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P=I*V

POL
P=(I/4)(V*4) 12V, 4A
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which architecture?
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which architecture?
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Powering a Si Strip module with Powering a Si Strip module with 
DCDC--DC converter prototypes (1)DC converter prototypes (1)

•Measurements on the TOTEM Si Strip 
module, with detector biased

•3 locations were exercised, with no impact
on the noise performance of the system

•Cables were still relatively long in this test

The front-end ASICs were 
powered by a DC/DC 
converter prototype (PH-
ESE) with the CM output 
noise shown in the figure 
to the left – switching 
frequency = 1MHz

X1X2 
X3

VFAT# Nominal 
Noise

X1
(far, long 

cable)

X2
(close, long 

cable)

X3
(close, short 

cable)

1 1.76 1.70 1.73 1.76

2 1.81 1.72 1.70 1.73

3 1.68 1.55 1.62 1.62

4 1.56 1.59 1.59 1.59

Test with Frame Module ATLAS SCT 
prototype (Liverpool)

CMS Power Working Group Meeting!

New Coilcraft Inductor Prototypes!
Bulk Copper Wire 460nH Oval Inductor!

May%13% 4%

•  The%applica@on%where%the%modules%will%be%
used%does%not%present%any%material%budget%
constraints.%That%allowed%us%to%look%for%other%
inductance%values%to%op@mize%the%efficiency%
of%the%converter.%

%
•  CoilcraN%already%delivered%some%samples%of%

this%460nH%bulk%copper%inductor.%The%
efficiency%improved%as%expected%in%
comparison%with%the%220nH%one%(around%
2'3%%improvement).%

%
•  Already%working%with%CoilcraN%in%another%

version%of%the%same%inductor%using%litz%wire.%
This%version%should%increase%the%efficiency%not%
only%at%a%lower%output%currents%(~1A)%but%also%
at%a%higher%currents.%

Isaac%Troyano%

CMS Power Working Group Meeting!

Shielding!
Final(prototype(defined(and(ready!

August(13( 6(

•  Just(to(remind(you…(
–  Totally(commercial(shield(from(Orbel(

company(
–  127μm(thick(bulk(copper(
–  Maee(,n(pla,ng(to(avoid(oxida,on/

corrosion(
–  SMD(component(

•  New(features(
–  Use(of(mul,.louvered(corners(
–  Alignment(pin(to(improve(
assembly(

–  Small(slots(to(deal(with(thermal(
expansion(of(the(air(inside(the(
shield(volume(

Isaac(Troyano(

Air core toroidAir core toroid

Value @ 11mm far from the toroid:
6.6µT

Air core toroidAir core toroid

Value @ 11mm far from the toroid:
6.6µT

Air core solenoidAir core solenoid

Value @ 11mm 
far from the solenoid:

5µT 18nT

Not shielded Shielded

This shielding affects 
considerably the value of the 
inductance, and generates 
losses. Shielding should be 
put farer from the solenoid!

 Any cooling temperature we apply with a shield of 9 millimetres we observe convective vortexes 
over the inductor who cool it down. Lowering the shield, the space between inductor and shield 
decrease until the point where is no more space for convective vortex. At such a point the heat 
transfer becomes conduction through air. If the distance between inductor and shield is limited (~1 
mm) the conduction is more effective than convection as can be observed in Figure 4 where the 
shield is 6 mm high. 

 

Figure 4 Simulation Result with -20 C with 6 mm Shield and 0.5 W. 

With a 6 mm shield: 

- -20 C Cooling temperature: The Temparature reaches 24 C as maximum. 
-  10 C Cooling temperature: The Temparature  reaches 50 C as maximum. 

Another parameter which is important in order to design the system is the material thickness. But 
considering a material as Cu with high electric conductivity we do not appreciate any change 
changing the material thickness from 127 um to 60 um because the shield can however dissipate all 
the heat transferred by air.We would decrease more the material thickness but this is not possible 
due to mesh and convergence problem. However for Phase I the shield used will most probably be of 
127 um of consequence the collected simulation  would be reliable. Of consequence the 
temperature in the described condition reach a maximum of 64 C which does not represent e 
problem for our system. In the next paragraph we will simulate the extreme condition generated 
when the dissipated power goes to 0.5 W due to a less efficient inductor or to an higher current. 

0.5 W Dissipated power 

In the previous paragraph the worst case has been obteined for the 9 mm shield with a cooling 
temperature of 10 degree. Keeping the same height and varyng the cooling temperature as before 
with an higher power: 

- -20 C Cooling temperature: The Temparature reaches 72 C as maximum. 
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CMS Task Force meeting 2CMS Task Force meeting 2
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Conducted CM noise from custom Conducted CM noise from custom 
prototypes prototypes 

¾ Several custom DC-DC prototypes (buck topology) using discrete 
commercial components have been manufactured

¾ Proper design of PCB and choice of passive components (caps) 
drastically decrease the conducted noise

Example: output common mode noise for 2 custom prototypes using identical discrete components 
(commercial driver + switches). Only the design of the PCB and the passive components differ

Frequency (Hz) Frequency (Hz)

N
oi

se
 (d

B
uA

)

“Reference” level based on Class A limit from 
CISPR11 converted to current on a given 
impedance (Careful: this is NOT a real limit)Class A (Average)

From this early prototype…..
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Figure 25: Output common mode current of the typical FEASTMP module at Vin=12V, Iout=1A, and for Vout of 1.2V (left) and 2.5V (right). 
Noise is kept below the Class B limit of the CISPR11 reference standard, with only the fundamental at the switching frequency exceeding 0 dBµA. 
Lowering the input voltage leads to a sensible decrease of the noise currents. 
 

 
 
Figure 26: Output differential mode current of the typical 
FEASTMP module at Vin=12V, Iout =1A and for Vout=2.5V. All 
the noise properties shown are obtained with the shield mounted on 
the converter. In this configuration, the residual electric field 
radiated by the converter is not measurable with the equipment 
available. 

 
 
Figure 27: Output voltage ripple measured with an oscilloscope 
(AC coupled) with 20MHz bandwidth. Measurements conditions 
were Vin=10V, Vout=2.5V and Iout=2A.  

 

Optional parts 
 
This section lists the accessories that can be supplied on demand with each FEASTMP module to ease their procurement. 

Mating female connector 
 The female mating connector from SAMTEC is the SFM-106-01-
L-D-A. For small prototype quantities, and to facilitate procurement 
to the users, a limited number of connectors can be provided 

together with FEASTMP (one female mating connector per 
supplied module). 

Thermal gap pad 
To ensure good thermal contact with the cooling system (user-
specific), a thermal interface material has to be added under the 
FEASTMP module. An exposed ground plane has been prepared 
for that purpose on the bottom side of the module, which should be 
in thermal contact with the cooling system but electrically isolated 

from it. During the whole development of the DCDC converter a 
thermal gap pad has been used for that purpose, evidencing very 
adequate thermal and mechanical properties. The material chosen is 
the Gap Pad 3000S30 from Bergquist, a soft gap filling material 
rated at a thermal conductivity of 3 W/m-K, at the thickness of 
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….. to the production-ready FEASTMP
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The ASIC: a hindsight on the main difficulties
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T5
Type=pnp

T6
Type=pnp

T7
Type=pnp

T8
Type=pnp

R1
R=300k Ohm

Vin

Substrate

up to 12V

grounded

D1

D2

D3

D4

R1
R=300k Ohm

Vin

in reality this 
corresponds to 

�10

Parasitics…..
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… more parasitics…..
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… and more parasitics…..

PWM duty cycle 
should be constant!
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RADECS 2009RADECS 2009
Bruges, Sept09Bruges, Sept09 F.Faccio / Physics departmentF.Faccio / Physics department 1010

Displacement damage (2)Displacement damage (2)
�� LDMOS transistorsLDMOS transistors

�� Increase of onIncrease of on--resistance + distortion of output characteristics resistance + distortion of output characteristics 
(Id=(Id=f(Vdsf(Vds))))

�� FluenceFluence for onset of degradation very variable with technologyfor onset of degradation very variable with technology
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The Ids=f(Vds) curves of high 
voltage transistors are 

distorted as a consequence 
of displacement damage

! !

Figure'1:'Id(Vd)'with'Vg=3.3'V(Left)''and'Id(Vg)'with'Vd=0.2'V'(Right)'characteristic'of'LFDM80'with'W=80'for'different'
fluences.'

! !

Figure'2:'Id(Vd)'with'Vg=3.3'V'(Left)'and'Id(Vg)'with'Vd=0.2'V'(Right)''characteristic'of'LFDM80'with'W=40'for'different'
fluences.'
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Radiation effects…..
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The bandgap voltage shifts 
considerably with 

displacement damage
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… and radiation effects…..
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measurements,(it(appears(that(the(drain(of(the(transistors(is(not(connected(
anymore(to(the(outer(world((no(current(can(flow(anymore(in(the(transistor).(

(
Figure$5:$Image$of$the$sample$irradiated$without$protection$resistors$to$limit$the$
current$in$the$event$of$a$SEB.$Without$limitation,$the$current$induced$the$melting$
of$the$small$metal$connections$between$the$drain$and$the$pads$(dark$shadow$for$

each$NMOS$transistor$highlighted$by$the$red$circle).$

For(the(PMOS(transistors,(instead,(no(comparator(gave(any(sign(of(SEB(during(
the(whole(test.(The(summary(of(the(measurement(points(for(the(PMOS(
transistors(is(shown(in(Figure(6.((

(
Figure$6:$Summary$of$the$measurements$on$PMOS$transistors.$No$SEB$has$ever$

been$observed$during$the$test$up$to$an$applied$drain$voltage$of$13$V.$

PMOS transistor
Heavy IonLET Vds Fluence SEB Sigma
Board 1 limit 1 error
Kr 31
Ni 21 13 8313322 0 1.203E-07
Ar 9.95

Kr 31 12 6881000 0 1.453E-07
Ni 21 12 2451000 0 4.08E-07
Ar 9.95 12 4910674 0 2.036E-07

Kr 31 10 3447000 0 2.901E-07
Ni 21
Ar 9.95
Board 2
Kr 31 12 4352013 0 2.298E-07
Ni 21 12 4369959 0 2.288E-07
Ar 9.95 12 1020315 0 9.801E-07

Combined Board1+2
Kr 31 12 11233013 0 8.902E-08
Ni 21 12 6820959 0 1.466E-07
Ar 9.95 12 5930989 0 1.686E-07

2.-Measurements-without-the-protection-network

Another(test(board((number(4),(where(the(protection(resistors(at(the(drain(of(the(
transistors(had(been(removed,(has(been(exposed(to(Kr(ions((total(Uluence(about(
500.000(ions).(During(the(irradiation,(all(NLDMOS(transistors(were(biased(at(9V(
Vds(and(0V(Vgs.(In(these(same(conditions,(SEBs(were(observed(in(the(test(with(
the(protection(network.(The(functionality(of(the(transistors(was(tested(before(
irradiation(by(applying(a(Vgs(and(measuring(an(Ids(current.(All(NLDMOS(were(
correctly(working(before(exposure.

After(the(irradiation,(the(application(of(a(gate(voltage(to(all(NLDMOS(transistors(
(any(generation)(did(not(inUluence(the(drain(current.(This(pointed(out(possible(
hard(failure(of(the(transistors.(This(hypothesis(was(conUirmed(by(the(observation(
of(the(irradiated(test(chip(after(irradiation.(An(image(taken(at(the(microscope(is(
shown(in(Figure(6.(The(drain(bonding(wire(connecting(the(test(chip(to(the(PCB(
has(acted(as(a(fuse,(evidencing(that(the(SEB(induced(by(the(particles(is(indeed(
self]sustaining(until(hard(damage.(This(happened(for(all(NLDMOS,(all(generation.

Figure 6: Microscopic photo of the chip irradiated with Kr ions without protection 
network. With respect to Fig.2, the chip is rotated by 180 deg. The 3 ʻbrokenʼ bonding 
pads correspond to the drain of the 3 NLDMOS transistors.

Conclusion

The(heavy(ion(irradiation(of(a(dedicated(test(chip(evidenced(different(SEB(
sensitivity(for(the(LDMOS(transistors(in(the(SGB25VGOD(technology.(P]channel(
LDMOS(are(not(sensitive(in(the(explored(range(of(LET((up(to(31(MeVcm]2mg]1)(
and(Vds((up(to(14V).(Isolated(NLDMOS(are(sensitive,(for(a(LET(of(31,(with(a(Vds(
threshold(for(SEB(above(5.5V(but(below(6.5V.(Standard(NLDMOS(in(the(substrate(
are(sensitive(with(an(SEB(threshold(above(7.1V(but(below(7.7V.(The(SEBs(in(the(
latter(type(of(device(is(shown(to(be(self]sustaining(until(destruction(](in(our(test,(
the(destruction(of(the(bonding(wires(connecting(the(drain(of(the(transistors(to(
the(off]chip(power(source.(Decreasing(the(LET(of(the(ions(from(31(to(21((
MeVcm]2mg]1(does(not(decrease(signiUicantly(the(measured(sensitivity.

It(should(be(pointed(out(that(the(duration(of(the(SEB(events(counted(by(the(
detection(system(during(the(protected(tests(was(always(very(short((below(41(ns).(

Evidence of SEB on test chips 
with LDMOS

On-chip metal line burnt 
(encircled dark shadows)

Molten wirebonds

… and more radiation effects…..
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SEFI with collapse of on-chip supply rails 
and increase of Vout 

(only observed with Heavy Ion irradiation)

Reset pulses - Vout goes to GND and the 
ASIC restarts (380us) 

(with Heavy Ion and 230MeV proton 
irradiation)

… and even more radiation effects…..
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All issues solved in FEAST2 ASIC (March 2014)
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Heavy Ions  
(LET up to 65 Mev cm2 mg-1)

No SEFI with collapse of on-chip supply 
rails and increase of Vout

No Reset pulses

SETs on Vout observed (< 20% Vout, 
duration ≲ 2us)

LET=10MeVcm2mg-1

LET=32MeVcm2mg-1



Production-ready DCDC modules
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FEASTMP: production-ready module
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Specifications
Min Max

Vin (V) 5 12
Vout (V) 0.9 5
Iout (A) 4

Pout (W) 10
Safety features

Under-Voltage Lock-Out
Over-current

Over-Temperature
Line-protecting fuse in case of 

failure

Communication
Enable in (any CMOS up to 3.3V)

Power Good (open drain)

Radiation tolerance

TID >200 Mrad

DD 5-8E14 n/cm2 (1MeV eq.)

SEEs (reset) 2.8E-13 cm2
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Specifications
Min Max

Vin (V) 5 12
Vout (V) 0.9 5
Iout (A) 4

Pout (W) 10
Safety features

Under-Voltage Lock-Out
Over-current

Over-Temperature
Line-protecting fuse in case of 

failure

Communication
Enable in (any CMOS up to 3.3V)

Power Good (open drain)

Radiation tolerance

TID >200 Mrad

DD 5-8E14 n/cm2 (1MeV eq.)

SEEs (reset) 2.8E-13 cm2

FEAST2 is immune
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FEASTMP: production-ready module
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http://project-dcdc.web.cern.ch

e-group: DCDC-users
all announcements concerning the production of modules

First assembly run soon launched 
1000 modules @ 9 Vout

Datasheet
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Other DCDC modules in preparation

• FEASTMN


‣ Negative output voltage from a positive supply


‣ Built around the FEAST ASIC, but different module configuration


‣ First prototypes of the projected production-ready module just received. Testing is 
just started


• Alternative mounting system on the receiving motherboard is studied. This should 
decrease the stack height to below 1cm. FEASTMP and MN will both be made 
available with this option
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Possible users of DCDC modules

• For radiation tolerance and size/mass, the module satisfies the requirements of almost every 
LHC detector system


‣ It is also interesting for other HEP applications. For example, sample requests have been 
filed by Belle @ KEKB, Panda @ FAIR (GSI)


• For ATLAS and CMS phase2 trackers, there are fundamental limitations on the use of the 
present modules:
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Tracker Upgrade Power WG Meeting 

Module Overview 
  

January 14 4 

Isaac Troyano 

Without Shield 

With Shield 

• 410nH coil from Coilcraft 
• 14 x 18.5 x 8 mm shield 
• Samtec TFM-106-01-L-D-A 

14.5mm 
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Module Overview 
  

January 14 4 

Isaac Troyano 

Without Shield 

With Shield 

• 410nH coil from Coilcraft 
• 14 x 18.5 x 8 mm shield 
• Samtec TFM-106-01-L-D-A 

14.5mm 

size 
 (footprint, stack 

height)

contribution to 
material budget

module
insufficient radiation tolerance 
(displacement damage, limit at 

5-8e14 n/cm2)

ASIC



Projection to phase2 ATLAS/CMS trackers
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Upgraded trackers (HL-LHC)
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insufficient radiation 
tolerance 

(displacement 
damage)

ASIC

! !

Figure'1:'Id(Vd)'with'Vg=3.3'V(Left)''and'Id(Vg)'with'Vd=0.2'V'(Right)'characteristic'of'LFDM80'with'W=80'for'different'
fluences.'

! !

Figure'2:'Id(Vd)'with'Vg=3.3'V'(Left)'and'Id(Vg)'with'Vd=0.2'V'(Right)''characteristic'of'LFDM80'with'W=40'for'different'
fluences.'
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Bandgap voltage generator

P-channel LDMOS  
(on-chip regulators, protection elements)

Other architectures to be tried, based 
on transistors - plan to do this as from 

summer ‘14

Tests in twin 
technology with 

25V LDMOS shows 
that tolerance can 
be extended to at 
least 5e15 n/cm2
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Upgraded trackers (HL-LHC)
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The inductor can be redesigned 
compromising electrical performance 

for size and mass

example: ECCA wire hand wound
8.9mm

6.
2m

m

3.
44
m
m

30mm

17
.3
m
m

37.7mm

14
.4
m
m

4.2mm



ACES2014@CERN F.Faccio - CERN/PH-ESE

Upgraded trackers (HL-LHC)
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Efficiency vs input voltage for different 
output currents
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Upgraded trackers (HL-LHC)
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“DC-DC converters with reduced mass for trackers at the HL-LHC”, G.Blanchot et al., 
2011 JINST 6 C11035 (TWEPP 2011)

In the estimate, the inductor is larger than the sample used in these tests, so is the 
shield. Therefore the dominant contribution is from the PCB and the passives.
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Conclusion

• DCDC modules are moving to production now


• They can be provided to all HEP detector systems (and they will be made 
available for several years)


‣ Radiation tolerance limited only by displacement damage effects to 
5-8e14 n/cm2


• For CMS and ATLAS trackers:


‣ an upgrade is possible making the DCDC tolerant to at least 5e15 n/cm2


‣ optimisation of the module can be made to considerably reduce 
contribution to material budget
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