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Silicon st r ips det ect or cont ext

On-det ect or Elect r onics

180nm CMOS r eadout chip

Test s r esult s

Design in 130 nm

Next
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4-10  106 Silicon strips  10 - 60 cm long

Readout Pitch 50 100 m DC or AC coupled

Occupancy def ined as % channels hit per BC:
Outer barrel and end caps layers:   < 1 %
Inner barrel and end caps layers: < 5 %

ILC timing:    1 ms:     bunch:    150-300ns / BC 
200ms  in  between
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Pulse height: Cluster centroid to improve position resolution to O(µm)

Det ect or pulse sampling    5-10 samples    8-10 bit A/ D (Wilkinson)
st or ed in an analog buf f er

Time:  Two scales:    

- Coarse  150-300ns BCO tagging

- Fine nanosecond t iming f or coor dinat e along t he st r ip
and f ine BCO t agging f or some r egions

Not t o r eplace anot her det ect or layer or double sided det ect or , 
but  give an estimation to a few cm
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Pulse sampling: 5-10 samples over 2 shaping t imes

Buffering: 8-deep 2D analog buf f er 
(8* 5-10 samples cells)   per channel

Analog-Digital conversion Wilkinson opt imum (SVX ar chit ect ur e)

Sparsification/calibration : I nt egr at ed on det ect or FE chip

Digital processing: Amplit ude and t ime est imat ion + char ge 
clust er algor it hm

Power:  1/200 ILC duty cycle: FE Power cycling
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Storage

Present technologies - Deep Sub-Micron CMOS 
UMC 0.18 m,   0.13 m

Counter

To  fast
preprocessing

Charge 1- 40 MIP,  S/N~ 15- 20, Time resolutions: BC tagging,     fine: ~ 2ns

Calibration
control

Time-stamping on all layers
fine time resolution
on some layers

iVi > thChannel n+1

Channel n- 1
Time tag

For fine timing only

ADC

Sparsifier

Preamp &
Shaper

Analog pipe- lines
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Preamp + Shaper
Gain:    20mV/ MI P   over   1-30 MIP
Noise:   CMOS 180 nm:  280e- + 10.5e-/pF @ 3 s

Analog buffer
8-deep  (cells of 5-10   100 fF caps) 

Sparsifier
Thr eshold an analog sum of 3 adj acent channels 
after pulse shaping

ADC
10-12 bits 
Clocked at 96 MHz

Signal-Noise ratio
The larger, the best !  15-20 ?
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Time stamping 

Order of 30 to 50 ns
Time-stamp the sparsifier out put at 4 * BCO clock (12 MHz)

Fine time measurement

Order of  1 to 3 ns
32 * BCO on chip int er polat ed clock sampling (PLL @96 MHz)
Use digital processing over 5-10 digitized samples
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Simulat ed (J FG) t ime r esolut ion using a model of t he whole 
elect r onics r eadout chain f r om pr eamplif ier t o t he analog 
sampler (ideal A/ D) using least squar e f it algor it hm  (William 
Cleland)

- S/N =25
- 8 samples
- 50 ns shaping

1.8 ns time
resolution

(will still improve
with actual time 
distribution in the 
detector)

SiGe technology
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For eseen over all ENC cont r ibut ions at 30 pF detector capacitance and 3 s
shaping time:

CMOS 180 nm:   S/ N ~ 20
CMOS 130 under invest igat ions

950 e-Total

423 e-
(thermal noise)

10 MBiasing resistor

588 e-
(from literature)

10 nADetector leak

615 e-
(measured)

gm=0.7mA/VInput stage
(measured)

Noise 
180nm CMOS

ValueSource
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Low noise amplif icat ion + pulse shaping
Sample & hold
Comparator

Preamp  CR RC Shaper Follower Comparator

16 identical channels
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16 + 1 channel  UMC   0.18 um chip    (layout and pict ur e)

3mm
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Chip wired-bonded on board
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12 chips tested.

One f ailur e: On chip # 8, compar at or does not wor k.

Preamp:  

- Gain: 8 mV/MIP OK

- Linearity: +/-1.5% +/-0.5% expected 

Transistor used as a resistor 

non linear with voltage

- Dynamic range: 50 MIP 90 expect ed, but wit hin specs

- Noise @ 70 W power, 3 s-20 s rise-fall times:

498 + 16.5 e-/pF 490  + 16.5 e-/pF expected          
OK 
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375 e- input noise with chip-on-board wire-bonding (against 280 simulat ed)

375 e- RMS
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Shaper:  - Peaking time:

2 - 6 s tunable peaking time 1-10 targeted

- 6 MHz bump (~ 650 e- added noise)

Not in simulations       

Shows up in simulations at 10 pF load (actual is 1 pF)

- Noise @ 3 us shaping t ime and 70 W power:

375 + 10.4 e-/pF 274  + 8.9 e-/pF expected
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Noise summary
good agreement with expected values

Measured with chip on board
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Sample and hold:   OK

Comparator:

Vt spreads of the order of 5 mV due to transistors sized too small

- Increase input transistors size from 10/0.5 to  200/10
- Increase Preamp + Shaper voltage gain from 8  to 25 mV/MIP
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12 chips tested

The UMC CMOS 180nm  pr ocess looks quit e mat ur e and r eliable: 

- Models OK
- Only one transistor failure
- Process spreads of a few %

Preamplifier: almost according to specs

Shaper: a bit mor e noise t han expect ed but OK wit h simulat ions

Comparator: Vt spreads understood

Fir st pr ot o deliver ed f unct ional chips in a r elat ively new (in our field) 
DSM technology. 

Encour aging r esult s r egar ding CMOS DSM
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Cooper at ion bet ween LPNHE  and  LAPP Annecy and soon
wit h CERN (A. Mar chior o et al., EUDET)

Why 130nm  ?

VLSI
Will be dominant in indust r y in t he next f ew year s
Fast er
Lower power

Dr awbacks f or low noise analog design
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- Sum of adjacent channels
- Offset cancelled Threshold detection

Jean- Francois Genat, LCWS06, March 9- 13th, Bangalore, India



130 nm technology available end 2005 from Europractice

Submit a 4 channel version end April 2006 including:

- Preamp + Shaper
- Sampling and analog pipe-line
- ADC
- Power cycling

Then, depending on tests

Submit a 128 channel version end 2006 including
digital
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Chip control

Buffer memory

Processing for 

- Calibrations 
- Amplitude and time least squares estimation, centroids

Tools
- Digit al libr ar ies in 130nm CMOS available 
- Synt hesis f r om VHDL/ Verilog
- SRAM memory
- PLLs
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CMOS 180nm chip t est ed, ver y encour aging r esult s 

CMOS 130nm under way, include:

Preamps + Shapers
Analog pipe-lines
Sparsifiers
ADC
Power cycling

Submission end Apr il 2006

180 and 130nm chips beam t est s scheduled (DESY, CERN)

Plans f or 128 channels 
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