Science and
Technology
Facilities Council

L:.‘Brookhaven" @ATLAS &

National Laboratory EXPERIMENT

A full-function Global Common Module (GCM) prototype
for ATLAS Phase-Il upgrade

Shaochun Tang, Weiming Qian
On behalf of the ATLAS Collaboration




(&) Brookhaver OATLAS i
National Laboratory EXPERIMENT Facilities Council
Outline

» Introduction
— ATLAS Phase-Il Trigger architecture
» Global Common Module (GCM) full-function prototype
— Technology choices
— Challenges and design methodology
— Power simulation
— Signal simulation
— Thermal simulation

» Summary
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» Phase-lIl Upgrade parameters
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» TDAQ Strategy
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— New Global Trigger subsystem

« Performing complex algorithms, like those
used in Phase-1 high-level trigger software

— Full granularity calorimeter data
— Full event on single node
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Global Trigger Architecture

» Data for a single Bunch Crossing are time-
multiplexed onto a single node

Jets

Topoclusters Muons
MET

Trig. Objs. .
Electrons

nase-

» Three functional layers
— Multiplexing Processor (MUX)
= ~56 nodes
— Global Event Processor (GEP)
e ~49 nodes
— Global Central Trigger Processor Interface (gCTPi)
< 1 node

DCessol

Global Trigger

FELIX Data Handler

TDAQ

» One hardware platform for all three functional layers

— Global Common Module (GCM)

= Simplify firmware/software development
— Sharing the common infrastructure
= Simplify the long-term maintenance
— Reducing the number of spare modules needed
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GCM Technology Choices
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» High-speed, high-power and Schematic design |«
high-density complex PCB
design

— Signal integrity
e 25+Gbps

— Power integrity
- 400 W

— Thermal integrity
= VP1802 ~80<C
« Firefly ~50<C

PCB manufacture [

» Simulation integrated into
design flow

» Design for test
— Integrated PCB test coupon
— Special test launch points
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» Each adaptive SoC VP1802
— Minimum of 9 power rails

» GCM with two adaptive SoC VP1802
— ~20 power rails in total

Minimum Rails (No Power Management) — Low Voltage
Minimum Rails - Low Voltage

Power-Up Power-Down
Versal
No Power Management PORB
VCCO (XPIO and HDIO) — y "(vcco (HDIO/XPIO/Memory XPIO)
2 C,—: o ~\,/ VECINT, VCC_PSFP, VCC_PSLP, VCC_PMC, VCC_CPMS?
3 VRM 2 :
/' VCC_RAM, VCCINT_GT*, VCC_SOC, VCC_I0, VACIo_HBM®
VRM 3 g ——
 VICCAUX, VCCAUX_PMC/VCCAUX_SMON
VRM 4
T ! /' GTAVCC, MGTYAVCC®
3.0 5 , . VRM 5 1 —
] () (B) ForumisedcT pows: GTAVCCAUX, MGTYAVCCAUX®
VCCINT_IO_HBM" (7)) el comneci O VM & -
GTAVTT, MGTYAVIT
VCCAUX VRM7 - T
N /" VCCAUX_HBM*
40 y(5) s me — - )
S —
(B 00 ot ortae . VCC_HBM®*, VCCO_HBM*
) (B ) Donat combine with VCCO 1.2 VRM 9 -
Or===m=ee- i Sequence 50t i a7 period between 0.2ms and 80my
[~ :;;:‘SJ { L J GTs and HBM domains can sowered up ~dependent of each other
Bl ired f 80
i : - Power sequence required for VP1802

Power Sequence Details
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Adaptive SoC VP1802 Power Estimation

» Current Best Estimate (CBE) for a GEP node is 107W
— Maximum Expected Value (MEV) is 131W
— Maximum Possible Value (MPV) is 165W

» GCM hardware is targeted to MPV power value
— Maximum GEP node VCCINT (0.7V) current ~170A

» 26-layer PCB
— 4 power planes with a total thickness of 6 oz.
— 12 GND planes with a total thickness of 7 oz.

A. 26-Layers Stackup Proposal for ATLAS GCM Prototype V3
Dascription

2302 DIFF 2302 DIFF
----- Copper {oz) Layer 500 SE_ _(Stripline) (Stripline) OO DIFE | Trough L26-L23 L26-L21 L2e-L19 L26-L17
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olelo|z|o||o
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013|2a|e
HHHEE
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4 354535

4 35.45.35
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HEEEEE
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GCM Power Simulation

» Initial VCCINT layout
— Excessive DC voltage drop
= PCB copper itself consumes16 W - too hot

— Via current spikes
« Long term stability issue

OO 00®
ﬂ\

0008

VCCINT DC Drop @170A

VP1802 via current
>2.0A

82mVv

TIZE
o444
TTE. 2B
TES. 12
753.96
751.8
T43.Ed
735.48
727,32

713,18 \L

711 my Max Voltage Drop: 12.§ m¥, Voltage Dri;
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GCM Power Simulation

» Post-optimization
— Strategic copper fills in signal layers
e DC voltage drop on VCCINT much reduced
e PCB copper power consumption is halved
= Via current spikes are suppressed

80 008 _®0000@

VCCINT DC Drop @170A VP1802 via current

35mV

792 6
784 dd
77628
76812
759 56 Y
7618

743,54

735 .48
727.32
71916
711 mv Max Voltage Drop: 14.5 m¥, Veoltage Drop for layer "LO1 TOP": 35.8 mVf
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+76.935%
+.69.2423
4615487
+.63.8551
+-46.1815
+38.4873
+.30.7742
+-23.0808
+-15.3872
+.7 63355
0 mAsmil?

®| GTAVCC A 0.92V @15A

» Smaller current power rail could
also have problem
— GTAVCC_A hotspot

= Highly perforated power plane
= Long term stability issue

0 66 ® 7.9
990p OfOODGFO
g:)%cg% 8 QCJ(
gobods
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+.76.936
+-69 2424

8515008
+.52.8562
+-45 ARG
30468
30,7784
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[+-7 8936

0 mAmil? Max Current Density: 76.9 mi/mil?, Currgnt Demsity for layer "LO1 TOP': 76.9 mi

Current vectors before optimization

Oct 2023

80

+.76.9355
69,2422
4616487
+653.8561
4461515
+.38.4579
+.30.7743
+-23 0808
+-15.3872
+.7 63358
0 rnimil?

Max Current PETSESEENITERTYTY

Current density before optlmlzatlon

TE 938
s 248
61558
53,968
45178
38,488
30.738
23,102
15.418

7728
0.03% mA/mMiII*  Max Current Demsity: 5‘.3 mifmil*, Curremt Density for layer '"LO01 TOP': 44.1 mi

Current density after optimization
Hotspot removed!

IE-nt Density for layer "LO1 TOP': 76.9% mh
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GCM Power Simulation

» Smaller current power rail could also have problem
— GTAVCC B excessive voltage offset between banks

GTAVCC_B_0.92V @15A

© Ceeoe®

e voltage Drop: 12.1 mV, Voltage Drop for layer "LO1 TOP": 52.0 my

Oct 2023

DC Drop @@@L@@@l

Before optimization
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After optimization

DC Drop
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GCM Signal Simulation

» FPGA BGA breakout optimization
— Via-in-pad + 22mil dog-bone antipad + backdrill
— Target differential impedance for Xilinx MGT is 93ohm

— T Tangetimpedance

(T
AT A

LI
i

Differential via TDR response to Tr=20ps Differential via S-parameters
Minimum impedance ~83 ohm and return loss SDD11
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» Firefly breakout optimization
— SMA pads
< Cutout in the underlying plane to reduce capacitance

— Differential via configuration
= 40mil separation, 32mil anti-pad, backdrill + 4 GND vias

Differential TDR response to Tr=20ps Differential via S-parameters
Firefly diff SMA pads min impedance ~92.5 ohm and return loss SDD11
Diff via min impedance ~91 ohm



k? Brookhaven EATLAS

National Laboratory EXPERIMENT

Science and
Technology
Facilities Council

GCM Signal Simulation

» Typical 25G channel performance
— Impedance control very well over 3-D structures
— Insertion loss curve smooth roll-off

—Targetiimpedance ||

:

. FPGA breakout area

Differential TDR response to Tr=20ps Differential via S-parameters and SDD11
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» Typical 25G channel performance

— Comparing to Industry standard CEI-28G-VSR
= Used by both AMD (Xilinx) and Firefly

0 ! T T T T T T T T T T 1
5 -
0 bt TN [ N NN N DU N N i
o -10 |
e 3
N |
a
-15 .
n Black: OIF-CEI-04.0 recommended minimum
SDD21 of the VSR channel (for fb = 28 GHz)
ookttt L L PN - ose-sa [Eoasto (£
o b b TN By b T
| s 4 | 4 | x L 1
-25

I |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Frequency (GHz)
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» Special connector launch design for 25G link test
— Good performance to 40GHz

%
§ o
..?

PIL IS PIL S 0'0
- » ‘. o « "
«_» «_» «_"

| Target impedance

Sweeping with different
— central via anti-pad sizes

2.4mm Connector Launch TDR response to Tr=20ps
Minimum impedance ~47.5 ohm

2.4mm Connector Launch S-parameters
and return loss SD11
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» Xilinx Crosstalk
Requirement for
CEI-28G-VSR

— RX-RX
e < -40dB
» GCM RXx-Rx
— Majority
e < -42dB
— But one
- ~320dB \
— Optimization
= Swapping

routing
layers

Before optimization After optimization
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GCM Thermal Simulation
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» Heatsink design and simulation are outsourced
— VP1802, 130mm x 70 mm X 17 mm on-board space reserved

A

Provided by Radian

®  Heatsink design with embedded heat pipe

= Air flow: 500LFM cF ATCA shelf
® Case temperature: 66T @ 160W nvent Sucn‘jig‘)r flow > 700LFM
» Thermal resistance: ~0.29 ©/W maxim

Oct 2023 TWEPP2023, Sardinia Italy 19
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» Heatsink design and simulation are outsourced

— Firefly optical engine, vertical block

Edit Libraries Multi-Source Help

Property Tree
Show Expanded View

Heat Source 4
Heat Source 5
Heat Source B
Power (W): 3.00
Source Width (mm): 14.40
Source Length (mm): 9.70
Source X Position (mm): 12.60
Source Y Position (mm): 72.50
Interface Material: TexSF10 1.5mm 20
Is Source Centered?: false
Space Available
Sink Width (mm): 40.00
Sink Length (mm): 90.00
Sink Height (mm): 13.00
Device Height (mm): 6.90
Sink Design Options
Matenials
Sink Details *
Fin Count: 14
Fin Thickness (mm): 0.55
Base Thickness (mm): 3.50
Fin Aspect Ratio: 3.82
Duct Size
Duct Width (mm): 40 40
Duct Height (mm): 21.00
Fluid Properties
Fluid: Air (30C, sea level)
Fluid Temperature (C): 25.00
?)p;lrr;l-ze ‘ i Search Ealaings
Define Fluid Flow
Natural Convection
© Fixed Velocky [ftfmn w | 400.00
Fan

0.050

1@

-

40.4 mm Duct Width

Science and
Technology
Facilities Council

Sink Design| Source Layout | Duct View| Curve
To edit Heat Sources, click on the source in the property tree on the left
None @ Case Sirk ¢
Sink
Length
90.0mm Flow
Direction
Temperature 21.0mm
48.1C
a7aC Duq
464C Height
452C
d42cC
Y Axis 432C
422C
#a3C
403 C
393C
Sink Width 40.0mm BIC
X Axis
-~V
Resuks R -
Flow Results Source Specific Resuks Heat Sink Resuks

Flow = 3.65 CFM at D.077 in.wtr.

Duct Velocity = 2.03 mis

Fin Vel = 4.49 m/s; Range =738 Resilts for Source 6
*Accuracy best if between 1.0 and 700

- Interface Loss =1.2C

400 LFM

- Case Hotspot = 48.1 C

Provided by Alpha Novatech

Oct 2023

19.9 mm

Total Power = 18.0 W

40.0 mm

® 6 FFs in vertical row, It is OK to meet 50 €
target with 40mm x 90mm x 13mm heatsink.

Sink Hotspot = 469 C

Sink-to-Fluid Resist = 1.21 C/W

TWEPP2023, Sardinia Italy
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summary

» A full-function GCM prototype has
been designed for the new Global
Trigger of ATLAS Phase-Il Upgrade.

— A high-speed, high power and high
density ATCA front board.

» A systematic methodology has been
adopted during this GCM design
process to achieve simultaneously

— Signal Integrity

— Power Integrity

— Thermal Integrity
» The Preliminary Design Review of this f==

design is scheduled at end of Oct
2023.
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Backup
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VP1802 Power Estimation

stimation e ogic 1 e Rate @ T with Hgh Profile Heatsi

ink (about 0.4 C/W)

X25G
XCVP1802-1LSVC4072E (0.7V) MUX10G 1.0M /30% 29651 30% 0/0% 0/0% 48 @ 25.78125Gb/s 4 @ 25.78125Gbls 4 @ 25.78125Gbis 519C
GEP 1.7M / 50% 4950 / 50% 1275/ 50% 7176/ 50% 1@ 25.78125Gb/s : 4 @ 25.78125Gb/s 4 @ 25.78125Gbis 718C

» For all three type of Nodes, the GT links are the same in
CBE, MEV and MPV. The differences are the clock
frequency and resource usage.

— CBE for GEP is about 107 W. (50% resources @ 240 MHz).
— MEV for GEP is about 131 W. (50% resources @ 320 MHz).
— MPV for GEP is about 165 W. (70% resources @ 320 MHz).
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Traditional FPGA break-out pattern

1040hm

1020hm
mDOhm\
980hMm
980hMm —

\ /1]
940hm \ /
920hm

900hm }

2/
]

880hm /

860hm /
40hm \ /
a20hm k /
g00hm
3.BG10 (at pin ‘
780hm \
780hm
3BG11 (at pin /
740hm i

720hm
Ong 0.04ns 0.08ns 012ns 016ns  0Z2ns  024ns  0.28ns 032ns 0.36ns Odns  Dd4dns  048ns

Simulated TDR response
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GCM Thermal Simulation

» Heatsink design and simulation are outsourced
— Firefly, horizontal block

File Edit Libraries Muiti-Source - Help

Property Tree
| Show Expanded View
ToweT T
Source Width (mm): 9.70
Source Length (mm): 14.40
Source X Position (mm): 86.83
Source Y Position (mm): 10.30
Interface Material: TexSF10 1.5m
Is Source Centered?: false
= Space Available
Sink Width (mm): 100.00
Sink Length (mm): 35.00
Sink Height (mm): 13.00
Device Height (mm): 6.90
Sink Design Options
Materials
Fin Material: Alum 6083
Base Material: Alum 6063
Weight (g): 39.64
= Sink Details *
Fin Count: 21
Fin Thickness (mm): 0.95
Base Thickness (mm): 2.00
Fin Aspect Ralio: 275
- Duct Size
Duct Width (mm): 125.00
Duct Height (mm): 21.00
B Fluid Properties
Fluid: Air (30C, sea level)
Fluid Temperature (C): 25.00
it

[ optimize [ Search Catalogs
Define Fluid Flow
Natural Convection == 0.90
© Fived Velocty | ftjmin v | 400.00
Fan
000 9

4
L

Sink Design| Source Layout | Duct View | Curve

To edit Heat Sources, click on the source in the property tree on the left

*Accuracy best if between 1.0 and 700

- Interface Loss =1.2C

- Case Hotspot = 47.2 C

Provided by Alpha Novatech

Oct 2023

Sink Hotspot =460 C

Sink-to-Fluid Resist = 1.17 C/W

TWEPP2023, Sardinia Italy

125.0 mm Duct Width

Lo ]
st @ With 1T00mmx35mmx13mm heatsink, 6 modules
=== horizontal group can meet 50 °C target under 400
mp— | e LFM airflow.
Fin Vel =3 :zrj:s rl':‘:snge =349 pagulisfor Source #6 v Total Power=180W ]

High performance gap pad material that can be
used to compensate for the tolerance stack up from
the multiple devices

25




National Laboratory

k? Brookhaven

» Heatsink design and simulation are outsourced

braries Multi=Source. Help

Science and
Technology
Facilities Council

GCM Thermal Simulation

— VP1802, 130mm x 70 mm X 17 mm on-board space reserved

Property Tree

M| Sink Design| Duct View | Curve

Show Expanded View
= Heat Source )
Power (W) 160.00
Source Width (mm): 48.23
Source Length (mm): 32.49
Interface Matenal: TpcmS85(10psi)
= Space Available
Sink Width (mm): 120.00
Sink Length (mm): 70.00
Sink Height (mm): 17.00
Device Height (mm): 3.55
= Sink Design Options
= Materials
Fin Material: Alum 6063
Base Material: C1100
Weight (g): 510.93
= ) Sink Details *
Fin Count: 60
Fin Thickness (mm): 0.50
Base Thickness (mm): 6.00
Fin Aspect Ratio: 7.21
= ) Duct Size
Duct Width (mm). 140.00
Duct Height (mm): 20.76
= Fluid Properies
Fluid: Air (30C, sea level)
Fluid Temperature (C): 20.00

140.0 mm Duct Width

20.Bmm
Duct
Height

20.0 C fluid enters the duct unifarmly

S, J—
Results
Flow Results
Flow = 15,64 CFM at 0.118 in.wir
Duct Velocity = 2.54 m/s
Fin Vel = 421 m/s, Range =335%

*Accuracy best if between 1.0 and 700

Optimize i Search Catalogs

Define Fluid Flow
Natural Convection = = |0.50
@ Fixed Velocky |ft/min_ v /500.00

Fan

206 mm|

120.0 mm

Source Specific Results Heat Sink Resuks

Results for Source #1 «  Total Power=160.0W

- Interface Loss = 1.4 C

Sink Hotspot =68.8 C

- Case Hotspot=70.1C Sink-to-Fluid Resist = 0.30 C/W

Provided by Alpha Novatech

Oct 2023

TWEPP2023, Sardinia Italy

120 mm x 70 mm
X 17 with 140 mm
duct width

Air flow: 500LFM
Case temperature:
70.1€ @ 160W
Thermal resistance:
0.3 /W

nVent SCHROFF ATCA shelf
maximum air flow > 700LFM

26



National Laboratory EXPERIMENT

‘k? Brookhaven EATLAS

Science and
Technology
Facilities Council

— Tx-Tx < -35dB
» GCM Tx-Tx < -36.8dB

= Worst case

UB3.CFEY (st pinfle L6 3.CO59 (=t pin)

B3 CFED (=t pin

E ]5 CGET (at i%ﬁ&CEm ettt
U63.CGB2 (at i 58 CEB2 (at pin)
%3.0%3 ( in%&CDsa tatlpin]
&3 R4 ine CDEA (at pin)
==
03’0@55( SR s 3 CE6S (3t i)
uaa.oeaw 'i CEB6 (4t diny

LIB3.COB0 (3t @in

z 40GHz

-

14GHz, -36 834dB
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GCM Signal Simulation

» Xilinx Crosstalk Requirement for CEI-28G-VSR
— Tx-Rx < -45dB .

» GCM Tx-Rx < -60dB
— Typical case

100dB

110dBe
OHz

| 2GHz, -60.287dB



