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I: P C @ Eﬁ %L V2 St‘mm C lup Sensor

« BTOFD#E & p-
« REBE ! P -~
« ZENICE Y —+ASIC Luul]ﬂgplpt‘ tam 7 g
- ZMEIZFPC
Connector FPC
e Sensor = 2 cols(2+cm)
e 64x2 strips = 3.2 x 2 cm? o
« (0.bmm x 1cm) %
¢ AS'C o 1
« ETROC (CMS- pad LGADR) =187 3
e 21x23mm?
e 128 signals — IN : Bump bonding
e (E5#%: 31 lines (28? HmEAH D (X£197?) |
* %;}/@ * GND 40 T;—I ?«H cmml!j- ‘
 F= [
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ETROC2 overall design — D
i L+
* 16 x 16 pixels, size 1.3 x 1.3 mm?2,match LGAD ! w.-
Sensor. K
* Analog Front-end (PA+Discriminator)+TDC ! :“
* L1 trigger-driven readout 11
* Flexible trigger path for trigger/test i S ; A
f SV A 40 MHz/ 40 MHz!
* Fast waveform sampling for one pixel i S| o | s [ 2L R
* Interface of ETROC: 5 —
* 40 MHz reference clock Phasesel
* 12C slow control \ J
* 320 Mbps fast control ‘ 2
* Two serial data output at 320/640 Mbps Pixiel Mitrix
* Time resolution contribution: <~40 ps T — ! _ ,
* TSMC 65nm CMOS process, 1p9m Jrome sutderfe—| %2280t | [ oc ciook Gen |["tes | [[Temo
* Power: 1 Watt/chip @ 1.2V F'J ]
* 100 MRad TID tolerance, SEE protection for Senstaer e PLL 2C | [sampier Con
control/readout \—/ R
W R A // f’
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pls. see my list before, | might have

connections: miss&c{l ZOmething :12C, CLK, HY,
i two LV, data
« ETROC signal lines e , ,

o RX CLK <4OMHZ I’ef, LVDS) LV let's follow up offline

« RX: 12C (slow control, 2 lines) " Data

« RX: Fast Command (320Mbps LVDS)

« RX: Addr (5bits 12C) N

* TX Data (320Mbp8’ LVDS) Per ASIC: 3 differential lanes, 2x

° TX Temp Out IZC,atIeést. Perhaps 1-2 mc:refcr

sensors etc.

« RX : Signal (from Sensor, bump bonding)

* ETROC Power e e
« LV(Digital, Analog) 7=< & A E—
« GND (Separate? Common?)

i =
e HV
« GND (Common?)

[ 21 P [ 21 A
AL —7 AL—7 AL —7
N
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ETROC2 TEST
BN CROUND u:
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Hrfmi

« https://indico.cern.ch/event/1255624/contributions/5445274/attachm
ents/2724858/4735205/ETROC2-TWEPP-2023-poster-vb.pdf
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https://indico.cern.ch/event/1255624/contributions/5445274/attachments/2724858/4735205/ETROC2-TWEPP-2023-poster-v5.pdf
https://indico.cern.ch/event/1255624/contributions/5445274/attachments/2724858/4735205/ETROC2-TWEPP-2023-poster-v5.pdf

ETROC?Z bonding diagram

We11 W16

WS12 WS17

m=) One row of 17 PCB pads are ground Smallest PCB pad si_ze : bx10 mils |
=>One row of 13 PCB pads are power supplies Smallest PCB pad pitch : 10.236 mils (0.26 mm)

—=>Two rows of 31 PCB pads are signals, pin#40 is GND ~ Smallest bonding distance : 1.4 mm
Longest bonding distance : 2.451 mm
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ETROC2
PCB pin# Pin name

PCB pin# Pin name Die pad#

1 VSSA 16
2 VREF 7

3 VDDA 813

4 VSS_A  14-21

5 VDD A 22-26

6 VSS.A  27-28

7 CLK4Op 29

8 VSS.D  30,32,34,36
9  ClLK4on 31

10  €LK1280p 33

11  €LK1280a 35

12 FCp 37

13 VDD_D  38,40,42

14  FCn 39

15 DOLp 41

16 DOLn 43

17 VSS_D  44,46,48-50
18 DORp 45

19 DORn 47

20 VP 51

21 VDD D 52-54

22 VSS.D  55-59

2024/11/7

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

vDD_D
VSS D
VDD _D
VSS D
12CAddr0
12CAddr1
12CAddr2
RSTn
VSS_D
VDD_D
SCL

SDA
12CAddr3
12CAddr4
VSS D
VDD_EFUSE
VSS A
VSS _AO
VDD_A
VSS_A
VDD_A
VSS_A
VTemp

Die pad#
60-67
68-71
72-78
79-82

83

84

85

86

87

88

89

90

91

92

93-95

96
97,99-104
98
105-109
110-111
112-117
118,120-124
119

PCB pin# Pin name

WS01
WS02
WS03
WS04
WS05
WS06
WSO07
WS08
WSO09
WS10
WS11
WS12
WS13
WsS14
WS15
WS16
WS17

Wave Sample
Die pad#
DVSS WS01
DVDD WS02
ADDR4 WSO03
ADDR3 WS04
ADDR2 WS05
ADDR1 WS06
ADDRO WSO07
WR_EN WS08
DVSS WS09
DVDD WS10
AVSS WS11,WS13
AVDD WS12,WS14
SCL WS15
SDA WS16
RSTn WS17
AVSS WS18,WS20
AVDD WS19,WS21

PCB-DIE pin map



Technology limits

« FPCOH 4 XHBR

« =xRFPC

(INTT DIRER)

« FPCH 4 X 130cm x 50cm

7V v FEFEDENFREE T TR
* Line & Space = 130um x 130um

e« BEDOFPC
« FPCH 4 X 50x50cm?

e BENMEOYAXTHRE->TWLS

« Line & Space = 50um x 50um A AJEE

e {VE—&
« XYy TTA Uk
« YAVARMNY T TAE

> Rl

« RRICTHZZEICLDERE

« {2 E—

L ZEED 1= 81

4 > #GNDTHEET,

W
BE(ES "l_ J _{r
Rk 3
FEESEREE ¢
HE(GND
Z 87 <1 5:98h
A N T T T n
JGe: +1.414) 08w+t
M1, vf 7R Y o7 TA Wikl
B3/ A ZIZHLY,

GNDIZ 72T,
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 TEJEIRF DEM DR/

L AHBRIL—
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« BERKOEEEBEOT A XFINICLZ2EED LN
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FCiE )

ASICHEIE =

2 cols(2+cm)

64 rows (3.2+cm

« ASIC(ETROC2) LU —DH A XAUZIEA L : BREGCEBEETZE2DH ?
c EV 2 IIBENTER W N=FT7 2 T7OUNEB EEROUNBEAITNTS
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FCiE )

ASICHtE =

64 rows (3.2+cm)

64 rows (3.2+cm)

2.3cm
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FCiE )

ASICHEIE =

2 cols(2+cm)

64 rows (3.2+cm

« ASIC(ETROC2) &t H—DHU A4 XANFIZRL  BREIGCEBETES2DH ?
e B4 —IIEENTERL: N—FKT T
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ASICHtE =
2 cols(2+cm)

64 rows (3.2+cm)

A P
BCEROOENY B L AYEE L W(TEARLY)

ASICIEIE &

__ 2 cols(2+cm)

64 rows (3.2+cm
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FPC idea

® Build two type of 2 layer (channels and ground) FPC ‘connection’ and ‘extension’

® Fach ‘connection’ FPC service a number of ASICs that fit in a single plane
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Pr. ?imc-ne M. Mazza - University of C
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FPC idea

® FPCsare spTAB bonded to be extended so it’s flush

] Tl =
qes

Il

¢ Flex are stacked and glued on the stave one on top of the other to service the entire stave
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® Side view

|
Pr. Simone M. Mazza - University of California Santa Cruz
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BEX
« Cable design (prototype)
« Dimension (L x W): 120 x 5 cm?

4 layers (signal , 2xGND, PWR): X = 0.8% X, Signal

« Cu : 12um thick per layer + 30 um Cu plating on (12um) (s
surface

Lines : 124 lines (Line and space : 130 & 130 um) GNP LCP (100um)

Z g - 100Q by strip line structure Power
« Signal layer is sandwiched by GND layers

Liquid Crystal Polymer (LCP) as substrate

« Less signal loss due to low di-electric constant & tan(d)
« Thick LCP available for Z,: 100um

4 layers laminated by the adhesive sheet

GND pe—




From Simone’s slide
: ™

Double-sided design

@ “Original”: 2 ASIC per sensor originally, now 1

ASIC per sensor

® 1 ASIC service two half sensor

Sensor Chips

Cooling pipe

\2024/11/7




From Simone’s slide

-
Double-sided design

® Since last discussion two Changes:
° ] chip between two sensors

*® “Connector” board to match sensor/chip pitches, sensor and chip wire bonded to it and the
connector is wire bonded to the FPC

~10 cm

V5 Sensor Chip Sensor

= I

||
] ) ] «+ 1 L >
Coolmg pipe cm 2 cm \

Connector FPC

2024/11/7
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Sensor 3
ASIC3
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module
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LV module

Sensor 2
ASIC 2

A

IpGBT

(¢

—2C
— CLK
HV
— LV
GND
— Data

VTRX+
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FTROC
« ETROC is a ASIC for CMS — Endcap Timing Layer w/ LGAD

Endcap Timing Layer ReadOut Chip (ETROC)

5 ..... g
|?m
| L] it
EENAN

S [[1[111—1'1"7511111

! T T an wad
5 ~=HE {=H{E = .
g __--:--_- _EH== l&5 | eTROC Block Diagram Q Total ETROC size: 16 X 16 pixel cell
G = = 4&4!} \v > One pixel cell size: 1.3mm X 1.3mm to match the LGAD sensor
% = e pixel size

0 Targeting signal charge (1MIP): ~6 fC

0 TDC (time-to-digital converter) range
> ~5ns TOA (time of arrival)

2024/11/7
/11/ o ~10 ns TOT (time over threshold)




PCBT 1 > OH#I%

« EREmE DT H A v
« VY —DEEILIFHE
« ASICOEMIZIE : BzdhAr 728, GNDIFED L
« ASICAD#E#T 1L ?
e (L)X Z A WE  ChiplD, Power, GND,



Barrel TOF&EH2RIZMIT T

~13bcm

( |

Hh.bcm
64 rows

e X k1w FAIAC-LGAD 3218 (0.5x10mm)
e [KNEXKIZePIC-TOF(AC-LGAD)T R h Ry FH#EEE (MMAX A 19aWB102-2)
e« KEKFRFtE AICHBEY L2 fEAC-LGAD+ 7> 7/ 7R— K 1

« KRFPC~130cm
1|:| _G}ZI + EEL/)?}:I

* 57)2' mlﬁgfﬂl_

o FUBEMIIE. PSRRI L
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