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A Large lon Collider Experiment
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Readout scheme and off-detector components ALICE MFT

* Between 132 and 272 high speed data signals (1.2 Gb/s) per disk.

* Between 96 and 136 clock and slow control signals per disk.

* Total of 1496 Twinax cables for read-out and control organized in FireFly cables.
* 80 Readout Units (concentrator boards) ~6 m away, where TID about <1 krad.

* Optical fibers organized in trunk cables.

* 10 CRU for data + 1 for Power Supply Unit control and 6 FLPs.
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/

New disk PCBs ALICE MFT

* PCB prototypes of disks 0/1, 2 and 4 already produced and working well.

* New version of disk 0/1 PCB (disk 0/1) with improved capacitors has been produced and
it's currently being validated in French labs (metrology and electrical tests).

* The other PCBs will follow the same strategy.
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New disk PCB 0/1 ALICE MFT

* All capacitors below ladder and power connectors to avoid mechanical interference.
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MBO012 - first prototype ALICE MFT
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ALICE MFT

Mother Board 012 — new version

* A new Mother Board must be designed: 4 PCBs connected by 3 independent flex
SIGN/GNDISIGN - 3 independent cards (MBO, MB1 and MB2).

Flex

Custom SQCD-075

* MBO = MB1, except for the size.
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Mother Board for disk 0 and 1

* 3 prototypes of each types now produced: 1 in Nantes for metrology, 1 in Lyon to
integrate the test bench and 1 in Saclay for electrical checks.

Mother Board — disk O
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ALICE MFT

Mother Board — disk 1
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Mother Board disk 2 ALICE MET

* Layout of MB2 almost completed.
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Dispatching cards ol T
RU can accept as input only one ladder per slot - some dispatching cards are needed.

To be hosted in the RU crate.
4 cards to be devl :

1 an efor disk 4.




Dispatching cards ol T

* First dispatching card finalized at CERN. Working now to develop a front panel.
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ALICE MFT Dispatching Card — Disk 012—A




A Large lon Collider Experiment

Cables from cone to RU crates

* Big variety of cables to minimize the volume in the cone.
* 4 types from disks/PSU to patch panel and 4 from patch panel to RU crates.
* Pinout and wrapping finalized with Samtec. o= e
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Cables for RUs

ALICE MFT

* Other cables must be developed to connect the dispatching cards to the readout unit.
* Correspondence 1:1 ladder-transition board input.
* Samtec asked to modify the cable used by ITS. Prints now finalised.
— less differential pairs (8 instead of 12);
— smaller connectors on dispatching cards. g e
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Power Supply Unit: design constraints

MFT Power Supply Unit features:

— Four PSU for total MFT

— One PSU provides power for five half planes

— Separated Analog and Digital power supply (1,8V)
— BBIAS negative votlage generation [0 ; -3V]

— Latch-up detection on each output and each zone
— Voltages, currents and temperatures monitoring via GBT-SCA

— BBIAS voltage and latch-up current threshold control via GBT-SCA

— Radiation tolerant components (up to 75krad)

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018




PSU prototype ALICE MFT

s

Al
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PSU prototype ALICE MFT

o\ B EE 2 zones

PSU controller PSU. prototype
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Power Supply Unit — prototype optimization ALICE MFT
* Some optimization implemented and validated with the prototype
1) New operational amplifiers to improve the measure of the currents.
2) MUX system improved with transistor to better deal with high irradiation.
3) Possibility to know which line (AVDD, DVDD or BB) caused a latch-up.

4) System to shut-down analog or digital line in case of DCDC failure of digital or analog
line in the same zone - tested in simulation.

* Mechanical design of PSU main+mezzanine finalized.
e Schematics ready, working on layout (DCDC and main connectors placed, pinout defined).

PSU main
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Signal integrity measurements T
* Present setup in Lyon include:

- half-disk prototype used for test bench (3+3 ladders of 3 chips each)

- PSU prototype

- MBOor1l

- fake MB2

- fake dispatching card
- transition board

- RUvV1.0

* 8 mlong SAMTEC custom made cable between fake dispatching card and RU.
* Total of 8 connections ladder. They will be 9 (max) in real life — quite realistic test bench.
* Test ongoing with chips in PRBS mode (1.2 Gb).
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ALICE MFT

Backup slides
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MFT readout design requirement ALICE MFT

* Functions:
— transfer data signal to the outside world (RU, CRU...);
— provide clock and slow control signals to the chip;
— provide power (analog, digital and back bias) and ground to the chips;
— transfer supplementary data from sensors (voltages, currents, temperature control).

* Constraints:

— preserve data signals up to 1.2 Gb/s;
— very limited space on all on-detector components;
— data from sensors should be integrated in the data flow.

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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New disk design without MB3+PSU and MB4 ALICE MFT
Y
2
E
g B '] «——SQCD mating connectors—p- m
3
2
[a)

<«— SQCD mating connectors—p- H
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Mother Board 012

* 2x3 layers in the flex: SIGIGNDISIG + SIGIGNDISIG.

200 pm
50pm
18um
75um
18um
75 ou 100pum
18um
75um

200 pm

75um
18um
75 ou 100um
18um
75um
18um
50pum

200 pm

Coverlay LF0110

Cuivre

Kapton AP 8535.R

Cuivre

Bondply LF0111 ou LF 0121
Cuivre

Kapton AP 8535.R

two flex not glued together

Kapton AP 8535.R

Cuivre

Bondply LFO0111 oulLF0121
Cuivre

Kapton AP 8535.R

Cuivre

Coverlay LF 0110

» Stack-up discussed with Techci in order minimize the rigidity of the flex.
» 100 Q of equivalent impedance between P and N, 50 Q between the GND are the only

constraints.
12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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Proposed stack-up of the new Mother Board 0 and 1ALice MFT

* Proposed stack-up (dielectric not considered).
* 15 of the old Mother Board stack-up.

PCB FLEX PCB

Old Mother Board

50um Coverlay LF0110

18um Cuivre

75um Kapton AP 8535.R

18pm Cuivre

75 ou 100pum Bondply LF0111oulF0121
18um Cuivre

75um Kapton AP 8535.R

75 ou 100u ouLF0121

18pum

75um AP 8535.R
18um

50pum LF 0110
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Flex rigidity ALICE MFT
* Flex part of the Mother Board turned out to be too rigid, despite all the optimizations.
* Signals and ground layers (Cu) are the reason of such a rigidity.

* To route all the signals and to guarantee a good electrical quality it is necessary to keep
three layers of copper per disk.

* Solution - change the Mother Board design decoupling the three disks without changing

their position in the cone (see next slides).
12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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Design of MB0 and MB1

®

D
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Flex Flex

Connectors A Connectors A
to MB2 to MB2

Y

DiskO
connectors

Disk1
connectors

MBO MB1
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ALICE MFT

Design of MB2

Disk?2
connectors

>

Connectors
from DiskO
and Disk1

Standoffs

8 connectors
QSS-075
to transfer signals <&—
from/to RUs
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ALICE MFT

Old vs new Mother Board
16+16 UEC5

connectors for 32
independent FireFly

=)
@)
2 flex (3 layers each)
following the same path
4+4 SQCD-075 with 4
FireFly each
2 /
(]
Z

3 flex (3 layers each)
completely independent
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PSU to ladder block diagram ALICE MFT

- i B I "
+3V DC-DC +1.8v| Current ( SWITCH | +1,8V [analog)
— converter sense 1 |
1,8V (Digital
emenan/ A +1.8V | Digital) FPC ladder ALPIDE ALPIDE
[0;-6v] [BBIAS)
q
|
+8V DC-DC | 1av | | Current
———  converter sense :
| U : A

CAEN A3009
(12ch 1.5-8V / 94)

Current
SWITCH
sense 1
. A

M

Control

+3V

Latch-up detection
-8V

Control Monitoring

y

CAEN A3006
{6ch 4-16V / 6A)
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PSU to dlsk block diagram

CAEN ‘ '
AZ009PSU gy FARpea

(1 ehannel
per half
plane)

a
— S

e SWITCH

_' SWITCH

—

| +1.8V [Analog)

¥

+1.8V (Analog)

| +1.8V (Analog)

| +1.8V [Analog)

CAEN
A3006
PSU

L.

" control

—] SWITCH

—SWITCH

! swiTcH

1
~, [0;-6V] (BBIAS)

J

| [0;-6V]{8BIAS)

+1.8Vv(Digital) 7
(Digital) | 3 _ Ctrunt
+1.EV{Digital]-r
S'W'F'I'n'l

i

s

ALICE MFT

J

1 [0;-8v](BBlAS)

z,_| SWITCH |

) [0;-6v] (BBIAS)

J

+1.3V{Digitali. SWITCH e Curunt
+1.8v (Digital) (T 7 swnm

1
DIGITAL
Latch-up detection
Control M Menitaring

CAEN A3006 PSU == 3 channels per MFT PSU
(BBIAS & latch-up =2 channels ; GBT-SCA = Lchannel)

1 DC/DC converter per zone for digital voltage in disk 3 and 4

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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Power Supply Unit: demultiplexer solution

* 1 GBT-SCA per disk: 4 zones x 4 voltage levels = 16 voltage levels.
* GBT-SCA only 4 outputs — demultiplexer as proposed solution.

4

ALICE MFT

[0;1V] BBIAS VOLTAGE [0;-7v] SWITCH
g gor > GENERATION { .
A on/oFF
Threshold o
> 2 ouT? N BBIAS LATCH-UP
. DETECTION LATCH-UP
[0; 1V] multiplexed output ANALOG SWITCH & MEMORISATION To ANALOG SWITCH
/ﬁ [ BUFFER/BLOCKER (1 DC-DC converter for 2
DACL Threshold DIGITAL LATCH- > zones) for each disk
DAC2 f— I ouT3 > BESRES a OR D-LATCH =
UP DETECTION i
s | I > ToDIGITAL SWITCH
(1 DC-DC converter for 2
DRES Threshold ANALOG LATCH A REseT zones) for disk 0,1,2
3] IN4 ouTa >
UP DETECTION
-
\ BUFFER SELECTION /
O O
GBT-ScA P01
GPRIO2
GPIO3
GPIO4
LATCH-UPRESET OUTPUT
GPIO5
GPIOG |e
LATCH-UP EVENT INFORMATION

* Automatic passive fail safe protection is add on the GPIO output of the GBT-SCA
and the demultiplexer output. If more than one period of multiplexing doesn’t
occurs, all voltage outputs are shuted down.
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Power Supply Unit:

fail safe principle

GBT-SCA GPIO outgut——o
1 \ o
\ »
Lost aff communicatig
0
0 20 40 60 80 100 120
| T (ms)
>
GBT-scA  GPIO1 V 4 ) )
GPIO2 Fail safe
erios protection
GPIO4
|\ v
GPIOS LATCH-UPRESETOUTPUT
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LATCH-UPEVENT INFORMATION
-/

/’

IN1

O
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ANALOG SWITCH &
BUFFER/BLOCKER

\
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Thr
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Thr
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\ BUFFER SELE
A

»

\,

BBIAS VOLTAGE

. GENERATION
‘

BBIAS LATCH-UP

DETECTION

DIGITAL LATCH-
UP DETECTION

ANALOG LATCH-

UP DETECTION

ALICE MFT

/ Fail safe protection

uv)

Demultiplexer fail safe output

09

0.8

07

06
05

0,4

0,3

T(s)

If State =1 & T > 1 period
Then Output =0

State

\GPIO fail safe output

v

20 40 60

T (ms)

80

100 120
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All the demux outputs are
shut down (T =6 s)

= Analog, Digital & BBIAS
are switched off



A Large lon Collider Experiment *

Power Supply Unit: first prototype ALICE MFT

BB generation + BB, DVDD and AVDD

, , latch-up thresholds

Demultiplexer & et - . . = )
S.MARTINEZ SUBATECH ' e I MR ON j . i

CNRS-112P3 1172017 ~ i
ALICE MET-DSU PROTOTYPE ° * -

= > @ @

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

‘‘‘‘‘‘ R R PR

Fail safe protecti (i G = Cis S Ll T T T oAy =i connector

JUCSE R R YRR s Gy e

Connector to HE i v AR
microcontroller o | g
GBT-SCA

=M Analog and digital
B DCDC converters

| Latch-up simulation
jswitches

"

oD s

olo_L.up_22
o

+8Y_GBT_sCA

Power IN connector Latch-up

On-board resistors i ati
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PSU actual layout design ALICE MFT

PSU main board (24 DC-DC converters, L-up detection, BBIAS...)

PSU support
PSU

PSU mezzanine board (5 GBT-SCA, 5 DC-DC converters...)

We verified that all the components can fit onto the PSU main and mezzanine board.

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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PSU layout ALICE MFT

* The main board dissipates 16W of power and needs a water cooling for the DCDC converters

* The mezzanine board dissipates 700mW and do not need a water cooling

PSU main board 4 PSU main board water cooling

Exploded view

PSU support

PSU mezzanine board

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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MUX and DEMUX signal output ALICE MFT

RTB2004; 1333.1005K04; 104140 (01.210 2017-05-30)

ﬂ 1] Lt & f Auto 10 ms/ Run 201?-%-&%

e
Revenir  Supprimer  FFT  Annotation . 360 mV 62.5 MSa/s 499996 ms  Echantillons

hd
T

HC MUX output

DEMUX output

=200 AT s 9,933603 me 19,939603 ns 23,939603 ms 39,933603 ms 53, 993603 ns 53,939603 ms £3,933603 ms 79,933603 ms 83,939603 ns 93,933603 ms

[E Mean: 557.991 mv
200 my/ 2vf Mehu
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d = L) . () () () . M
RTB2004; 1333.1005K04; 104140 (01.210 2017-05-30)
4N i ™ y A" Norm 100 ps/ Complete  2°"12%3
el | s BT Annotation } 90 mv 1.25 GSa/s 500 ps Echantillons
v
T

2.5V

2y

1.5
2

1y \ AVDD

<<

@ GO0 my

0y ~

—R00 mY

e D:latch output
Cq o

-2 A 100 ps 200 ps 300 p= 400 p= B0 L= BO0 p= 00 ps 800 ps 300 p= 1 mg
[E Mean: 689.41 mV [Eliean: 344.71 mV

DC DC DC DC
1v/ 10:1 1v/ 10:1 500 mv/ 10:1 5v/ 10:1 Mehu
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d = L) . () () () . M
RTB2004; 1333.1005K04; 104140 (01.210 2017-05-30)
4N i ™ y A" Norm 100 ps/ Complete  2°"12%3
el | s BT Annotation } 90 mv 1.25 GSa/s 500 ps Echantillons
v
T
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e D:latch output
Cq o

-2 A 100 ps 200 ps 300 p= 400 p= B0 L= BO0 p= 00 ps 800 ps 300 p= 1 mg
[E Mean: 689.41 mV [Eliean: 344.71 mV

DC DC DC DC
1v/ 10:1 1v/ 10:1 500 mv/ 10:1 5v/ 10:1 Mehu
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PSU reaction after a short loss of communication ALICE MFT

RTBE2004; 1333.1005K04; 104140 (01.210 2017-05-30)

2018-05-28
15:15

i Ext ya Auto 1sf Complete
4\ m [T y o Ext| P
Revenir  Supprimer FFT  Annotation 100 mV 833 kSa/s 49998612s  Echantillons

All outputs
remain
stable

,— BBIAS

-4 AL us 999,861 ms 1.999861 = 2.999961 = 3.999861 = %, 033861 = 5.099861 = 6.993861 = ¥.993961 = 8.999861 = 9.999061 =

Blf: 7.768 44 Hz [E Vean: 1.791 84 V El iean: 1.849 83 V [ Mean: -3.067 68 V <>
DC DC DC
200 mv/f 1if Mahu

10:1 10:1

* Endurance test carried out over six days. No anomaly, no communication loss.
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PSU operating power up sequences

GBT-SCA
Power-up

Delay

(1 second)

GBT-SCA
responding
?

GBT-SCA
Power-down

Operational amplifiers
(+8V) Power-up

Delay
(1 second)

I

v

Enable DC-DC outputs
(Digital & Analog)

Set BBIAS voltage
(GBT-SCA DAC outputs)

Digital & Analog
DC-DC Power-up

DC-DC &
disks temp
OK?

Digital & Analog
DC-DC Power-down

Enable Latch-up
thresholds
(GBT-SCA DAC outputs)

Delay
(1 minute)

Reset D-Latch
(Latch-up
memorization)
= all switches on

RU enable the clocks
to the ladders

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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PSU operating power up sequences (after latch-up) ALICE MFT

Set BBIAS voltage
(GBT-SCA DAC outputs)

4

Reset D-Latch
(Latch-up
memorization)
= all switches on

A4

RU enable the clocks
to the ladders

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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Readout cable issues

* Melting of the custom made dielectric while soldering the cable to the PCB, as it has
lower melting point respect the standard one:

1) may short the central conductor with the shielding,
2) even if no short happens, the change in geometry affects the z_ of the cable.

* Solutions tried (and working): use of Bismuth soldering, pre-forming the cable end, use
of newly-developed low-pressure tool to partially relief the mechanical strain.

* SAMTEC has to implement all those solutions in an automatic production
process — delivery delayed. First sample foreseen for end of November.

12" ALICE ITS upgrade, MFT and O2 Asian Workshop — 20 November 2018
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AW

Readout Unit overview

/ll\

Busy [ _
USB3 ||
FPGA
(SRAM)
28 Data
: 28 GPI
Alpide [0 nC
Interface [ |
5 DCTRL

ALICE MFT
Flash [— CAN
FPGA bus | | oo [T 12V
Power
3.2 Gb/s
10 x 320 Mbl/s _
; 1 GBTx1 |+ VTRx
GBT-
SCA 12C
10 x 320 Mb/s GBTx 2 3.2 Gbls R
VTTX
3.2 Gb/s
10 x 320 Mbls '
- GBTx3 | 3.2 Gb/s
« VTRXx - SM
Trigger
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Readout Unit Firmware blocks

WB Bus
CLK/RST \A‘;B USBIF |« UsSB
GBTx :
CTP Tr|gger Trigger Handler Mast
Trigger controller di aster
(GBTx 2) o 2 [ caniF CAN
|
ALPIDE
e : FroGr;tI:nd * DATA GPIO
DATA Dat GBT [27:0]
CRU 4 Protocol [+ Data processing :
DATA Handler « Frontend |, D:;:Ing
GBTx eTH g
CRU Controller .
GBTx 0/1 +
DATA/ IEEEIL L] 5 _d‘ 4
ide .
cTRL o DI:ta Busy GIIEE | ALPIDE
CRU Slow, Master Monitor Handler control | CTRL[4:0]
CTRL Ctrl
I I , WB Bus
i PB
Wishbone PowerUnit
PA3 |«+—| o Status SysMon (t:;ll *| comMI[1:0]
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Common to
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Specific
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Not fully
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Specific
to ITS
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