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What is a POL DCDC converter
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Test with Frame Module ATLAS SCT 
prototype (Liverpool)
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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 Complete plug-in DCDC module

Radiation tolerant 
Magnetic field tolerant to 40,000 Gauss 

Low noise 
Small volume and footprint
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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%

FEAST2 ASIC

Custom air-core toroid inductor, 400nH

Cu shield
FEASTMP module
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FEAST2
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Outline: the FEAST2 ASIC

•Requirements


•Approach to achieve radiation tolerance


•Radiation test results

6
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Requirements for the ASIC

• Constraints:


‣ air-core inductor


‣ 12V input voltage


‣ radiation tolerant


‣ small


!

!

• Relaxed constraints:


‣ standby consumption
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!

‣ switching frequency of 1-3MHz


‣ adequate CMOS technology


‣ adequate CMOS technology and 
design provisions


‣ simple architecture, reduced number 
of passives (maximum integration) 
BUCK TOPOLOGY


!

‣ consumption of control circuits almost 
irrelevant
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parameters( value( notes(

Main%
electrical%
parameters%

Input%Voltage%(Vin)% 5%V%6%12%V%

Output%Voltage%(Vout)% 0.6%V%6%5%V%

Output%current%(Iout)% 0%6%4%A%

Maximum%output%power%(Pout)% 10%W% Cooling%required%

Programmable%Switching%
frequency%% 163%MHz% Recommended:%1.8%MHz%

Inductor%value% 0.15%–%1.5%μH% OpTmum:%4006500%nH%

Line%regulaTon,%6%–%12%V%range% 5%mV% Measured%at%Vout%=%1.2V%
and%2.5V%at%the%output%%pins%

of%the%packaged%ASIC%Load%regulaTon,%1%–%4%A%range% 5%mV%

ProtecTon%
features%

Over%Current%protecTon%peak%level% 6%A%
Corresponding%to%4.8%A%

average%for%1.8MHz,%400nH%
Over%Temperature%protecTon%
threshold%% 103%°C% Hysteresis%of%40oC%

Under%Voltage%lockout% 4.5%V%
Minimum%input%voltage%for%

operaTon%

So\6Start%duraTon% 470%us% To%limit%inrush%currents%

Control%

Enable%(input)%threshold% 815%mV%
CompaTble%with%CMOS%

logic%1%–%3.3%V%

Range%around%nominal%Vout%for%
Pgood%signal%to%be%asserted% ±%6.5%% Open%drain%output%

FEAST2 in a nutshell
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Approach to achieve radiation tolerance

1. CMOS technology with high-voltage module (LDMOS) to be chosen after 
survey of available technologies and testing for the all radiation effects


2. Systematic use of Hardness-By-Design (HBD) techniques for TID and SEEs

9
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Technology choice

• 5 suitable technologies selected and radiation tested for TID 
and DD (technology node range: 0.35-0.13um)


‣ ‘high voltage’ LDMOS were critical - no custom layout 
modification possible


‣ the biggest concern came from DD (leakage current in 
LDMOS can be made irrelevant in the design of the ASIC)

10
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Example TID/DD radiation effects on LDMOS
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Example of SEB sensitivity

• LDMOS from 3 technologies also tested for SEB/SEGR sensitivity


‣ NMOS in one of them were sensitive to SEB below 10V and below a LET 
of 10MeVcm2mg-1

12

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).(

Molten wire-bonds after a SEB
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Technology choice

• Combination of TID, DD and SEB/SEGR tests led to the choice of the 
technology:


‣ 0.35um CMOS with high voltage module


- it offers a good palette of devices for analog design


- it features a large number of high-voltage transistors, and complete 
isolation from the substrate up to 80V


- easily accessible for MPW, engineering and production runs, and 
reasonable cost

13
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HBD techniques: TID

• Enclosed Layout Transistors 
(ELTs) for all NMOS


• Systematic use of p+ guard-
rings


• TID tolerance OK as from first 
prototype integration

14
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HBD techniques: SEE

• SEE testing performed on several generations of 
prototypes, with Heavy Ions and protons

‣ removal of all sensitivities to SEEs was not easy. 

Some were difficult to foresee, for others Spice 
simulations were even misleading


- observed consequences included the restart of 
the ASIC or the temporary loss of functionality 
with a large transient above the nominal output 
voltage


‣ use of pulsed laser to fully map the sensitive points 
was a very precious tool (test done at Pulscan, 
Gradignan, France)


• Design techniques systematically used:

‣ Triplication & voting used in most sensitive 

functions

‣ Analog nodes protected by increase of currents and 

load capacitance

15

PULSCAN – Laser test report   November, 21st 2013 

�

9�

�
Figure�3Ͳ2�Enable�comparator.�0.6�x�0.6µm�step�scan.�Sensitive�zones�are�in�blue.�Corresponding�layout�

zone�are�the�red�box�shown�on�bottom�view��

�

�
Figure�3Ͳ3�Buffer�Vref�structure,�the�NͲwell�is�not�represented�on�the�scan�result�(right),�but�is�a�very�

sensitive�zone�with�threshold�at�0.5nJ.�

�



Radiation test results



F.Faccio - CERN/PH-ESEAMICSA2014@CERN

Radiation test results: TID

• All irradiated samples were constantly functional during irradiation and 
annealing. Typical maximum TID reached in the test: 200-700Mrad
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Radiation test results: DD

• Functionality is lost after an integrated flux of 5x1014 n/cm2 (1MeV 
equivalent). This is due to damage to p-channel LDMOS transistors 
used in the on-chip linear voltage regulators


• The reference voltage generator shifts with the integrated flux, and as 
a consequence the output voltage increases. This starts to appear at 
the level of 1014 n/cm2 

18
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Radiation test results: SEEs

• Tests performed with the ASIC regulating a voltage (1.5 or 2.5V typically) 
on a 1-2A load


• Heavy Ions in HIF, CRC, Louvain-la-Neuve

!

‣ FEAST2 continuously provides regulated power to the load during the 
full test (total integrated flux = 126x106 ions/cm2 at different LET up 
to 65MeVcm2mg-1). No reset, no SEFI observed


‣ Short (<2-3us) and small (<20%) transients on the output are 
observed. These are irrelevant for the application

19
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SETs observed during HI irradiation
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Example SETs observed 
during HI irradiation. Amplitude 
increases with the LET of the 

incident particles, but it is 
always below 20% of the 

nominal Vout. 
Typical duration is below 2us
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Summary

• FEAST2 is the final product of a long R&D effort. It is now qualified for all 
radiation effects


• The circuit is available in packaged form (QFN32) for LHC experimental groups, 
and as full plug-in module (FEASTMP). It is in production, with 1000 modules 
being tested at CERN this week


• Information and datasheet available in our public web page

21

http://project-dcdc.web.cern.ch
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Architecture of FEAST2: buck converter
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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%

FEAST2 ASIC

Custom air-core toroid inductor, 400nH

Cu shield
FEASTMP module
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FEAST2 ASIC

Custom air-core toroid inductor, 400nH

Cu shield
FEASTMP module

FEASTMP(datasheet(–(rev(1.0(

CERN   - 10 - 

 

 

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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SETs observed during HI irradiation
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LET$ Cross)sec,on$(cm2)$for$SETs$below$the$nominal$Vout$

2%#bin# 6%#bin# 10%#bin# 20%#bin#
σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)#

10.2# 2.4x10:8# (:)#

12.45# 9.9x10:7# (2.4)# 9.8x10:7# (:)#

14.42# 6.5x10:6# (4.1)# 9.4x10:8# (:)#

17.78# 3.3x10:7# (:)#

20.4# 3.0x10:6# (1.6)# 1.3x10:6# (1.4)#

24.9# 6.6x10:6# (1.4)# 5.0x10:6# (1.4)#

32.6# 1.0x10:5# (2.2)# 8.0x10:6# (1.5)# 1.4E:07# (:)#

46.1# 9.0x10:6# (1.5)#

65.2# 8.1x10:6# (1.5)#

LET$ Cross)sec,on$(cm2)$for$SETs$above$the$nominal$Vout$

2%#bin# 6%#bin# 10%#bin# 20%#bin#
σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)# σ#(cm2)#and#dura3on#(μs)#

10.2# 3.4x10;7# (0.5)# 7.7x10;8# (;)#

12.45# 2.7x10;6# (1.3)# 1.4x10;7# (;)#

14.42# 5.4x10;7# (1.0)# 9.4x10;8# (;)#

17.78# 3.3x10;7# (;)#

20.4# 6.6x10;7# (0.4)# 1.4x10;7# (;)#

24.9# 3.3x10;7# (0.5)# 1.4x10;7# (;)#

32.6# 2.3x10;6# (1.2)# 1.4x10;7# (;)#

46.1# 1.4x10;7# (;)#

65.2# 1.4x10;7# (0.4)#

Cross-‐sec(on	  of	  SETs	  observed	  during	  heavy	  ion	  irradia(on,	  catalogued	  in	  amplitude	  bins.	  Within	  each	  bin,	  
only	  SETs	  above	  (or	  below)	  a	  fixed	  threshold	  are	  counted	  in	  the	  cross-‐sec(on,	  and	  thresholds	  are	  expressed	  in	  
percentages	  of	  the	  nominal	  Vout	  (example:	  10%	  bin	  thresholds	  for	  Vout=2.5V	  are	  2.25	  and	  2.75V).	  In	  
parenthesis,	  the	  dura(on	  of	  the	  SET	  in	  μs.	  Blue	  figures	  are	  limit	  cross-‐sec(ons:	  no	  SETs	  have	  been	  recorded.	  
LETs	  are	  in	  MeVcm2mg-‐1	  and	  have	  been	  obtained	  using	  the	  following	  ions:	  Ar	  at	  0,	  35,	  45	  and	  55o	  incidence,	  Ni	  
at	  0	  and	  35o	  incidence	  and	  Kr	  at	  0,	  45	  and	  65o	  incidence.


