎǘŀǘŜ

ÅInductor is used as energy buffer

ÅConversion ratio r is given by duty cycle D

(for lossless converter: r = 1/D = T/ton)

PCB:
FR4 1mm, 2 copper layers a 35m
m = 2.5g, V = 19x25mm2 x 1mm

Input and output ́ -filters
L = 12.1nH, C = 22µF, fcut= 0.34MHz

External air-core inductor:
Custom-made toroid, 6mm,
height = 7mm, L = 600nH, RDC= 80mɋ
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Advantages

ÅVout is programmable via the duty cycle

ÅLarge currents (~A ) can be provided

ÅHigh efficiency is feasible (~70% - 80%)

Challenges

ÅRadiation-hard ASIC (switches)

ÅEfficient and light design

ÅSwitching noise

ÅAir-core coil (due to 3.8T field in CMS)

Ą risk of radiated noise
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Measured components of magnetic field in x-y-plane (1.5 mm above coil)
Simulated components of magnetic field in x-y-plane 

(1.5 mm above coil, white areas = under/over flow)

Electrical potential with 
magnetic field lines

DC Simulation (COMSOL Multiphysics )
ÅSimulated toroid:

Å12 turns

ÅRin = 1.1mm

ÅRout = 2.5mm

ÅLsim = 206nH
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Perfect shape

ω {ƳŀƭƭŜǊ ŦŜŀǘǳǊŜ ǎƛȊŜ ŦǊƻƴǘ-end electronics (helps to save power)

Larger currents for same amount of power 

ω aƻǊŜκǘƘƛŎƪŜǊ ŎŀōƭŜǎ ŀǊŜ ƴƻǘ ŀƴ ƻǇǘƛƻƴ όƳŀǘŜǊƛŀƭ ōǳŘƎŜǘΣ ǎŜǊǾƛŎŜǎ Ŏŀƴƴƻǘ ōŜ ŀŎŎŜǎǎŜŘύ
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Coil Optimization

Optimized Toroid
L = 600 nH
RDC= 40 Ƴʍ
m = 660 mg

SimulationMeasurement ÅSimulation confirms shape of field
ÅEffect is related to a slight twist of the coil
ÅTwist seems to have no effect on size of field 
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Solenoid
L = 540nH
RDC= 90 Ƴʍ
m = 245 mg

Large Toroid
L = 600 nH
RDC= 104 Ƴʍ
m = 783 mg

Minimized toroid
L = 500 nH
RDC= 80 Ƴʍ
m = 330 mg

Ą Improvement of about 5 %            (Vout = 3.3V)

Efficiency with optimized toroid
Efficiency with minimized toroidR
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ÅCMS TEC Petal with

four ring-6 modules

Set-up for system tests

Adapter
connector

Converters
(for 1.25V
and 2.5V)

Converter at
default position 

Converter very
close to module

--- Conventionalpowering

--- AMIS2 with minimizedtoroid

--- AMIS2 with optimizedtoroid

System test measurementsComparison of different coils
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ÅSensor connects pitch adapter to
backplane capacitively

Å127 loops of different sizes connected
to each pre-amplifier

ÅBZ couples into pitch adapter

ÅInner loops cancel out

ĄResulting current depends linearly on
channel number of APV
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[J. Sammet, System Test Measurements with a DC-DC Conversion Powering Scheme for the CMS 
Tracker at SLHC, CMS TS-2009/003]

Implementation:

ÅChip: AMIS2 developed by S. Michelis, CERN

[S. Michelis et al., ASIC buck converter prototypes for LHC upgrades, TWEPP-09, Paris, France(2009)]

ÅVIN = 6-12V
ÅIOUTҖ оA

ÅVOUT= 1.2V and 2.5V
ÅfSå 1é4MHz (1MHz)


