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Outline 200

e Chartered/Tezzaron 3D technology for the ATLAS upgrade
SLHC pixel project

Analog cell design: analog tier
— Preamplifier

— Shaper + Threshold DAC

— Discriminator

Digital cell design: digital tier
— 24 DFF shift register

Dedicated test chip

Conclusion
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SLHC upgrade: Aggressive requirements 2

SLHC : 10x increased luminosity => new RO electronics have to be
designed

We are studying an alternative approach to:

Minimize pixel pitch: study smaller pixels (50x50 pm?2 instead of
50x250 pm?2)

Target 3 uyW/ch: 2 yW/ch for the analogue tier, 1 pW/ch for the
digital one

Design analogue tier with low noise low power preamp including
shaping + threshold DAC

Low threshold (1000 e-), low noise (100 e-)
Discriminator in digital tier + dynamic memory

Goals:

Explore the Chartered 130nm CMOS techno and 3D features from
Tezzaron

Study variants of blocks for FEI4 (preamp, discri, DAC, local
storage...)

Study digital coupling to analog tier with discri in digital tier (not still
implemented)
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OMEGAPIX: first 3D IC prototype 2

Pixel

OMEGAPIX is a two stacks 3D
V V chip: analogue tier + digital
tier. Sensor will be bonded

=} A directly on the back side of the

Chatge
preamplifier Shapw Disoriminater S thinned analogue layer.

] \—,:@_‘ paed and heated Analogue channel: preamplifier
- N

to form mechanical
— [2um height

= [l shaper + discriminator +
aters alignment -
B ReatH 24 DFF Regivter @ i bettor then 1 um DAC to fix the threshold

Digital channel: one 24
DFlipflop register

Digital
Tier

OMEGAPIX includes 1536
channels divided in 24 columns

hletal 6 grid Buper Via (6 um lengthy
and 64 ch/col.
Not to scale /

100 um

% Cu-Cu hond

Aotive bl of wafer
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SLHC pixel project

Analog cell design: analog tier
- Preamplifier

— Shaper + Threshold DAC

— Discriminator

Digital cell design: digital tier
— 24 DFF shift register

Dedicated test chip

Conclusion

October 14, 2009 Ecole IN2P3 de microélectronique 2009 - D. Thienpont 5



OMEGAPIX: Analogue tier 717

reamplifier Discriminator

]paraphas,b

|
111.6 fF

61 To digital tier

/

cd = 80-100 fF 1 G1 = 1/Cf = 375mV/fC > S
lleak = 100 pA Vref = 800mV <DE Three digital inverters

. > 1nA vdd = 1.2V G2 = 1 V/fC vdd = 1V
Pitch 50x50um?2

to 3 V/fC
Vth = Vdac = 460mV to
850mV
Vdd = 1.2V
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v’ Parasitic capacitance Cgd performs the
feedback capacitance: Cf = Cgd = 1,6 fF.
Ideal gain is 1/Cf -> 625 mV/fC

v' A paraphase structure has been used to
fix the DC points and absorb the leakage
current coming from the detector

Paraphase structure — ' ‘ Jutput of the

pamplifier

100 pA, Ib2 = 2 nA, Input of the
Ib3 =1 pA

preamplifier

180 MQ if Ib1 = 100
pA
74 MQ if Ib1 =1 nA
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OMEGAPIX: Analogue tier - Shaper

Ibl = 2.5 nA, Ib2 = 5 nA, Ib3 = 50

NnA
VDD

designed; four different NMOS
transistors can be switched in parallel
which leads to make Cgd value to
vary

A shaper variable gain has been 1
Ih2

Vdac \ Eﬂz
DAC fixes the output DC voltage

Input of the
shaper

put of the

_ Shaper
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OMEGAPIX: typical simulation 2

Simulation conditions: Qinj = 1000 e-
DAC: 1000 (only 2.5/0.5 nmos_1p5_Ivt as shaper), Vth = 800 mV

Transient response Noise at the output of the shaper
10004 fvout_shaperl — WHZ{
Shaper DAC: 1( &
DAC fixes the DC oo A — [0 the [
[ Vth = 80 \Cite
shaper output voltage B

and so the thresho%&m'

N | /
|
/

e | /

/

5000
Fagd fwoui_preamp

780 n\

NS

Preamplifier
Vmax = Q/C == 770 -
60 mV 260 \ /

L ////
£
FTFED \y
740 7 \\\u
730 ]

e

v
1o~
0 5 3 109 101 10 10% 10% 10 10% 107 108 107
time (us) freg (Hz)

720
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OMEGAPIX: Digital tier 7217

Digital tier has been designed by Yixian Guo from LPNHE.
Each channel includes a 24 DFlipflop register: main tests
will focus about the noise study

A
SR Flipflop 24 DFlipflops

the -
tierls @ D QD Q D Q

RAZ BN > |->

CLK (40 MHz)

Go to the next
channel D_r pin

SR Flipflop 24 DFlipflops

M = P > aHo a
RaZ b oy X } 1536 channels,
cu<(40MHz)|— 24 columns, 64
ch/col

64 channels

SR Flipflop 24 DFlipflops

From to|the
qnaloguetier |° R b QaHp e Q- -
RAL>RN S ; —
fr e [ | Only one channel output can

be viewed on the same time

D_r

CK_r
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OMEGAPIX: dedicated test chip — Slow Control

24 columns, 64 channels/columns -=> 1536 channels
14 SC bits/channel -=> 21504 SC bits =

2 SC bits/selectColumn -=> 48 bits m————
ChX X probe _pa probe_sh pz;)?)?t_)d
. - : |
in_test (1 bit) (1l n
(1 bi}) Ko)
C
1 =
~J S
o
Ctest | —| —| |— S| HITIII
8 <t
(\\ \\ l || ‘ © Ch24.2
\ Y _ >
vl 7N s ‘ (I
—_— \‘ \‘ I |
\\ o \
\ o[ vald mask '
\ = - \ -
\ _lg . (1 bit) ‘\ 7 LLLLTHTTTH
\ \
A N fsel1 f1se2 Ise|24 -
\ \
From the \‘ R \ l4 e 1 -—I' I
. \ \
F;Le;/r']?]:f \ ) RN \ 24 columns
\ \ \
\ \ \ \ - :
D Q D Q D Qp——nnunns D Q « In_test -> 1 bit
To the next| ¢ 3 probes: preampilifier,
channel shaper, discriminator -> 3 bits
e DAC -> 5 bits
e Shaper: variable gain -=> 4
bits
clock s e Discriminator: mask -> 1 bit

-=> 14 SC bits / channel
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OMEGAPIX: dedicated test chip - probes 2

Transient Respanse

One channel can be viewed on the same time =™ 7

1.0

75

One Slow Control for the channel configuration
D SC,CK _SC,Q SC,RST 8C s
e ™

.25

Channel 2 44 Channel 2 Y04
0
; Probe ;

[ | .25 |

- . -5
Channel | Veld Channel 1 Y44 800 FVO_zhaper_probe |

Select Column Select Column

200

/ jﬁl{m' contyol to disable / enable the columns

\ D _gel, Clk_sel, Q_.»:el. RST_sel

T time {us)

Probe Read

24 columns

October 14, 2009 Ecole IN2P3 de microélectronique 2009 - D. Thienpont 15



OMEGAPIX: different columns 2

Several column types have been designed allowing us to study various
flavours of transistor types (normal, low VT, 3p3), noise, oscillations...

v Columns 1 to 10: reference channels

v Columns 11 to 18: various preamplifier transistor types
have been integrated

v Column 19 to 22: without variable gain
v Column 23: discriminator has been removed

v' Column 24: shaper has been removed

At the first time, the sensor will not be bonded, nevertheless
there is the possibility to inject charge via a pad

Some others possibilities are available...
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Conclusion 20 &

Measurements
v’ Technology characterization: measurements of various transistor
types, noise, layers coupling, radiation hardness

v' At first, tests will be perform without sensor (test board and

Software OK), then with the Munich planar pixel prototype (test
board to be defined)

Up-coming design

v Digital tier with the readout system: TOT (7), cIustermg(7)

v' Analogue tier finalization and optimization
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Backup Slides 20 L
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Layout: some pictures... 20 1

One channel: analogue part

50 um
4 mm

One channel: digital part

Entire analogue tier
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3D consortium: VITESSE 2o

VITESSE: a new international consortium for development of Vertical
Integrated Technologies for Electronics and Silicon SEnsors (3D),
gathers 15 institutes

e Fermilab (Batavia) and LBNL (Berkeley) in USA

e 6 IN2P3 laboratories (France) in particular LAL Orsay

e 6 Italian institutes

e University of Bonn (Germany)

e AGH University of Science & Technology (Poland)

This chip will be designed with the 3D Tezzaron process with wafers
from 0.13 um Chartered Semiconductor

LAL purpose: sub-micron readout circuit dedicated for innovative high
granular planar pixel sensors for ATLAS upgrade Pixel detector
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OMEGAPIX: Analogue simulation 20

Simulation conditions: Qinj = 1000 e-, Shaper gain = 1000; DAC = sIDb, 0001

Transient Response

T out_pa

Transient Response

ﬂ\ mpllﬂ Preamplifier probe

l
I

aper probe ¢

Threshold = 500 m

Iscri pr

15 ) . . . : 15
tirme (us) time (us)
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OMEGAPIX: Analogue tier - DAC 5 bits 20

The DAC fixes the treshold voltage
In fact, only 4.5 bits VDD _DAC

Voltage from the )i'[l' )Iil )iZ Ji3

master current mirror |
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Preamplifier simulation 20 L

[ Pa ra p h a Se b e h a V i O r Preamplifier characteristics vs. leakage current
— Leakage current variation

when leakage current increase
output preamplifier voltage Ty

—a—\/pa (mV)

increase | Vpa-Vin

rmsNoise(mV)

100 200 300 400 500 600 700 800 900 1000

leakage current (nA)

Time Over Threshold measurement

e TOT measurement

not very good because of
the shaper saturation

-
s

__—

—=— TOT, gain = 0010, DAC|_|
=0, 0000

Time Over Threshold (ns)

1000 2000 3000 4000 5000 6250 9375 12500

Injected charge (e-)

October 14, 2009 Ecole IN2P3 de microélectronique 2009 - D. Thienpont 24



Leakage current variations

Transient Eesponse

kage current

N 100 pAto 1 nA

2ases-when leake

Vin preamp

ge current incre

Vout preamp

increases when leakage curren

t increases

October 14, 2009
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time
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Discri 2y

Transient Response

ﬂgggﬁiétscrl trlgge sur le retour de courant si le threshold est
mal rnn|,e

o
=
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time {us)
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Discri 72517

Transient Respanse

1,25 TR

Intrinséque threshold ~ 500 m¥Y  Discri input
=3
2 Vthn = 497 mV
S Vthp = - 470 mV
y VDD =1V
5 ]

yutput of the fir

inverter

Intrinsic threshold
=0.5mV

- g
1.25-7ouTz

N\t f+h
output ortne

second Inverter

t of th
invertel

LG50 A0
time {us)
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Gain preamp et shaper 2

AC Fesponse
—gain_shaper gain_preamp

75

104 10
freg (Hz)
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