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Quad design for the first prototypes

e Quad Modules for ITk Pixel
e GitLab Design Files
e 3-layer design
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https://gitlab.cern.ch/adimitri-group/kicad/rd53b_quad_hybrid/-/tree/lbl_layout_Rev1.5

Quad design for the first prototypes

e Total thickness: 220 um | . ¢ on
e Inner layer: 18 um, outer layers: 35 um g e
e Average plated Cu in Hole: 25.4 um

* Minimum hole plating thickness: 20.3 um

Differential impedance test result: R
05.32 - 105.86 Ohm 00 bt heahs e 909
Contamination level: 0.0563 ug/in2 o
(00087 ug/cm2) - e &
salld £ print Material Stack U: Flex Vac-High PC-Std. 10 kV x 400 50 pm 00152|
epec | electronics

Part Number: RDS53B QUAD HYBRID REV - sl

Polyimide (Adhesiveless) _T;8 “m

Adhesive 90 ; _L

Polyimide (Adhesiveless) T _L

Coverlay Adhesive 19 MM

Coverlay 90 © T

Flex Thickness:[ _ 209]um Spec:[ 200Jum [+-  50Jum o 34 MM
sl 90 °




First ITkKPixV1 Digital Quads

* First Digital Quads with ITkPixV1 Chips

Hybrid  Chip1id Chip2 Id Chip3ild Chip4id Configuration

02 Ox10A98 0x10A88 0x10A89 0x10A99 LDO

03 Ox10AB8 O0x10AA8 O0x10AA9 0x10AB9 LDO
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(no tooling used)
e |TkPixV1 chips are not probed
e | DO powering, ShuntEn resistor

removed ! ".?'"

* Reminder there is a bug in
ToT memories which induces
high digital current

* [TkPixV1.1 probed chips with bug fix should
arrive soon at LBL
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https://drive.google.com/file/d/18eeSOTcQRJ2F3njqK4fs09pC3zVmbS9l/view?usp=sharing

First ITkPixV1 Digital Quads

* Thereis abugin the value of one Ioaded reS|stor 84 5 >84.5k Ohm
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First ITkKPixV1 Digital Quads

°* The setup

~~~~~

.

0.1V drop (4.6A

rd
5,

RS R

e First tested digital quad (02) has some wire bonding bugs, has high
current consumption 14 A

e QOther two digital quads (03 and 04) are working as expected, depending
on configuration settings, the current is about 1 - 1.2 A per chip

e Quad 05 not tested yet



First ITkPixV1 Digital Quads

e \Vdda/Vddd measure
- Probe pads on the module

- I\/Ieasure from the MUX on the pinheaded on adapter card
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First ITkKPixV1 Digital Quads

y/ptot_digitalscan.json -p -n 1
. y/ptot_analogscan.json -p -n 1
® -T1Jr1|r]€; F)r()(:EBCjL]rEB y/ptot_tune_globalthreshold.json -t 1500 -p -n 1
y/ptot_tune_pixelthreshold.json -t 1500 -p -n 1
y/ptot_retune_globalthreshold.json -t 1000 -p -n 1
y/ptot_retune_pixelthreshold.json -t 1000 -p -n 1

Threshold Distribution y/ptot_thresholdscan.json -p -n 1
RD53B Chip SN: JohnDoe_1 RD53B Chip SN: JohnDoe_0
ThresholdMap_0_Projection ThresholdMap_0_Projection
[0}] A L D B D L LU L L L [0)] ' [ ! ' ' | ! ! ' I ! ! ' I N ' ! [ N ' I
S [ Mean,,, = 967.9 (898.57/1037.94) ] S 30000 [~ mMean,,, = 960.3 (888.15/103282) ,_ ]
- ~_RMS,, =355 7 - C RMS,._ =36.0 ]
© 25000 — Ll — ) N hist .
g {( Mean_, = 968.3 + 0.1) 7 % 25000 " (Mean,, =960.5  0.1) ]
D - Ogaus = 344 £ 0.1 - o) T Ggaus = 336 + 0.1 .
x — -1 x
& 20000 | 7?/DOF = 8435/ 18 — o T %2/ DOF = 2404.3 /18 ]
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o e i d N BT 0_ [ — ]
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ThresholdMap_0_Projection ThresholdMap_0_Projection

D 30000 F e _angy T T T T T L ] ] O} F—+ '~ T1__ * * T  r T . T T T T T T T o
= [ Mean,,, = 967.7 (899.95/1035.78) _ = ] S 30000 [ Mean,,, = 967.1 (898.65/1035.67) .~ —
- T BRMS,._ =34.6 ] . - RMS,, =35.3 -
()] — 7] Q - S _
% 25000 [{(Mean,,,. = 967.9 + 0.1) 7 % - (Mean ,, =967.2 £ 0.1) B

L i 25000
I [ Ggaus = 329 + 0.1 ] o F G gaus = 32,0 + 0.1 N
> x — -
& T %2/ DOF = 1333.0 / 17 ] & - x*/DOF =1720.7 / 16 .
5 20000 — overflow = 1 - G 20000 — Overflow = 0 —
o) C Underflow =0 ] @ - Underflow = 0 -
-g L - -g — ]
S 15000 — - S 15000 [— —
prd L . Z L _
10000 [ - 10000 [~ —
5000 [ — 5000 [ -
0 C o 0 R N B B ] 0 C P R R R ]
600 800 1000 1200 1400 1600 400 600 800 1000 1200
Threshold [e] Threshold [e]




First ITkKPixV1 Digital Quads

 Tuning procedure

Noise Distribution

y/ptot_digitalscan.json -p -n 1
y/ptot_analogscan.json -p -n 1

y/ptot_tune_globalthreshold.json -t 1500 -p -n 1
y/ptot_tune_pixelthreshold.json -t 1500 -p -n 1

y/ptot_retune_globalthreshold.json -t 1000 -p -n 1
y/ptot_retune_pixelthreshold.json -t 1000 -p -n 1

y/ptot_thresholdscan.json -p -n 1

RD53B Chip SN: JohnDoe_1 RD53B Chip SN: JohnDoe_0
NoiseMap_0_Projection Map_0_Projection

()] L L B L 'I 7 ] [h] ’_'I T '_' T rrrT T LA L L L I_
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Summary

e 25 quad prototype hybrids produced
e 50 data and power pigtalls produced

* 10 data and power adapter cards U RSl
produced B

e First ITkPixV1 Digital Quads
assembled

e |nitial tests show that everything is
working as expected

e Working on Iref calibration for
unprobed chips

e EXxpected to build and test ITkPixV1.1
digital quads in the next weeks | s
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Quad Data pigtail -

e Custom 10 cm long data pigtail with
100 Ohm controlled differential impedance
(2-layer design)

e GitLab design files
e 50 produced (20%)

Material Stack Up: Flex

Part Number: ITKPIXV1 FFC

build to print
epec | electronics

25|um Coverlay

25|um Coverlay Adhesive
Layer 1 18|um
50{um imi i Flex Thickness ZIF
Layer 2 18|um Thickness
25(um Coverlay Adhesive
25|um Coverlay
25|lum Adhesive Adhesive
50{um PI Stiffener PI Stiffener J
Flex Thickness:|  186|um Spec:| 180|um [+/- 25|um
ZIF Thickness:|  211|um Spec:| 200{um [+/- 25[um
Created By: PT
Date: 10/22/2020

4/6/2016
12


https://gitlab.cern.ch/adimitri-group/kicad/rd53b_datapigtail_39pos/-/tree/Rev1.1a

Quad Power pigtail

10 cm long, custom power pigtalil
(2-layer)

e 1.5 0z of copper to reduce the
voltage drop

e GitLab design files
e 50 produced (209%)

Material Stack Up: Flex

Part Number: ITKPIXV1 POWER REV -

build to print
epec electronics

25lum Coverlay
50jum Coverlay Adhesive
Layer 1 47|um
25|um
Layer 2 47|um
50jum Coverlay Adhesive
25|lum Coverlay
50jum Adhesive

500jum FR4 Stiffener FR4 Stiffener

Total Thickness:um Spec:| 800um [+- 100fum
Flex Thickness:|  269Jum Spec:| 250|lum [+- 50|um
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https://gitlab.cern.ch/adimitri-group/kicad/rd53b_powerpigtail_16pos/-/tree/Rev1.1a

Quad Data Adapter cards

e 4-layer design, ~100 Ohm differential impedance
(impedance is not controlled)

GitLab design files
e 10 produced

4DP Version

@ @
loe
6

)
L_mmmuumuu——r =1

Chip 1: GTX2, GTX3
GNDQGND
R uPower Ea LowPower En
Module

Module GND|@ @ |CHIP_ID3
Module GND|@ |[@CHIP_102

R11 K15 Chip3 =
A FWD_CMD

: 6TX0. GTX1 Chip 3: GIX3, GTX2

DAQ_CMD

10: CMD_N
12: CMD_P

R12 R16

0 qle GND
odule GND™
odule GND
odule GND

o » S
ll!!ih(!l.t!.lﬁkr&b_‘

t nnununnu-n

R13
Data Adaptes Card 1.0 (RDS3B Quad 1.5)
4DisplayPort + DAQ CMD .

December 2020
A. Dimitrievska

Mux 4
cript /@

Crip?2
Chip3

| ’ Chiph

]

chipt @@ |Modute onD
Ch|p2 ‘ . Nodule GND ru\nnwn,,”,
Chip3|@ @ [Module GND R2

. @ @ [Module
o
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= Module GND CHIP_ID3

== FWD_CND

1DP Version

' FWD_CMD
@ 10: Fwp_cmp_P
.y 12: FWD_CMD_N

. | el ® 5 ..
il >

i \GND [ @ |@ @ |GND
@ @ LowPower En
Module

| ’ @ @ |CHIP_ID3
I Module GND @|@ cHip_n2

12' cMD_P |

ichip 3 =
FWD_CMD
10: CMD_N

12: CMD_P “‘—“«'-—

Module GND | Data Adapter Card 1.0

| | peivpnsii ' RD53B Quad 1.5)
o i % 'ﬁﬁ g.DlsplayPort + DAQ CMD
Module GND RZ

December 2020
Module s ”Ri A. Dimitrievska *
GND Ri4 R13 .

1DP Version with
FWD CMD

i
= |

FWD_CMD
F “’ LllﬂH i —

¥ osgpsvennivonususyy !
. > o o £

10 rvo_cwop
12: FWD_CMD_N

ﬂ onp  TWD_CND - E.\‘S

. -
)| LowPower En ; r

Module GND O |‘. CHIP_ID2

Chip 1 R
% *“ v RIS, Chip 3 =
*Ri6 FWD_CNMD
10: CMD_N
12: CND_P T W=t

=1 10: CMD_N
12: CMD_P

Data Adapter Card 1.0

1 - (RD538 Quad 1.5)
1DisplayPort + FWD CND

December 2020
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https://gitlab.cern.ch/adimitri-group/kicad/rd53b_quad_data_adaptercard/-/tree/master

Quad Power Adapter cards

e 4-layer design, 10 produced
e (Choice of LV connector

- Molex (as on SCC)

- Terminal block
e GitLab design files

J4
GND|®]®'HV_RET

8

| w
C2

E} = LPEnable

ReFe: Power Adapt;r Card 1.0 gl"""l v J350J!QJGNDV“

. (pff;’ﬁf:fdzlzigs) HHLL LPEnable |.

A. Dimitrievska « HV EXt AkR? e 4



https://gitlab.cern.ch/adimitri-group/kicad/rd53b_quad_power_adaptercard

Data Sharing (1 link per FE
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Data Sharing (0.5 link per FE
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Data Sharing (0.25 link per FE
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CMD Forwarding

Chip 1 and Chip3 can forward the CMD
ChipID of the forwarded module should be changed

(connect to the

GND)
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