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Chronopixe (CMQYS)

Yale/Oregon/Sarnoff -
o Completed Macropixel design last year ! (e EEEEE
_. Key feature — stored hit times (4 deep) DDDDDDE(
v 645 transistors s
+ Spice simulation verified design i 2 EEE
& TSMC 0.18 um = ~50 um pixe E e —
 Epi-layer only 7um = e

« Taking to JAZZ (15 um epi-layer)
% 90 nm = 20-25 um pixel
o January, 2007
v, Completed Chronopixel design

« 2 buffers, with calibration . 56§t
v, Deliverable — tape for foundry (fzag‘jff eCrJfSS

o Thisyear
% Fab 50 um Chronopixel array
+» Demonstrate performance
% Then, 10-15 um pixel (45 nm tech.)

| +calibration)

| 50 wm x 50 um
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Detector Requirements

c 0 0 0 0 ©0 O O

Good angular coverage with many layers close to vertex

Excellent spacepoint precision ( <4 microns)

Superb impact parameter resolution ( 5pm @ 10um/(p sin¥20) )
Transparency ( ~0.1% X, per layer )

Track reconstruction ( find tracksin VXD alone)

Sensitive to acceptable number of bunch crossings ( <150 = 45 usec)
EMI immunity

Power Constraint (< 100 Watts)
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Occupancy

o Basdline occupancy 0.03 hit-clusters'mm?/bunch,
but could be higher for some configurations of the ILC.

o ldeal situation isto have a bunch-by-bunch time tag for each pixel:
For 20um x 20um pixels the baseline gives an occupancy of
1.2 x 10 /bunch.

n.b. from the point of view of occupancy, the pixels could be
larger.
For 50um x 50um pixels the occupancy is 7.5 x 10~ /bunch.
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Readout Strategy l

~3000 bunches (1ms) ~200 ms
] — OO0
Buffer Data Readout

- o - B

o Buffer data during the 3000 bunchesin atrain
and readout between bunch trains

o For 50um x 50um pixels 0.03 hit-clusters/mm?/bunch corresponds
to a bunch-train occupancy of 22.5%.

o Assume 4 buffers per pixel
Poisson probability for getting 4 or more hitsis 104
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Simplified Chronopixel Schematic

VDD 13
Comparator
Reset —

4 x 13 bit
Sensor memory

Vth l

13
bunch clock
50um x 50um cell bus

o Bunch number stored for up to 4 samples

o Target 180 nm CMOS and 50 um x 50 um pixel for initial R&D
% Funding limited

o Voltage Vthisset viaautomatic calibration in each pixel
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Technology Roadmap

o Pixel sizewill scale down as technology advances
% 180 nm -> 45 nm
% 50 uwm pixel -> 20 um or smaller pixel

Technology Roadmap: Macropixel size estimation
vs. Mixed-signal Process Technologies

Ei;ﬁi Year Available

. 2002 > 2004 > 2005 > 2007 > 2009 >
50um 2.

40um

0.18um 0.13um 90nm 65mm 45nm
1.8V/3.3V  1.2V/2.5V/3.3V  1.2V/2.5V 1.0V/1.2V/2.5V 0.8V/1.0V/1.2V

30um

20um

15um

10um
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Completed L ayout

o Completed Layout of Sarnoff fits 2 buffers with 563 transistors
Into 50 um x 50 um for 180 nm technology

o Detector sengitivity

10 wV/e (eg. to 16 fF) b |
o Detector noise ' -
25 electrons i 2

o Comparator accuracy
0.2 mV rms(cal in each pixel)
o Memory/pixd
2x 14 (will bed x 14)
o Ready for 80 x 80 array submission Sy bt ke
o Designed for scalability e
eg. No capsin signal path s
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Expected Signal and Efficiency
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Ultimate Pixel Design

o Small charge collection node for low capacitance

o Deep p-well to direct electrons

o Relatively deep depletion for efficient charge collection
%, Thickness and resistivity of p-epilayer critical

o Detailed field ssmulations underway

Detector

PMOS NMOS (V=2.5) Nr?rs PMOS
G B B X = [~ [ 4
N-Well P-Well V=0 N-Well P-Well N-Well
Deep P-Well Deep N-Well| / Deep P-Well
Ao © 15um
S = P-epi
/8
e
Q \j

—~

)|
(
8

P++ Substrate

/ Charged Particle
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&
Simulation of Field Lines l‘

Calculations by Nick Sinev
o 3D simulations underway

o Charge collection appears difficult

o 2D simulations not appropriate
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2D Simulation of Field Lines

X

Calculations by Nick Sinev

02:Z-Bhce 1.:1ry23m_mseh.grd « 1ry23 85 des.dal

01 senaurusAsi3dAry23m_msh.Qrd «1ry23_85_des.dal

N. Sinev

>_
75
Epi thick. 20 micr
Si resistance 10 Kohm
Charge coll. V +5.0V , , . .
Deep p-well V 35V ElectrostaticPotential DopingConcentration
Digital el. V 0.0V B 54E+00 P 1 7E+1B
Back plane V -3.5V 3.5E+00 2.8E+14
Total leak. cur. 6.5x107 A/cm? 1.7E+00 4.0F+17
454' L I | | L | L I I I_|1IIBIEI_[I31| I _2I9E+1?
0 5 10 15 20 .2%-0E+% . 7B+
X -3.8E+00 -1.0E+1B
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3 .

3D Simulation of Field Lines

{

Calculations by Nick Sinev

02:Z-Glice 1. 1ry3dim_msh.grd « Iry3di_85_des.dai

01 senaurusAst3dAry3dim_msh.grd « 1ry3di_85 des.dal

N. Sinev

>.
70
Epi thick. 20 micr
Si resistance 10 Kohm
Charge coll. V +5.0V , , . .
Deep p-well V 35V ElectrostaticP otential CopingConcentration
Digital el. V 0.0V i °4E+00 PN Z.0E+1B
Back plane V -3.5V 3,5E+00 3,3E+14
Total leak. cur. 2.8x107 Alcm? 1.7E+00 54417
454' L I | | L | L I I I_|1IIBIEI_[IJ1| I _?I7E+1?
o 5 10 15 20 .2%-0E+% - 1 7B+ 14
X -3.8E+00 -1.0E+1B
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Fabrication Roadmap

o Epi-layer resistivity and the deep p-well limit foundry choices

o Most cost effective procedure:
— Prototype pixel circuit in TSMC 180nm process
 High yield well characterized process
e Lowest cost
 Functionality of pixel circuit can be tested
with IR laser and Fe55
o Lack of deep p-well limits sensitive area of pixel to 5%
—Model TSMC pixel and final pixel using 2D and 3D simulations
* Model charge collection efficiency from MIPs as a function
of position on the pixel for the deep p-well pixel
» Model charge collection efficiency of TSMC pixelsfor
Feb5 to establish sensitivity
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Two Geometries

Fabricate Rixdswith two different geometries to allow for model tests:

Detector

NMOS PMOS NMOS (V=2.5) NMOS PMOS NMOS PMOS NMOS ?\icgt{s); / NMOS PMOS
c\ f‘; Deep N-Well .'f ¢ - Deep N-Well v=1-.1: - Deep N-We : EDeepN—Wel.l v=1.n-v
b . a leted P-cpi ' Tum -
\/\/ 6_ __ : g /‘H \ {7_‘_ I depleted P-epi 7
\ - b= Undepleted P-epi
__\> B _'-::__ — —> v undepleted P-epi Y
= \\" d ~ A J \‘/i//?f A
V=0 % P+ Substrate Ve-l0V § P++ Substrate
N Chlargcd Particle / Charged Particle or
_ or laser laser
Pixel A — Most charges collected Pixel B — enhanced charge collection
viadiffusion dueto larger depletion region

The two different configurations will check models of charge collection
and verify that the el ectronics meets the specification.

Simulating charge collection for each geometry
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Noise

o Almost all noise sources depend critically on pixel capacitance.
o We expect total input capacitance to be about 16 fF.

o Simplest electronics would be reset noise limited:
ENC, . = sart(kT C,,) / e ~50 electrons

o To beat the reset noise a specially shaped “ soft-reset” with feedback
IS used (reduces by afactor of 2)

o Other sources of noise should be smaller
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Power

o Sarnoff estimates analog power will be ~ 40 uW x f/channel
or 16mwW/cm? for f = 1/100 and 50um x 50um pixels.
Thisamountsto ~ 0.4 W/ladder. Peak current is~ 16 A.
(Including reset noise suppression has not increased power)

o Assuming input FET and pixels capacitance scale by the same factor,
the fundamental limit on current and power naively scales as
C4.. = w8, where w is the pixel width and power/ unit area
scales as WP

o Actua power per channel will decline more slowly

o Speed of digital electronics not critical. Canrun at very low voltage
(e.g. 1 Volt or lessfor digital).

o Expect power/areawill at least stay constant as pixel
and feature size are reduced.
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Data Rates

o At baseline occupancy, we expect 250k hitsclusters/

|adder/train, 1.25 M hit-clusters/ladder/sec |
o Readout of chip at 50MHz gives factor of 40 safety ]
margin for multiple hits and increased occupancy

o Possible data structure (10um pixels)

Row & Ladder (25bits) FHHHHHHEH
Column (12 bits) | Bunch No. (13 bits)

Column (12 bits) | Bunch No. (13 bits)
End of Row (25bits)

o Readout 25 bitsin parallel, serialize on optical fiber,
1.25Ghits/s
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Plans

Last summer -

o Analogdesign - completed

o Digital design of in-pixél circuit - completed
o Digital design of readout - completed

Near term plans as of last summer

o Explorealternative pixel designs - now completed

o Finish analog design and detailed pixel ssmulation - now completed
o Layout circuit - now completed

M edium term plan (2007-2008)

o Fabricate 5Smm X 5mm prototypewith 50 um X 50 wm pixels
in 180nm CMOS (started)

Fabricate readout board (SLAC)

Test with laser in lab

Test with sourcesin lab

Simulated char ge collection efficiency of TSMC prototype
and ultimate device - in progress

©c 0 O O
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Chronopixel Summary

o Chronopixel approach allows for low occupancy
In an ILC vertex detector with time stamping by bunch

o Prototypedesignin 180 nm CMOS allows for test with
50um x 50um pixels

o Expect to reach 20um x 20um pixels or better in 45 nm CMOS

o No fundamental barrier to operation at reasonable power

— can use thicker oxide for crucial analog transistors
— High speed operation of SRAM memory not needed
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