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Abstract 

Current silicon detectors power individual modules independently. For large-scale detectors, like the ATLAS Pixel detector and the ATLAS SemiConductor Tracker (SCT), this implies that tens of thousands of cables with sufficiently low resistance to minimize IR losses are needed to power the front-end electronics. The upgraded ATLAS tracker for SLHC will have five or ten times more electronic channels than the current tracker. It is not possible to distribute power independently in this environment, the lack of space for power cables being the most obvious of several reasons. 

We propose to develop alternative powering schemes, which address this issue. These schemes are a) serial powering of a chain of modules and b) parallel powering combined with DC-DC conversion, either using switched capacitors or switched air core inductors. 

We aim to be ready for implementation of advanced serial powering schemes or DC-DC conversion parallel powering schemes on realistic module assemblies within three years. In order to achieve this, we plan to carry through generic studies using commercial components; to develop and characterize custom radiation-hard electronics, e.g. shunt regulators and switching chips; and to build and characterize test systems with large number of silicon modules.
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1 Introduction 

Current silicon detector systems power individual detector modules independently. For large scale detectors, like the ATLAS Pixel detector and the ATLAS Semiconductor Tracker (SCT), this implies that tens of thousands of cables are needed to power the front-end electronics. The ATLAS Pixel and SCT power cables are well above 100 m long (one way) and their resistance (inlcuding return) can be as high as 4.5 Ω. The front-end power consumed by the Pixel (SCT) front-end electronics is 7 kW (25 kW); a similar amount is lost in the power cables.

The upgraded ATLAS inner tracker might have five or ten times more electronic channels than the current one. While the new front-end electronics might well consume less power per channel than the current Pixel and SCT electronics, the “current consumption” per channel will not decrease (due to increased subthreshold leakage current and added functionality of the electronics) leading to much enhanced thermal (IR) losses in cables. The increased current and channel number has serious consequences for cooling, packaging and the material budget of the new tracker. The conventional independent powering scheme would fail for the upgraded tracker because:

· The space available to feed power cables from the tracker through the ATLAS detector is strictly limited and cannot be increased. 

· The readout chips of the upgraded ATLAS tracker will operate at a reduced voltage but similar currents as the current tracker, which pushes power efficiency from 50% to 15% for SCT, an unacceptably small value. 

· Inside the tracker volume, the passive material corresponding to a –say- five-fold increase in the number of cables would be prohibitive. 

· Power distribution within the tracking volume poses severe packaging problems. 

There are two possible solutions to the power distribution problem: serial powering of detector modules and parallel (or independent) powering of detector modules combined with DC-DC conversion. Both schemes offer an elegant solution to the above concerns (see references [1-5]) but neither scheme has yet been used in a particle physics experiment. At least one of the concepts must be proven to work reliably or the ATLAS SLHC tracker cannot be built. 

We propose to explore and engineer the above alternative powering schemes such that they would be available for implementation into advanced module and supermodule prototypes in three years. (The time scale is driven by the TDR.) We can distinguish several R&D phases: Generic studies; design of radiation-hard custom electronics; and construction of (highly integrated) multi-module systems with alternative powering.
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3 Description of alternative powering schemes

3.1 Serial powering

A serial powering system for silicon detectors consists of four basic elements: a current source; a shunt regulator and power transistor (for digital power); a linear regulator (for analog power); and AC or opto-coupling of clock, command and data signals. (The linear regulator is also needed for DC-DC conversion schemes.)

The modules are all chained in series as sketched in Figure 1. The number of long cables is reduced by a factor of 2n, if n modules are powered in series. (The factor 2 arises from using a single power supply to derive analog and digital voltage rather than providing them separately.)

[image: image1.wmf]Figure 1: Example of a serial powering scheme. Analog and digital power are derived by regulators on each module. 

Each module sits at a different potential and the total voltage across a series of n modules is n times module voltage. The current needed to power the total chain is simply the module current plus the (small amount of) current lost in the regulators. Please note that analog ground, digital ground and sensor bias ground are tied together on the module, as is common practice for independent powering as well. Since the grounds of different modules are different, floating HV power supplies must be used.

Serial powering can be much more efficient than independent powering since thermal losses in cables are reduced by a factor of n.

3.2 DC-DC conversion

The DC-DC conversion approach offers an alternative that explicitly avoids some serial powering concerns.  Thus, the DC-DC converter advantages are: 
(1) it is a universal solution that once developed can be plugged into any system, 
(2) preserves the present modularity and control independence (unless one chooses to gang many modules in parallel), as well as relatively simple production assembly and test  flow, 
(3) it does not require special data communication schemes. 
The main weak points of the DC-DC conversion approach are: 
(1) it requires additional components that necessarily add some mass, 
(2) the components must be radiation-hard and stand relatively high input voltage, and 
(3) they require new development work. 

There are in turn two options for DC-DC conversion development: switched inductors and switched capacitors. Switched inductors are widely used in industry for power applications, while switched capacitors are found in voltage conversion applications but not power applications. 

3.2.1 Switched capacitors

The strengths of the switched capacitor approach for physics instrumentation are that (1) it is inherently magnetic field tolerant, (2) it does not produce fringe fields that one must worry about, and (3) development of low-mass very high value ceramic capacitors is a highly competitive industry sector that we can take advantage of.  

Development in this area is following a capacitor stack architecture as illustrated in Figure 2. Other capacitor arrangements have been studied in the literature and each has its own trade-offs [5]. Voltage division and current multiplication are accomplished by switching between phase A and B. Vs is the high-voltage current source and Vo is the low-voltage output. In the limit of 100% efficiency or zero load, Vo=Vs/N and the average output current <Io>=N<Is>, with N being the number of stacked capacitors. Losses occur in the resistance of the switches S as well as through their capacitance to ground. Such losses reduce the efficiency. The capacitors will be external surface mount components, while all the switches and control circuitry would be in an integrated circuit. Such a circuit must use high-voltage compatible power switches in some places. Commercial HV-CMOS devices are being explored for this application [5]. A second-generation switching chip prototype capable to drive a 1 A output is in fabrication at the time of this writing. 
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Figure 2: Stack configuration capacitor charge pump design. Depending on the position of the switches S, the capacitors are charged up (Phase A) or discharged (Phase B).

3.2.2 Air coil inductor

A Buck regulator is the most widely used DC-DC switching topology because of its simplicity; in particular, it requires only one external component, an inductor. All the control circuitry and switches can be integrated on one ASIC chip. The output voltage is equal to the input voltage multiplied by the switching duty cycle. 

Operation of the Buck regulator is shown in Figure 3. When Q1 is switched ON, current into the load increases and energy is stored in L. When Q1 is switched OFF, Q2 is switched ON providing a current path to allow energy stored in L to be transferred to the load. A simple power rectifier may be used in place of Q2 (as a catch or flyback diode) but the forward voltage drop of a Schottky power diode will cause an efficiency loss. When a MOSFET is used as a synchronous rectifier in this topology, the controller chip must carefully control the switching of Q1 and Q2 to prevent shoot-through – i.e. an overlap of the ON times of Q1 and Q2 that can momentarily short the input power.
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Figure 3: Sketch of a buck regulator circuit.

For a given inductance value, an air core inductor is physically large compared to inductors that use a ferrite or other magnetic material cores. Because of space and mass constraints it is desirable to make the size of the inductor as small as possible. The minimum inductance that can be used for the converter is approximately given by

Lmin = Vout (Vin –Vout) /(fsw* Ipk *Vin) Henries,

where Vin  is the input voltage, Vout is the output voltage, Ipk is the peak current, and  fsw  is the switching frequency. Note that the inductance is inversely proportional to the switching frequency. For example, if we let

Vin  = 20 volts, Vout   = 2 volts and  Ipk = 1  Amps,

then Lmin lies between 1.8 H and 180 nH for switching frequencies in the range of 1 to 10 MHz, respectively.  However, this is the minimum inductance and it would be preferable to use larger inductances to reduce the ripple current and minimize losses due to the skin and proximity effects in the inductor. 

To within a factor of two or so for a simple solenoidal coil the inductance is given by L = 10-6 N2r where N is the number of turns and r is the coil radius. Two important considerations are the DC resistance and the acceptable voltage drop across the inductor that dictate wire gauge. These in turn affect coil radius and length. As an example if we use 0.1 ohm inductor (which leads to an acceptable 0.1 voltage drop at 1 amp), then coil radii of 2 – 4 mm would require inductor lengths of ~2 mm at a 10 MHz switching frequency and ~ 20 mm at a 1 MHz switching frequency. This example illustrates the necessity due to size constraints of a switching frequency greater than 1 MHz and preferably 5-10 MHz.

Radiation hardness is clearly an issue with these components and requires investigation. One commercial candidate that was recently tested was a buck converter (EN 5360) manufactured by Enpirion. This product switches at a frequency of 5 MHz and has a 3 to 1 ratio between input and output voltage. It is manufactured in 0.25 m technology, which is known to be radiation tolerant. The device was irradiated at BNL with a 60Co γ-ray source up to a total dose of 100 MRad at a dose rate of 200 krad /hour. The input and output voltages were monitored over the 20 day period of the irradiation. Generally the output voltage was stable with only a small loss in efficiency over the time of the irradiation. 

4 Boundary conditions

Important parameters for the power distribution schemes are the operation voltages and power consumption of the future readout chips; the number of readout chips per module/hybrid; the available cable budget and cable resistance; and the number of modules served by a common power supply. Most of these parameters are not yet known well. Some of the parameters might eventually be constraint by the needs of the power distribution schemes.

Below we summarize our current best understanding of the boundary conditions any power distribution system is likely to face. 

4.1 Layout options for strip and pixel modules 

4.1.1 Strips

It is too early to know how realistic module and supermodule prototypes would look like for the various detector regions. A representative scenario as discussed for the inner strip region is sketched in Figures 4 and 5. 

The short strip module sketched in Figure 4 consists of a single-sided sensor with several columns of strips. To simply the comparison with SCT, we chose  80 m pitch, 3 cm long strips, and 6 x 12 cm2 sensors in this example
. This results in 3072 channels and a power consumption of 6 W to 12 W for a module (for 2 mW or 4 mW/channel). The total power for a double-sided stave of 8 modules on either side (Figure 5) is then 144 W  (for 3 mW/channel). Each supermodule side would probably be powered by its own set of power cables, leading to a total of only four power cables/supermodule (including return) for any power distribution scheme.

[image: image4]
Figure 4: Possible arrangement for SLHC short strips barrel: 4 columns of strips with two hybrids, each with a double-row of chips. 
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Figure 5: Schematic arrangement of 8 modules (green) with 16 hybrids (red) on a supermodule or cylinder. Gaps/overlaps between modules are ignored. A support card (SC) with could house optoelectronics, supermodule control chips, regulators and connectors is shown at the right of the supermodule. The back-side hybrids are not shown.

The supermodule power estimate is very uncertain since important module parameters have not yet been chosen (final strip pitch (50 or 80 m), strip length (1-3 cm) and sensor size (6 x 12 cm2 or 10 x 10 cm2). When these choices are made, the uncertainty will be reduced to ~50%, dominated by the ABC-Next power consumption uncertainty. For the design of power distribution systems, the power per hybrid is more relevant than the module power. Again, there are several options, including single-row or double-row hybrids.

For long strips, module power would typically be 1.5 W to 3 W (768 channels). A 190 cm long double-sided stave of 16 modules, would consume ~75 W (80 m pitch, 12 cm long strips, 6 cm x 12 cm sensors, 3 mW/channel).

A summary of the electrical hybrid parameters for the silicon strip detector is compiled in Tables 3.
	
	Typ.
	Min.
	Max.

	Number of hybrids/SM
	16
	16
	32


	Hybrid voltage
	1.5 V
	1.2 V
	2.5 V


	Channels/hybrid
	1536
	768
	2560


	Hybrid power
	6 W
	1.5 W
	10 W


	Hybrid current
	4 A
	1 A
	7 A

	Voltage across stave for SP
	24
	24 V
	80 V2


Table 3: Illustration of hybrid electrical parameters for the silicon strip section of ATLAS SLHC inner tracker. Typical, minumum and maximum values are given to indicate the expected variation depending on different choices of module and supermodule parameters.

4.1.2 Pixels

At the time of writing the module layout for pixels is not yet clear. Several options for R&D routes are planned:

· A concept very similar to the present one, using a new flex hybrid design which includes serial powering and with the electrical / opto transition at the end of the stave

· A concept that includes the opto package on the module plus having an opto/opto interface at the position of the present PP1 

· Advanced concepts exploiting the possibilities of 3D interconnection 

· Advanced concepts exploiting active edge sensors and 4-side buttable modules 

Assuming a chip area of 2.5 cm2, modules with only one row of ICs and half the current pixel size (50 µm x 200 µm) are conceivable at the smaller pixel radii (4 cm, 6 cm and 12 cm), while the outer layers (20 cm and 28 cm) would have double rows of chips with pixel size 50 µm x 400 µm. In Figure 6, a quadratic chip area has been assumed for illustration purposes. The actual dimensions of the FE-chip will more likely be 16.4 mm (high) by 15.0 mm (wide) for the active area, to which the height of the end-of-column logic has to be added.    
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Figure 6: Sketch of the readout chip arrangement for an SLHC pixel module at the inner layers (top) and the outer layers (bottom).

The simplest scheme adopting from the present pixel module design would aim to optimize the modules in the following areas:

· Use SnAg or Indium bumping, both being very similar to the presently used technologies (PbSn and In) 

· 90 µm thick FE chips thinned by backside grinding (R&D has started)

· Optimize connection to services (no pigtail)

· Optimize FE-Chip: include regulators for SP

· Optimize Flex Hybrid: 

· include serial powering scheme on layout

· include module control circuitry and IC

· possibly include on-module package with VCSEL and PIN plus driver chips 

The power estimate for such a module would typically be between 7-10 W for both inner and outer modules.

4.2 Cable budget and power efficiency

The alternative powering schemes offer huge benefits in terms of cable reduction and increased power efficiency, as is discussed in references [1, 2, 5]. Connecting a chain of n modules in series or in parallel saves a factor 2n in power cables. (Analog power will be derived from digital power for each of the new schemes.)  This means that powering a small number of modules as a group already compensates for the increased module number. Similarly power efficiency, defined as the power used by the on module front-end electronics divided by the power output of  the rack power supplies, is reduced by large factors. The increase is achieved by reducing cable IR losses.


[image: image6]
Figure 7:  Pixel detector power efficiency versus current multiplication factor. For details see the text.

Figure 7 shows the results of a crude but illuminating analysis of the cable plant options of a pixel upgrade. We make the rough assumptions that 

(1) the new system would have twice the number of channels (with unchanged power supply current per channel at the readout IC level);

(2) the IC operating voltage is 1.5 V;

(3) only the cable plant inside the inner detector (ID) is to be replaced;

(4) the effective resistance of LV power cables is now 50% in the ID run to be replaced, and 50% in long run to be reused. 

The effective resistance of the present cable plant is simply taken as the voltage drop from rack power supply to module divided by the current. This is about 3.5  round trip per module (combining digital and analog power). (The dropout voltage of the linear regulators at PP2 has been excluded from the calculation). 

The curves in the plot show what happens if the cable plant inside the ID is left equal to the present one (red), made half as massive (purple), and made one quarter as massive (blue). The x-axis shows the current multiplication factor at the modules, which can be implemented with either DC-DC converters or serial powering. For example a factor of 6 means either 6 modules in series or a divide by 6 DC-DC converter. The conversion (power) efficiency of the current multiplication step has been set to 90%, 72%, 56%, 42% for multiplication factors of 2, 4, 8, 16, respectively.

It is clear that if nothing is changed (red curve for current multiplication = 1) operation would  probably be impossible: the system would have 10% power efficiency, requiring ~100 KW of rack power output (the present pixel system has ~30 KW). This is not only an unreasonably large power to have to supply, but one should remember that all this power would go into heating cables running throughout the detector. On the other hand, a current multiplication factor of just 4 easily permits a factor of 4 reduction of the cable material inside the ID, drawing ~35 KW from the rack supply (assuming 72% efficiency for the DC-DC converters or serial chain). A multiplication factor of 8 might be considered if it is necessary to reduce rack power output as well as ID material (to ~20 KW), if the resistance of the power leads inside the ID must be substantially increased due to constraints other than material reduction, if only a fraction of the outer cables can be reused, or if the new electronics are more power-hungry than expected. It is evident that current multiplication factors beyond 8 offer marginal additional gains from a cable plant perspective. 

5 Critical R&D activities

Powering R&D requires the development of radiation-hard circuitry, which operates without introducing significant noise sources, at high power efficiency and without occupying excessive real estate. Protection against failures, implementation of redundancy features and development of slow control voltage/current monitoring sytems are additional key tasks. 

A brief explanation of R&D activities considered crucial for the success of the new powering schemes is given below. An overview is compiled in Table 4. It should be noted that substantial progress has been already made on some of the items while others have not yet been covered at all. 

5.1 Generic R&D

5.1.1 Single module noise performance

The power regulation circuitry could introduce noise. Good noise performance must be demonstrated for each powering scheme on the module (=hybrid+sensor) level. The critical issues differ for the proposed power regulation technologies. Possible dependences on module geometry or other specifics need to be identified and understood.

For serial powering, the critical noise issues relate to the design of the shunt and series regulator. For DC-DC conversion schemes these related to switching noise, output ripple and possible air coil fringe field coupling to the sensors or circuit elements. The latter effect will be studied experimentally and using simulations.

5.1.2 Noise performance for multi-module systems

Powering many modules in parallel or series might open electromagnetic interference mechanisms that are not present for single modules. These must be understood and eliminated.

5.1.3 Grounding and shielding for staves

Highly integrated structures like staves are more suceptible to electromagnetic interference. It must be understood how the new powering schemes affect known intereference mechanisms. For serial powering, the fact that individual module grounds along a stave are different requires attention.

5.1.4 Power efficiency

Power efficiency will increase by large factors with the proposed powering schemes since thermal losses in cables are much reduced. It is still important to understand the residual inefficiency of each scheme. Inefficiencies lead to local heat sources for serial powering and to switching radiation for DC-DC schemes.

5.1.5 AC coupling schematics

AC-coupling of LVDS signals was  successfully implemented in ATLAS Pixel and strip serial powering prototypes. There are several alternatives to the schematics used so far, which must be investigated.

5.1.6 DC-balanced protocols

AC-coupling of LVDS signals is not recommended for DC unbalanced protocols in the literature. The relevance of DC-balanced protocols for our application and choice of AC coupling schematics needs to be explored. This is only relevant for serial powering

5.1.7 HV schemes

Serial powering is best implemented using floating sensor bias power supplies. In this case, HV ground and hybrid ground can be tied together. Future silicon strip modules will have several columns of strips on one sensors, served by several hybrids. It should be investigated if capacitive coupling of HV ground and hybrid ground is practical.

5.2 ASIC and hybrid design

5.2.1 Regulator specification and design

Custom radiation-hard regulator circuitry must be design for both serial powering and DC-DC conversion schemes.

5.2.2 Readout chip PSRR

The specifications of regulators is related to the readout chip power supply rejection ratio.

5.2.3 Design of switching chip, pulse width modulator and shunt regulator chips

Charge-pump DC-DC conversion schemes requires a custom radiation-hard switching chip that can stand a sufficiently high input voltage. Inductor-based DC-DC conversion requires a corresponding pulse width modulator chip. Serial powering schemes require the design of a radiation-hard shunt regulator and power device.

5.2.4 LVDS buffer specification and design

Serial powering with AC coupling requires the design of a custom radiation hard LVDS buffer chip.

5.2.5 Miniaturization of powering circuitry

The powering circuitry presents an overhead in material. It is important to understand how the real estate and thus material of the powering circuitry can be minimized.

5.3 Reliability and failure protection

5.3.1 Single-point failure analysis

Powering many modules together creates the risk of losing them all due to a single-point failure. Possible single-point failure modes are shorts for parallel powering and opens for serial powering. The single-point failure modes should be identified, the risk be quantified where possible and countermeasures be developed.

5.3.2 Over-current protection schemes

The power transistor(s) which sink(s) an excess current in serial powering schemes must be protected. One route is to lower the shunt regulator output voltage if an over-current condition is protect.

5.4 Slow control functions

Independent powering allows maximum control over the state of each module. This is not true for the new powering schemes. New methods to monitor module voltage and current and to act on the reported state of the modules should be developed. In practice this requires setting up a slow-control system and design an DCS block, which should include temperature sensing and other functions as well. The DCS block could be part of a power chip, a module controller chip or be a dedicated ASIC. This activity is by itself a significant effort and is closely intertwined with the design of the module/stave control system.

The DCS chip/block would: (1) sense voltages and/or currents and temperatures; (2) provide digitized information (12-bits resolution should be sufficient); (3) enable the switching-off or stand-by of single detector modules in case of mal-functioning; (4) possibly set the working points of optical components (lasers); (5) provide reset signals. This chip would have to be radiation-hard; have a robust and possibly galvanically isolated interface for communication (while the read-out speed is of lower priority). It should not be too big and increase hybrid power consumption by a small amount only.

	
	DC-DC conversion 
	Serial powering

	
	Switched    capacitors
	Inductors
	

	Generic R&D

	Noise performance
	X
	X
	X

	Grounding and shielding of large and highly-integrated structures
	
	
	X

	Power efficiency
	X
	X
	X

	AC coupling schematics
	
	
	X

	DC-balanced protocols
	
	
	X

	HV schemes
	
	
	X

	ASIC and hybrid design

	Readout chip PSRR
	X
	X
	X

	Regulator specification and design
	X
	X
	X

	Design of switching chip
	X
	
	

	Design of pulse width modulator
	
	X
	

	Design of shunt regulator
	
	
	X

	LVDS buffer specification and design
	
	
	X

	Miniaturization of powering circuitry
	X
	X
	X

	Reliability and failure protection

	Single-point failure analysis
	X
	X
	X

	Over-current protection schemes
	
	
	X

	Communication with module and slow control of module current and voltage
	X
	X
	X


Table 4: Critical R&D activities for parallel powering with DC-DC conversion and serial powering

6 Relation to existing efforts 

The choice of powering scheme is a fundamental decision which affects many aspects of the new tracker. The proposal relates in particular to:

(1) the design of the future pixel and strip readout chips

(2) the design of hybrids

(3) the specifications of the cooling system

(4) the number and specicifications of services

(5) electrical and mechanical design of modules and supermodule

(6) last, but not least, the design of the slow-control system and design of the general architecture of the pixel 
and strip detectors.

To our knowledge, there is no significant activity on powering schemes outside this group in particle physics at this stage.

7 Schedule and Milestones

We can distinguish three main phases:

1 Generic studies
2a  Development of readiation-hard custom electronics 

2b Design and testing of systems with a large number of modules
3 Implementation of the alternative powering scheme on advanced supermodule prototypes.

Phases 1 and 2 will have some overlap in time. Most of phases 2a and 2b would proceed in parallel. Today it seems likely that the phases 1 and 2 must be largely completed for all proposed schemes before one  scheme emerges as more promising than others.  The implementation might then only be needed for one powering scheme, but hybrid schemes are conceivable as well. It seems unlikely that an informed decision on the best system can be taken before two years from now. 

An overview of milestones and schedule information is given below.

7.1 Serial powering strips

	Milestones
	Date of completion
	Comment

	Generic studies
	December 07
	as in section 5

	
	
	

	Characterization of SP circuitry of 0.25 m  ABC_Next chip
	June 08
	Dependent on chip schedule

	Characterization of SP circuitry 0.13 m ABC_Next FE
	December 08


	Dependent on chip schedule

	Iterate design and characterization of ABC_Next versions
	September 09


	

	
	
	

	Assembly of integrated multi-module system

(≥ 16 modules)
	September 08


	This system would include custom SP circuitry. Multi-modules with commercial devices will be available in 07

	Operation and testing multi-module system
	March 09
	

	
	
	

	Ready for implementation in TDR supermodule prototype
	September 09


	Dependent on final ASIC availability


7.2 Serial powering pixels

	Milestones
	Date of completion
	Comment

	Generic studies
	Completed
	See reference [1]

	
	
	

	Serial powering and operation of a series of modules with old FE-I3
	 December 07
	Partially done using custom design flex and existing components

	Development of serially powered module with opto-connection on module
	September 2008
	

	Operation and testing multi-module system
	March 2009
	

	Building of a serially powered module with 

FE-I4 IC
	March 2009


	Dependent on chip development



	
	
	

	Ready for implementation in TDR supermodule prototype
	September 2009
	Dependent on final ASIC availability


7.3 DC-DC conversion with switched capacitors

	Milestones
	Date of completion
	Comment

	Delivery of custom switching chip
	April 2007
	Chip is being manufactured

	Evaluation of switching chip (version 2, non-irradiated)
	October 2007
	

	Irradiation test of switching chip (version2)
	April 2008
	

	Single- module performance test 


	January 2008
	Strips and pixel modules will be studied

	Hybrid design and implementation of custom charge pump


	July 2008
	

	Assembly and test of multi-module systems
	July 2009
	

	Design, submission and test of switching chip (version 3)
	January 2009
	

	Assembly and test of multi-module systems with 0.13 um RO chips
	July 2009


	Depending on chip development

	Ready for implementation in TDR supermodule prototype
	July 2009


	


7.4 DC-DC conversion with air coil inductor

	Milestones
	Date of completion
	Comment

	Evaluate coupling of air coil fringe field to sensor
	June 2007
	High priority, but preliminary results are encouraging

	Evaluation of inductor topologies and materials
	June 2007
	Maximize L, minimize R, mass and maybe fringe field

	
	
	

	Continue market survey of commercial devices
	December 07
	Including integrated inductors

	Evaluation of radiation hardness for commercial devices
	June 2008
	Irradiation at BNL has started

	
	
	

	Simulation of ripple and power efficiency
	December 07
	

	Define specifications for voltage regulators 
	December 07
	

	Assemble discrete DC-DC PCB for interfacing SCT modules
	December 07
	

	Design high-frequency PMW circuit for prototype DC-DC circuit
	March 2008
	

	
	
	

	Assembly of  commercial PWM with inductor on hybrid
	June 2008
	in collaboration with CERN MIC



	Single-module noise test 
	January 2009
	

	Assembly and test of multi-module systems
	July 2009
	

	Specify and design custom PWM and switches
	April 2009
	significant overlap and synergy with the switched capacitor design

	Ready for implementation in TDR supermodule prototype
	July 2009


	


7.5 Schedule

The schedule shown below is also attached as an mpp file.
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8 Resources, R&D interests and organization

	Institution
	Manpower
	R&D Interest
	Funding status

	AGH Krakow
	W. Dabrowki
	ABC-Next design
	

	Bonn 
	N. Wermes, M. Barbero,  
M. Cristinziani, students
	SP module development;

Opto-coupling on module
	R&D is funded

	BNL
	D. Lynn, J. Kierstedt
	DC-DC conversion inductor;

System failure and protection analysis; Radiation testing
	

	CERN
	F. Anghinolfi, J. Kaplon
	ABC-Next design
	Funded

	LBNL
	C. Haber
	Serial powering strips
	

	LBNL
	M. Garcia-Sciveres, R. Ely, P. Denes,  students
	Switched capacitor DC-DC
	US ATLAS funds received in FY07. More requested for FY08-FY11.

	RAL
	R. Holt, G. Villani, M. Weber, N. Partanen
	Serial power strips
	Funded until mid 2007. Funding for 2007-2009 requested.

	Yale
	O. K. Baker, S. Dhawan, P. L. Tipton
	DC-DC conversion inductor
	

	Wuppertal
	T. Flick, S. Kersten, P. Kind, P. Maettig, C. Zeitnitz
	Slow control design
	R&D is funded


The listed people are or expect to be fully funded and to work with a signicant fraction of their time on this project. The project relies on the availability of hybrids, sensors and ASICs, etc. through the corresponding R&D activities.

Most participants in this R&D proposal will primarily focus their work  on one or two dedicated areas of R&D (e.g. serial powering, DC-DC conversion with inductors, etc.). However, efficient communication and exchange of expertise will be important for the success of this R&D. We intend to organize two dedicated power distribution workshops every year and will continue to have regular (2-monthly) phone meetings and progress reports. 
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� Today a 10 cm x 10 cm sensor with ~70 m pitch and 2.5 cm long strips looks more likely.


� This number could be reached if 4 rather than 2 hybrids (as in Figure 2) are chosen for a module.


� This value can be obtained for the 0.25 m CMOS version of the ABC-Next.


� The channel number would increase if 10 x 10 cm2 sensors were chosen or if strip pitch was 50 m rather than 80 m.


� The given minimum value assumes 2 mW/channel, while the 10 W maximum is estimate using 4 mW/channel. 
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