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GOSSIP detector: principles of operation.

Gas On Slimmed Silicon Pixel (GOSSIP) is a vertex detector combining a

thin gas layer as signal generator with a CMOS readout pixel array.
>
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- projection of the track.
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GOSSIP detector: main features.

Hybrid pixel detector. GOSSIP detector.

O
Cathode foil.

Thickness is 1 pm .

Chip pixel unit cell

Silicon sensor. with bump bonding.

Thickness is 250 pm .

.~ Integrated grid (InGrid)
“ __Thickness is 1 um .

Chip pixel unit cell.

TR
Slimmed (polished) readout chip.

Readout chip. Thickn{s‘inﬂ pm.

CONTRA PRO
- spark protection -can operate up to fluences of 10'% cm-
-low material budget
-negligible detector leakage current
-low detector parasitic capacitance 4



Inputs and requirements for the design of the input circuit.

Single electron efficiency.
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Inputs and requirements for the design of the readout circuit.

Single electron drift time measurements

(simulations)
i Gain = 8000 - time resolution
0 : gtimewalk =2 ng (100 pm) .
oL Gain = 4000
‘E Jo=s
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| | |
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Measured drift time

Fonersousumpiion, low power dissipation
Analog: 2 pW/ pixel.
Total: 100 mW /em? or 200 mW / chip. l

reduction of the material budget .



Inputs and requirements for the design of the readout circuit.

-the high sensitive analog circuit must
be effectively isolated from the high
speed switching lines.

Analog-digital crosstalk.

Pixel pitch and the chip size.

- pixel pitch 55 ym x 35 uym .

- sensitive area a matrix of
256 x 256 pixels ( 1.98 cm?2).




The prototype of the input circuit.

Parasitic capacitance at the input of the front-end circuit .
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The prototype of the input circuit.

Evaluation of the input parasitic capacitances in 0.13 pm CMOS technology .
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The prototype of the input circuit.

Gain in the charge-sensitive preamplifier with a very low parasitic
capacitance at the input (C,, — 10 {F) .
Chy 1
Charge-to-voltage gain = —
fb

i
|.n(t)§ ICpar C,,>> par
5 ¥ Open loop voltage gain Q730
of the OPAMP
Coaxial-like layout of the input
interconnection.
™ Input pad% C,ar = 10 fF...50 fF
& e C.. = 1fF 2272
y fb e
M6  Ground |
- Stability ?
- Physical layout ?

Parasitic metal-to-metal 10
fringe capacitance.

Substrate



The prototype of the input circuit.

Stability of the charge-sensitive preamplifier with a very low parasitic
capacitance at the input (C,,. — 10 {F).

- The scheme of F.Krummenacher

A silicon % 21, no need for the Ieakage %
_ | sensor E] Ij current compensation [l
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- This circuit demonstrates a safe phase margin
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even when

- This circuit becomes unstable when
Cpar—> 10 fF
C. —>10fF 11
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The prototype of the input circuit.

DC feedback in the charge-sensitive preamplifier.

Virtual resistor Ry, = 80 MQ —

Input

Output

Vdd=1.2V
MSE - allows for discharging of the feedback capacitor.
M‘TJ;W b R, = 1/gmV1 + 1/gmM2 = 80 MQ
EJ M1 MZE
Vb1 5 C. =1fF [,.=1 nA i ; . .
- S L° - biases the input of the circuit.
Output
=t
Statistical spread of the offset at the output
o(dUoutPC) = 20 mV (170 e).
M6
M7
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The prototype of the input circuit.

The operational amplifier.

Transfer function
I'U. = A(jw)= Ao/(1+jwr) = 130/(1+jwe 14 ns)

U

out

Bias current
I *+l,o=1 A + 0.2 pA =1.2 A

Power dissipation
P=12V e 12 uA=1.5puyW
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The prototype of the input circuit.

Pulse response and noise.

A(jw)=Ao/(1+jeweT0)

|||_@—|

O-pulse response of the preamplifier

Peaking time = 3er0 = 5ns...30 ns o Cpar
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- response peaking time is
9 ns...30 ns.

ENC = 60..80 e- (RMS)
even with low bias current (I,,=1 pA)
and

fast peaking time.
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The prototype of the input circuit.

Physical layout aspect. Floating P-well for analog NFETs.

Guard rings iad ana
/ \ GND _ana | GND
U

substrate current

- Triple well layout let us better
isolate digital and analog parts

SRR, of the chip.
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GOSSIPO chip, submitted on December 12, 2005.
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The prototype of the input circuit.

Principal Block Diagram of the prototype.

Charge sensitive

Voltage follower

preamplifier
Input1| C,= 3.3fF
| |
e
Icparz 30fF |
Charge sensitive
preamplifier
Input2| C,=3.3fF
| |
v e
Icparz 30 fF

CMOS
Counter

CMOS
Comparator

Start
Stop—»

Clock —»>

Outputs

Objectives for the first
submit.

1) Operation of the proposed
front-end circuit
-stability of the preamplifier
-pulse response
-noise
-channel-to-channel spread.

2) Cross-talk between the high
sensitive analog circuit and
high speed switching CMOS
blocks.
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The prototype of the input circuit.

Measurements.
O-pulse response of the O-pulse response of the
preamplifier. Qin = 410 e preamplifier. Qin = 1000 e
Tek Run: 500[\45.«’5[;T Envelope 1 0 Tek Run: 500r\f15.f’;1?Tl Average g - 0
1A 200 1mY
J@: 15.1mVy

24 ~ . . . . I . . . . )

WGE] 2.00mvh,  Ch2 20.0mvVQ M 50.0As Ch# v 0V 6 Apr 2006 @il 5.00mvAh  Ch2 20.0mv< M 100ns Chd J 550mV 4 Apr 2006
17:10:12 14:47:12

- The preamplifier with (C,,. = 35 fF and Cg, = 1 fF) demonstrates
a stable operation and an expected pulse response and noise.

ENC = 60 e (RMS) .
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The prototype of the input circuit.

Measurements.

O-pulse response at the output of the CMOS comparator.
Qin = 410 €.
Threshold = 300 e-.

Tek Run: 250MS/s Envelope _ o
wt

1A 201Tmy
1@ 190mV

- The channel-to-channel
spread of the threshold is
o™R = 160 e-

( consistent with simulations).

@l 50.0mv~h  ChZ 20.0mv< ™ 100ns Chd 7 550mV 4 Apr 2006
14:50:14
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The prototype of the input circuit.

Measurements.
Tek 1.050(]5/5 . 1—4] Acqs
Clock signal is running i ﬁl | 4
at 100 MHz. |
The output of the
comparator. :
Threshold = 300 e P

MM 500mv&  Ch2 50.0mvh M 50.0ns Ch2 7 50mMV 13 Apr 2006
17:06:15

- no significant crosstalk between the high sensitive
input and the 100 MHz clock line.
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Conclusions and plans.

Front-end readout circuit of the GOSSIP chip will benefit from
the low detector parasitic capacitance and no need to
compensate for the leakage current.

- The first prototype of the fast (40 ns peaking time), low-noise
(ENC = 60 e (RMS) and low-power (2 uw per channel) input
circuit for the GOSSIP chip has been successfully
implemented in 0.13 ym CMOS technology.

- Owing to the triple well layout used in the prototype, the high
sensitive analog inputs have been effectively isolated from
the high speed switching gates.

- A new prototype featuring TDC-per-pixel concept will be
submitted in the end of 2006.
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Additional slide.

Protection against discharges.

Layout of the input pad

20um

< N
< >

Polymide

Metal layer TD

Metal layer LM

i 0]
g_ﬁﬁs_cflaig_e Rprotz TMQ “
i ] Output
4 PR » >

? Icp-gridz 0.5fF lcp_subz 10fF

- protective resistor causes neither signal distortion

nor noise increase as long as R ,®C_ .., is less than 1ns. 21

prot p-gri



Additional slide.

Integrated Grids.

58 SB8rm

22



