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Outline

[ Collection of signals from silicon detectors

[ Basic configuration of the preamplifier

O Charge collection and cross talk signals = specifications for open loop gain and
bandwidth of preamplifier stage

 General requirements for silicon strip detectors electronics
[ Technology scaling and its consequences

 Improving the open loop gain of amplifier stages

Motivations
Methods

 Operating in weak inversion

Motivations
JCosts

 Front end designed for SLHC silicon tracker (5 to 10pF

detector capacitance) in 130 and 90nm process

L Architecture
1 Performance

d Matching (provisional — low statistics from MPW runs)
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Principles of the silicon detectors for
tracking applications

d p-n junction reverse biased forms
the detection zone

 lonization along the track of the
high-energy particle

1 For 300um Si detector the most
probable signal is around 3.5fC (non-
irradiated detector)

1 Electric field proportional to bias
provides drifting of the created
charge — induced current is readout
by the front-end electronics

 Spatial resolution provided by the
segmentation of the detector

Implanted p+ strips /

n+ backplane connection

electron-hole pair created along particle track
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Reception of sighals from silicon detector —
basic configuration of the preamplifier

d Charge sensitive preamplifier
[ Delta-Dirac current pulses integrated on @ * Ky

feedback capacitance J\

L Discharge provided by the feedback resistor i
(prevents saturation) . +

Q Mode of the preamplifier is defined

by feedback time constant t.=R; C,

U 1. comparable with the time constant of the J\ J\ J\ J\ J\ J\ J\ t
shaper = transimpedance preamplifier y A sarationlevel

=~ Ry -> infinity

T~RpxCp

NN A NN

Ut >> time constant of the shaper = charge
preamplifier
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Input impedance model (operator and
frequency domain)

Rp The input impedance in operator domain:
Cr
Z_(S Z_(S
lin Z.(s)= e (8) ~ - (S)
J\ P — Ky 1+ K, (s) K, (s)
. ::Cd Vin Vpo ) Considering K
a @ $ ( dominant poleonly Ky (§)=——
l; the open loop gain is: l+s-7p,
Transimpedance mode: Charge preamplifier (R;=><0):
: : 1+s-
2,,(5)= K-8 o) Zy(s) =2
K, -(L+s-7;) K, -s-Cp
Z,|= Re _\/1"'(’O2 Tho _ \/l+ w1,

in Zin
‘ Ky 1+o? 1 ‘ ‘ o-K,-Cg
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Input impedance and cross-talk signals for charge
and transimpedance amplifiers

-
o

1z, []

10’ =

=/ |
\\\
A
\

- =100kQ
1 obo —
I Verosstalk |
b
L 10° 10’ 10°
- - frequency [Hz]
zz 10 c is‘=1§0§p§|: - —
= -~
Z. (S 3 ~
CrossTalk(s)= n () § 10 00T
S ~
ZIN (S)+Z|s (S) o 1 —\4/////
%
Input impedance and cross-talk for amplifier with 10" // Ry=100kQ
- 7
83dB gain and 1GHz Gain Bandwidth Product (GBP) 2 P
working in charge and transimpedance configuration 107
10° 10’ 10°
frequency [HZ]
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But what is the cross talk in time domain?



Currents at front end inputs

Cr(s) Sig(s) Cr(s)

is(s)
ic(s)

C b (4 b Uin(s)

Using Kirchhoff law one can write:

1
. S-Cb+zin+ 1 . Zin
S-C S'Cb'Zin-i-l

IS

Unfortunately the use of this expression gives problems later during calculation of
inverse Laplace functions. We have to simplify the model.
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Currents at front end inputs

A reasonable trade off between accuracy and simplicity is shown below:

Uin(s)
@ l @ L4

In this case we assume that input of the preamplifier is loaded with ¢, and
two ¢, capacitances (neglecting input impedances of the neighbors). Using
Kirchhoff law one can write:

Iy = U, °[S°(Cb+2'cis)+zi]

in
Since we assume delta Dirac input we can write expression for voltage at the
preamplifier input:
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Z

in
in

:1+5'(Cb+2'Cis)'Zin
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Currents at front end inputs

Expressions for current flowing into the input of readout channel:

For the expression of current flowing into neighboring channel we use
simplified expression for u,, and expression for input impedance of
neighboring channel connected in series with c,, capacitance (neglecting c,):
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Front End transfer function and
responses to signal and crosstalk

For calculation we will consider CR-RC? type of the shaper. The transfer
function in operator domain is following;

P
E A+s-7,)°

The response of Front End to delta Dirac function in time domain will be:
-1 -
L (TFE "s)
The crosstalk of first neighbor in time domain will be:

L_l(TFE ) ic)
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Example of calculation for transimpedance mode

5110 8

1110 7

151 107 7

5 10" 8
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11107

151 10 7

Kv=83dB, t,, =200ns, GBP=1GHz %)
Detector; c,.=7pF, c,=4pF (ATLAS SCT)

Response; Max=0.289 for t=21ns
(0.27 for 20ns without detector)

Tis(t)atzl

1 The overall charge readout by readout channel
. for transimpedance preamplifier is full!

Crosstalk; Max=0.0139 for t=7.4ns (5%)

Design presented in; J. Kaplon and W. Dabrowski, “Fast CMOS binary
front end for silicon strip detectors at LHC Experiments,” IEEE Trans.
Nucl. Sci., vol. 52, no. 6, pp. 2713—-2720, Dec. 2005
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Example of calculation for charge preamp

A\

[\

151 10" 7

0
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5,10 8

11107

151 10" 7

Kv=83dB, t,, =200ns, GBP=1GHz Y

Detector; c,.=7pF, c,=4pF (ATLAS SCT)
Response; Max=0.265 for t=22.2ns
(0.27 for 20ns without detector)

Tis(t) ot =0.99

Lost of charge related to finite open
loop gain of the preamplifier!

Crosstalk; Max=0.017 for t=9.2ns (~6.5%)

Preamplifier stage the same as in the last slide but working in charge
mode (very high RF, CR-RC2 filter build with shaper only)
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What we have learned so far?

1 Charge preamplifier worse than transimpedance preamplifier
in terms of;

 charge collection efficiency

[ cross talk signal amplitude
 For few pF detector capacitances as planned for SLHC the
optimal open loop gain of the preamplifier should be around 70
to 80dB (in order to provide cross talk less than 5%)
 For peaking time around 20 ns as for SLHC the GBP should be
above 1 GHz
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Another requirements concerning front end
circuits

d Low power (<300uW/channel), low noise (S/N>15 -
ENC < 1000e-)

d optimization of power for a minimum affordable
noise level = influence on the architecture (single

ended)

[ Collisions of particles every 25 ns = data time tagging to
the given BCO (peaking times <25ns)

1 Stability =2 required phase margin above 85 to 90 degree

J Optimum PSRR (large systems, difficult to provide clean
power supply)

] Radiation hardness — doses >2x10'* N/cm? (1MeV) and
>10MRad (CMOS front end preferred)
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Comparison of basic analogue parameters for
three generations of IBM CMOS processes

IBM CMOS 130nm RF 90nm LP (low
power)
tox physical/effective 2.2nm/3.12nm | 2.1nm/2.8nm
K, (Cox'H) NMOS 720 uA/V? 800 uA/V?
Vdd 1.2V (1.5V) 1.2V
g../84s Weak Inv. 30 18
Peak ft 94 GHz 105 GHz

Scaling advantages; higher ft, higher Ka
Challenges for front end; lower Vdd (lower dynamic range), lower intrinsic transistor gain
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Motivations to increase open loop gain

O Lower input impedance of preamplifier;
[ better charge collection efficiency
O lower cross talk

1 Optimizing feedback impedance (i.e. pulse
gain of the preamplifier) versus input
impedance

1 PSRR (all single ended stages)
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Si

PSRR for single ended stage (1)
Iy Ni
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PSRR for single ended stage (2)

MNE

O s
: A1
DY T
fwks No +
Si + ~ Se '
l'ps +

= gm
Sf |
L

5/11/2011

So =Ky -5, +Ng
S, =f-S,
Se :Si —Sf Loop gain
S0
SO:Si KU +NO 1 v
1+K, - f 1+K, - f

Driving K, improves PSRR.
All single ended stages should be designed as
feedback amplifiers with high open loop gain.
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PSRR for single ended stage (3)

Date: Dec 7, 2008 SCTshortSt TestOpenlLoopGain schematic : Dec 7 10:22:40 2009 18

AC Response

— open loop — closed loop
1000

800. /
600.0 / \
400.0

200.0 ’/\

v (mv)

-200.0
100 10! 102 103 104 10° 108 107 108 10° 1010
freq (Hz)

Power supply disturbance (1V) seen at cascode output working in open loop configuration
(red) and in transimpedance preamplifier (blue). 130nm version of front end.
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Basic configurations for gain
boosting

Intrinsic gain in 130nm ~30 V/V = we need 70 to 80dB (2000 to 10000 V/V)...

5/11/2011 CNRS School of microelectronics, Frejus

21



Cascade

K . gml gm2

RL RL u— '
gL+gD81 gL+gDSZ
Out

O Two stage i.e. two pole circuit; needs to be stabilized

G O Significant gain after first stage; Miller effect in case of
Cgd >\§ driving from high impedance (as for silicon detector) = not
) used as an preamplifier stage
O—‘—‘{E M1 A{E M2 O In 90 nm the gain of cascade is significantly degraded
Inp because of intrinsic transistor gain, some circuits which

works in 250nm version shows bad PSRR characteristic
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5/11/2011

Cascode; common source — common gate
amplifier

K, = agml GBW = —9m
Upsi gDSZ +0L 27 Cour
m2

U single stage amplifier; one dominant pole
O no Miller effect (low gain of common source stage)

CNRS School of microelectronics, Frejus
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Regulated cascode

Ireg
RL
Out
M2 C—H ’ o = Ops1* 0 _gmé
L 3 ® DS1 JDS2 Dss_l_gL
— gm2 gm3

[ Cascode transistor controlled with common source amplifier
O Higher output conductance of cascode; possible higher gain
L GBW the same as for simple cascode

5/11/2011 CNRS School of microelectronics, Frejus
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Boosting bandwidth and gain in
cascode

O—o ®
GBW =_9m
@ @ 27 Coyr
Out _
o o KU ~ g ggml
M2 L) \(/)C DS1 JDS2 +0,
[d O

O Extra current source to drain of M1 = increase of g,

1 Direct impact on gain bandwidth

— O Gain changed according to output conductance of cascode and
active load
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Active load for cascode stage

(cascode load)

? Iref

O ® 2
H—fh
i o =205 ey * I
Ve . out m2 "DS2 "DS1
O— - M2
lout
O

O Amplification of rp, by g,
O For short SSD application; OK for 250nm, not sufficient for 130 & 90nm

5/11/2011
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Active load for cascode stage
(regulated cascode load)

@ @ @
A | P
M3j| ® Four = Ym2 " Tos2 “ Ims “Tosz “ Tost
|
? Iref ! -, M2

lout
@ Ireg O

 Amplification of ry; by g,, and g, 5
[ Used in 130 & 90nm versions of preamplifiers



Biasing transistors in weak
Inversion; motivations



Biasing of the cascode

o)
M4
O |vds4
M3
O— <] O All, four, transistors must be in the saturation (Vs > Vg
Vds3 —V.)
LO Vdd U Technology scaling = Vdd diminished from 2.5V in
M2 l_: T 250nm to 1.2V in 130nm and 90nm CMOS = possible
Vds2 problems with dynamic range
" U Solution = subthreshold operation (Vg = V;)
In O—“_E TVds1 d Minimum V¢, for weak inversion roughly 5 U;
(125mV)
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Noise optimization in CR-RC" filters for
multi-channel FE electronics
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1o/1s

IBM 130nm

NMOS

L=300nm

31

WI/Sl interpolation for I

(EKV model)

SRR
SRR
Y

X
Q8
N

t transistor is good from the standpoint of power

Transconductance in MOS transistor

Specific current

I|.=2-n-K,-

(=]
(=)
©
[sw] “B
(o
O
9 - S
c | B> >
sl A5 | =
) \H ©
gls | ¢
N
o)
ol O c
m [l .Im
e
© >
o (@)
T

L Weak inversion provides highest transconductance at a given bias current

L Some technologies report excess noise for devices in strong inversion

U Conclusion

inversion in inpu

weak i

(]
’

consumption/noise optimization

5/11/2011
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Biasing transistors in weak
Inversion; some consequences



Impact of the inversion order on the speed of
CMOQS circuit

25

¢ O A measured {Ls = 0.36 um) AWVp=15V
¢ @ A measured(Lf=0.56um) ,
— —— —— simulation (EKV v2.6)

20

lspec=184.361A for Ly=0.36um
15 I5pec=118.52y1A for Lg=0.56pm

For both devices:
10— N=10, W=12 um

Transit Frequency f; [GHZ]

5 L
. 05V
weak inv. strong inv.
0 ~ I | II!IIII 1 llllllll L1 1 E1ell
0.01 0.1 1 10 100 1000
In/ Is;:»ec

Transit frequency ft as a function of inversion order for 250nm CMOS technology *

For devices biased in weak inversion we never obtain highest possible speed
of a given technology

* C.Enz, “MOS transistor modeling for RF IC design”, IEEE J.Solid-State Circ., vol. 35, no. 2, pp.186-201)
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Noise of the active load (1)

O
for weak inversion gm1=gm2
Q—{ M2 L=
E Ini 2
o-f W1 1 NN
S G ‘g b§ in] in2
Vgs - ¢

If all transistor in weak inversion the gm is defined only by current = all gm the
same

Increase of input series noise by ~40%!

5/11/2011 CNRS School of microelectronics, Frejus
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Noise of the active load (2)

R
% gm2=gm1/(1+gm1*R)

O—{E M2 inl > in2

LANE
=
—
(0 0]
<
kS
—_—
I
I
Em’ Vgs
—
—

Resistive degeneration of gm works
But we have to spend another ~100mV taken out from Vdd...

5/11/2011 CNRS School of microelectronics, Frejus
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Architecture of front ends
implemented in 130 & 90nm
processes



Front end channel in 130nm & 90nm
technology (SCT short strips)

R10

M15
M40
Out
—O
czI M42
Inp O—+ m w3 VF ,on‘{ M48 i
IfeedO-{ @ i
1
Preamplifier fAmpIifier and integrator Amplifier, integrator, threshold separation and trimming% Comparator
5.5 mV/fC 30 mV/fC 100 mV/fC
tp 8 ns tp 18 ns tp 22 ns
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Preamplifiers open loop gain

Date: Nov 16, 2008 SCTshortSt TestOpenLoopGain schematic : Nov 16 15:43:13 2009 151

AC Response
— ibpre="80u";dB20(VF("/out")) 1.7363GHz 408 7TmdB
— thgre="160u"dB20(VF ("fout"} 4727GHz 408 7m:

=

N\
AN

t
10 10! 162 10° 104 108
freq (Hz)

.
108 107 108 109

130nm, 80dB, GBW=2GHz
lin=80uA

5/11/2011

Date: Jul 22, 2009

— dBZO(VF(TOut")
80

v (03]

ShortSt90 TestCascodeReg3-AC schematic © Jul 22 15:23:21 2009 54

AC Response

\Q 5.671MHz, 68 52d8)
N,

60

40

A\

T
107 108 109 1010

~20 - T T
109 101 102 103 104 108 108
freq (Hz)

90nm, 70dB, GBW=3.5GHz
lin=80uA

CNRS School of microelectronics, Frejus
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Preamplifiers mput impedances

Graph Window 93 Jul 22, 2009 Graph Window 40

]
5 w
o o
= % / &
0(26.91MHz, 387 8
300 / 500 ~
- /
/ 250

o aie

100 10! 102 103 1 n“freq (HZ)105 108 107 108 162 100 101 102 108 10“{[9q [Hz)1 o 108 107 108 108
130nm, 330Q @25MHz 90nm, 380Q0 @25MHz
lin=80UA liN=80uA

In both cases the cross talk signals less than 3%
Detector 1.5 pF to bulk + 2x 1.6 pF to neighbor
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PSRR *

Date: Dec 4, 2009 SCTshertSt TestChannelAFPZ schematic : Dec 4 15:40:05 2009 10

Expressions AC Responsa
— PERR = fAnOut = {PreQut
Ll 350 T
70 300
10,
250
S =
200 - ul I 1 AL A, |
40 <
) £ 1ae] |
= g
30 = /
100 N
20 / \
W e
0.0
10 /’ i / \
P
-10 -50.0

T s - T
107 10! 1062 10 10% 10% 108 107 108 107 1098 10" 102 10% 107 107 108 107 10F 10
freq {Hz) freg (Hz)

130nm, -0.5dB @ 25MHz
lin=80uA, Cin=5pF to GND

Date: Jul 22, 2008 Short3t80 TestChannelAFP3FC_1 schematic : Jul 22 13:28:51 2009 26
Expressions 2 AC Response
— PR = {PreQut = /BOut
50 250

40 200 f
3¢ 150 [\
Wik r/ 1004

>
1 w 50

()

[

¢
Mag {mi/}

HO(27 98MHz. 245 AmoBy_

S

-1 ey =50, 0o SR
100 1ot 102 103 104 105 10f 107 108 10t 100 107 107 108 10% 105 108 107 108 10°
traq (Hz) fraq (Hz)

90nm, +0.5dB @ 25MHz
lin=80uA, Cin=5pF to GND

" PSRR defined as the ratio of the 1V signal at the power supply line to the signal at the output. For two

different front end one should also look at the charge gain!
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PSRR (2)

Date: Oct 26, 2009 ShortSt90 TEST_SHSTIOV1_np schematic : Oct 26 10:32:00 2009 7
Date: Jul 22, 2008 ShortSt90 TestChannelAFP3FC_1 schematic : Jul 22 13:50:43 2009 41

Expressions 2
Expressions 1 Expressions 2

50
T T T 4/'\
0(1.411ns, 6.742mV
100 ol ) " \
3

30

40

25

_ ! ! ! ! .
L2
\ :
10
1% \ /

-10 \

g
250 50.0 75.0 100

50 0

vV (mV)
=}

W (dB)

time (ns) 5.0
-10 -
109 101 102 10% 10 10% 108 107 108 1
Dataset null (nully: freq (Hz)

o T T T T T
100 107 102 10% 104 10° 108 107 108 109

— cin="1p";Comparatar Input Dataset null (null): freq (Hz)

— cin="5p";Comparator Input — cin="1p"|PSRR

— cin="5p"PSRR

PSRR improves when:

Q Cin decreases (also in case of real detector when part of the detector
capacitance is connected to neighboring channel)

0O Bias current increases (GBW increases = loop gain increases)

5/11/2011 CNRS School of microelectronics, Frejus
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PSRR (3)

Date: Feb 2, 2010 ShortSt90 TestChannelAFP3FC_1 schematic : Overlaid Results 47

Expressions 2

— PSRR=<0> — PSRR<1> — PSRR<2>

50

PAD %
U

-]
A A
mE

o~

V (dB)

I

PSRR might be broken by input
protections:

1 PSRRO; no ESD structure

-10 DCDD ECHM

TPSRR1; ESD protection wit
1 PSRR2; ESD protection wit

-20

1diode (85fF capacitance

to Vdd

-30
100 10 102 108

Q double diode structure not admitted
Q preferable structure; silicide blocked

NMOS

0O drawback = higher capacitance

5/11/2011
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Phase margin

Date: Nov 16, 2009 SCTshortSt TestPhaseMargin schematic : Nov 16 15:27:16 2008 143

Date: Jul 22, 2009 ShortSt90 TestPreampAF3AC_AFP schematic : Jul 22 15:31:01 20089 61

Ilpre=80uA
AC Response
— Cin="1p", Loop Gain — Cin="5p", Laop Sain — Cin="10p"; Loop Gain
s s s 150 . 150
) gﬁl: 1p".phase — Cin="5p",phase — Cin="10p";phase 150 }
N
125
125 \ Z ) L 100
\A [1ee =,
< 10 7\\
1004 / \
] lsa o 75.0 0.0
T MO(19 81MHz, 80 74deqg] ¢ ,/ -
(SN - MO(18 99MHz, 78.98deg) -
~.50.0 } —
- = [ g
S50 — - 2 0 T
g \ g ” 250 >
> = el
25.0
\ [soo o \ Y b-s0.0
o
\ F-100 80
\ 100
250 500
150
~50.04 -75.0 150
109 101 102 103 104 108 108 107 108 109
T80 T T T 200 freq (Hz)
100 101 102 103 104 10% 108 107 108 108 1010
freq (Hz) Dataset null (nully:

130nm

= loop gain 1pF
= phase 1pF

— loop gain 3pF
=— phase 5pF

loop gain 10pF

= phase 10pF

We want to have 90 degree for nominal input capacitance (5pF), this
has impact on input impedance and PSRR but safety first.

5/11/2011
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Linearity and dynamic range

Date: Jul 22, 2009 ShortSt90 TestChannelAFP3FC_1 schematic : Jul 22 14:43:28 2009 42 Date: Jul 22, 2008 ShortSt30 TestChannelAFP3FC_1 schematic : Jul 22 13:12:02 2009 26
Expressions Transient Response BfC, threshold set 100m to 600mV Transient Response
500 82 500 1000
400 {\‘ 800 R\
\ : f 250 750 04 B
|
|
300+ Ay 5751 1
i
| 2(18.82ns, -21.28mV) | L+
| Il | A L
200 1 ssof— 4 o 500,01 =
z 0(21.98ns, 102 2mV) z z z
> \ > - S
1004 \ 525
\ l -250 3 \ 250.04 1
0+ i 500 ”
| |
0(6.508ns, —6.444mV) =501 I 0
10 47514 L/ \
-200 T T 1 450 ~750 T -250.0
0 50.0 100 150 200 0 50.0 100 150 200 0 500 100 150 200 0 500 100 150 200
time (ns) time (rs) time (ns) ' time (ns)

In 130nm and 90nm versions dynamic range up to 6 fC (good linearity up to 4fC)
Same 1.2V Vdd ")

*) in 250nm version the dynamic range (limit in discriminator stage - might be adjusted) is about
12fC

5/11/2011 CNRS School of microelectronics, Frejus
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Selected results from 90nm and
130nm front end for short strips
silicon detectors



Dynamic range and linearity

Peaking time 22ns
Gain 100mV/fC

(90nm)

Transfer Curve for Different Input Capacitances

QLG e
E 05' """"""""""""""" """"""
e [ 0 . Cd t = OF i
o 0.4 o P —_— et=b
0 3 : " : —»— Cdet = 0.5pF
T LS N 0 R —+ Cdet = 1.5pF
g ool —=- Cdet = 2.3pF
o Cdet = 3.2pF
0.2p g A Cdet = 4.4pF
N 4 | Cdet=5.2pF |
e I ]
2 4 6 8 10
Charge (fC)

Good linearity up to 4fC (400mV signal range)
Dynamic range up to 6fC (limit set by the bias of the differential stage).
Good agreement with simulation = the same figures for 130nm version

5/11/2011
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Noise performance of 130 nm
version

As predicted by theoretical model 2 no
excess noise in 130 nm for NMQOS
devices with gate length of 300nm

5/11/2011 CNRS School of microelectronics, Frejus
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Noise performance of 90 nm
version

C,y (PF)

Markers are measurement points, lines are theoretical fit with excess
noise set to 31.

High excess noise for regular transistors. Analog transistors not
available at the time of submission.
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Comparison of power consumption at constant

ENC for Cdet=5pF and ENC = 800e-

250nm 130nm 90nm
(ABCN25)
l. 140uA 30uA 160uA
iInput
l 280uUA 160UA 240uUA
total
vdd 2.5V (2.2V) 1.2V 1.2V

5/11/2011
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First look at matching in 130 and 90nm
IBM processes

1 Detailed study of matching issues requires high statistics
(engineering runs with high number of samples)

L In our circumstances we limit statistic to some number of
multichannel chips submitted to one or two MPW

[ Data for matching in 130nm available also from GTK front end chip
(discriminator with voltage threshold distribution)

J One should stress that our architecture is sometimes sensitive to
matching.

O we rely on matching of devices placed over the whole chip area

1 for the presented designs generation of filling structures have
been done by IBM.
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Matching data for 130nm
process; GTK Front End

A Front end for silicon pixel 300x300um (250fF detector capacitance)
 Transimpedance preamplifier/shaper 5ns peaking time / ENC 180e-
 Comparator working in voltage mode

Amplifier, integrator

threshold separation
and trimming

Preamplifier
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Comparator for short strips (130 &
90nm)
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Matching, comparison between
MC and measurements

Gain [mV/fC]

RMS Gain [mV/fC]

RMS Offset [mV]

Measured*/Simulated | Measured*/MC Measured*/MC
130nm FE GTK 72 <> 70 1.5<<-> 1.5 10<&—>6
90nm FE 97 <— 100 7.5 <> 2 18 &3
130nm FE 90 <~- 100 3&>2 10<&—> 8

O Discrepancy between MC and data = MC models are too optimistic or problems are
related to non optimum layout? Better estimates for 130 nm process.

High mismatch for 90nm FE gains partially understood (related to matching of feedback
current in active feedback preamplifier). High value of RMS due to non Gaussian
statistics; pk-pk values for 130 and 90 nm FE much closer (60mV aand 80mV resectively)

Best matching of gains for GTK FE = related to the fact that preamp uses resistive

a

feedback

* .
average from measurements of various samples
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Summary

d For tracking applications, the technology scaling can provide
improvements regarding to lower power and better PSRR (in
general due to higher ft)

d Analog (especially noise) parameters does not scaled with
technologies; short channel effects might caused excess noise
for some technologies/device type

[ The excess noise in 90 nm process should be investigated more
deeply if one want to consider it for front end application (with
special look on analog transistors available now)

d With the presented architecture, one can obtain reasonable
dynamic range and linearity even with low, 1.2V, voltage
supply

 For present developments (front end for strips or pixels of
reasonable size) the 130nm process is the most competitive
technology; cheap, no excess noise, reasonable matching, a
lot of nice features (RF metals, good substrate separation)
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