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Outline

« ATLASSilicon Pixel Detector Upgrade

e Collaboration between IHEP (Institute of High Energy

Physics, CAS) & CPPM (Centre de Physique des
Particulesde Marseille)

— Building blocks design
— Simulation, verification, & modedlization
— Measurement and firmwar e design

e FuturePlan
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ATLAS Silicon Pixels detector e

Read-Out electronic:
50um * 400 pm pixel size
FEI-3 circuit : IBM 0.25 um technology

Collaboration institutes
Bonn University, Germany ; LBNL, USA ; CPPM, France (in the initial stages)

Like a big camera with a 1.7 m? area and 86 Million of
Pixels with a snapshot every 25ns
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LHC and ATLAS upgrade e

Possible upgrade timeline

WA 7Tev —14 TeV — 5x10%cm 2!
S luminosity leveling
~
1x10%4 —
= ~2x1034cm2s71 3000 fb-2
phase-2
— 1x103%%cm-2s1 300 fb-1
10°" — phase-1
2x1033cm-—2s1
~50 fb1
phase-0
~10 fb-1
>
t 2013/14 2018 ~2022  Year

Now

ATLAS needs to maintain excellent
T. Kawamoto, TIPP2011, Chicago, USA position resolution (vertexing, tracking)




ATLAS upgrade : phase -0 D

N

e Thecurrent B-layer will become inefficient
o after phase-1 (beyond nominal luminosity):

e databandwidth, radiation damages, ...
 Theideais, instead of replacing the B-layer,
* whichisvery difficult and dangerous,

e add anew B-layer inside the present one.

o 3pixel layers — 4 pixel layers

* Insert the new layer inside the current beam pipe (Insertable B-Layer — IBL)
e using asmaller beam pipe.

 Phase-1wasinitially in 2016, now it is postponed to 2017 or 2018,

e — Advance the project schedule and install in 2013/2014.

* it helpsanyway, improves performance
* lessactivation in earlier time (ease of installation)

Existing B-layer



Motivations for

ATI AS read-out chip upgrades enaceciando

* Improve spatial resolution
» Deal with an increasing counting rate

} * Decrease pixe size

400 1 m

Technology shrinking
M ol e re-1e .
e s el el 130nm oy
250 um/ 130 nm
FE-X5, S—
65nm 125 um
100 pm

First MPW run for High Energy Physics organized by
FNAL with a consortium of 15 institutes.

The proposed 3-D process combines :
GLOBAL FOUNDRY 130nm technology
TEZZARON 3D technology

3-D benefits :

Pixel size reduction
Functionalities splitting
Technologies mixing




Tezzaron-Chartered

3-D technology

Main characteristics :

2 wafers (tier 1 and tier 2) are
stacked face to face with Cu-
Cu thermo-compression bonding

Via Middle technology :
Super-Contacts (Through
Silicon contacts) are formed
before the BEOL of Chartered
technology.

Wafer is thinned to access
Super-Contacts

Chartered 130nm technology
limited to 5 metal levels

Back-side metal for bonding
(after thinning)

Wafer to wafer bonding Bond interface
/ay o otr;d
- - Interface

One tier



Collaboration between IHEP & CPPM on ATLAS Pixel Detector J

e Since 2009

« |IHEPIsamingto fully participatein the collaboration of
ATLAS Silicon Pixel Detector Upgrade, especially on 3D
approach

e Collaboration with CPPM on Pixel Detector ASIC design

— Phase0 & Phasel

* Irradiation test firmware setup
Building Blocks design
Simulation and debug
L ayout and tapeout preparation
Chip M easurement
— Phase 2 & future

 |nitial design on 65nm process



Building blocks design — Monitoring Buffer <2

- A SR o e Oneof the new building blocksin

4 i ﬁ'“ FE_C4_P2 chip
LY L

q‘,é'* o "1« Toprobeand buffer out all the
PRI bR % ;L—e- critical nodesin pixels
L ot %ot Full-scalein/out range

g |y i « Specification:

.ﬁ.é ?r' .L% Er. bé hé EHF - CIoad max:50p|: I:eload max::l'KOhm

— Bandwith @unity gain: 60MHz
— Sewrate: 29V/us
— Power on quiescent current :
1.6mA(Vinputdc=100mV)~3.5
mA(Vinputdc=1.4V)
— DC gain: 49dB
 Designed in March, 2010 by J. Luo
 Working well by measurement,
reused in the following pixel chips
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Building blocks design — Calibration block <

Ry Very fast

FAYAYAY falling

¢DC_pulse_out

Vuutzz*vl
R:=V,/2.]

Very slow

dac rising

slow 1‘isin\g —

calibration pulse

« Provideavery fast and precise calibration pulseto every
pixel

 Upto30k pixels (FE-14 case), parasitic capacitive load up
to 40pF~80pF

 Fast fallingedge & very slow rising edge

o Capableof pulse phase tuning and rising time tuning

* Building blocks chip FEC4 P3C (with Bonn Univ.)

- = . Submission: Nov. 10, test: March 11, by W.WEI
Bonn Univ # - Specification:

ns i — Dynamicrange: 0~ 1.5V

-~ I:I Pulse - 8= — Load capacitance: 40pF ~ 80pF

= | - ge i -

— Falling time: < 2.5ns@ far end pixel
— Rising time: 20 1 s~500 1 s, 3bitstunable
— calibration linearity: 0.5%
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Measurement for single block

Tek Run: 2.00GS/s  Sample [N
I | 1

Falling timefor chargeinjection: <4ns @
2ns stimuli pulse
 Risingtimetuning:

» Overlapped snapshots from four
measur ed outputswith different tuning
bits configuration( 001/011/101/111)

» Showingrisingtimeistunable 20~400 p s

« Dynamicrange: Better than 1.4V
 Linearity: <0.5%
Similar resultsasin ssimulation

= Residual of B _

Linear Fit of B

=]
o
3

Residual of B

-0.004

0.0+

I N I N 1 T
30 0 10 20 30 12
Independent Variable



FEC4 P3C & FEC4 P1 combined system -

Volt controlled

LY

Keithley 2410 CPPMAurrent source module

V/l SourceMeter USB
Interface

Current Output
Controlled by Keithley

HP8110A Pattern generator
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S-curve measurement
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Full chip scan image
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Dispersion comparison

Histogram
400 T

average=9143.9914
std=563.5554

std = 563e

Counts
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Building blocks design — A new low power pixel cell <2

Ii
>l

Detecting Cell

iscri

& 7
“pe o

New pixel design with power-down

To0 save power:
— Design optimization (static)
— Sleep — low power standby —wakeup —
wor king — sleep (dynamic)
A most power consuming block:

discriminator (4 Bt A - 121 A)
Design issue:
— Very large gain: Preamp output — Digital level
— Speed: Wakeup pulseto befaster than TOT output
— Area: very limited spacein the exsited pixel design
— Low power: ultralow self power consumption
— Input chargerange: 1k e ~ 100k e (full)
Special design:
— DC closeloop, AC open loop for large gain
— Clamp for large signal stabilization

Designed in Dec. 2011, by W.WEI

Will beincluded for two columnsin the next 3D
run

17



Other building blocks design e

 Power-on-reset block

— Reset signals generated on both of
therising and falling edge of

power supply
— Compatiable with both 1.5V and
4 po 4P 1.2V supply
o /KL S — Hysteresis of 100mV

 New layout of the DICE latch
— Based on the 4-latch cdll
— Further separatethe

N4l:|F NSl:"J N6:[|J

Al ], C2 complementary node, enhance
B\ )|, D2 the anti-SEU capability

C1/ (A2 — Layout size shrunk

D1/ | B2

4-latch cell 18



Chip Design — full chip functional simulation

o Full chip overall smulation

— Common simulation: configuration of pixelsare preset,
configuration phase ignored

— Real case of operation: configuration — normal operation time
consuming in simulation

— Overall simulation by FastSpice (Ultrasim):
« Work asinthereal case
» Evaluateall the bias settling
» Evaluatethe configuration process and compatiability with PUC

— Debug: Problemsof HitEn, ClrGlobal, LdEN... in FEC4_P3 were
solved
* Full chip power network layout evaluation
— Power distributed asanon-ideal grid with para. R
— IR Drop: Biascondition may vary from near end to far end

— FastSpice (Ultrasim Power Network Solver) with estimated R from
layout extraction, to evaluate IR Drop and bias of all pixels

19



Full chip power/bias network modelization
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Layout & tapeout preparation for the next 3D run P,

« Thenext 3D runin Tezz-Char expected at the end of 2012

« Layout and tapeout preparation:
— Processtransform:
 From standard Chartered 130nm to Tezz-Char 3D process
— Pixel matrix: re-organized and re-layout of three options:
o Classical pixel
» Modified pixel design with power-down
* Modified pixel design with bias and latch optimization
— Global Configuration Memory:
» Addingtripleredundancy bitsread-back chain for SEU monitoring
— New building blocksintegration:
« Calibration, power-on-reset, ref-current generator ...
— Full chip ssimulation with parasitic

21



For future design b

e Collaboration on future 65nm process also started, with
both CPPM & LBNL

 More space, more challange

FIE4 pixel region Vs Pix65nm region (assuming y=50u)

e e
eyt

FEI4 2X2 REGION (100X500)

If area to be kept the same as FEI4,
about 4X more logic can be added

=> Substantial area reduction

=> Ultimately the width of a pixel will limited by practical
considerations {power distribution) and not the number of
transistors!

=> Room to add functionality

M. Garcia-Sciveres, ATLAS Upgrade Week, 11/16/11 29



Summary and future ~

e Collaboration between CPPM and I|HEP was successful
and fruitful in the past few years and will continue

 |HEP would liketo contribute more on thecoming ATLAS
silicon pixel upgrades especially on the frond-end readout
chips

« Wearealso eager to participatein CM S upgrade
collaboration!

23



Thank you!
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Functionality

Very fast
Q=V/C I

calibration pulse

rising

falling Output specification:

1. Very fast falling edge -> charge injection

SVervslow  (lessthan 2.5ns @ 0.5ns input rising edge)

2. Very slowing rising edge -> baseline restoration
(3-bitstuning, 20 1 s~500 )

Ringings detected dueto the unter minated cable

Expected to be eliminated if dwelled inside the chip

Tek 2.00G5/7s 347 Acqgs Tek 2.00M5/s 15 Acqs
[ T i T 1
: LT Al2.33v |Chi Coupling
|| Edge Source : : : ; ; i : @ 130mv | Impedance
Ch2 :
Ch3 1 GNDA
+
Ch4 T :
am '5'0'0'r'n‘i/' . 'c’hz" 'S'O'O'mv' ....... M'ZI '0'0'n's' -y .J._. . '5'5'0'mv'" Cmore—  hae _ '5'0'0'r'n‘i/' . 'c’hz" 'S'O'O'mv'"'_"' ”» .]_0_0.“.5. -y .J._. . '3'6'0'mv'" Q
: 1o0f2 ) 50
T Couplmg Slope | Level Mode ‘ Coupllng Bandmdth Flggoi%at’le Position | Offset | cal Probe
<Edge> (.h? e I 550mvy Holdoff 7div —2.00 div | —1.65mV tnitiatized

falling edge ~4ns @ 2nsinput rising edge

Rising edge~500 1s @ 25uA input current
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Performance

TeK Run: 2.00GS/s  Sample [HINE ] 0
A SN A A Al T T a2y - ¢ RiSINg time tuning:
SRS TOU OUULIUE JOUNL U ST SO TYRNE > Overlapped snapshots from four
: measur ed outputswith different tuning
bits configuration( 001/011/101/111)
» Sameinput current 20 1 A, output 1V
» Sametimescale40 b gdiv
» Showingrising timeistunable 20~400 p s
+  Dynamicrange
o > Best case: fastest rising: 1.45V
o soomyl  goomd o i 0 ] > Worst case: dowest rising: 1.3V
FHTEhD | TR | mneh D m etz | Refs [ Res > Sameresult asin simulation
1_0—- ..I 20.8
:: . Best dynamic range case 0-2-: =" Worst dynamic range case
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0 5 10 15 . 20 25 30 35 input current 26
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Residual of B

Linear fit result
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Design and simulation e

Trahsient Response

s e Transimpedance

s LMS(IEIE.?ns l@s.sm\n
=7 i | . .
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I 7 : .
] e — DC closeloop (operating pt.)
B | — AC open loop (large gain)
i . . .
ol P\ e Optimization: para. & corner
- 3 T _ .
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Elszr MOG14 55, 5-15.99m\n and %ttl i ng
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