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Global	
  Requirements	
  and	
  MoDvaDon	
  

–	
  	
  True	
  stereo	
  space-­‐point	
  reconstruc7on	
  using	
  stereo	
  strips	
  	
  
	
  
–	
  	
  Ability	
  to	
  provide	
  z-­‐overlap	
  for	
  modules	
  (high	
  alignment	
  modes)	
  if	
  chosen	
  
	
  
–	
  	
  Long	
  term	
  stability	
  during	
  opera7on	
  and	
  good	
  placement	
  accuracy	
  

•  S7ff	
  suppor7ng	
  structures	
  
	
  
–	
  	
  Minimize	
  thermo-­‐mechanical	
  stress	
  at	
  all	
  levels	
  (low	
  and	
  compa7ble	
  CTE)	
  

•  Modules,	
  	
  
•  Local	
  support	
  and	
  structure	
  	
  	
  
	
  

–	
  	
  Modularity	
  of	
  components:	
  (evolu7on	
  of	
  what	
  learned	
  on	
  SCT)	
  
•  Ease	
  of	
  prototyping,	
  component	
  supply,	
  Q&A	
  +	
  rework,	
  large-­‐scale	
  

fabrica7on	
  and	
  construc7on	
  	
  
	
  

–	
  	
  Low	
  material	
  budget	
  
	
  

–	
  	
  Good	
  electrical	
  performance	
  at	
  opera7ng	
  voltages	
  >	
  500V	
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–	
  Compa7ble	
  with	
  performance	
  specifica7ons	
  of	
  ATLAS	
  but	
  in	
  high	
  pileup	
  
	
  
–	
  Compa7ble	
  with	
  other	
  R&D	
  projects	
  involving	
  the	
  groups	
  

•  ABCN	
  250	
  nm	
  and	
  future	
  ABCN	
  130	
  nm	
  +	
  HCC	
  development	
  
•  Sensor	
  n-­‐in-­‐p	
  R&D	
  developments	
  
•  ….	
  

	
  
–	
  Build	
  on	
  merits	
  of	
  proven	
  ATLAS	
  tracker,	
  iden7fy	
  and	
  correct	
  limita7ons	
  

	
  
–	
  Backup	
  op7on	
  for	
  ATLAS	
  Tracker	
  at	
  HL-­‐LHC*	
  (STAVE	
  op7on	
  is	
  ATLAS	
  base-­‐line)	
  
	
  
–	
  Scope	
  of	
  R&D	
  project	
  using	
  the	
  ABCN	
  250	
  nm	
  FE	
  chip	
  successfully	
  completed	
  	
  	
  

•  Separate	
  summary	
  publica7ons	
  on	
  electrical	
  and	
  mechanical	
  aspects	
  
currently	
  in	
  prepara7on	
  

	
  
–	
  Future	
  developments	
  will	
  use	
  the	
  ABCN	
  130	
  nm	
  FE	
  chip	
  and	
  the	
  HCC	
  readout	
  
	
  	
  	
  controller	
  

*	
  ATLAS	
  Phase	
  II	
  LOI	
  
	
  	
  	
  CERN-­‐2012-­‐022	
  
	
  	
  	
  LHCC-­‐I-­‐023	
  



 
•  Detectors are mounted back-to-back, true stereo reconstruction (400 µm sensor separation, will be 300 µm) 

–  Space point determined by the module assembly with the precision of the jigs  
      (build precision < ±1 µm rms) 
–  Sensor ( n-in-p Hamamatsu) 96 x 96 mm2, (short) strips 24 x 0.075 mm2, (long) strips 48 x 0.075 mm2  

 

•  Precise module location on a local structure 
–  Centering bushes: origin + alignment -  (mounting precision on support ±10 µm) 

 
•  Bridge hybrid allows FE thermal path different from Si (stability consequences) 
       ( NB: Direct mounting is feasible, thermal performance slightly deteriorated)  
 

Module Design and Status – 1 
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Final	
  design:	
  1.59%	
  X0	
  expected	
  
(as	
  built	
  2.4%	
  X0)	
  

Super-Module 
Set-up 

•  Low CTE material and good thermal conductivity:  
-  Si, TPG, CC, AlN  
-  Low deformation @ -35°C                 (FEA) 

•  Hybrid pigtails + connector for electrical connections 
(option) 

–  Modularity and flexibility 
 
•  Module assembly known and simplified WRT existing 

SCT modules in terms of procedure and QA: 

–  > 950 SCT modules were fabricated by HPK and 
Seiko in Japan  

–  6 ABCN 250nm modules fabricated by industry 
(HAYASHI) + 3 in-house at KEK  

–  Hybrids industrialized (Taiyo Industrial Co.) 

–  > 650 SCT modules were fabricated by UniGe  
–  7 ABCN 250 nm modules fabricated in-house 

 See  
ATL-UPGRADE-PUB-2011-002 



•  Table	
  shows	
  modules	
  constructed	
  in	
  
Japan	
  and	
  CH	
  +	
  modules	
  used	
  in	
  8-­‐
module	
  electrical	
  super-­‐module	
  

•  Module	
  GMX-­‐1000	
  used	
  for	
  radia7on	
  
studies	
  at	
  level	
  expected	
  for	
  LHC	
  
(previously	
  reported)	
  	
  

ü  Noise	
  level	
  aher	
  irradia7on	
  very	
  
sa7sfactory	
  

ü  Similar	
  excellent	
  results	
  from	
  
STAVE	
  R&D	
  for	
  single	
  module	
  

x  But	
  …	
  sensor	
  leakage	
  current	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  high	
  (low	
  temperature	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  opera7on)	
  	
  
x  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  no	
  test-­‐beam	
  results	
  

Module Design and Status – 2 
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Super-Module 
Set-up 

see also ATL-UPGRADE-PUB-2011-002 
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Figure 24: From top to bottom: distribution of gain, threshold offset, output noise and input noise
as obtained from a Three-Point-Gain test (see text for details). The left plots show the distributions
as a function of all 1280 channels within a single hybrid column (ten readout ASICs). The right
plots show the corresponding histograms. The mean hµi and sigma s of a Guassian fit to the
histogrammed distributions are also shown. The silicon sensor was biased at 250 V.
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ü  Typical	
  individual	
  module	
  input	
  noise	
  
(ENC)	
  using	
  direct	
  powering	
  (10	
  ASICS	
  
of	
  a	
  single	
  hybrid	
  shown):	
  	
  

•  <ENC>	
  ~	
  	
  575	
  -­‐	
  600	
  
•  σENC	
  	
  	
  	
  	
  	
  	
  ~	
  	
  25	
  	
  	
  	
  	
  	
  

x  No	
  modules	
  used	
  so	
  far	
  in	
  test-­‐beam	
  

!
!
!
!

Assembly(
Site(

Module(
(id(

Sensor((
type(

Hybrid((
version(

Super5
module(

Comments(

KEK! KMX&1000! FZ1!p&stop! v1! ! &!!long!strip!test!module!

KEK! KMX&1001! FZ1!p&stop! v1! ! !

KEK! KMX&2002! FZ1!p&stop! v2! ! !

KEK! KMX&2003! FZ1!p&stop! v2! ! &!5!dead!ABCN&250!asics!

KEK! KMX&2004! FZ1!p&stop! v2! ! &!sensor!crack!during!!
!!!assembly!

KEK! KMX&2005! FZ1!p&stop! v2! Yes! &!industry!

KEK! KMX&2006! FZ1!p&stop! v2! Yes! &!industry!

KEK! KMX&2007! FZ1!p&stop! v2! Yes! &!industry!

KEK! KMX&2008! FZ1!p&stop! v2! Yes! &!industry!

!

Geneva! GMX&1000! FZ1! v1! ! &!“half!module”!used!for!!!!
!!!!irradiation!studies!
&!!manual!assembly!of!SMD’s!

Geneva! GMX&1001! FZ1! v1! ! &!!manual!assembly!of!SMD’s!

Geneva! GMX&2002! FZ1!p&stop! v2! Yes! !

Geneva! GMX&2004! FZ1!p&stop! v2! Yes! !

Geneva! GMX&2006! FZ1!p&stop! v2! Yes! !

Geneva! GMX&2007! FZ1!p&stop! v2! ! &!!electrical!coupling!between!
!!HV!and!Vdd!

Geneva! GMX&2008! FZ1!p&stop! v2! Yes! !



	
  	
  

CAD	
  view	
  of	
  the	
  SM	
  (modules	
  removed	
  for	
  clarity)	
  

Cross	
  beam	
  
(or	
  «	
  wings	
  »)	
  

Cooling	
  Plates	
  x6	
  
(prototyped	
  in	
  	
  
	
  aluminum…	
  
CC2D	
  at	
  the	
  end)	
  

Central	
  pipe	
  in	
  T300(key	
  part!)	
  
Every	
  sub	
  part	
  assembled	
  with	
  DP490	
  glue	
  
(with	
  jig	
  and	
  centering	
  pieces)	
  

Cooling	
  pipe	
  	
  
Cover	
  (T300)	
  

Cross	
  beam	
  x7	
  	
  
(in	
  T300	
  prepreg)	
  

Guiding	
  pipe	
  
(T300)	
  

Joint	
  pieces	
  in	
  plas7c	
  
(polycarbonate	
  for	
  proto)	
  

Modules	
  
(TPG,	
  Si,	
  Hybrid,…)	
  

Super-­‐Module	
  Mechanical	
  Design	
  

5	
  A	
  Clark,	
  HSTD9,	
  September	
  2013	
  

Mechanical	
  studies	
  discussed	
  later	
  
(baseline	
  ATLAS	
  layout	
  foresees	
  13	
  modules,	
  studies	
  
for	
  this	
  R&D	
  assumed	
  12	
  modules))	
  
	
  
In	
  parallel	
  an	
  8-­‐module	
  electrical	
  prototype	
  has	
  been	
  	
  
developed,	
  replicaDng	
  all	
  electrical	
  and	
  cooling	
  
aspects	
  and	
  allowing	
  parallel	
  prototype	
  development	
  

Super-Module 
Set-up 



Super-­‐module	
  Electrical	
  Prototype	
  –	
  8	
  modules	
  

Module	
  	
  support	
  jig	
  

Modules	
  with	
  service	
  buses,	
  BCC	
  boards	
  and	
  DC-­‐DC	
  

8	
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aluminum support frame

SMB #1 (top) SMB-power

cooling inlet double-sided silicon modules

HV-bus data-bus LV-bus DC-DC converters BCC board

cooling 
path

dry-air inlet

SMB #2 (bottom)
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Super-Module 
Set-up 

4	
  x	
  larger	
  than	
  
any	
  other	
  DC-­‐DC	
  
implementaDon	
  
for	
  HL-­‐LHC	
  R&D	
  



Super-­‐module	
  Electrical	
  Prototype	
  –	
  off-­‐module	
  interfaces	
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Super-Module 
Set-up 

Hybrid 1 Hybrid 2

BCC 2BCC 1

DS2408 1-wire

HV-bus

DC-DC 2LV-bus

48
 m

m

80 mm

DC-DC 1

data-bus

•  BCC	
  chip	
  (common	
  with	
  stave	
  R&D):	
  
•  clock	
  mulDplier	
  for	
  80	
  MHz	
  readout	
  
•  LVDS	
  buffering,	
  command	
  decoder,	
  

configuraDon	
  register	
  
•  data	
  mulDplexing	
  

•  BCC	
  Board	
  (KEK)	
  –	
  1	
  each	
  side	
  of	
  module	
  
•  2	
  BCC	
  chips	
  (packaged)	
  
•  interface	
  for	
  2	
  hybrids+	
  2	
  DC-­‐DC	
  boards	
  
•  service	
  bus	
  connecDon	
  	
  
•  prototype	
  usage	
  only	
  
	
  

Cable	
  bus	
  

•  SMB	
  board	
  (1	
  per	
  Super-­‐Module	
  side)	
  	
  
•  Interface	
  to	
  DAQ	
  (HSIO/USB),	
  
	
  	
  	
  	
  	
  	
  	
  (similar	
  for	
  Seabas	
  DAQ	
  developed	
  by	
  KEK)	
  
•  Provides	
  DC-­‐DC	
  control,	
  monitoring	
  
•  Interface	
  to	
  HV,	
  LV	
  and	
  data	
  buses	
  
	
  

Sergio Gonzalez-
SevillaSergio Gonzalez-Sevilla

Electrical interfaces

1

Data 
(50-pin)

High-voltage

ATLAS Upgrade Week - 130513

M-LVDS driver 
(CLK, COM, L1R)

HV-bus

140 mm

Data-bus

84 mm

Temps 
(40-pin)

LVDS repeaters (data)



Super-­‐module	
  Electrical	
  Prototype	
  –	
  cable	
  bus	
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Super-Module 
Set-up 

Least	
  developed	
  aspect	
  of	
  SM	
  program	
  	
  
•  electrical	
  	
  
•  mechanical	
  

	
  
Intended	
  as	
  a	
  first	
  version	
  prototype	
  

•  iniDal	
  conservaDve	
  design	
  

2	
  idenDcal	
  765	
  mm	
  long	
  sets	
  of	
  LV,	
  HV	
  and	
  
data	
  buses,	
  1	
  on	
  each	
  side	
  of	
  SM	
  

•  design	
  and	
  constructed	
  at	
  CERN	
  	
  
•  HV	
  bus	
  drives	
  HV	
  for	
  8	
  sensors	
  
•  LV	
  bus	
  drives	
  10-­‐12	
  V	
  lines	
  for	
  

DC-­‐DC	
  converters	
  +	
  3.3	
  V	
  BCC	
  
supply	
  

•  Data	
  bus	
  has	
  16	
  LVDS	
  pairs	
  (2	
  per	
  
module)	
  	
  

•  Currently	
  use	
  Samtec	
  connectors	
  
to	
  BCC	
  and	
  SMC	
  boards	
  
(excepDng	
  LV)	
  

HV Data LV

Total number of layers 2 2 2

Total number of traces:

• Layer 1 8 28 2

• Layer 2 8 28 1

Trace width 0.2 0.1 - 0.2† 2.2 - 9.5⇤

Cu-layer thickness 0.035 0.035 0.2

Minimum / Maximum bus width 9.6 / 22.3 16.0 / 26.0 10.0 / 10.0

Table 1: Parameters of the service buses. Thicknesses and widths are given in mm. †Data bus trace
widths (mm): 0.10 (point-to-point), 0.12 (multi-drop) and 0.20 (rest). ⇤LV bus trace widths (mm):
6.8 (10-12 V), 2.2 (3.3 V) and 9.5 (GND).

with alternating sides and overlapping along the SM-length, emulating a longitudinal overlap along254

the Z-direction (beam-axis direction) of the mechanical SM structure. The signals required to con-255

trol the ASICs and the high-voltage lines needed to bias the sensors are driven through dedicated256

multi-layer service buses (see section 3.1). The digital low-voltage required to power the read-257

out ASICs is provided by prototype DC-DC converters (see section 3.2). The analog voltage for258

the front-ends is obtained from the digital voltage via the ABCN25 on-chip linear voltage regu-259

lators. For each hybrid, a dedicated Buffer-Control-Chip (BCC, see section 3.3) multiplexes the260

data-signals coming from the two columns of ten ABCN-25 chips into a single data-stream. A261

Super-Module-Board (SMB, see section 3.4) not only receives each multiplexed data-stream com-262

ing from up to 16 BCCs and interfaces them to the external Data Acquisition (DAQ) system (see263

section 3.6), but it also provides the interface between the different voltage buses and the external264

power supplies.265

3.1 Service buses266

The electrical SM comprises two identical sets of a first version prototype service buses (one set267

is located on each side of the SM). These are ⇠765 mm long double copper-layer flexes designed268

and produced at CERN. Each set is composed of a High-Voltage (HV) bus, a Data bus and a Low-269

Voltage (LV) bus. The main parameters of the buses are listed in table 1. In most cases, the top270

layer contains a certain number of traces for the signals and the bottom copper (Cu) layer is usually271

used as a common ground plane for the given bus. The distance between the two layers is 200 µm.272

• The HV bus drives the HV supply and return lines for up to 8 silicon sensors.273

• The LV bus drives the 10-12 V voltage required to operate the DC-DC converters, and the274

3.3 V supply for the different components of the BCC board. The 10 mm-wide and 200 µm275

thick LV bus Cu bottom-plane is a ground plane common to the 10-12 V and 3.3 V supplies,276

able to stand a maximum current of ⇠16 A.277

– 11 –

Expected	
  evoluDon	
  of	
  cable	
  bus	
  
considered	
  later	
  in	
  this	
  talk	
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Super-Module 
Electrical 

Performance 

•  HV	
  provided	
  individually	
  to	
  top	
  and	
  bojom	
  sides	
  of	
  each	
  module	
  via	
  HV	
  bus	
  
•  iSEG	
  EHS-­‐8210n-­‐F	
  (2	
  cards	
  with	
  8	
  6U	
  channels):	
  1	
  kV	
  &	
  8	
  mA	
  

 [V]biasV
0 200 400 600 800 1000

 [n
A]

le
ak

I

210

310

DSM 1 - top
DSM 1 - bot
DSM 2 - top+bot
DSM 3 - top
DSM 3 - bot
DSM 4 - top+bot

DSM 5 - top
DSM 5 - bot
DSM 6 - top+bot
DSM 7 - top
DSM 7 - bot
DSM 8 - top
DSM 8 - bot

•  Good	
  HV	
  behaviour	
  for	
  all	
  modules	
  
•  Breakdown	
  of	
  DSM1	
  top	
  side	
  at	
  550V	
  
•  DSM2,	
  DSM4	
  and	
  DSM6	
  have	
  HV	
  coupling	
  between	
  

top	
  and	
  bojom	
  sides	
  (pin-­‐holes	
  in	
  TPG	
  coaDng?)	
  	
  
•  Future	
  designs	
  will	
  use	
  single	
  HV	
  channel	
  for	
  several	
  

modules	
  to	
  reduce	
  service	
  material	
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Super-Module 
Electrical 

Performance 

•  Low	
  voltage	
  supplied	
  using	
  a	
  TDK	
  supply	
  	
  
•  Constant	
  voltage	
  source	
  maximum	
  20	
  V	
  and	
  	
  76	
  A	
  
•  Supplied	
  with	
  common	
  10-­‐12	
  V	
  line	
  to	
  DC-­‐DC	
  converters	
  

•  Each	
  hybrid	
  supplied	
  via	
  DC-­‐DC	
  converter	
  (developed	
  at	
  CERN)*	
  
•  SM01C	
  prototype	
  using	
  air-­‐core	
  toroidal	
  inductor	
  
•  Shielded	
  to	
  reduce	
  EM	
  emissions	
  (10	
  µm	
  Cu	
  cover)	
  
•  Some	
  variabilty	
  in	
  DC-­‐DC	
  shielding	
  and	
  peaks	
  at	
  

harmonics	
  of	
  2	
  MHz	
  carrier	
  

•  AddiDonal	
  noise	
  sources	
  idenDfied	
  from	
  the	
  LV	
  supply	
  (~5	
  MHz)	
  
HSIO	
  board	
  (1-­‐10	
  MHz)	
  and	
  the	
  DAQ	
  (42	
  MHz)	
  

•  Effect	
  on	
  noise	
  measurements	
  for	
  modules	
  difficult	
  to	
  
quanDfy	
  

•  Consequence	
  on	
  noise	
  of	
  DC-­‐DC	
  not	
  fully	
  understood	
  

Figure 18: Common mode conducted noise (left) from the LV PS used for the supply of the DC-DC
power converters for different configurations (left) and difference of configurations LV-CFG-1 to
LV-CFG-3 with respect to LV-CFG-0 (right). See table 2 for a description of the corresponding
configurations.

DAQ configuration Description

DAQ-CFG-0 HSIO DAQ switched OFF

DAQ-CFG-1 HSIO DAQ switched ON, internal 12 V converters

DAQ-CFG-2 HSIO DAQ switched ON, external 12 V supply

Table 3: Configurations set to study the electric field on a particular flex hybrid.
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Figure 19: Electric field as measured in a strip-module flex hybrid for different DAQ configurations
(left) and difference of configurations DAQ-CFG-1 and DAQ-CFG-2 with respect to DAQ-CFG-0
(right). See table 3 for a description of the corresponding configurations.
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Electric	
  field	
  on	
  one	
  hybrid	
  in	
  different	
  
DAQ-­‐HSIO	
  configuraDons	
  
CFG-­‐0:	
  HSIO	
  DAQ	
  off	
  
CFG-­‐1:	
  HSIO	
  DAQ	
  on	
  
CFG-­‐2:	
  HSIO	
  DAQ	
  on,	
  external	
  12	
  V	
  supply	
  

*G.	
  Blanchot	
  et	
  al.,	
  	
  
	
  	
  TWEPP	
  2009	
  Proceedings,	
  	
  
	
  	
  	
  pp276-­‐280.	
  	
  	
  

Rhode	
  &	
  Swartz	
  EM	
  analyzer	
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•  IniDal	
  channel-­‐by-­‐channel	
  calibraDon	
  of	
  each	
  ABCN	
  250	
  ASIC	
  
•  CalibraDon	
  delay	
  
•  Discriminator	
  threshold	
  correcDons	
  

•  Gain	
  and	
  noise	
  (ENC)	
  evaluaDon	
  using	
  threshold	
  scans	
  	
  
•  3-­‐point	
  gain	
  test	
  uses	
  3	
  input	
  charges	
  

3-­‐pt	
  gain	
  for	
  1280	
  
channels	
  of	
  a	
  single	
  
hybrid	
  column	
  (10	
  ABCN	
  
ASICS)	
  
	
  
Noise	
  (~	
  600	
  ENC)	
  and	
  
gain	
  (~	
  110	
  mV/fC)	
  are	
  as	
  
expected	
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Figure 24: From top to bottom: distribution of gain, threshold offset, output noise and input noise
as obtained from a Three-Point-Gain test (see text for details). The left plots show the distributions
as a function of all 1280 channels within a single hybrid column (ten readout ASICs). The right
plots show the corresponding histograms. The mean hµi and sigma s of a Guassian fit to the
histogrammed distributions are also shown. The silicon sensor was biased at 250 V.
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Dependence	
  of	
  ENC	
  on	
  hybrid	
  
temperature	
  (2	
  hybrids)	
  
•  No	
  correc7ons	
  made	
  
•  ΔENC	
  ~	
  1.37	
  oC-­‐1	
  

Noise	
  measurements	
  made	
  at:	
  
Coolant:	
  ~	
  5	
  oC	
  
Hybrid:	
  	
  	
  ~	
  32	
  oC	
  
Sensor:	
  	
  	
  ~	
  20	
  oC	
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Figure 25: Input noise as a function of hybrid temperature. In each case, the average noise of the
two chip columns is shown.

Figure 26: Input noise as a function of bias voltage for all eight modules (top-side sensor). In each
case, the average noise of the two hybrids of the module top-side is shown.

Figure 26 shows the input noise as a function of the bias voltage for all eight double-sided534

modules. In each case, results for the module top-side silicon sensor are shown. As expected, the535

noise is larger for low bias voltages, and decreases with increasing bias. A plateau is reached when536

full depletion is achieved (⇠200 V). Unless stated otherwise, the results shown in the following537

correspond to a sensor bias voltage of 250 V.538

Figure 27 shows the average gain and input noise for all eight-modules installed in the SM539

prototype. Three different cases are compared as summarized in table 4. The results show that there540

is not a significant noise increase while comparing cases from RUN-CFG-0 and from RUN-CFG-541

1-top/bot, so that radiated fields from surrounding DC-DC converters have only a small impact on542

the sensors located on the same side of the SM-prototype. However, while testing 8 single-side543

modules with the DC-DCs of the opposite sides being enabled (RUN-CFG-2), the noise increases544

significantly, in the range of [⇠10 ENC ; ⇠60 ENC]. The gain is consistent with the design values545

in all cases.546
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Figure 25: Input noise as a function of hybrid temperature. In each case, the average noise of the
two chip columns is shown.
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Figure 26: Input noise as a function of bias voltage for all eight modules (top-side sensor). In each
case, the average noise of the two hybrids of the module top-side is shown.

Figure 26 shows the input noise as a function of the bias voltage for all eight double-sided534

modules. In each case, results for the module top-side silicon sensor are shown. As expected, the535

noise is larger for low bias voltages, and decreases with increasing bias. A plateau is reached when536

full depletion is achieved (⇠200 V). Unless stated otherwise, the results shown in the following537

correspond to a sensor bias voltage of 250 V.538

Figure 27 shows the average gain and input noise for all eight-modules installed in the SM539

prototype. Three different cases are compared as summarized in table 4. The results show that there540

is not a significant noise increase while comparing cases from RUN-CFG-0 and from RUN-CFG-541

1-top/bot, so that radiated fields from surrounding DC-DC converters have only a small impact on542

the sensors located on the same side of the SM-prototype. However, while testing 8 single-side543

modules with the DC-DCs of the opposite sides being enabled (RUN-CFG-2), the noise increases544

significantly, in the range of [⇠10 ENC ; ⇠60 ENC]. The gain is consistent with the design values545

in all cases.546
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ENC	
  vs.	
  Vbias	
  
•  Top	
  side	
  of	
  each	
  

module	
  shown	
  
•  Satura7on	
  knee	
  

consistent	
  with	
  VD	
  
(ENC	
  primarily	
  from	
  
sensor)	
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•  When	
  operated	
  in	
  CFG-­‐2	
  
mode,	
  noise	
  increases	
  in	
  
range	
  10	
  –	
  60	
  ENC	
  

•  No	
  significant	
  DC-­‐DC	
  
effect	
  on	
  same	
  side	
  
(CFG-­‐1)	
  

•  Deteriorated	
  
performance	
  of	
  module	
  
6	
  (hybrids	
  3	
  and	
  4)	
  is	
  not	
  
understood	
  

•  Also	
  deterioraDon	
  of	
  
common	
  mode	
  noise	
  for	
  
module	
  7	
  

Run configuration Description # DC-DCs enabled

RUN-CFG-0 - A single side of each module tested individually 2

RUN-CFG-1-top
- 8 module-sides (SM top-side) tested simultaneously

16
- DC-DCs on opposite sides disabled

RUN-CFG-1-bot
- 8 module-sides (SM bottom-side) tested simultaneously

16
- DC-DCs on opposite sides disabled

RUN-CFG-2
- 8 module-sides (SM top and bottom-sides) tested simultaneously

32
- DC-DCs on opposite sides enabled

Table 4: Different operating configurations used to test the electrical Super-Module.

Figure 27: Gain (top) and input noise (bottom) for all eight strip-modules. See table 4 for the
different configurations being compared. The vertical error bar at each data point corresponds to
the standard deviation of a Gaussian fit to the noise distribution for the two hybrids of a given
sensor.

There is particular case (module 6) which presents a large noise increase that can’t be cor-547

related with any particularly noisy DC-DC converter. Therefore, while testing a large number of548

single-side modules does not cause any significant degradation in the noise performance of the549

system, there is a clear interplay between top and bottom-sides of the SM-prototype that requires550

further investigation.551
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Run configuration Description # DC-DCs enabled

RUN-CFG-0 - A single side of each module tested individually 2

RUN-CFG-1-top
- 8 module-sides (SM top-side) tested simultaneously

16
- DC-DCs on opposite sides disabled

RUN-CFG-1-bot
- 8 module-sides (SM bottom-side) tested simultaneously

16
- DC-DCs on opposite sides disabled

RUN-CFG-2
- 8 module-sides (SM top and bottom-sides) tested simultaneously

32
- DC-DCs on opposite sides enabled

Table 4: Different operating configurations used to test the electrical Super-Module.
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Figure 27: Gain (top) and input noise (bottom) for all eight strip-modules. See table 4 for the
different configurations being compared. The vertical error bar at each data point corresponds to
the standard deviation of a Gaussian fit to the noise distribution for the two hybrids of a given
sensor.

There is particular case (module 6) which presents a large noise increase that can’t be cor-547

related with any particularly noisy DC-DC converter. Therefore, while testing a large number of548

single-side modules does not cause any significant degradation in the noise performance of the549

system, there is a clear interplay between top and bottom-sides of the SM-prototype that requires550

further investigation.551
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ENC	
  top	
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Results	
  very	
  saDsfactory	
  but	
  further	
  work	
  on	
  coupling	
  of	
  DC-­‐DC	
  
converters	
  needed	
  between	
  top	
  and	
  bot	
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In	
  collider	
  operaDon,	
  triggers	
  are	
  random	
  and	
  closely	
  
spaced	
  triggers	
  can	
  occur	
  
	
  
DTN	
  measurements	
  send	
  2	
  triggers	
  separated	
  by	
  specified	
  
#	
  of	
  clock	
  periods	
  
•  2nd	
  trigger	
  read	
  out	
  
•  If	
  spacing	
  close	
  to	
  pipeline	
  length,	
  the	
  2nd	
  event	
  records	
  

module	
  occupancy	
  at	
  start	
  of	
  readout	
  cycle	
  of	
  1st	
  event	
  
•  Measurements	
  made	
  as	
  a	
  funcDon	
  of	
  input	
  charge	
  and	
  

for	
  trigger	
  separaDons	
  of	
  120	
  -­‐	
  150	
  clock	
  periods	
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Figure 31: Results from the Double-Trigger-Noise test. Results for thresholds corresponding to 1.0
fC (top), 0.75 fC (middle) and 0.50 fC (bottom) charges are shown. In each plot, the y-axis shows
the sum of hits for the two-hybrids of the corresponding module-side. See table 4 for the different
configurations being compared. In the bottom-right plot, the results for modules 1 and 7 are out-of
scale.

The electrical performance of the super-module has been thoroughly tested. The simultaneous613

rmulti-module readout has been successfully proven. Extensive tests have been carried out in order614

to study the relative influence of high-frequency EMI emissions from the surrounding equipment615

and the DC-DC converters into the system. Several potential sources of EMI noise were identified.616

Results in terms of leakage current, gain, noise, noise occupancy and common-mode noise pickup617
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For	
  0.5	
  fC	
  input,	
  significant	
  occupancy	
  for	
  a	
  FEW	
  hybrids	
  
(ASICS)	
  in	
  CFG-­‐2	
  mode	
  	
  

•  Further	
  work	
  required	
  in	
  future	
  design	
  to	
  
miDgate	
  this	
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Figure 32: Particular examples from a DTN test for a threshold corresponding to 0.50 fC input
charge. Two columns of ten chips of two different modules (module 1, hybrid 3, column 1, and
module 6, hybrid 1, column 0) are shown. The y and z axes show respectively the time spacing
(in 25 ns units) between the two triggers sent and the number of hits recorded from the second
trigger. In the left-plot, a coherent common-mode noise is observed for all channels for a particular
trigger spacing; in the right-plot, the noise pick-up is concentrated in a particular readout chip (128
channels) for several different delays.

Figure 33: Module design concept with 256-channel ABCN-13 readout ASICs and shielded DC-
DC power unit (left) and integration and overlapping of 12 double sided module together with the
service bus and the SMC card at the two sides (right).

have been shown. The gain is in very good agreement with the design value of the readout chip.618

In the worst case scenario with all 32 DC-DC converters enabled, a degradation of the electrical619

performance in terms of noise is observed if compared when testing the modules either individually620

or while testing a single-side of the super-module alone (16 DC-DC converters). The noise at the621

discriminator input lies in most cases in the range [600 ; 700] ENC. The noise occupancy does622

not show significant changes. A significant noise pick-up is observed from the double-trigger noise623

test, indicating that the system is not completely inmune to radiated and conducted noise. There is a624

certain interplay between the two super-module sides that is currently under investigation. Adding625

additional ground connections to the module hybrids and a redesign of the service buses is expected626

to further improve the overall electrical performance. These issues will be effectively addressed in627

a next module design based in the new version of the readout chip (ABCN-13).628
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Figure 32: Particular examples from a DTN test for a threshold corresponding to 0.50 fC input
charge. Two columns of ten chips of two different modules (module 1, hybrid 3, column 1, and
module 6, hybrid 1, column 0) are shown. The y and z axes show respectively the time spacing
(in 25 ns units) between the two triggers sent and the number of hits recorded from the second
trigger. In the left-plot, a coherent common-mode noise is observed for all channels for a particular
trigger spacing; in the right-plot, the noise pick-up is concentrated in a particular readout chip (128
channels) for several different delays.

Figure 33: Module design concept with 256-channel ABCN-13 readout ASICs and shielded DC-
DC power unit (left) and integration and overlapping of 12 double sided module together with the
service bus and the SMC card at the two sides (right).

have been shown. The gain is in very good agreement with the design value of the readout chip.618

In the worst case scenario with all 32 DC-DC converters enabled, a degradation of the electrical619

performance in terms of noise is observed if compared when testing the modules either individually620

or while testing a single-side of the super-module alone (16 DC-DC converters). The noise at the621

discriminator input lies in most cases in the range [600 ; 700] ENC. The noise occupancy does622

not show significant changes. A significant noise pick-up is observed from the double-trigger noise623

test, indicating that the system is not completely inmune to radiated and conducted noise. There is a624

certain interplay between the two super-module sides that is currently under investigation. Adding625

additional ground connections to the module hybrids and a redesign of the service buses is expected626

to further improve the overall electrical performance. These issues will be effectively addressed in627

a next module design based in the new version of the readout chip (ABCN-13).628

– 33 –

Coherent	
  noise	
   ASIC	
  effect	
  



Super-­‐module	
  Mechanical	
  Design	
  Features	
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Complete integrated CAD view of the SM 
…as a projection of the Stave “alla Gva”

Complete integrated CAD view of the SM 
…as a projection of the Stave “alla Gva”

CFRP 
Guiding pipes

Central CFRP 
pipe

Connector or 
wire bonding
(12 Modules here….)

Cooling pipe

z0

Cable bus…
To Be Optimized

CFRP Backbone

Super Module Development Prototype & Assembly steps

SMC ar
ea

Stave locking alla Gva
Integrated	
  CAD	
  view	
  of	
  the	
  Super-­‐
Module	
  (ABCN	
  250	
  nm	
  design)	
  

Super-Module 
Mechanical Status 

 
Low thermo-mechanical stress:   Avoid all CTE mis-match. Service bus separated, cooling pipe uses sliding joints. 

               Precision of module on local support at room temperature ~ ±10 µm – surveyed 
                                                        Precision of local support on structure ~ ±10-20 µm  

               Module position at -350C coolant determined by CTE and ΔT of local support 
 
Mechanical prototype previously described (photos next page) 

A	
  few	
  comments	
  	
  
on	
  this	
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Super-module Mechanical Prototype 

Light	
  CFRP	
  LS	
  structure	
  
	
  (UniGe	
  –	
  Composite	
  Design)	
  

Total	
  support	
  0.18	
  X0	
  Prototype	
  previously	
  described,	
  
no	
  new	
  results	
  
(publica7on	
  in	
  prepara7on)	
  

Module	
  +	
  Cooling	
  plate	
  and	
  
	
  loop	
  independent	
  from	
  LS	
  

Concept	
  validated	
  with	
  stress-­‐
free	
  end-­‐inser7on	
  interfacing	
  	
  
dummy	
  barrel	
  locking	
  system	
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Status	
  and	
  Outstanding	
  Issues	
  

Status: 	
  Feasibility	
  and	
  prac7cability	
  of	
  Super-­‐Module	
  demonstrated	
  
	
  	
  (except	
  possibly	
  mechanical	
  and	
  electrical	
  aspects	
  of	
  cable	
  bus)	
  

	
  
•  Mechanical	
  demonstra7on	
  made	
  
•  Very	
  successful	
  mul7-­‐module	
  electrical	
  performance,	
  although	
  detailed	
  studies	
  

of	
  grounding	
  and	
  shielding	
  remain	
  important	
  
•  DC-­‐DC	
  architecture	
  validated	
  but	
  EM	
  interference	
  needs	
  op7miza7on,	
  as	
  well	
  

as	
  material	
  (serial	
  powering	
  remains	
  a	
  valid	
  op7on)	
  
•  Ques7on	
  of	
  HV	
  powering	
  not	
  yet	
  addressed	
  

	
  
Evolu7on:	
  	
  Evolu7on	
  of	
  sensor	
  and	
  module	
  design	
  with	
  ABCN	
  130	
  nm	
  and	
  HCC	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  submission	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Evolu7on	
  and	
  implementa7on	
  of	
  read-­‐out	
  architecture	
  and	
  cable	
  bus	
  

	
  Op7miza7on	
  of	
  the	
  mechanical	
  support	
  structure	
  
	
  Major	
  test	
  beam	
  campaign	
  with	
  new	
  design	
  important	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Issues: 	
  Adapt	
  to	
  evolu7ons	
  of	
  the	
  ATLAS	
  tracker	
  layout	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  	
  op7miza7on	
  of	
  the	
  service	
  bus	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  	
  LV	
  services	
  (DC-­‐DC	
  or	
  SP	
  powering)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  	
  HV	
  services	
  (4	
  modules	
  per	
  HV	
  line	
  or	
  HV	
  mul7plexer)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  :	
  	
  Tradeoff	
  between	
  performance	
  (material,	
  noise	
  pickup)	
  and	
  robustness	
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A	
  few	
  slides	
  



Module	
  Design	
  EvoluDon	
  

Power	
  
Card	
  

Comments:	
  
-­‐ 	
  Symmetry	
  between	
  the	
  two	
  rows	
  is	
  important.	
  Also	
  1	
  hybrid	
  type	
  
-­‐ 	
  Power	
  card	
  (DC-­‐DC	
  or	
  SP)	
  is	
  quite	
  challenging	
  and	
  needs	
  study	
  –	
  profit	
  from	
  cooling	
  path	
  
-­‐ 	
  Pigtail	
  flexibility	
  is	
  essen7al	
  to	
  pass	
  over	
  the	
  cooling	
  plate	
  
-­‐ 	
  EMI	
  vs	
  ground	
  and	
  shielding	
  inves7ga7on	
  is	
  essen7al	
  when	
  considering	
  DC-­‐DC	
  	
  
-­‐ 	
  1.59%X0	
  with	
  12	
  mm	
  width	
  CC	
  hybrid	
  bridge,	
  1.49%	
  X0	
  if	
  hybrid	
  glued	
  to	
  sensor	
  

Cooling	
  plates	
  and	
  tubes	
  

Flexible	
  pigtail	
  with	
  
connector	
  and	
  s6ffener	
   HCC	
   CC	
  +	
  hybrid	
  flex	
  

“U”	
  bridge	
  

S6ffener	
  linking	
  the	
  2	
  
sides	
  possibly	
  free	
  from	
  

the	
  local	
  support	
  

HCC	
  

Input	
  Filtering	
  

GND	
  AC	
  coupling	
  with	
  HVret	
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13mm	
  



FEA	
  of	
  Module	
  Design	
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Thermal	
  
	
  
ABCN250:	
  0.3W	
  per	
  chip(80)	
  
ABCN130:	
  0.15W	
  per	
  chip(40)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  0.8W	
  per	
  DC-­‐DC(2)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  0.15W	
  per	
  HCC(2)	
  
	
  
CO2	
  T	
  (coolant)	
  =	
  -­‐35	
  oC	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  T(dry	
  air)	
  	
  	
  	
  =	
  	
  	
  	
  0	
  oC	
  
2mm	
  ID	
  Ti	
  cooling	
  pipe	
  	
  

T	
  (sensor)	
  in	
  range	
  [-­‐26.7,	
  -­‐25.3]	
  
(for	
  no	
  hybrid	
  bridge	
  ΔT	
  ~	
  +4	
  oC)	
  

Contact	
  at	
  3	
  points,	
  T(hybrid)	
  =	
  -­‐18	
  oC	
  
	
  

More	
  opDmisDc	
  -­‐	
  full	
  coverage	
  of	
  module	
  and	
  	
  
cooling	
  plate	
  with	
  thermal	
  grease	
  (1W/mK,	
  50	
  µm	
  thick)	
  	
  

T	
  (sensor)	
  in	
  range	
  
[-­‐29.4,	
  -­‐31.1]	
  



FEA	
  of	
  Module	
  Design	
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Mechanical	
  deformaDon	
  
	
  
ABCN130:	
  0.15W	
  per	
  chip	
  +	
  0.8W	
  per	
  DC-­‐DC	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  +	
  0.15W	
  per	
  HCC	
  
T	
  (dry	
  air)	
  =	
  0	
  oC	
  
T	
  (coolant)	
  changed	
  from	
  T	
  =	
  +20	
  oC	
  to	
  T	
  =	
  -­‐35	
  oC	
  
	
  
Assembly:	
  sensor-­‐to-­‐sensor	
  	
  	
  	
  	
  	
  	
  	
  ±	
  1	
  	
  µm	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  module	
  fixaDon	
  	
  	
  	
  	
  	
  <	
  ±	
  10	
  µm	
  	
  	
  	
  	
  	
  

Fully constrained
Free in x

Free in y
Free in x &

 y
x

y

Stress	
  in	
  TPG	
  base-­‐board:	
  <	
  16	
  Mpa	
  for	
  	
  ΔT	
  	
  =	
  40	
  oC	
  
(TPG	
  tensile	
  strength	
  is	
  40	
  MPa)	
  
	
  
Max.	
  in-­‐plane	
  module	
  deformaDon:	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  <	
  14.5	
  µm	
  
(<	
  1.5	
  µm	
  deforma7on	
  for	
  ΔT	
  	
  =	
  5	
  oC,	
  
	
  	
  Important	
  for	
  long-­‐term	
  stability)	
  
	
  
Max.	
  out-­‐of-­‐plane	
  module	
  deformaDon:	
  	
  	
  	
  	
  	
  	
  <	
  1.5	
  µm	
  
(TPG	
  baseboard)	
  

CTE	
  (TPG)	
   	
  	
  	
  (1.2,	
  1.2,	
  25)	
  	
  	
  	
  ppm/oK	
  
CTE	
  (Si) 	
  	
  	
  3 	
  	
  	
  	
  ppm/oK	
  
CTE	
  (AlN) 	
  	
  	
  4.5 	
  	
  	
  	
  ppm/oK	
  
CTE	
  (kapton)	
  	
  	
  	
  	
  	
  18 	
  	
  	
  	
  ppm/oK	
  
CTE	
  (glue) 	
  	
  	
  25 	
  	
  	
  	
  ppm/oK	
  



Super-­‐Module	
  Design	
  EvoluDon	
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Cooling+In+

Super'Module+Design+EvoluDon+

Service'bus'

TTC,$Data$&$
DCS$$

PS$cable$

SMB+

Module$#1$ Module$#2$ Module$#8$

HV$cable$

DC
DC

$
Extrapolated+version+with+ABCN130+&+HCC+

DC
DC

$

DC
DC

$

DC
DC

$

DC
DC

$

DC
DC

$

BCC$board$ BCC$board$ BCC$board$

Cooling+In+

Cooling+In+

Service'bus'

TTC,$Data$&$
DCS$fibers$

PS$cable$

DCS,$Interlock$

Cooling+In+

Opto$

SMC$

SMC'
Hybrid'

Cooling+Out+

HV$cable$

Module$#1$ Module$#2$ Module$#12$

GBT$SCA$ P
S+

HCC+ HCC+

P
S+

HCC+ HCC+

P
S+

HCC+ HCC+
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Super	
  Module	
  Thermo-­‐Mechanical	
  FEA	
  
Integra7on	
  of	
  modules	
  on	
  the	
  cooling	
  plates	
  
and	
  op7mized	
  LS	
  

13
m
m
	
  

CRFP	
  OD=15	
  (4)	
  mm	
  
wall	
  ~	
  300	
  µm	
  

Thermo-­‐mechanical	
  behaviour	
  to	
  be	
  understood:	
  
•  Modules	
  on	
  LS	
  (kinema7c	
  moun7ng)	
  
•  Cable	
  bus	
  with	
  respect	
  to	
  modules	
  
	
  	
  	
  	
  	
  	
  	
  (the	
  major	
  unresolved	
  issue)	
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•  1-­‐unit	
  and	
  3-­‐unit	
  cooling	
  blocks	
  being	
  considered	
  
	
  
•  CTE	
  of	
  back-­‐bone	
  and	
  cooling	
  plates:	
  0	
  –	
  -­‐0.5	
  ppm/0K	
  
	
  	
  	
  	
  	
  	
  	
  	
  (tuned)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  deflec7on	
  between	
  0	
  and	
  -­‐25	
  µm	
  for	
  ΔT	
  =	
  40	
  oC	
  
	
  
•  CTE	
  of	
  service	
  bus:	
  18	
  –	
  20	
  ppm/0K	
  
	
  	
  	
  	
  	
  	
  	
  	
  deflec7on	
  of	
  order	
  1	
  mm	
  for	
  ΔT	
  =	
  40	
  oC	
  
	
  
•  No	
  “distor7on” acceptable	
  from	
  service	
  bus	
  

•  Service	
  bus	
  must	
  be	
  stabilized:	
  	
  
•  wavy	
  bus	
  auached	
  at	
  each	
  module?	
  
•  stabilized	
  with	
  bonded	
  carbon	
  fibre?	
  

	
  



ABCN130	
  –	
  Thermo-­‐mechanical	
  FEA	
  at	
  SM	
  Level	
  –	
  Sag	
  and	
  DistorDon	
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(case	
  of	
  wavy	
  service	
  bus)	
  

Carbon	
  fiber	
  	
  
Layup	
  (M55J)	
  

Module	
  material	
  	
  
assembly	
  

Maximum	
  distor7on	
  including:	
   	
  	
  
–  gravita7onal	
  sag	
  
–  service	
  bus 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  55	
  µm	
  
	
  

Maximum	
  distor7on	
  including:	
   	
  	
  
–  gravita7onal	
  sag	
  
–  service	
  bus	
  
–  T(coolant)	
  =	
  -­‐35	
  oC 	
  57	
  µm	
  

Worst-­‐case:	
  ver7cal	
  (other	
  orienta7ons	
  significantly	
  less)	
  
	
  
Final	
  detailed	
  result	
  will	
  be	
  determined	
  by:	
  	
  

–  final	
  service	
  bus	
  construc7on	
  and	
  auachment	
  
–  Number	
  and	
  rigidity	
  of	
  fixed	
  supports	
  
–  CTE	
  tuning	
  of	
  the	
  LS	
  and	
  cooling	
  blocks	
  

	
  
Maximum	
  stress:	
  LS	
  <	
  8	
  Gpa,	
  mounted	
  modules	
  <	
  21	
  Gpa	
  



Material	
  Budget	
  EsDmaDon	
  

Item	
   Rad.	
  length	
  [%	
  X0]	
  

Module	
  with	
  CC	
  bridge	
  (12mm	
  width)	
   -­‐	
   1.59	
  

Module	
  without	
  CC	
  bridge	
   1.49	
   -­‐	
  

Local	
  support	
   0.18	
   0.18	
  

Cooling	
  plates	
   0.17	
   0.17	
  

Bracket,	
  inserts	
  	
  (interface	
  to	
  cylinder)	
   0.08	
   0.08	
  

Cooling	
  pipe	
  (Ti	
  2mm)	
   0.04	
   0.04	
  

Cable	
  bus	
  Al/Cu	
   0.11	
   0.11	
  

Total	
   2.07	
   2.17	
  

Extracted	
  from	
  evolving	
  excel	
  spreadsheet	
  	
  

NB:	
  
• 	
  The	
  sensor	
  thickness	
  is	
  considered	
  320	
  µm.	
  If	
  250	
  µm	
  one	
  gains	
  0.15%.	
  
• 	
  List	
  above	
  does	
  not	
  include	
  the	
  power	
  cards:	
  serial	
  power	
  interface	
  or	
  DC-­‐DC	
  card	
  
• 	
  Module	
  without	
  CC	
  bridge	
  means	
  that	
  the	
  hybrid	
  flex	
  is	
  directly	
  glued	
  on	
  top	
  of	
  the	
  Si-­‐sensor.	
  

ConservaDve	
  	
  
Needs	
  opDmizaDon	
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Comments and Conclusions 
1.   The	
  double-­‐sided	
  super-­‐module	
  prototype	
  R&D	
  using	
  ABCN250	
  chip	
  now	
  

concluded	
  (currently	
  back-­‐up	
  opDon	
  in	
  ATLAS	
  Phase	
  II	
  LOI)	
  
•  Required	
  noise	
  performance	
  on	
  single	
  module	
  test	
  box,	
  combined	
  module	
  test	
  box	
  and	
  

8-­‐module	
  SM	
  prototype	
  achieved	
  (DC-­‐DC	
  LV	
  powering,	
  individual	
  HV	
  powering)	
  	
  	
  
•  Ground	
  and	
  shielding	
  Improvements	
  for	
  next-­‐genera7on	
  SM	
  iden7fied	
  
•  PosiDon	
  accuracy	
  and	
  	
  mechanical	
  (thermo-­‐mechanical)	
  stability	
  for	
  modules,	
  and	
  

super-­‐modules	
  on	
  LS	
  demonstrated	
  (design	
  op7mized	
  for	
  thermal	
  stability)	
  
•  CompeDDve	
  material	
  budget	
  while	
  retaining	
  good	
  thermal-­‐mechanical	
  behaviour	
  

+	
  
•  Design	
  flexibility	
  enables	
  parallelism	
  of	
  procurement	
  and	
  construc7on	
  
•  Construc7on	
  modularity	
  expected	
  to	
  minimize	
  rework	
  and	
  component	
  cost	
  
	
  

2.   PreparaDon	
  for	
  realisDc	
  “pre-­‐producDon”	
  prototype	
  described	
  
•  	
  Use	
  ABCN130,	
  HCC	
  and	
  a	
  dedicated	
  service	
  bus	
  	
  
•  Op7miza7on	
  of	
  service	
  bus	
  for	
  selected	
  LV	
  and	
  HV	
  powering	
  schemes	
  a	
  key	
  issue	
  
•  Test	
  beam	
  studies	
  of	
  “pre-­‐produc7on”	
  module	
  before/aher	
  irradia7on	
  a	
  priority	
  
	
  
	
  
	
  

Many	
  thanks	
  for	
  your	
  ajenDon	
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Bus material X/X0 [%] 
Al layers - GND + bias (100 microns) 0.0174 
Kapton + glue (240 microns) 0.0136 
Other Cu layers (eq. 10 microns) 0.0155 
Stiffeners (22x14x0.3 mm3)  0.0029 
Connector (estimate) 0.0050 
Total (1 side) 0.0544 
Total (2 sides) 0.1088 

If	
  60	
  µm	
  Cu	
  à	
  0.204%	
  
If	
  100	
  µm	
  Cu	
  à	
  0.291%	
  

NB:	
  
• 	
  OpNmizaNon	
  of	
  Al	
  thickness	
  vs	
  
resisNvity	
  and	
  cable	
  power	
  loss	
  

100µm	
  Al	
  à	
  	
  1.8W	
  	
  
• 	
  Time	
  scale	
  for	
  design	
  +	
  fab:	
  	
  
	
  	
  	
  5	
  -­‐6	
  months	
  

Bus	
  features:	
  
• 	
  Length:	
  1250mm	
  
• 	
  Width:	
  20	
  -­‐	
  22mm	
  
• 	
  Al	
  layers:	
  2	
  x	
  50	
  microns	
  (width	
  from	
  11	
  to	
  20mm	
  step)	
  	
  	
  
• 	
  Cu	
  layers:	
  	
  -­‐	
  2	
  layers	
  of	
  15	
  microns:	
  LVDS	
  +	
  HV	
  +	
  DCS	
  

	
  	
  	
  -­‐	
  1	
  mesh	
  layers	
  of	
  5microns	
  for	
  LVDS	
  impedance	
  
LV	
  Al-­‐Cu	
  vias	
  region	
  

Cu-­‐vias	
  region	
  

~2
0m

m
	
  

ImplementaDon	
  proposal	
  at	
  pigtail	
  connecDon	
  

S7ffener	
  

Service	
  Bus	
  Design	
  EvoluDon	
  –	
  based	
  on	
  IBL	
  experience	
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  Unno	
  



On-­‐detector	
  noise	
  due	
  to	
  local	
  DC-­‐DC	
  converters	
  and	
  digital	
  ac7vi7es	
  need	
  to	
  be	
  considered	
  
when	
  designing	
  the	
  module	
  and	
  the	
  super-­‐module	
  

• 	
  Need	
  good	
  shielding	
  of	
  DC-­‐DC	
  (noise	
  source)	
  
• 	
  HV	
  return	
  to	
  be	
  connected	
  in	
  AC	
  to	
  hybrid	
  GND	
  (several	
  points)	
  	
  
• 	
  Hybrid	
  GND	
  to	
  be	
  connected	
  to	
  cooling	
  plates	
  (several	
  points)	
  	
  
• 	
  Need	
  to	
  check	
  the	
  HF	
  impedance	
  of	
  the	
  cooling	
  plate	
  
• 	
  Flanges	
  to	
  be	
  coupled	
  to	
  the	
  ATLAS	
  star	
  point	
  GND	
  with	
  very	
  low	
  HF	
  
impedance	
  

This	
  has	
  been	
  inves7gated	
  for	
  the	
  super-­‐module	
  prototype	
  with	
  success	
  and	
  some	
  an7cipa7ons	
  for	
  grounding	
  the	
  
hybrid,	
  module	
  and	
  super-­‐module	
  to	
  the	
  surrounding	
  is	
  proposed:	
  

Towards	
  produc6on	
  

ABCN130:	
  Common	
  mode	
  noise	
  and	
  Grounding	
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Hybrid	
  flex	
  geometry	
  

CC	
  bridge	
  geometry	
  (300	
  µm	
  thick)	
  

AXT	
  Panasonic	
  connector:	
  
-­‐ 	
  Same	
  as	
  for	
  IBL	
  PP0	
  
-­‐ 	
  From	
  10	
  to	
  80	
  pin	
  contacts	
  in	
  2	
  rows	
  
-­‐ 	
  Pitch	
  0.4mm	
  à	
  19.5mm	
  width	
  for	
  80	
  pins.	
  
-­‐ 	
  0.3A	
  per	
  contact	
  
-­‐ 	
  1kV	
  ok	
  with	
  2	
  interleaved	
  missing	
  contact	
  pins	
  
-­‐ 	
  Inser7on/removal	
  50	
  7mes	
  guaran7ed	
  

DC-­‐DC	
  layout	
  
-­‐ Targe7ng	
  for	
  future	
  DC-­‐DC	
  converter	
  board	
  
-­‐ 	
  Es7mated	
  size:	
  20x13.5mm	
  
-­‐ 	
  Height:	
  should	
  be	
  reduced	
  and	
  hope	
  for	
  5mm	
  max	
  
-­‐ 	
  Current	
  es7mates	
  for	
  2	
  rows	
  of	
  10	
  chips	
  ABCN130:	
  ~2.5A	
  
-­‐ 	
  Local	
  power	
  dissipa7on	
  due	
  to	
  inefficiency:	
  0.6	
  to	
  0.8W	
  

NB:	
  
-­‐ 	
  For	
  prototype	
  version:	
  DC-­‐DC	
  board	
  should	
  be	
  dismountable	
  using	
  SMD	
  solder	
  edge	
  pins	
  
-­‐ 	
  In	
  producNon	
  version:	
  DC-­‐DC	
  should	
  be	
  integrated	
  into	
  the	
  hybrid	
  flex	
  design	
  (same	
  GND,	
  bias	
  planes)	
  

Hybrid:	
  
-­‐ Technology:	
  same	
  as	
  for	
  current	
  ABCN250	
  
-­‐ 	
  Same	
  for	
  the	
  two	
  module	
  sides	
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Alco	
  flex	
  made	
  in	
  fabricaDon	
  for	
  IBL	
  (Genova	
  –	
  design,	
  CERN	
  –	
  FabricaDon)	
  
-­‐	
  4	
  Cu	
  layers	
  (50	
  µm):	
  15µm	
  for	
  HV,	
  15	
  µm	
  LVDS1,	
  5	
  µm	
  	
  for	
  GND	
  ref,	
  15	
  µm	
  LVDS2	
  
-­‐	
  2	
  Al	
  layers	
  (100	
  µm):	
  50	
  µm	
  per	
  power	
  layer	
  
-­‐	
  Mul7layer	
  of	
  dielectric	
  kapton/Pyralux	
  (212.5	
  µm)	
  
-­‐	
  Glue	
  layers	
  (85	
  microns)	
  

From	
  D.	
  Ferrere	
  (in	
  discussion	
  with	
  Rui	
  and	
  in	
  perspec6ve	
  of	
  the	
  Upgrade):	
  	
  
-­‐ 	
  The	
  4	
  Cu-­‐layers	
  are	
  standard	
  process	
  that	
  could	
  be	
  outsourced	
  
-­‐ 	
  The	
  2	
  Al-­‐layers	
  needs	
  to	
  be	
  processed	
  with	
  CVD	
  for	
  Chrome	
  and	
  Copper	
  (vias)	
  
-­‐ 	
  Maximum	
  length	
  that	
  could	
  be	
  processed	
  by	
  Rui’s	
  workshop	
  1.5m	
  (not	
  an	
  issue	
  /	
  Super	
  module)	
  
-­‐ 	
  Flex	
  producNon	
  simpler	
  than	
  for	
  IBL’s	
  (no	
  special	
  cu`ng	
  for	
  some	
  layers	
  like	
  the	
  wings…)	
  
-­‐ 	
  Wavy	
  flex	
  for	
  CTE	
  mismatch	
  with	
  local	
  support.	
  	
  
	
  	
  	
  Could	
  be	
  thermally	
  formed	
  in	
  a	
  press!	
  

IBL	
  producDon	
  batch	
  

Wing	
  	
  part	
  	
  
(1	
  layer)	
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