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• Cont ext of t he Silicon st r ips f or t he I LC

• I nt egr at ed elect r onics

• 180nm CMOS chip

• Fir st design in 130nm

• Fut ur e plans
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a few  106 Silicon strips  

10 - 60 cm long

Thickness:       200–500 m

Strip  pitch      50–200 m

Single sided,  AC coupled
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Interstrip capacitance                   > 1 pF/cm
Strip to substrate capacitance    > 0.1 pF/cm

Occupancy def ined as % channels hit per BC:

Outer barrel and end caps layers:   < 1 %
Inner barrel and end caps layers: < a few %

ILC timing:    1 ms:  ~ 3-6000 trains @150-300ns / BC 
100ms in between
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Pulse height: Cluster centroid to get position resolution to a few µm

Detector pulse sampling

Time:  Two scales:    

- Coarse  150-300ns BCO tagging

Two shaping t ime r anges 500 ns and 2 s

- Nanosecond t iming f or t he coor dinat e along t he st r ip
Not t o r eplace anot her layer or double sided
Spatial estimation to a few cm

Shaping times:  20-100ns

FEE2006, May 17-20th 2006 Perugia J-F Genat LPNHE Paris



15 ns

LCV /1

V = 6.3e7 107 m/s = c/4.7

L =50nH    R =5 
Ci=500 fF

Cs= 100 fF

120cm

V = 8 107 m/s= c/3.7
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1 ns time resolution is 8 cm 

SPICE
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SLAC

Calorimetry and tracking 
Charge:   linear 1 or 2-gains, 2500 MIPS
Shaping:  reset-sample (2-correlated sampling like) 
Time:     BC id

UC Santa Cruz

Tracking
Char ge:   Time Over Thr eshold, Lo+Hi t hr esholds, 128 MI PS
Shaping:  s
Time:      BC id

LPNHE Paris

Tracking
Char ge: linear , mult iple sampling including pedest al, 50 MI PS
Time:   2-scales 

BC id
ns timing (long. coordinate over strips)
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Pulse sampling: 16 samples over 2 shaping t imes (inc pedest al)
16-deep sampling analog buf f er

Buffering: a f ew 10 event s  buf f er 
2D st r uct ur e:    (a f ew 10)* 16 caps/ channel

Sparsification/calibration : On FE chip

Analog-Digital conversion: Wilkinson opt imum (power )

Digital processing: Amplit ude and t ime est imat ion + char ge 
clust er algor it hm, lossless dat a compr ession

Power: 1/100 ILC duty cycle: FE Power cycling
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Storage
Waveforms

Technologies: Deep Sub-Micron CMOS 180-130nm     
Future:  SiGe &/or  deeper DSM

Counter

Wilkinson
ADC

‘trigger’

Ch #

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

Calibration
Control

Analog samplers, slow, fast

iVi > th

SparsifierChannel n+1

Channel n- 1

Time tag

Preamp +
Shapers

Strip

reset
reset
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Preamp + Shaper
Gain:    20mV/ MI P   over   1-30 MIP
S/N =  30      750 e- ENC at 3 s  peaking time
Reset transistor

Analog sampler and event buf f er
2D:     16-deep sampling, a few 10-deep events

Sparsifier
Thr eshold an analog sum of 3 adj acent channels 
after pulse shaping. Auto-zeroed. 

ADC
8-10 bits 
Clocked at 12 MHz,  t ime int er polat ed if needed
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Time stamping 

BC t agging:   r esolut ion of 30 t o 50 ns
Time-stamp the sparsifier out put at 4 * BCO clock (83 ns)

Fine time measurement

Order of  1 ns
32 * BCO clock (12ns on-chip vernier sampling clock) 
Use digit al signal pr ocessing over 16 digit ized samples
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Simulated time resolution using multiple sampling and a least square 
f it of t he shaper pulse algor it hm  (Bill Cleland)

- S/N =25
- 16 samples
- 40 ns shaping

1 ns time
resolution

SiGe technology
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180 nm Mixed-mode process 

• 6 metals layers

• 3.3 V  transistor

• Cox = 0.0049 F/m²

• Metal/Metal capacitance = 1fF/mm²

• Gate’s  minimum width= 0.5mm

• Various Vt options
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Low noise amplif icat ion + pulse shaping
Sample & hold
Comparator

Submitted end ‘04

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 on Board version (wire bonded)
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Reset FET

Gain: 8mV/MIP
3.3V input transistor 2000/0.5
gm = 0.69 mA/V
40 A current (Weak inversion
IC ~= 0.01)
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Mainly OK

- Gain OK

- Linearity over : 

+/-1.5% +/-0.5% expected 

- Noise 3 s-20 s rise-fall times, 40 A biasing:    

498 + 16.5 e-/pF OK

- Dynamic range   60 OK
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CR-RC  1-5 s

FEE2006, May 17-20th 2006 Perugia J-F Genat LPNHE Paris



375 e- input noise with chip-on-boar d wir ing (against 280 simulat ed)

375 e- RMS
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- Peaking time:

1.5 - 6 s tunable peaking time 1-10 targeted

Linearity:  +/- 6% +/- 1% targeted

- Noise @ 3 us shaping t ime and 140 W power:

375 + 10.4 e-/pF 274  + 8.9 e-/pF expected

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

+/-6% +/-1.5% expected
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Sample and hold:   OK

Comparator:

Vt spreads of the order of 5 mV due to transistors size

- Increase from 10/0.5 to  200/10 to reduce spreads
- Increase Preamp + Shaper voltage gain from 8 to 20 mV/MIP
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Preamp gains statistics
Process spreads: 3.3 %
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12 chips tested (June ’05)

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

- Models mainly OK
- Only one t r ansist or f ailur e over 12 chips 
- Process spreads of a few %

Encour aging r esult s r egar ding CMOS DSM

go to 130nm
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130nm CMOS:    

Smaller
Faster
More radiation tolerant
Lower power 
Will be (is) dominant in indust r y

Drawbacks:
- Reduced volt age swing   (Elect r ic f ield const ant )
- Leaks (gate/subthreshold channel)
- Models mor e complex, not always up t o dat e
- Crosstalk (digital)
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180 nm  

• 3.3V transistors
• 1.8V logic supply
• 6 metals layers  (Al)
• MIM capacitors = 1fF/ m²
• Three Vt options

130nm 

• 3.3V transistors
• 1.2V logic supply
• 8 metals layers (Copper)
• MI M capacit or s =1.5f F/ m²
• Same Vt options
• Low leakage transistors option
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Waveforms

UMC     CMOS   130nm

Counter

Wilkinson
ADC

Can be used for 
a  “trigger”

Ch #

Analog samplers, (slow)

iVi > th

SparsifierChannel n+1

Channel n- 1

Time tag

Preamp +
Shapers

Strip

reset

Clock 3- 96 MHz
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Amplifier, Shaper, Sparsifier 90*350 m2
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Analog sampler 250*100 m

A/D 90*200 m

Submitted April 19th ‘06



• Noise not properly modeled:

1/f noise out of belief…(both coefficient and exponent)

• Design rules more constraining

• Lower power supplies voltages

Low Vt transistors leaky

• Some (via densit ies) not available under Cadence (Ment or )

FEE2006, May 17-20th 2006 Perugia J-F Genat LPNHE Paris



Chip control

Buffer memory

Processing for 

- Calibrations 
- Amplitude and time least squares estimation, centroids
- Raw dat a af t er zer o suppr ession lossless compr ession

Tools
- Digit al libr ar ies in 130nm CMOS available 
- Synt hesis f r om VHDL/ Verilog
- SRAM memory
- PLLs
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I mplement t he f ast (20-100ns shaping) ver sion
wit h Silicon-Ger manium / CMOS including:

- Pr eamp + Shaper (20-100ns)
- Fast sampling
- Power cycling

Submit a f ull 128 channel ver sion including
slow and f ast analog pr ocessing, power cycling, 
digit al
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Measured using
COB test card



Two situations:
- Gate- channel  due to tunnel effect (can affect noise performances)
- Through channel when transistor switched- off (only affects large digital 
designs)

130 nm

180 nm

90 nm

- 180nm chip OK
- 130nm, no gate
leakage expected, but
sub-threshold
- 90nm, important
gate leakage

Scale:
1 nA/ m = 8000 e- noise
in FE

Nano-CMOS Circuit and Physical design
B.P Wong, A. Mittal, Y. Cao, G. Starr, 
2005, Wiley

Gate leakage

Sub- threshold current
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130nm
W/L = 2mm/0.5u
Ids = 38.79u,Vgs=-190mV,Vds=-600mV
gm=815.245u,gms=354.118u
1MHz 1MHz 7.16nV/sqrt(Hz)7.16nV/sqrt(Hz)
Thermal noise hand calculation = 3.68nV/sqrt(Hz)

180nm

gm=944.4uS,gms=203.1uS
1MHz 1MHz 3.508nV/sqrt(Hz)3.508nV/sqrt(Hz)
Thermal noise hand calculation = 3.42nV/sqrt(Hz)

PMOS:
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130nm
W/L = 50u/0.5u
Ids=48.0505u,Vgs=260mV,Vds=1.2V
gm=772.031uS,gms=245.341uS,gds=6.3575uS
1MHz 1MHz ----> 24.65nV/sqrt(Hz)> 24.65nV/sqrt(Hz)
100MHz --> 5nV/sqrt(Hz)
Thermal noise hand calculation = 3.78nV/sqrt(Hz)

180nm
W/L=50u/0.5u
Ids=47uA,Vgs=300mV,Vds=1.2V
gm=842.8uS,gms=141.2uS,gds=16.05uS
1MHz 1MHz ----> 4nV/sqrt(Hz)> 4nV/sqrt(Hz)
10MHz --> 3.49nV/sqrt(Hz)
Thermal noise hand calculation = 3.62nV/sqrt(Hz)

NMOS :
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