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• 	  Chip_1:	  “Analogue”,	  CSA+Shapers	  
• 	  Power	  consumpXon	  
• 	  Pulse	  shape	  
• 	  Peaking	  Xme	  
• 	  Gain	  value	  and	  linearity	  
• 	  PSRR	  
• 	  Noise	  
• 	  xTalk	  
• 	  “on	  the	  field”:	  reading	  a	  GEM	  detector	  

• 	  Chip_2:	  “ADC”	  
• 	  Testability	  problems	  

• 	  Chip_3:	  “FullChain”,	  CSA+Shapers+ADC+(dummy*)DSP	  
• 	  General	  funcXonality	  
• 	  Testability	  criXcaliXes	  
• 	  Tests	  so	  far	  

+	  sXll	  ongoing	  and	  coming	  soon	  

*The	  DPS	  is	  a	  parXal,	  incomplete,	  
prototype,	  	  which	  aim	  was	  to	  check	  
compaXbility	  with	  the	  other	  blocks	  



Bergen	  
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Oslo	  

  

Test with signal generator

Dubna	  
Slide N°3 

• Measurements of (each cable + oscilloscope) Noise (Noise co) :  
– Use of sdev from amplitude of the noise 

• Measurements of total Noise (Noise tot):  
– Use of sdev from amplitude of the noise 

• Quadratic value of the outup noise of the channel (Noise ch) : 
 
 

• Input noise obtained by dividing by the measured gain 
• Conversion from fC to e- 

 
 

 
 

Test Bench 

𝑁𝑜𝑖𝑠𝑒  𝑐ℎ = 𝑁𝑜𝑖𝑠𝑒 ² − 𝑁𝑜𝑖𝑠𝑒 ² 

Orsay	  

São	  Paulo	  



CHIP_1	  “analogue”	  



Chip1:	  Power	  consumpEon	  
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Power	  in	  the	  range	  of	  10mW/ch.	  For	  some	  chips	  in	  the	  target	  of	  6-‐7mW/ch	  
Almost	  there.	  Space	  to	  improve	  in	  MPW2	  
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Chip1:	  pulse	  shape	  [4mV	  Pos]	  
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106mV	  over	  2.2pF	  
=	  233fC	  	  

	  	  gain~4.2	  
	  
	  
	  
	  	  

Peaked	  @	  250ns	  	  	   	  -‐>	  Too	  short	  
Smooth	  curve.	  Nice	  return	  to	  baseline.	  	  -‐> 	  OK	  



Chip1:	  pulse	  shape	  [20mV	  Neg]	  
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40mV	  over	  2.2pF	  
=	  88fC	  	  

	  	  gain~20.4	  

Peaked	  @	  137ns	  	  	   	  -‐>	  Too	  short	  
Undershoot.	  	   	  	   	  -‐>	  Too	  be	  fixed	  



Chip1:	  pulse	  shape	  [30mV	  Neg]	  
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30mV	  over	  2.2pF	  
=	  66fC	  	  

	  	  gain~30.4	  

Peaked	  @	  137ns	  	  	   	  -‐>	  Too	  short	  
Strong	  undershoot.	  	  -‐>	  Too	  be	  fixed	  



Chip1:	  Peaking	  Eme	  
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Uniform	  among	  chips/channels	  systemaXcally	  shorter	  
Parameters	  to	  be	  tuned	  in	  MPW2	  
Some	  lab-‐offset:	  different	  definiXon/measuring	  protocol	  
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Chip1:	  Gain	  value	  	  [4mV/fC	  Pos]	  
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Constant	  slope	  up	  above	  500fC	  pulsed	  



Chip1:	  Gain	  linearity	  [4mV/fC	  Pos]	  
(different	  chip/lab)	  
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Very	  goo(<.2%)	  in	  the	  0-‐400-‐fC	  range.	  
	   	  beper	  than	  1%	  in	  the	  400-‐500	  fC	  range	  
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Chip1:	  Gain	  value	  	  [20mV/fC	  Neg]	  
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Constant	  slope	  up	  about	  100fC	  pulsed	  
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Chip1:	  Gain	  linearity	  [20mV/fC	  N]	  
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Very	  goo(<.2%)	  in	  the	  0-‐80-‐fC	  range.	  
	   	  beper	  than	  1%	  in	  the	  80-‐100	  fC	  range	  

br3_ch3_20N160_2.2eFull_lemo_good	  
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Chip1:	  Gain	  value	  	  [30mV/fC	  Neg]	  
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Constant	  slope	  up	  about	  60fC	  pulsed	  

PulseResults_Im1_ch5_30N160_2.2eFull_lemos	  

Constant	  slope	  up	  about	  60fC	  pulsed	  
	  

y"="30.077297x"+"18.015402"

0"

250"

500"

750"

1,000"

1,250"

1,500"

1,750"

2,000"

2,250"

0" 10" 20" 30" 40" 50" 60" 70" 80"

pe
ak
%a
m
pl
itu

de
%[m

V]
%

Pulse%[mV]%

ShapePeak_vs_pulse%

VMAX"

2fit_Max:Base"

Linear(2fit_Max:Base)"

[fC]	  	  



Chip1:	  Gain	  linearity	  [30mV/fC	  N]	  
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Very	  goo(<.2%)	  in	  the	  0-‐50-‐fC	  range.	  
	   	  beper	  than	  1%	  in	  the	  50-‐65	  fC	  range	  
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Chip1:	  PSRR	  simulaEon	  
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Chip 01: Power Supply Rejection Ratio (PSRR)

160ns 30mV/fC ) RED
300ns 4mV/fC ) YELLOW;
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CHIP01: PSRR vs Noise March 27, 2015 2 / 4

RED:	  160	  ns	  30mV/fC	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  GREEN:	  300ns	  4mV/fC	  



Chip1:	  PSRR	  measured	  
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RED:	  160	  ns	  30mV/fC	  	  	  	  	  	  	  	  	  	  	  	  	  GREEN:	  300ns	  4mV/fC	  
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Shape	  of	  the	  PSRR	  reproduced.	  
Value	  even	  a	  factor	  3	  worse..	  
(but	  not	  a	  easy	  measurement..)	  
	  
The	  present	  	  of	  a	  “bump”	  in	  the	  50-‐60MHz	  
region	  (corresponding	  to	  second	  peak	  on	  
the	  simulaXon)	  was	  only	  visually	  verified	  
performing	  a	  sweep.	  
	  
Agreement	  SimulaXon/Test	  
PSRR	  	  needs,	  and	  it	  is	  going,	  to	  	  be	  
fixed/improved	  in	  MPW2	  

Injected	  a	  sine	  in	  the	  VDD,	  PSRR	  calculated	  as	  the	  raXo	  between	  spectral	  intensity	  (a	  the	  	  
given	  frequency)	  of	  the	  FFT	  of	  Ch3_differenXal	  and	  FFT	  of	  VDD	  measured	  on	  pin61	  of	  the	  chip	  
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Chip1:	  Noise	  @4mV	  
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All	  lab	  agree	  for	  low	  C	  values.	  	  Anyway,	  the	  noise	  looks	  OK	  	  

Specs
pF ENC
40 950
80 1800



Chip1:	  Noise	  @20mV	  
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Well	  above	  simulaXon….	  



Chip1:	  Noise	  @30mV	  

01/04/15	   21	  

Im1ch5_30N160lowBW	  

Again..	  Well	  above	  simulaXon	  
PSRR	  could	  explain	  that.	  See	  Hugo	  presentaXon	  
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Chip1:	  xTalk	  
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Orsay	  measurements	  @	  4mV/fC	  300ns	  

Injected(Channel V(Channel((mV) VADJ(E((mV) VADJ(F((mV) Crosstalk(E((%) Crosstalk(F((%)
1 2 380 2.42 0.64
2 1 3 381 1.64 1.67 0.43 0.44
3 2 4 379 2.2 2.48 0.58 0.65
4 3 5 380 2.32 2.52 0.61 0.66
5 4 382 2.56 0.67

Injected(Channel V(Channel((mV) VADJ(E((mV) VADJ(F((mV) Crosstalk(E((%) Crosstalk(F((%)
1 2 2010 14.4 0.72
2 1 3 2010 6.62 8.15 0.33 0.41
3 2 4 2000 8.75 11.3 0.44 0.57
4 3 5 2010 10.5 12.55 0.52 0.62
5 4 2000 13.6 0.68

Adjacent(Channel
Crosstalk(external(capacitor((4,7pF)(Qin=92fC((Vin=20mV)

Crosstalk(external(capacitor((4,7pF)(Qin=500fC((Vin=106mV)
Adjacent(Channel



Chip1:	  Xtalk,	  a	  bad	  case	  
20mV/fC	  sexng	  

75fC	  injected	  on	  ch4	  

12mV	  =0.8%	  	  

15mV	  =1%	  	  

1.5V	  

	  ..	  on	  ch3	  (50X	  zoomed	  scale)	  



xTalk	  vs	  Input	  charge	  (4<-‐>5)	  
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Overshoot	  behaviours	  seen	  here	  too..	  (same	  cure	  as	  for	  direct	  signals)	  
	  

Xtalk	  is	  higher	  than	  specs…	  coupling	  in	  the	  testboard	  (present	  even	  in	  the	  	  
Improved	  version)	  and	  coupling	  in	  the	  wirebonds	  (small	  chip	  in	  relaXve	  big	  
package)	  for	  sure	  play	  a	  role	  on	  that.	  



Chip1:	  with	  GEM	  
survived	  and	  operated	  nicely	  
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CHIP_2	  “ADC”	  

	  



Chip2:	  ADC	  distorted	  output	  

01/04/15	   27	  

Chip02: ADC output (Non-improved board)

Input: sine wave [ Amp = 500mVpp Freq= 100KHz ] VREF=1.25V
VREFN=0V
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Chip2:	  reason	  for	  the	  problem	  
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Chip02: bondwire diagram

The distorsion is generated by the bondwire inductance of the ADC
voltage references (VRREP, VREFN)

5mm

Bondwire model
5nH20mOhm

200fF
2pF

Die

Package

VREFP

VREFN

SAMPA: ADC experimental testing March 19, 2015 4 / 10

Chip02: bondwire diagram

Bondwire length ⇡ 5mm Inductance ⇡ 5nH (1nH per mm)

SAMPA: ADC experimental testing March 19, 2015 5 / 10

Hugo	  	  25/3	  



Chip2:	  Board	  Patched	  
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Chip02: ADC output (improved board)

Input: sine wave [ Amp = 1Vpp Freq= 10KHz ] VREF=1.25V
VREFN=0V ENOB=7.8bits
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Filter/load	  reference	  lines…	  signal	  improves	  a	  lot..	  But	  characterizaXon	  is	  not	  
possible	  with	  this	  setup.	  Considering	  chip-‐on-‐board	  opXon	  	  
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Chip_3	  “full	  Chain”	  



Chip3	  

•  As	  for	  chip2,	  ADC	  voltage	  reference	  are	  
external	  to	  the	  package	  chip	  

•  Same	  distorXons	  and	  the	  ADC	  signals	  	  
•  	  Highest	  gain	  sexngs	  (30mV/fC)	  is	  oscillaXng	  
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Chip3 – tests – Negative polarity

Observed oscillations while using negative input polarity options 

Chip3:	  30mV/fC	  oscillaEons	  
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Chip3 – tests – Positive polarity

Observed oscillations while using negative input polarity options 

Chip3:	  30mV/fC	  oscillaEons	  
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30mV/fC	  oscillaEons	  
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Visible	  in	  some	  chip1	  testboards.	  InvesXgated	  a	  bit	  more	  there	  



30mV/fC	  oscillaEons	  
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Visible	  in	  some	  chip1	  testboards.	  InvesXgated	  a	  bit	  more	  there	  
• 	  Only	  for	  negaXve	  polarity	  sexngs	  
• 	  Lowering	  VDD	  helps	  (all	  chips	  worked	  very	  stable	  at	  1.19V)	  
• 	  Increasing	  VDD	  things	  gets	  worse,	  some	  chips	  with	  VDD=1.30V	  
show	  instabiliXes	  with	  20mV/fC	  gain	  
• 	  All	  Channels	  on	  the	  chip	  oscillates	  together	  
• 	  Modifying	  analog	  Vrefs	  (450/750),	  bringing	  P	  -‐and	  N-‐side	  
baseline	  away	  from	  “1.2V”	  improve	  stability	  too.	  
• 	  Noise	  environment	  plays	  a	  role	  
• 	  oscillaXon	  amplitude	  scales	  with	  VDD	  

Problem	  appear	  in	  relaXon	  with	  undershoot	  
Proper	  posiXoning	  of	  the	  baseline	  seems	  to	  be	  important,	  too.	  

-‐>	  Already	  been	  fixed	  in	  MPW2	  

-‐>	  To	  be	  kept	  monitored	  	  for	  MPW2	  



What’s	  missing?	  

•  VDD	  corners	  invesXgated	  
– Vdd=1.19	  	  just	  lower	  range	  
– Vdd=1.31	  	  could	  show	  stability	  problems	  

What’s	  about	  chip	  irradiaXon?	  
PreparaXon	  on	  going	  (Oslo/Sohail).	  Test	  schedule	  
for	  the	  end	  of	  the	  month.	  
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overview	  
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• 	  Chip_1:	  “Analogue”,	  CSA+Shapers	  
• 	  Power	  consumpXon	  
• 	  Pulse	  shape	  
• 	  Peaking	  Xme	  
• 	  Gain	  value	  and	  linearity	  
• 	  PSRR	  
• 	  Noise	  
• 	  xTalk	  
• 	  reading	  a	  GEM	  detector	  

• 	  Chip_2:	  “ADC”	  
• 	  Testability	  problems	  
	  

• 	  Chip_3:	  “FullChain”,	  CSA+Shapers
+ADC+(dummy*)DSP	  

• 	  General	  funcXonality	  
• 	  Testability	  criXcaliXes	  
• 	  Tests	  so	  far	  
	  

+	  sXll	  ongoing	  and	  coming	  soon	  

Ø  To	  tuned/fixed	  
Ø  To	  be	  reduced	  a	  bit	  more	  
Ø  Overshoots/long	  tail	  -‐>	  Fix	  last	  stage	  
Ø  A	  bit	  to	  fast	  -‐>	  fix	  it	  
Ø  Proper	  gain,	  GOOD	  linearity	  
Ø  To	  be	  improved	  
Ø  Due	  to	  PSRR	  
Ø  Not	  perfect,	  yet,	  likely	  wirebond	  play	  a	  role	  
Ø  Promising	  

Ø  InducXve	  load	  form	  wirebond	  screw	  up	  signals..	  In	  
the	  (liple)	  extend	  it	  was	  possible	  to	  test	  it,	  it	  looks	  
ok.	  

Ø  Suffer	  of	  the	  same	  problem	  of	  chip2	  test	  
Ø  Readout	  chain	  up	  to	  ADC	  verified	  
Ø  Noise	  @4mV	  appears	  to	  be	  less	  than	  LSB	  
Ø  Noise	  @20/30mV	  appears	  to	  ~2LSB	  
Ø  Affected	  by	  oscillaXon	  for	  30mV/fC	  Neg	  	  
	  
Ø  IrradiaXon	  tests	  are	  coming.	  



ADDENDUM	  

The	  missing	  gain	  vs	  	  C	  measurements	  
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Gain	  vs	  Detector	  Capacitance	  –	  TPC	  
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y	  =	  -‐0.0286x	  +	  20.512	  

y	  =	  -‐0.0156x	  +	  18.757	  
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“cable	  offset”:	  the	  lemo	  going	  from	  the	  “pulser”	  capacitor	  
to	  the	  lemo	  input	  is	  “loading”	  with	  about	  20-‐25	  pF	  



Gain	  vs	  Detector	  Capacitance	  –	  TPC	  
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y	  =	  -‐0.0133x	  +	  21.149	  

y	  =	  -‐0.0359x	  +	  20.364	  
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Gain	  vs	  Detector	  Capacitance	  –	  TPC	  
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y	  =	  -‐0.0458x	  +	  32.987	  

y	  =	  -‐0.0487x	  +	  30.915	  

y	  =	  -‐0.0645x	  +	  29.673	  
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Gain	  vs	  Detector	  Capacitance	  –	  TPC	  
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y	  =	  -‐0.0202x	  +	  31.444	  

y	  =	  -‐0.038x	  +	  30.808	  

y	  =	  -‐0.0552x	  +	  29.066	  
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Gain	  vs	  Detector	  Capacitance	  –	  MCH	  	  
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y	  =	  -‐0.0016x	  +	  4.1928	  

y	  =	  -‐0.0024x	  +	  4.1216	  

y	  =	  -‐0.002x	  +	  4.0964	  
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