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@ Outline

N7

Q General requirements for silicon strip detectors electronics
Q Technology scaling and its consequences
Q Improving the open loop gain of amplifier stages
Q Motivations
Q Methods
Q Operating in weak inversion
Q Motivations
Q Costs

O Comparison between front end amplifiers designed for short strip (5
to 10pF detector capacitance) in 130 and 90nm process

Q Architecture
Q Performance
Q Matching (provisional — low statistics from MPW runs)
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@ General requirements for the Front-End
tracker electronics for SLHC detectors

Q Detector capacitance in the order of pico Farads
0 Low power (<1mW/channel), low noise (S/N>15 = ENC < 1500e-)

0 optimization of power for a minimum affordable noise level 2
influence on the architecture (single ended)

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

0 Low input impedance = efficient charge collection and low cross talk
signals

0 Stability 2 required phase margin above 85 to 90 degree
Q Optimum PSRR (large systems, difficult to provide clean power supply)
Q
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@ CMOS technology scaling

Q Technology scaling ; formerly proportional reduction of all transistor
features size (tox, L, W) scaled together with voltage supply and vt
threshold voltage (constant field scaling). Smaller feature size = higher
integration scale, lower power consumption/higher speed etc.

Q Constant field scaling required proportional scaling of threshold voltage

- this is limited by subthreshold slope of the MOS transistor (limit for
minimum Vt >200mV)

Q Scaling today ; constant voltage scaling introducing short channel effects
O mobility reduction(vertical and longitudinal field)

Q degradation of output conductance (channel length modulation,
Drain Induced Barrier Lowering (decreasing of Vt for higher Vds))

MUX 2010 Comparing 130 and 90 nm for FE designs intended for silicon strip detectors



SMK:

omparison of basic analogue parameters for
three generations of IBM CMOS processes

IBM CMOS 250nm RF 130nm RF 90nm LP (low
power)
tox physical/effective 5nm/6.2nm  2.2nm/3.12nm  2.1nm/2.8nm
K, (CoxH) NMOS 330 UA/V2 720 UA/V2 800 UA/V?
vdd 2.5V 1.2V (1.5V) 1.2V
g../84s Weak Inv. 70 30 18
Peak ft 35 GHz 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 Optimizing feedback impedance (i.e. pulse
gain of the preamplifier) versus input
impedance

dLower input impedance of preamplifier;
3 better charge collection efficiency

Q lower cross talk
O PSRR (all single ended stages)
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\ Charge collection from silicon strip detectors,
) cross talk signals

Implanted p+ strips

n+ backplane connection

electron-hole pair created along particle track

_Z:(9) _Zu(
Z'N(S)_Kv(s) Cross Talk(s) Z,(5)+Z (5)

Optimal open loop gain preamplifier designed for 5 to 20pF detector capacitance is
around 70 to 80dB (in order to provide cross talk less than 5%)
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Motivations to increase open loop gain

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

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

QO PSRR (all single ended stages)
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PSRR for single ended stage (1)
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@ PSRR for single ended stage (2)

O ®
| So =K, S, +Ng
|
r
L —!_ S,=S.-S. Loop gain
Ind, No |
[ ® o— So
|
|
|
S +O Se |E IDs JI_ SO :Si KU + NO 1 v
) gm | T 1+ K, - f 1+ K, - f
Sf i
1 _—
) Driving K, improves PSRR.
f 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, 2009 SCTshortSt TestOpenLoopGain schematic : Dec 7 10:22:40 2009 18

AC Response

— open loop — closed loop
1000 T

800. /
600.0 I

400.0 \
200.0 "\‘\\\
-200.0

100 101 102 10° 104 10° 108 107 108 10% 1010
freq (Hz)

Vv (mV)

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)...
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Cascade

K . gml . gm2
U=
gL+gD81 gL+gD82

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

O Significant gain after first stage; Miller effect in case of
.7 driving from high impedance (as for silicon detector) = not

Cgd ,X used as an preamplifier stage

! 1 PSRR defined by gain of first stage only
Ionp ‘ “; M1 4“; M2 O In 90 nm the gain of cascade is significantly degraded
because of intrinsic transistor gain, some circuits which
works in 250nm version shows bad PSRR characteristic
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@ Cascode; common source — common gate
/) amplifier

RL

O
VC
o
M1
Ky = ~Im —Om Yos2 T 9L g
Ops2 + 9, N Kui = GBW =—=2m.__
Jps1 0.+ Gos, g. Om2 9. 27 Cour
m
U single stage amplifier; one dominant pole
U good PSRR

O no Miller effect (low gain of common source stage)
4 If cascode load R, very high the overall gain K, comparable with cascade
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@ Regulated cascode

Ireg
RL
Out
¢ O K ~ _gml
M2 Ly "~ Opsi Ops2 O
DS1 ~ YDS2 DS3
<|l ! ' +0,

gr— gmz gm3

&

L Cascode transistor controlled with common source amplifier
O Higher output conductance of cascode; possible higher gain
U GBW the same as for simple cascode
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@ Boosting bandwidth and gain in cascode

O—o ®
GBW =—9m
SN e
° %Jt K ~ o gml
u =
Ops1 9
M2 Ly \(/)C DS1 YDS2 g,
e éH gm2
& m
4 Extra current source to drain of M1 - increase of g,,;
[ 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)

O ¢ ®

ji < M1
a e =00 T, T
VC B ouT m2 DS2 DS1

O M2

? Iref llout
O

d Amplification of rpg; by 9,0
O For short SSD application; OK for 250nm, not sufficient for 130 & 90nm
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@\ Active load for cascode stage (regulated
/)

cascode load)

O ® ® .
g | P
M3j| ® Four = 9m2 " Tos2 " Ims Toss “ Ioss
Iref * IE M2
lout
= @ Ireg O
4 Amplification of rpg, by g,,, @and g5
U Used in 130 & 90nm versions of preamplifiers
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Biasing transistors in weak inversion;
motivations
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@ Biasing of the cascode

7
@)
M4
é
O vds4
M3
o—F Q All, four, transistors must be in the saturation (Vpg > V¢
’ Vds3 ~V.)
MD Vdd 4 Technology scaling = Vdd diminished from 2.5V in
l; T 250nm to 1.2V in 130nm and 90nm CMOS -> possible
Vds2 problems with dynamic range
M1 4 Solution = subthreshold operation (Vg = V;)
In o—“; TVds1 d Minimum Vg g1 fOr weak inversion roughly 5 U;
(125mV)
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Noise optimization in CR-RC" filters for
multi-channel FE electronics

7 =
ENC[C]=F, 'E'Cd/ tpeak ® F E tpeak

Vi thermal . 4-k-T n-y
Af O
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Transconductance:
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NMOS

L=300nm

ID
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Inm

d,, in weak inversion

U Conclusion; weak inversion in input transistor is good from the standpoint of

O Weak inversion provides highest transconductance at a given bias current
power consumption/noise optimization

L Some technologies report excess noise for devices in strong inversion
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Biasing transistors in weak inversion; some
consequences
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\ Impact of the inversion order on the speed
) of CMOS circuit

25

¢ O A measured (Lg=0.36 um) AnVp=15V
¢ ©® A measured (L=0.56um)
simulation (EKV v2.6) -

lspec=184.361A for L=0.36um
15 15pec=118.52yA for Ly=0.56pm

For both devices:
10 - N=10, Wg=12 pm

5

Transit Frequency f; [GHZ]

0.5V

- : strong inv.

lllllll 1_1 II!III] 11 lllllll L1 1 11EIL

0.01 0.1 1 10 100 1000

Ip/ |spec
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
S
nl n2
O G D

VI L
=
I
Em’ Vgs

v j— .
gs | ¢ : :
S & Ini 2
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%!
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3)
:

o

o
A1

Noise of the active load (2)

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

M2

in] > in2

M1 |
S Vas cg__

Em’ Vgs

in] in2

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

MUX 2010

Comparing 130 and 90 nm for FE designs intended for silicon strip detectors



MUX 2010

Architecture of front ends implemented in
130 & 90nm processes
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@ Front end channel in 130nm & 90nm
technology (SCT short strips)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3
o o)
R1
AAA——4
=
gy
R3
= R4
T2 AAA—s
L p—
3
Tt
£
o
R10

il wslfon |

R12

Mas |
Inp O—¢ M M3| VF lpzo‘{ |
Ifeedo-{ © }

o |

,,,,,,,,,,,,,,,,,,,,,,,,,, Preampliier  Ampifier and integrator | Amplifr,integrator, treshold 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: Mow 18, 2000 SCTshortSt TestOpenlLoopGain schematic : Nov 16 15:43:13 2009 151

Date: Jul 22, 2009 ShortSt90 TestCascodeReg3-AC schematic : Jul 22 15:23:21 2009 54
AC Response
AC Response
— ibpre="80u";<B20(VF ("fout"}) 1.7363GHz 408 7mdB
— dE20(VF("1Out")
— ibpre="160u"d B2O(VF (“fout"y 4727 GHz 408 7md 80 T

75.0 \ . \Qifﬁwuz. 68.524d8)
500 \ . \

V()

! : . ~20
100 107 102 10° 104 105 108 107 108 109 100 e 102 103 10t 108 108 107 108 109
freq (Hz) freq (Hz)

90nm, 70dB, GBW=3.5GHz

130nm, 80dB, GBW=2GHz
[IN=80UA

[IN=80UA
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Dale; Mov 13, 2008 Graph Window 93

— Input impedance 80uA — Input impedance 160uA

MO(24 12MHz, 331.6)\

T
108 10 102 103 104 108 108 107
freq {Hz)

130nm, 330Q @25MHz
[IN=80UA

Date: Ju

— Input impedance for BQuA
1.25

Mag (E3)

Preamplifiers input impedances

| 22, 2008 Graph Window 40

— Input impedance for 100uA

750

0(25 91MHz, 387 8

500

“%—-"-—1‘-‘—‘-—_

7

2560

T T
107 103 104 10° 108 107 108 109
freq (Hz)

107 107

90nm, 380Q @25MHz
[IN=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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Date: Des &, 2008 SCTshertSt TestChannelAFPZ schematic | Dec 4 15:40:05 2009 10
Expressions AL Response
— PO —fAnOut - PreOut
80 350 —
o 300
50
260
F7o% ST A A WA WOAA ]
Bt o g m O
arH] =
g < oo ] -
= &
30 = /
100 /
T
500
10 /’ it / \
o
-1 T T -50.0 - T
107 10! 102 10® 10% 107 10% 107 109 10° 10° 10" 102 103 107 10% 108 107 108 10%

freq {Hz) freq (Hz)

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

@ PSRR *

Dats: Jul 22, 2008

Bhortst80 TestChannel AFP3FC_1 schematic : Jul 22 13:28:51 2009 26

Expressions 2 AC Response
— PR — tPrefiut — iBOut
50 250
40 200 f\
a0 150
By
E
¥ 20 r/ = 100
5
=
1 50
#MO(22 08MHZ, 2 5.qm:e)\w
o e
=10 T T T -50.0¢ u T b
109 10! 102 10?10t 108 108 107 108 100 109 10" 102 108 10% 105 108 107 10® 40P
freq (H2) freq (Hz)

90nm, +0.5dB @ 25MHz

IN=80uUA, 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)

N7

S)

Date: Oct 26, 2009 ShortSt90 TEST_SHST90V1_np schematic : Oct 26 10:32:00 2009 7

Date: Jul 22, 2009 Short5t80 TestChannelAFP3FC_1 schematic : Jul 22 13:50:43 2009 41

Expressions 1

Expressions 2

4
T T 50 4/\
0(1.411ns, 8.742my
100 ol ' a0
40 \
3
50,0
SO 1 1 0 O A V00 1 O A | 0]

v (dB)

v (dB)

Expressions 2

25

v (mv)
&
3
° a
—

A | R e I ¥ s

\ 0 | NI S

250 50.0 75.0 100

time (ns) 5.0
-10 +
109 10" 102 10% 10 10% 106 107 108 0¥
Dataset null (null): freq (Hz)
0 T r T T T
100 10 102 102 104 10% 108 107 108 109
— cin="1p";Comparator 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)
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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

V (dB)
N
i

ﬂ

) —l— ‘ ) —L ) PSRRO; no ESD structure \\

-10 DCDDA1 [l @l Y AMNC

-
>

PSRR1; ESD motecti on with

VIUD
PSRR2; ESD protection with double diode \ /

PSRR might be broken by input protections: ~|(85fF capacitance to Vdd) N
Q double diode structure not admitted P P PR
Q preferable structure; silicide blocked NMOS e
QO drawback = higher capacitance
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@ Phase margin
/)

Date: Mov 186, 2009 SCTshortSt TestPhaseMargin schematic : Nov 16 15:27:16 2009 143

Date: Jul 22, 2009 ShortSt90 TestPreampAF3AC_AFP schematic : Jul 22 15:31:01 2009 61
Ipre=g0uA
AC Response
— Cin="1p", Loop Gain — Cin="5p" Loop Gain — Cin="10p"; Loop Gain
— ="1p",phase — Cin="5p" phass — Cin="10p" phase 150 I 150
7 ipriptiphase Zin="5p"phase _P_.P_r 150 8 i
|
125
. \\ /\ L oo
[, | 100 e "\
-3 | 10 7\‘
100 | \ | / \\
75.0 0.0
F50.0
M MO(18.81MHz, 90.74deg)] s ,/
7.0 - MO(18.99MHz, 78.98deg)
— 500 {
Lo - o -0
50 = =
= \ Eﬂ > 55 .
> 'l
25.0
\ [-50.0 04 ] ] \ %500
o
\ k00 e
\ 100
-25 0 500
150
~50.04 I I T -75.0 150
100 101 102 108 104 10° 108 107 108 109
“T8.0r T T T 200 freq (Hz)
109 107 102 103 104 103 108 107 108 109 1010

freq (Hz) Dataset null (null)

1 3 O n l I I — loop gain 1pF — loop gain 5pF loop gain 10pF

= phase 1pF = phase 5pF = phase 10pF

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

N7

Date: Jul 22, 2009 ShortSt90 TestChannelAFP3FC_1 schematic : Jul 22 14:43:28 2009 42 Date: Jul 22, 2008 ShortSt90 TestChannelAFP3FC_1 schematic : Jul 22 13:12:02 2009 26
Expressions Transient Response BfC, threshold set 100m to 600mY Transient Response
500 82 500 1000
400 r\ 600
\ ‘ % 250 R\ 750 0
|
300 B 5751 L
\ z]lgazns, -21.28mV) \\ HT
200 ‘f‘ 5501 // °] i~ 50007 T
g \ 0(21.88ns, 102 2mV) E / 'E‘ \ ‘>§‘
g 100 \ >525 - ”
\ 250 A k 250 04
o 5004 -~
|
\
0(6.508ns, ~5.444mV) -50 o
-10 47514 L/ \ ‘
-200 T T 1 450 ~750 T -250.0
0 90.0 100 180 200 0 50.0 100 150 200 0 500 100 150 200 0 500 100 150 200
time (ns) time {ns) 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
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Results from 90nm front end (130nm version
of Front End for short strips (ATLAS SCT
upgrade) back in the end of 2010)

Comparing 130 and 90 nm for FE designs intended for silicon strip detectors

36



@ Dynamic range and linearity (90nm)

Transfer Curve for Different Input Capacitances

0.6 e
s 09 v
Em 0_4:_ .......... } —— Cdet = OpF 1
° | 24 — Cdet = 0.5pF
~ ol —+— Cdet=1.5pF ||
S | —=— Cdet = 2.3pF
: . e Cdet=3.2pF | |
Peaking time 22ns 0.2 Cdet=4.4pF [
Gain 100mV/fC ol —+— Cdet = 5.2pF
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 estimates for 130nm version
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@ Noise performance (90nm)

11001 v preBiasEx=80uA | T v
1000/ O PreBiasEx=100uA |- R
900 A | PreBlasEx = 120uA SN B
= 800| B
QS v
< i
TR (17| U — SRR —
600 - : B S S S
500T — I g R
0 1 2 3 4 5
Cinput (pF)

ENC at O input capacitance as simulated (470e-)
ENC at 5pF roughly 10% higher than simulated.
Estimates for 130nm version the same - data will be available next year
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@ Comparison of power consumption at constant
ENC for Cdet=5pF and ENC = 800e-

250nm 130nm 90nm
Iinput 140uA*™ 100uA (*7?) 100uA (*120uA)
ItotaI 280uA* 180uA (*?) 180uA (*200uA)
vdd 2.5V (2.2V) 1.2V 1.2V
* measured
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First look at matching in 130 and 90nm
IBM processes

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

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

Data for matching in 130nm available at the moment from GTK front
end chip (130nm front end for short strips back from foundry at the
end of 2010)

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

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

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

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

Vee
o] M24-M31
< < TRIM 1V S
3 S DAC ]
. S !
4
M2
o= H
) C5
N o L n
O—‘ﬁ Rf é T -'__il
J:_ M8-M11 1 1-|_
. Amplifier, integrator i .
Preamplifier threghold sepz?ration 3 Comparator & TL driver

and trimming
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Preamplifier ?‘mplifier and integrator
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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 11<->6
90nm FE short SSD 97 <~ 100 6&—>2 11 &<—>3

A Architecture of 90nm comparator more sensitive to matching but final

numbers for 90 and 130nm chips practically the same = is 90 nm
process intrinsically better?

0 Discrepancy between MC and data = MC models are too optimistic or
problems are related to non optimum layout?

Q High mismatch for 90nm FE gains under investigation (non Gaussian
distribution 2 pk-pk <18mV/fC.
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Conclusion

0 Practically the same estimates for noise/power performance
of 130nm and 90 nm processes

Q Some improvements in AC characteristics due to higher
bandwidth in 90nm process (better PSRR). 90nm shows
higher bandwidth but lower gain than 130nm. This has slight
impact on differences between input impedance and phase
margin.

O The same dynamic range (related to gain and Vdd) in 90nm
and 130nm. The 6fC range with gain of 100mV/fC is sufficient
for tracking applications.

Q Visible discrepancies between simulated and measured
comparator matching both in 130nm and 90nm processes =2
this issue has to be investigated.
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