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* Motivation
* Operational principle
* Readout setup

e Cabling Plans

* Housing/Mounting/Cooling Kristofer Isaak
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Motivation: E I
> 100_—
» The precise and correct measurement of the asymmetries depends on the correct event
separation in the detector tiles, as indicated by the ideal event profile. S0 10
* Changes in beam properties and magnetic field non-uniformities lead to shifts in the event o
profile and change the measured event type share in a given tile. i 7
50 10°
» If these changes are helicity correlated this can lead to a false or incorrectly extracted C
asymmetry. C
« Careful periodic tracking measurements with the GEM detectors event mode will verify the b g
kinematics and the associated event profile at low current. ¥(em)
rate (GHz/sep/uA/(5mm)”2) vs xy(mm"2)
«  The HVMAPS can be used as another tracking plane behind the ring 5 detectors at these g o
lower currents, together with the GEM detectors. oo
» They could provide a measurement of background events created between the GEMS 200 ' 10
and ring 5.

» They can verify the profile at high beam currents due to their radiation hardness and high =
event processing speed (at fully beam current they have to be gated). 0 o
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Motivation:

CFl funded parts
1. 2352 Pixel chips: 28 per ring 5 tile
Mounting structure (including flex-print)
Cooling equipment
Front-end boards with IpGBT and VTRX+ (CERN)
Cabling
Power supplies
FPGA boards

Noubkwhbd

Primary e- Rate (GHz/uA/25mm*2), Main Detector Plane, >1MeV

50 x10° rate (GHz/sep/uA/(5mm)"2) vs xy(mm*"2)
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Operational principle: p 20.66 mm -
. . 1 160 um
« The final size of the A soum §[ ]
individual chips is ~20 mm 86 um
by 23 mm
mm

* 64000 pixels per chip

(80 um x 80 um) 256 Pixel = 20.480 um

90 um

L
R

 Several of them are to be
combined to form a plane of
whatever size is needed

mm
250 Pixel = 20.000 um

23.18 mm

1 1197 um
A Sum |
375 RBuf = 2100 um mm —
160 um
P 128 RBuf = 20.480 um
L4
} EoC =160 um
A
mm
3.080 um 591 um
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Summary of HV-MAPS operation (with figures by Heiko Augustin, Alena Weber, and Andre’ Schoening — U. Heidelberg)

* There are three distinct areas of the chip:

1. The pixel area, in which each of the 64000 pixels include an amplifier and a line driver to connect the pixel to the periphery
2. The mirror pixel area at the chip periphery, which includes two tunable ToT comparators
3. Three state machines at the chip periphery and a mux for data transfer

per pixel per pixel per submatrix
Pixel Periphery . _ State Machine
s
CSA X > VCO
Senser ‘ }7 GE)L:; readout &
‘ ‘ ‘ | comparator 1&2 £ state PLL
‘ ‘ ‘ ! " °© machine

R readout

>

B | > link A
> link B

L 4{ 8b/10b serializer > |i
. =T e | ok

injection tune
threshold DACs

(%)

<9

MUX |——— linkD

amplification |
integrate /\ line driver Eherrer)ir:(cflld r \ ‘ digital output
charge

g adjustment L
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Summary of HV-MAPS operation
* Signal digitization and time stamp generation:

1. Each pixel drives the amplified hit signal to a dedicated readout buffer at the chip periphery

The two comparators for each pixel are part of the readout buffer circuitry

3. The readout buffer generates two timestamps. The first one sets the hit latch. The second one establishes the ToT
proportional to the collected charge and reduces time-walk effects.

4. The buffer stores an 8b pixel row address and the two timestamps (TS1 =11b and TS2 = 5b)

N

>

Hit digitizer and readout buffer cell E T
2 .
Comparator 1 _?:’ {
1L ®
“w
[ =
/ O

) delayed RO
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Readout cell

Comparator 2 -
time

J Wait

2023-05-06 May 2023 MOLLER Collaboration Meeting 6



N
5\ University

o«Manitoba

Summary of HV-MAPS operation

* Chip event readout organization:

1.

NowuhkwnN

The chip is readout in column-drain and row readout sequence. There are 250 rows and 256 columns

Pixels buffers with hits are transferred to an EoC (End of Column) cell, selected by a priority logic.

If a pixel buffer hit state is transferred to the corresponding EoC, the buffer is cleared and the pixel is sensitive to new hits again.
The EOC contains an 8b column address and collects the full 32b hit information

The priority chain within a column is based on pixel position and hit time

The state machine generates signals to transfer the pixel hit information to the EoC and transfer the 32 bit EoC data to the serializer
The 32b data words are byte serialized and 8b/10b encoded

Col0 Col 1 Col 2 Col 3
select select select Readout
<1 I Row 7
hit—T hit it &=
select select select
< < % < Row 6
hit— hit hit
select lect select
VQ_J Row 5
hit_J hit hit
select lect select
BQ_J Row 4
hit—1] hit hit
select lect select
44 Row 3
hit—J hit hit
select <} lect «{ select «}
‘ Row 2
hit—J hit hit
select lect selech(]—{
ﬁ Row 1
hit—T, hit—T; hit—T
select lect selecl{H
Row 0
hit—7 hit hit
ReadPixel ReadPixel ReadPixel
State machine deta h"\i select data hilt select data hil select End of Column
block
ReadColumn D D:F D’f
dat:

PriFromDet
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Summary of HV-MAPS operation

@ Pixel area
hﬁ_
>
2 Pixel buffer area
g
Readout logic

State
machine




Summary of HV-MAPS operation

Source

>

\ Charge
~ sensitive
> ) N amp /
P (S — }-LJE'—_—/

follower

Pixels

Periphery

State

machine

2023-05-06

Pixel area

Pixel buffer area

Readout logic
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Summary of HV-MAPS operation

Event Sequence:

« Signal
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Summary of HV-MAPS operation

Event Sequence:
A
/ \ « Signal
3/  Amplification
ey
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State
machine




Summary of HV-MAPS operation
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Event Sequence:

4ansmission
line

Pixels

Periphery

Amplification
Transmission to periphery




Summary of HV-MAPS operation
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Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)



Summary of HV-MAPS operation
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Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit
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Summary of HV-MAPS operation

Event Sequence:

- Signal
+ Amplification
—— « Transmission to periphery
« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit

Pixels

NN
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State
machine

Periphery




Summary of HV-MAPS operation

Pixels
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Periphery
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Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit

« Scalar generated from clk



Summary of HV-MAPS operation

g

Pixels

machine

( | H N 7 Time- N\
L stamp ,/

5 A =T

E State

P University
@ o«Manitoba

Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit

» Scalar generated from clk

« Timestamp generation



Summary of HV-MAPS operation
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Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit

» Scalar generated from clk

« Timestamp generation

» Hit/pixel address and timestamp sent to serializer
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Summary of HV-MAPS operation

Event Sequence:

- Signal

+ Amplification

« Transmission to periphery

« Storage in the buffer (pixel cleared for next event)
« Digitization of the hit

» Scalar generated from clk

« Timestamp generation

» Hit/pixel address and timestamp sent to serializer
+ Data sent to readout board

Ry

Pixels

— B
G / Time- "\ Maximum readout rate is 33 MHz per link with a
stamp ,/ maximum of 3 links per chip.
S s B B 4 -
£=1 i i ! i i i ]
e e e L ko O e e e
State [ —
meachine >!Ser|allser !
Data stream S
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Summary of HV-MAPS operation

Minor modifications to final chip:

* Match the on-chip clk to the CERN readout chip
frequency

o « A simple AND with a GATE link before each pixel
buffer to turn on/off the readout — timed to choice to
reduce pixel occupancy

Pixels

These changes are relatively simple and underway.

Need to resubmit for one more engineering run

G / Time- "\ Then go to chip production — hopefully at the end of the
stamp ,/ year
- FoF ToF ToF |
s=h ! i : i ; i ]
g = ! ; ; Data ) : i =
st || | £ e | _
mashina >!Ser|allser !
Data stream S
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Readout Setup

We need to design and prototype a readout
board that incorporates 4 IpGBT chips and 1
VTRx+, plus bias and LV power supply
distribution.

Starting point: The bord schematics/design is
available to us from CERN.

We can remove quite a few of the
test/diagnostic components and want to make
the board smaller for the ring 5 detectors, while
incorporating 4 |pGBTs rather than 1.

Development is ongoing:
We have access to an engineer at Carleton
Univ. through the Canadian SAP Major

Resources Support network

To be mostly completed by end of June

2023-05-06

N
b\ University
% o«Manitoba

VTRX+

lpGBT
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Readout Setup:

*  We want 3 [pGBTs in slave mode and 1 [pGBT as master
* Slow-Control the IpGBTs via the of the down/uplink data stream from the back-end

FPGA . This field allows to read and write the internal registers if the chip operates as 1.28 Gb/s Tx
a Transceiver (master). VTRx+ Uplink 10.24 Gb/S
*  The VTRX+ has 4 uplinks (10.24 Gb/s) and one downlink (2.56 Gb/s) so we can read 1.28 Gb/s Tx Downlink 2.56 Gb/s
out
* Need to determine if we need the FEASTMP DC/DC converters or can run via remote I
power control 1.28 Gb/s Tx

*  We can use the Samtec ASP-134486-01 FMC connector (female)

*  Maximum board width 100 mm

*  Maximum board length 200 mm 1.28 Gb/s Tx
*  Mounting holes can be relocated within the lower 50 mm of the board.

IpGBT Uplink 10.24 Gb/s

80 Mb/s Rx IpGBT Downlink 2.56 Gb/s
To all MAPS and

the other IpGBTs

2023-05-06 May 2023 MOLLER Collaboration Meeting 22
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Readout Setup:

Power/Bias

Conceptual schematic of the readout
and control setup.

IpGBT | IpGBT | IpGBT | | IpGBT

With 1.28Gb/s (TX) und 80 Mb/s (RX)
we can read out 7 MAPS with one
lpGBT.

Use 3 IpGBT as simplex transmitter
and 1 IpGBT as transceiver (same

mode as used by CMS).

Using this configuration we can use
one VTRx+ to read out 28 MAPS

TX = Detector — Counting Room,

RX = Counting Room — Detector

Behind quartz tile

2023-05-06

. Low voltage and Bias__Power to module

Fiber SFP+

train Rel.

Above segment plate

Seg.Patchp.

Below segment plate

Ribbon cable (38 each)
behind light guide

Interposer PCB

R5 Module

May 2023 MOLLER Collaboration Meeting

Segment

Trunk

Power to segments

Det. Patchp.
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Power trunk

Trunk

84 SFP+

=
—— %

—

Power

28 cables per module w. 14 AWG, 30 ft@ (2V, 0.5 A) HVMAPS
28 cables per module w. 14 AWG, 30 ft (return) HYMAPS

2 cables per module w. 23 AWG, 30 ft (2V sense and return)

4 cables per module w. 14 AWG, 30 ft (1.2V,0.33A) IpGBT, VTRX+
4 cables per module w. 14 AWG, 30ft (return) IpGBT, VTRX+

2 cables per module w. 23 AWG, 30 ft (1.2V sense and return)
1 cable per module w. 23 AWG, 30ft (2.5V, 0.08A) VTRX+

1 cable per module w. 23 AWG, 30ft (return) VTRX+

2 cables per module w. 23 AWG, 30 ft (2.5V sense and return)
1 cables per module w. 23 AWG, 30 ft (100V, 0.02A) HVMAPS

1 cables per module w. 23 AWG, 30 ft (100V return) HYMAPS
2 cables per module w. 23 AWG, 30 ft (100V sense and return)

76 cables per module x 84 modules

23
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Readout Setup:

Flexprint design (lie Pan) For each Ring 5 Quartz tile: TAB-bond 7 chips to a flex-print,
*  Design Considerations: have 4 such strips per detector

* Maintain insolation and distance for HV bias

* Impedance control for differential pairs

*  Minimize cross-talks Simple FPC insertion

* Trace delay tuning for high-speed signal synchronization Flip-lock

* Edge overlap design to minimize gaps between strips

* Arrange high density connectors sideway to ease the assembly and installation

* Maximize widths of power and ground traces to allow large current flow at minimized low
* voltage drops

For each Ring 5 Quartz tile: TAB-bond 7 chips to a flex-print, have 4 such strips per detector

Design is done, preparing for making prototypes

2023-05-06 May 2023 MOLLER Collaboration Meeting 24
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Mounting:

Ring 5 Quartz tile HYMAPS in the MD array:

“’-"“,Aﬂnﬁ“‘

More updated mounting
geometry in Kristofer’s talk

2PPDBDESAAAN

2023-05-06 May 2023 MOLLER Collaboration Meeting
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Back-end DAQ:

Hardware
. . — : ;
* Need an array of commercial FPGA boards like the escrpton prce QY o Prce
DCS-7130-48LS-F  Arista 7130 Series 48L with UltraScale VU7P-2 FPGA, front-to-rear air, 2xAC v2 $31,027.07 1 $31,027.07
Xilinx kcu105 SVC-7130-48LS-  1-Month A-Care Software & NBD Hardware Replacement/Same Day Ship for $20455 [ 60 $17,673.00
1M-NB 7130-48LS
DCS-7130-96LS-F  Arista 7130 Series 96L with UltraScale VU7P-2 FPGA, front-to-rear air, 2xAC v2 $51,041.78 1 $51,041.78
O r SO m et h I n g | I ke t h e Arl Sta 48/9 6 LS fl b e r SW I tC h SVC-7130-96LS-  1-Month A-Care Software & NBD Hardware Replacement/Same Day Ship for $483.06 60 $28,983.60
1M-NB 7130-96LS
SFP-10G-SR-P Arista 10GBASE-SR SFP+ (Short Reach) $74.80 | 48 $3,590.40
From VTRX+ CERN Manual
TARIFF FEE Logistics Fee $8,258.66 1 $8,258.66
Versatile Link PLUS e .
¢ > FREIGHT. Shipping & Handling $150.00 1 $150.00
Subtotal: 140,724.
Backend Tx ubtota S10724.51
DDDDDUUDDDDDD ( ) Quote Summary Amount
Laser 2 Q Hardware $140,724 51
Driver 3 , Subtotal: $140,724.51
(Array) o < Estimated GST: $7,036.22
Passives | = ‘ o
Jeomnonoooo FPGA Estimated PST: $9,850.71
' z , . Total: $157,611.44
TIA B- I>
"

Backend Rx
VTRx+

Off-Detector
Commercial Off-The-Shelf (COTS)
on-board 12Tx, 12Rx module

On-Detector
Custom Electronics & Packaging
Radliation Hard
Up to 4Tx plus 1Rx

2023-05-06 May 2023 MOLLER Collaboration Meeting 26



N
5\ University

o«Manitoba

Main detector low voltage cables and power supplies

2. HVMAPS

* 84 modules with 28 chips per module. Need three different LV connections for each module (2V, 1.2V, 2.5V) and one “HV” connection (<
100 V) for bias
* LV powers the chip itself and the readout electronics

Per Module:

*  Chip supply voltage: Venip =2V @ 0.54 X 28 (parallel)

*  Readout IpGBT: Vipper = 1.2V @ 0.27A X 4

*  Readout VTRX+: Vvrrx = 1.2V @ 0.045A + 2.5V @ 0.0804

d Bias: Vbias = 100V @ 0.024

e Largest power: Pehips = 34 W (includes ~20% safety factor)

*  Total power: Pior =~ 38 W (includes ~20% safety factor)

Cables:

*  Voltage drops:
*  Flexprint to R5 readout: AV~0.15V @ 354
e  R5readout to segment patch panel: AV~0.16V @ 3.5A4 AWG 18 (VDD + GND = 24 cables/segment)
*  Segment patch panel to GEM hut: AV~0.56V @ 1.75A AWG 15 ( Split VDD and GND into two AWG 15 = 48 cables)
*  GEM hut floor to PS unit: AV~0.12V @ ? A AWG ? ( Depends on PS unit we choose)
*  Total: AV < 1V (Depending on PS unit we chose)

2023-05-06 May 2023 MOLLER Collaboration Meeting 27
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~2 m AWG ? floor to unit ~10 m AWG 15 along floor ~6 m AWG 15 around array ~1 m AWG 18 seg-p. to mod.
B E— -~ P Atarray floorlevel] €—————— At seg. patch -
= qjice pai
PS Unit 4 segments Separate to segments Splice pairs of AWG
ni 12 modules -> 48 cables each =—————————— 15intoone AWG 18t0
168 A @ 2V 192 cables run to R5 modules 24
cables per segment
PS Unit 4 segments Separate to segments Spl_ice pairs of AWG
12 modules -> 48 cables each 15 into one AWG 18to
168 A @ 2V 192 cables run to R5 modules 24
cables per segment
PS Unit 4 segments Separate to segments Spl_ice pairs of AWG
n! 12 modules -> 48 cables each 15 into one AWG 18 to
168 A @2V 192 cables run to R5 modules 24
cables per segment
. . Chips
PS Unit 4 segments Separate to segments Spl_lce pairs of AWG P
12 modules -> 48 cables each 15 into one AWG 18 to
168 A@ 2V 192 cables run to R5 modules 24
cables per segment
PS Unit 4 segments Separate to segments Spl_ice pairs of AWG
nl 12 modules -> 48 cables each 15into one AWG 18to
168 A@ 2V 192 cables run to R5 modules 24
cables per segment
H 4 segments Separate to segments Splice pairs of AWG
PS Unit _ 15 into one AWG 18 to
12 modules > 48 cables each
168 A @ 2V 192 cables run to R5 modules 24
cables per segment
P 4 segments Separate to segments Splice pairs of AWG
PS Unit - E===——=——====—=—15intoone AWG 18to
12 modules > 48 cables each
168 A@ 2V 192 cables S==—————=untoR5 modules24
E=————=—=—=——o cables persegment
SESe——m—=—=—== AWG 15 into AWG 18
i All segments Separate to segments
PS Unit 56 cables - 2 cables each S==————————— torun to R5 modules
7A@25V 2 cables per segment
. . Readout
ES—
PS Unit All segments Separate to segments = Splice pairs of AWG
112 cables -> 4 cables each =————————— 15intoone AWG 18to
100A@1.2V run to R5 modules 2
cables per segment
BSBeSeSeS————=—= WG 15into AWG 18
: All segments Separate to segments
PS Unit 56 cagles -~ 2 cables each S———————————= toruntoR5 modules
2A @100V 2 cables per segment

2023-05-06
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Main detector low voltage cables and power supplies

2. HVMAPS

PSU Series

* Single channel high current

SPECIFICATIONS

MODEL PSU 6-200
OUTPUT RATINGS

Rated Output Voltage (*1) 6V
Rated Output Current (*2) 200A
Rated Output Power 1200W
RIPPLE AND NOISE(*5)

CVp-p( 10 ~ 20MHz) p-p (*#6) 60mV
CVrms(5Hz ~ TMHz) r.m.s. (*7) &mV
CCrms(5Hz ~ TMHz) r.m.s.(*12) 400mA
LOAD REGULATION

Voltage(*4) 2.6mV
Current(¥11) 45mA
LINE REGULATION

Voltage(*3) 2.6mV
Current(*3) 22mA

2023-05-06 May 2023 MOLLER Collaboration Meeting 29
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Backups
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Work by Kristofer Isaak UManitoba

G Josuas

 Josuas

€ Josuas

¢ Josuag

T Josuas

CERN Developed readout test
board. With FPGA backend

May 2023 MOLLER Collaboration Meeting
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Readout Setup:

Chip-to-flexprint connections:
* Single LVDS pair readout per chip at ~180 Mbps
* 7 chips~ 1.28 Gbps
* 14 lines per chip through flexprint and ribbon
* Clk_P/N from IpGBT
* S In_P/N chip addressing through IpGBT slow control
* SYNC_RES_P/N chip gating (or similar) also through I[pGBT

* Rest of the lines are voltage distribution

2023-05-06 May 2023 MOLLER Collaboration Meeting

E—e o 1

— i p AT 1
SR CLK P 2
SRS INN 3
SN 4

DATA AP DATA A P 5
AN DATA A N 6
 oAmEP— DAABP 7
[ oAmEN. DAABN 8
. DATA C P N\ 9
AR DATA C N 10
1
Reset/gate f
13
14
15
16
17
18
19
20
21
22
23
24
25
2
(—TENPERATORE | TEMPERATURE 21
Ao —AL >
A A1l
a2
Y
CON_RESISTOR el bRk
VBB SENSED_ VDD SENSE 33
SNDTSENSEL_ GND_SENSE 34
35
36
a7
38
39 |
40 |
411
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
W 57

CLK_N
CLK_P

S_IN_N
S_IN_P

DATA_A_P
DATA_ AN
DATA_B_P
DATA_B_N
DATA_C_P
DATA_C_N

SYNC_RES_P
SYNC_RES_N
V_IN_DL
SHUNT_DL
V_OUT_DL
VDDD_L1
VDDD_L2
V_IN_AL
SHUNT_AL
V_OUT_AL
VDDA_L1
VDDA_L2
V_OUT_SL
VSSA_L
GNDD_1
GNDA_1
TEMPERATURE

V_HIGH
v_Low
USE_SPI
ENABLE_SC

POWER_ON_RESET
RES_N
V_IN_DR
SHUNT_DR
V_OUT_DR
VDDD_R1
VDDD_R2
V_IN_AR
SHUNT_AR
V_OUT_AR
VDDA_R1
VDDA_R2
V_OUT_SR
VSSA_R
GNDD_2
GNDA_2

VDDD_R3

SUBSTRATE

O ew—o\

32
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* |tem 1: Core parts needed — 4 |[pGBT, 1 VTRX+

drhes © Check Viod] s

Cerdee before. bring

* Item 2: FEASTMP may not be needed. Use remote power from PS unit (see
slide 6) — need to implement a sense wire — maybe can use them though

* |tem 3: Not needed - mode selection should take place via the downlink
interface

* |tem 4: Needs to be re-designed to supply power to the |[pGBTs , the VTRX+,
and to the HCMAPS chips

* |tem 5: Not needed — startup configuration and operation mode need to be
“hard wired” by pulling control pins high/low with resistors

* |tem 6: Not needed

%
g
5
:

* |tem 7: Not needed — reference clock should come through downlink, but the
lower two connectors could be kept for benchtop testing/prototyping

* |tem 8: Could be kept for prototype testing

* |tem 9: Not needed but might be useful for testing

2023-05-06 May 2023 MOLLER Collaboration Meeting 33



VTRX+ Info:

* Fiber optic transceiver

* 4 upstream channels (sum =10.24 Gb/s)

* 1 downstream channel (2.56 Gb/s)

* 20 cm pigtail with female MT terminator

* Needs to have MT-MPO (male) adapter or other to connect to
standard fiber

Versatile Link Plus Transceiver

Multi-mode fibre

Multi-mode MT ferrule

2.00
1.92

N
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From VTRX+ CERN Manual

Versatile Link PLUS
< >

Backend Tx

<

|—|I'|I'II'II'II‘|I'II_|I_|I_|I_|I_| 4 Passives —
TIA [B:
IpGBT D

Backend Rx
VTRx+
On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard on-board 12Tx, 12Rx module

Up to 4Tx plus 1Rx

2,51

zZL W

H
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CERN Chips Details

New HVMAPS chip production to start in 2023:

New

VTRx

v

* Implement gated readout from chip

e Adjust design to match the |[pGBT protocol
e Can use one IpGBT for 7 HYMAPS

e Canuse one VTRx for 4 I[pGBT chips

* Readout 28 HVMAPS with this combination
* Need 84 fiber connections (VTRx)

* Need 336 of the IpGBT chips

* Readout (TX) at 1.28 Gb/s

* RXat160 Mb/s
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* CERN shipped all of the IpGBT chips to Manitoba e Emend Tee

Power/Bias
_——

SFP+ .

e VTRX+ chips are coming in the next few months
Strain Rel.
* We have one of the CERN prototype readout boards.

The VTRx+ can be used for prototype development
IpGBT | IpGBT | IpGBT  IpGBT

* Design of the MAPS module, flexprint, cooling, U N Above segment plate

interposer is progressing well

Below segment plate

e Commercial Xilinx FPGA backend solution is being
identified and priced out

* Power supply and bias system (cabling and control) is
currently based on direct remote control, but possible
DC/DC conversion closer to the readout board is being
considered.

Ribbon cable (38 each)
behind light guide
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Summary of HV-MAPS operation
e Chip connections:

1. There will be 4 differential outputs (8 lines) per chip that are connected to the |pGBT:
1. Clock (Clk_n/p)
2. Data-out (DOut_n/p)
3. Gate_n/p
4. Addressing (Sin_n/p)

There could be one more digital temperature signal from each chip to the [pGBT input (TBD)
All signals except the temperature diode are LVDS

Target TX speed is 1.28 Gbps (~180 Mbps per chip to IpGBT)

Target RX speed is 80 Mbps (from |pGBT to chip)

Lk wnN
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* Remote LV control cable design for the
HVMAPS tracking detector

*  We would need ~2 of these per segment
* Shorter cable is definitely better ...

e We would need three fiber connections
per segment

2023-05-06

Cable Cross Section (4:1)

inner group
(7 x 0.22 mm2 TWP)

outer shielding
(foil)

outer group
(63 x 1.5 mm?3)

N
E University

o«Manitoba

Outer Group

inner shielding
(braided)

Detail A - Inner Group (8:1)

(!) pair 5 & 6 exluded
from braided shielding

May 2023 MOLLER Collaboration Meeting

Conductor No. Count x Colour Construction Electrical
1,3,5,7,9, 11, 13,19, 21, 23, 25, 27, 1.5 mm?
29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 29 x RD (65 x 20.16) 2ZTA@20V
49, 51, 53, 55, 57, 59, 61
15,63 2 x WH (6;')5( ggjﬁ) 225A@ 1.2V
17 1 xBL (Gé'i 23:6) 04A@25V
2,4,6,8, 10,12, 14, 16, 18, 20, 22,
24,26, 28, 30, 32, 34, 36, 38, 40, 42, 31 x BK (G;f gg.]:e) ZQ‘G(E’R'?“\% ov
44, 46, 48, 50, 52, 54, 56, 58, 60, 62
Inner Group
Pair No. Colour Construction Electrical
1 GN-WH 2 x 0.22 mm? (7 x @0.203) RSEN_2VO0_P (2 V nom.)
GN RSEN_2VO_N (RTN)
2 YE-WH 2 x 0.22 mm2 (7 x @0.203) RSEN_1V2_P (1.2 V nom.) _
YE RSEN_1V2_N (RTN)
3 RD-WH 2 x 0.22 mm? (7 x @0.203) RSEN_2V5_P (2.5 V nom.)
RD RSEN_2V5_N (RTN)
4 BK-WH 2 x 0.22 mm? (7 x @0.203) RSEN_HV_P (100 V nom.)
BK RSEN_HV_N (RTN)
5 GY-WH 2 x 0.22 mm2 (7 x @0.203) 10 mA @ 100 V
GY 10 mA @ OV (RTN)
6 PK-WH 2 x 0.22 mm2 (7 x @0.203) 10mA @ 100 V
PK 10 mA @ 0V (RTN)
7 BN-WH 2 x 0.22 mm? (7 x @0.203) TBD
BN TBD
38
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Appendix:

IpGBT Clocks, Elinks & High Speed.
T Elinks HS.SchDoc

CERN Prototype Board Schematics

‘onfiguration and Control
Control_SC.SchDoc

IpGBT C
T

Project/Equipment  Versatile Link Project

£ TEST COUPON
Test_coupon SchDoc
ﬁ T ¥ Document Dosigner Dol Hormandez
5 5 [EEE] Versatile Link + Demo Board | gy Pt | 1200200
Ton vi [LastMod P Vullie | w307031
op view File__ Versaule Link Demo Board PLUS SchDot
10— Shest 1 of 11

CH-1211 Genéve 23 - Switzerland.

. ) e
LR O WA
5

4

| : |

: \
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.
Appendix:
. LpGBT Decoupling Scheme
Decoupling BOT:
a IpGBT Power Input A
H Silkscreen: GND C1H
rototype board scnematics S rrom asic
e DC P1va} 'VDDI1V: 'VDDRX1V2
EEED DS ! VDDRXIV2
J VDDRXIV2
VDDRXIV2
I
oNng = e
GNDRX
GNDRX
GNDRX
GNDRX
Model: Standalone VLDB+: Mode 2: VLDB+ used as an FMC mezzanine: VODTXIV2 E p1v2
externally powered powered over FMC connector e [
Input voltage: min 9.5 V max 12V Tnput voltage: Fixed 12V when working with Eval. Kit VIN_VLDB+ s Ea
5 PI2VO_FMC YIE H, D B
VIN_VLDB+ When VIN_VLDB+>9.5V: ol 1
Enable both FEASTMP
0y
SW1->EXT, SW3 -> FMC
SW Middle -~ OFF B
1109M2SIAQE? e o - e g
VDDAIV? |
i GNDA z:—'h-r:}m 25V GNp [—
- GRS WI6A WI16B
. . . il
Disable option coming from PI | S 110
= i GND VDDEVS =i
5 TAen 5] GND vopRvs T o
N P ] S0 VRer L3 Use RPIKit for fusing U]
& 1 L 4
o GND VREF
& S
2
- .
c 'VREF c
PLV2
1 VIN_VIDB- VIN_VIDB+
1.2V Output 5% Output
w el e ey .
PIV2A ‘=L VOUT = 4
2 —Zvour . Vs «
=2 VouT 3 2 <
ivour E :
— - GND T =
TS =fvour £ | < 5
TGND 2|2 B
ol ¢ - zE 5
<::| —=awp £z — z [
o VIN VIDB: Lb_( el SO — 3 R2VS .
1 -l VIN e :
DCDC EN TS Toen 3 DS é
CPIo Topwi PIVE DO I pGoop £ —< )
5] —< z
1V2PGE EP = . =
T
PCB Modules/PCBM_CERN_FEASTMP_V3_KIT Theollowing pari shrke be covplnd togeties
GND  SAMTEC/SAMTEC_SFM-106-01-L-D-A_FEASTMP PO e iy el S
- - GND
PLV2
VREE_POVS
E Reference Voltage, SSTL12 Standard for FPGA Project/Equipment  Versatile Link Project ®
Document Designer Damiel Hernand
. . by Daniel Hernands 12/02/2019
ose|  Versatile Link + Demo Board |-G g femead -
ast Mod. P Vulls 11/12/2020
Povwer supply o ToGBT Powar smppivSdDoe
= PanDaie 125208 101431 AM _ Sheet 3 oF 11
“European Organization for Nuclear Research
T o3 Sistame | EDA-04075-V2-0
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Appendix:

CERN Prototype Board Schematics : 5

4.7uF 2.2uF 100nF

o
=
S}

. I . L [ [ I T [ I T [ I T [ I [
ol = o lx o 1% 0 = o1l E o 5 = = =) = =) =R =y £ 2 =) =
§ == S 1 C 9§ h: = = 09== = /= /== /= =
&) uT UTa YT 4 VTN UT uT- U T: &) Tw &) T: U Tw &) T- U Tw &) T- U T:

=

GND
C C
Project/Equipment Versatile Link Project
b Document Designer Daniel Hernandez D
. . . Drawn by Daniel Hernandez 12/02/2019
EP/ESE I/erS at,le Llnk + Demo Board Check.by Daniel Hernandez

- Last Mod. P. Vulliez 9/28/2020
IPGB T Deco llpllng BOttom File Decoupling BOT.SchDoc
PrintDate 1252022 10:14:31AM  Sheet 3 of 11
Rev

ZA\ [ European Organization for Nuclear Researd, £
7 CHTS1] oo 35 Santont EDA-04075-V2-0 A4|10
1 ‘ 2 ‘ 3 ‘ A
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A d H . LPGBT CONFIGURATION SLOW CONTROL
ppendix:
Master 2C
1pGBT Configuration & Control ALl VSCL[10]) VIRx+12C
RESETB 5 € \ VIRX CTRLSDA <
SC 2C/BOOTCNFI, ¢ 1)¢/BOOTCNFL ARl \SDA[1.0] [ OMaster 2C) B R
7 VIRX CTRLSCL (VIR=DE >
LOCKMODE | {0 scL
- STATEOVRD/EDINECTERM, . External Control i
CERN Prototype Board Schematics e e
R g 0 \ —PORDIS o | Errrs R p—
> { Mode&Address ) RESETB > Config&Control> \ VDAC . ( o Cont
bdQRELOL \(ODE3.0] —RESETB__ re1B — > External Control > VDAC )
SCLSLAVE g1 o1 ave TN rorosn )
i Slow Control HPC2.
SDA SLAVE ., , |
SDA_SLAVE RO Tl 11pC) 112 P[23.7] | —
VCOBYPASSBOOTCNFO, /OB YPASS/BOOTCNFO RO Nl 1P Ha N[23.7] {Slow ControlHPCZ)>
RSTB
€16
CERN_LPGBT_ASIC
RESE D3 [ rern ReADyY hR2__RDY
ADRo =) ) o e ) B
ABR—5] ADRO 1 SCL SLAVE Protection switches
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Appendix:

Elinks HPC1 - el NG 1iPC) 14 N[23.0] [
HPCI_La P[33.0] | /
HPCITaND33.0] > ElGiSHRCT ) A
HPC1_Ha_P[16.0] ECLKO
N{16.0] ECLKO P

CERN Prototype Board Schematics i o

ECLKON

ECLKO >

— 1c1A €18
A CERN_LPGBT_ASIC A CERN_LPGBT_ASIC

EDINOOP EDOUTO0P
EDINOON

0

I

1
Y

|

EDINOIP EDOUTOIP

é
|

|-

i«
!

99866 (¢e]
is! =) =l

|

|
A

[99(8d

|-

&

)MatchedClocks
¥) MatchedClocks B

He
o2 -
g

).

505454545

A
l

)

l

8513@@( locks TRANSCEIVER
T)MatchedClocks

.

5
o
g
g
5

S

054554

oxln P 1 ‘Transceiver
oI N

atchedClocks
MatchedClocks

g
!

Gigabit TRX >

&
|

.
99889

CEEE S
7|
1

|-

1) MatchedClocks
) MatchedClocks

ELinkDout

GigabitsLines
Matched Net Lengths [Tolerance =0.127mm]

HSOUT polarity inverted from the VIRx+ side (VIRx+.SchDoc)

545545
e e

&
g

!
£l

MatchedClod]
MatchedClocks

CASASASASASASASAS ACAS,
eleElEl

&

o

z

2

BRRARS

1
u
g
2

&

EDI ECLK24P bttt

atchedClocks
atchedClocks

]

2
|

%)

g
?
|

g

z

51

5

I
[#1%(9ip 81818

i

g
z
2
"
Z

o
.

el

2

EDINGN ECLK2IN
VIVA STHOdT D0 SINoaa

L ELinkClocks

Project/Equipment ‘Versatile Link Project

Document

B
+prse|  Versatile Link + Demo Board  |-gpy g o 12022009

\} IpGBT Elinks and High Speed | i o —

hC
ProtDate 1252022 10:14:32AM __ Sheet 5 of 11
Ei n Organiz » Nuclear R ch
Do Gane et ] EDA-04075-V2-0

1 ‘ 2 ‘ 3 4 5

2023-05-06 May 2023 MOLLER Collaboration Meeting 43

3|10




D

University
«Manitoba

] \ \ ; [ 7 s
.
Appendix:
’ High Pi R Low Pi R High Pi R
igh Pin Count Rows ow Pin Count Rows igh Pin Count Rows
I 1T 1[5
N A
HPC1 VREF A MIC JJH e s (< JE JIE
- — HPC1 VREF A MC N HPC1 PG M2C e[
HPC1 PrsatM2C L £ . HPC1 Ha P1 CC(CLK) I
CERN Prototype Board Schematics B = : e S
HPC1 Ha PO CC (CLK) e
et 1 b : T e s
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Ap pendlx. High Pin Count Rows Low Pin Count Rows High Pin Count Rows
1T 1T 1
A 321 21 J2H G 12F 1E A
HPC1 VREF A MXC 5 HPC1 VREF A M)C HPC) PG M2C 5
- k- HPC2 PrsntM2C L £ HPC2 Ha P1CC (CLK) e
k: Mounted: No h3 2 HPC2 Ha N1CC (CLK) ..
CERN Prototype Board Schematics , :
2, HPC2 Ha NOCC (CLK) e
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