Status of HV-CMOS submission in AMS350
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Pixel demonstrator - Floorplan
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Areas (from top to bottom):

- digital pixels with standalone readout
- in-pixel nMOS comparator

Standalone |§1MOS matrix

Flavour 5 Flavour 6 .
. . - analog matrix
; ' - different flavours in terms of gain and speed
Ali‘lalog matt:'ix - analog pixels with standalone readout
Flavour 1 i Flavour 2 i Flavour 3 - CMOS comparator in the periphery
: - Main f res:
Analog matrix ain features
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- submission through an engineering run

- submission in September 2015

Standalone CMOS matrix

Flavour 4

- different substrate resistivities
- 20 Q-cm (standard value), 200 Q-cm, 1k Q-cm

24.56 mm
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Pixel demonstrator - Floorplan
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Digital pixels with standalone readout:
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- 16 rows x 300 columns standalone pixels
- in-pixel amplifier and nMOS comparator

- 2 flavours (150 columns each):

- nMOS comparator
- nMOS comparator with TW compensation

- readout with FEI4 (bump/capacitive coupling)
or with digital block in the periphery of the
matrix

- 1-to-1 connection of each pixel to its digital
cell in the periphery

- Digital block with same functionality as in FEI3

- time-stamp storage
- pixel address generation
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Pixel demonstrator - Floorplan
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Analog matrix:

- 23 rows x 300 columns analog pixels
- in-pixel amplifier
- 3 flavours (100 columns each):

- gain

- speed

- readout with FEI4 (bump/capacitive coupling)

- 2 analog matrices, same idea, mirrored
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Pixel demonstrator - Floorplan

< 19.56 mm >
A
~-LLELLL —===_=E===° | Analog pixels with standalone readout:
. []
u : : - 16 rows x 300 columns standalone pixels
2| Standalone hMOS matrix P
m : - in-pixel amplifier and CMOS comparator in the
™ Flavour 5 H Flavour 6
. : : : periphery
- Ai alo mati' - readout with FEI4 (bump/capacitive coupling)
| IX
u I? 9 l:. or with digital block in the periphery of the
E = Flavour 1 E Flavour 2 E Flavour 3 .
s |m ' : matrix
- 10 ' [
S - E E - 1-to-1 connection of each pixel to its digital
- Analog matrix cell in the periphery
] ' '
] I T - Digital block with same functionality as in FEI3
- - time-stamp storage
a| Standalone CMOS matrix - pixel address generation
|
= Flavour 4
v/ EEEE EER EEEN EEEEEN

A4 UNIVERSITY OF

& LIVERPOOL B G- Vel LCUK iicon Meeting Liverpool 35ep 2015




Pixel demonstrator - Layout
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& Digital and control circuits (15 mm x 1.45 mm)
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¢« 16 rows x 300 cols standalone CMOS matrix
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~|< Digital and control circuits (15 mm x 1.45 mm)

(2.97 mm x 24.56 mm)
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Pixel demonstrator - Sensor cross-section

HV HV Vpp Vss Vss Vop Voo HV HV
) C|A i C|IA i
SP SNTUB SP SP SNTUB SP
DP DP DPTUB DP DP
DNTUB DNTUB * DNTUB
p substrate LIA ams 0.35 pm HV-CMOS

50 (x)
250 (y)

e Pixel pitch is 50 pm x 250 pm
e Discontinuous DNTUBs (where possible)

e DPTUB guard rings (HV) of 2 neighbouring pixels are overlapped
e Sensor with round shaped corners to avoid electric peak fields
e Guard rings are thick and uniform

e Transistor areas are covered with metal for shielding
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Pixel demonstrator - Pixel schematic (analog 1)

Final stage
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Pixel demonstrator - Pixel schematlc (analog 2)

SFOut (connected to FB to
improve speed, r.t. from 38 ns
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Pixel demonstrator - Pixel schematlc (analog 3)

SFOut (connected to FB to
improve speed, r.t. from 38 ns
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Pixel demonstrator - Pixel layout (analog)
MET1 - in-pixel connections

B Pixel size is 50 pm x 250 um MET2 - bias lines (V) + shielding
................................................................................... : ......................................................................................................................... M E{jé]ongconnecﬁons(]ﬂ)

.............................................

Transistors area is 20.25 um x 87.7 um
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Pixel demonstrator - Pixel layout (stand CMOS)

MET1 - in-pixel connections
7 P|er size is 50 um x 250 pm MET2 - shleldlng

» EEssssEsssEEs 0 | (] ] L] = g (8 Cl ‘

s Bim ( o . b : e NB i B ] ] = J

P EEEEsEe s 3 :1 . Test N10 N4 — a4 0! s PO g

: & H L) L Ll i NGH :NO‘-:‘JK‘ ST - " =

: 1 g N’_ m ] i VI I m ; L i Uil

: [ i e EEEN *5579 i _’j ‘
= i USNE =t “ maman BN Vi

: e N1 wily s e 'Hz‘f EEEm o ip (] I{‘
u - | -En L= -m " mt - -----I y — Pa‘
" e ez Ll w5 | 0] | “ p5 % || EEEEEmEEEN
—— A S SN EEEENEEEEEEEER L 88 !nch.tl.d-rl .............. AEEEEREER P4 e - 2 .“-i i ‘L!J

- Pixel area is equal to analog pixels, standard CMOS comparator in the periphery.
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Pixel demonstrator - Shielding

Standalone CMOS
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Pixel demonstrator - Time walking compensation

e Discriminator:

e nMOS comparators inside the pixel area.

e Low and high energy particles generate signals that cross the threshold voltage at
different times (also the response time of the electronics is dependent on the signal
strength). This time difference is the time walk.

e |dea of time walk compensation - The propagation time through the comparator is
independent of the amplitude of the signal generated by the sensor.

> ael=
P - Without compensation
(TW = 25 ns with

standard resistivity)

Vin
baseline

S~

Analogin
Out
Vin

With compensation
(TW = a few ns only)
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Pixel demonstrator - Pixel layout (stand nMOS)

P|er S|ze is 50 |.lm x 250 p.m
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Pixel demo - Pixel schematic (stand nMOS with TW)

Pixel size is 50 pm x 250 um
= ol = ; i [ ;‘
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Pixel demonstrator - Simulations (analog)

Vmin Vimax AV trise Noise
(V) (V) (V) (ns) (V)
Pre-layout - ANA1 SFOut 1.30378 1.35076 50.046982 38.48 0.00463
Post-layout > ANA1 SFOut 1.30368 1.33317 i 0.029492 73.14 --
ANA1 OutB 1.83829 1.58659 ! 0.251700 44.21 --
ANA1 OutB 1.83903 1.68523 i 0.153798 75.78 --
ANA2 SFOut 0.49654 0.58362 i 0.087078 24.71 0.01047
ANA2 SFOut 0.49656 0.55297 }0.056410 50.00 --
ANA2 OutB 1.83830 1.32186 i 0.516440 24.98 --
ANA2 OutB 1.83904 1.51890 i 0.320140 51.12 --
ANA3 SFOut 0.49654 0.52498 i 0.028445 12.28 0.00390
ANA3 SFOut 0.49656 0.51574 !0.019178 26.04 --
ANA3 OutB 1.83829 1.70113 i0.137154 14.02 -~
ANA3 OutB 1.83904 1.74662 I 0.092413 29.66 --

Cell Node

- Simulations with a resistivity of 20 Q-cm and a signal of 600 e-.
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Pixel demonstrator - Simulations (stand nMOS)

(WT(/SFOut") - ymin(WT("/SFO ")) Thu Jul 2 11:35:28 2015
Hame Sig
1000 4
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B VTSRO - ymin (TSRO 2.53333 307
(NTEYSFOUM - yminkNT(VSFO0™)) 32007
B ONTESEO - ymin VTSRO W) E 3. REEEET=0T
B (VTSRO - ymin VTSRO0 E . 53333307
(NTCPSFOUL) - ymin (VTSRO 5.2e07 8000 -
B (VTSRO - ymin (Y TSFOu)) 5. REEEATe0T
W (NTCASROUL) - ymin(YTASFOu)) 6.533333e07
B (NTPSFOU) - ymin¥TIYSFOu)) 72007 ] ',"\\
)
1A
(00,0 o
B
4000 A

- Simulations with a resistivity of 20 Q-cm.
- Signal of 750 to 4500 e-.

SIQ Vrnin Vrna: ] AV trise 1 pEak 1 t'l!alll n°isel thr 200.0 :
@ N vy wmlwy ! s T v W

05 SFOut 0723 0845 0.121 335n | 66.49n 110154 0019 0.032
05 SFout 0723 0.995 10271 1497n!24366n 1201y 0011 §0032
05 OutB 2808 113511673 145201 — 1 - = ] =
05 OutB 2809 117211636 402in; - | - -1 - 00
SFOut 0723 1540 10816 40.19n} 87n 12651 001910032

13

3
3 SFOut 0723 1.4?4:0.?51 103.67 19747 B0p 00190032
3 outB 2808 113511673 1338n! . 1 _ - ]
1 ] 1 1 ]
3 OutB 2808 1170 11638 4082n1 - 1 - - 1 - _QDDD_SFOUt
0.0 1.0 2.0 3.0 4.0 5.0
time (us)
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Pixel demonstrator - Simulations (stand nMOS)

60.0 70.0

TW = 14.87 ns (Resistivity = 80 Q-cm)
=~ 25 ns (25 ohm:cm) < TW < = 4 ns (1k ohm-cm)
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Backup slides
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Pixel demonstrator - Pixel schematic (stand CMOS)

- Pixel area is equal to analog.

- Comparator:
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Pixel demonstrator - Pixel schematic (stand nMOS)
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Pixel demonstrator - Pixel schematic (stand nMOS)
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Pixel demo - Pixel schematic (stand nMOS with TW)
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