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Fermilab Integrated Circuits Design Capabilities and Mission

ACADEMIC RESEARCH

* Support interdisciplinary
research

* Enables new scientific
discovery and foundational
engineering

* Novel solutions

* Mission: new knowledge and
education of students

/NATIONAL LABS: ADVANCED
SCIENTIFIC INSTRUMENTATIO

* Support scientific experiments
operating in extreme environments

* Mission: robust performance over

\several decades

* Mid-size scaling for large experiments

)

_/

INDUSTRY — PRODUCT
DRIVEN

* Support consumer electronics
* Mature designs

* Mission: incremental product
driven design

Technology readiness level

Fermilab: Integrated Circuits
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Growth of Integrated Circuit design over ~ 4 decades at Fermilab

» Highly specialized expertise in developing robust custom microelectronics with long-term
reliability over decades

* Investigate novel solutions and ensure technology development to enable mid-volume
prototyping

» Increased complexity: 2016: 0.5B transistors in ~cm? -> 2021: 2B transistors in ~mm?
(shifting the burden from design to verification)

- Neutrino experiments (DUNE), Dark
matter experiments (Skipper CCDs)

- Collider Experiments (FCC, HL LHC)

- Dark matter experiments (Cryogenic

detectors e.g. SNSPDs, TES etc.), - Quantum Information Science for HEP

(TWPASs, JPAs for ADMX) N A
—
2022

2 |‘ermilab

Quantum Information Science




ASIC Design at Fermilab

‘_‘..,e‘

o~ S

CSAID: Computational Science
and Al Directorate (HEP/ASCR)

Artificial
Intelligence

4

ETD: Emerging Technology Directorate
(HEP/ ASCR/DOD/NASA)

Quantum

LICATIO
s PP NS AR

 — Technology
Transfer

p.
A
°
w
%.
“
@

Microelectronics
Codesign

PPD, ETD, CSAID, AD, etc.
(HEP/BES/ASCR/NP/FES)

PPD: Particle Physics Directorate

2% Fermilab
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Core competencies

Analog and Mixed Signal
Design

Low noise, low-power front end circuits

High frequency (e.g. PLL, VCOs)

Sensor interface and codesign

Digital Design and
Verification

Design, placement and verification
RTL, Synthesis, P&R

Functional and formal verification

Digital
Design

Testing, modeling and
characterization

Robotic testing for mid-volume chip
characterization (100K chips)

Cryogenic test stands (77K and 4K)

Development of extreme environment
technology models for cryogenic and
rad-hard chips

Automated 12” wafer prober

Radiation testing at Fermilab Irradiation
Test Area




IMPACTFUL HARDWARE DEVELOPMENT

Ultra-Low Noise Ultra-High Frame Picosecond timing Operation in extreme Edgeless 3D ICs
Sensing rates (HL LHC detectors) radiation/ cryogenic (HEP / BES light

(Dark matter (Xray detectors) (HL LHC/ DUNE) sources)
detectors)

SENSOR

— e e e _ D e o e L) o o =) o o
ANALOG TIER beoaw L apas | apapl apaslod hrap|asas|aras| anas_lod
! = e

Readout Board

10.00
oo " Chopped FPGA FPGA FPGA
"‘ 00 ~%0ss e
0.104
0.01
1 10 100 1000

Number of averaged samples (Namp)

High speed Quantum Support Al-on-chip Al-in-pixel High-speed Photonic
cryogenic data Chips (ultra-fast data (minimizing data links
converters processing) movement) (low power

(with Microsoft) communications)

3 mm
238

H

=t

Cryogenic Detector
(SNSPDs, CMS, etc.)
WDM Ring-Modulators

: i 2ivco . ' !
: i memory X i 1 8x25Gb/s
= = a —STER ofn : = ) N _4 sub-0.5pJb
0 S 11 EEEEE R EREREEEEERE N = NS T eeatccaacaa- i
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& A ‘ - =Ion Tragri’ i
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Fast Timing

ETROC

* LGAD readout ASIC for CMS Endcap Timing
Layer

« 16x16 pixel, full reticle chip in 65nm

« ETROC2: full size, full functionality prototype
currently being tested

» Per-pixel TDC with self calibration scheme to
compensate for process variation, temperature,
and power supply voltage

* Sensor+ASIC time resolution of 40ps

Constant Fraction

Discriminator

65nm CMOS

does not require offline corrections or
calibrations

Achieves 15ps for 20fC signal

Time resolution [ps]

80
70
60
50
40
30

20

ol Lo o L L |

TT T T[T T T[T T T[T T T T[T T[T T[Tt
+

! L . e
Charge from LGAD [fC]

ASIC TDC

Time-to-digital converter test
structure for SNSPD readout

Cryogenic operation (4K)
22nm CMOS

Demonstrates better than 8ps
timing resolution at 4K (300uW)

TDC block: 250x20pm




Quantum support chips

cryoCMOS for Quantum

cryoCMOS model and tool-kit development (4K)
cryoCMOS workshops (e.g. IceQubes, IEEE
Quantum week)

EPFL S\/"UPS\/S® !': GlobalFoundries’

QUANTUM COMMUNICATION
SNSPD

Low Noise amplifier, Photon counting and
picosecond timing

[space science applications, dark matter
detection]

JPL il Gr

8 Fermilab: Integrated Circuits
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(] |
§ 3 |l?-:l ! ADC_E g
QUANTUM SENSING [ e il
: - : | el oo A 8»;
Portable optical atomic clocks | §fia [ BEE
F o 10 a] S
(Joint DOE-DOD development) S foy i <
MIT : < |z mer vai
@ LINCOLN : LLLLLE S HRLRn L
D LABORATORY H ='|on Tr -
YL | Grvo-conuolier®

QUANTUM COMPUTING

Utility scale QC Be Microsoft
ADC: 12b, 10 GSPS, < 100mW, operating at 4K

Quantum Science Center

_ OAK
Cryoelectronics for lon-Trap based QC RIDGE
Co-design system for Spin-Liquid simulations National Laboratory

Multi-tier compact cryogenic system

Eliminating cryogenic isolators and circulators, combining superconducting
electronics with cryoCMOS

2% Fermilab



Al ASICs
Al chiplet: Al Autoencoder ECON

On-detector Edge Compute for Adaptive-Autonomous Real time
data processing at the Large Hadron Collider

— Algorithm Co-design: Low power (2nJ/inference), [€MS/.

Low latency (25ns), Radhard operation

— Adaptive programable interface for various detector
geometries and evolving detector conditions

To our knowledge, the first Al ASIC in HEP (all of DOE??)

Al tools and design methodology

Open source tool and design methodology:
his4ml, backend compatible for ASICs, extending to eFPGAs,
mixed signal and beyond CMOS (CrossSim — Sandia), ESP

Industry and community driven: Alarge community

from a variety of applications. Industry adding Open-source to
tool plug-in SIEMENS

9 Fermilab: Integrated Circuits

Energy Efficient Edge Al hardware
« Chiplet, on-chip-edge, in-pixel

« Types of NN: DNN-Digital CMOS, Digital SNN,
Analog NN (SRAM, ReRAM, ECRAM)

Al-driven integrated heterogenous
systems

Beyond system-on-chip: Heterogenous Compute On-
chip

» Electronic — Photonic Integration

* In-memory compute

» Incorporate Industry/ Open source IP: ARM/RISC cores

« Heterogenous Detector stack: Sensors, Neuromorphic
Layer (Novel Materials), Mixed signal electronics, Photonics

2% Fermilab



Skipper CCD and CCD-in-CMQOS readout

Skipper CCD
readout: MIDNA

« State-of-the-art noise performance
(~3e- noise performance)

* Cryogenic operation (100K)

* On-chip analog pile-up to reduce
readout time

* 100x lower power, extremely small
footprint, significantly reduced cost

« Excellent test performance

10.00

® Not chopped

* Chopped

- e

S

2 LT ) —
o o

[

o

[=}

Z 0.104

1 10 100 1000
Number of averaged samples (Nsamp)

Skipper CCD-In-CMOS

Sensor

» Collaboration with leading CMOS foundry (Tower
Semiconductor) to develop Skipper-CCD in
commercial CMOS process

* Prototyped ASIC has ~400 variations (pixel
designs/process splits) to evaluate best design

« Testing underway, so far demonstrated detection,
charge transfer, and skipping

* Full-reticle large area prototype to follow

5 mm

nas 1say.

Pixel Matrix c
200 x 200 pixels £|

5 mm

15 pym pitch

T e T e

Analog Front-End

Image sensor ASIC

2t Fermilab SLAZ D K

Semlooncluctor

Highly-parallel readout
ASIC for Skipper-on-CMOS

» Developed low-power in-pixel ADC for highly
parallel readout (= high frame rates)

* Per-pixel 10b ADC for massively parallel
readout

» First two prototypes under test
* Full-reticle ASIC in 2023

10b, 100KSPS
in-pixel ADC
(~30x30um)

SPROCKET ASIC:
64x32 pixels (09/22)




DOE Microelectronics Co-Design Research: Ve S ’

“Hybrid Cryogenic Detector Architectures for Sensing and Edge Computing s
enabled by new Fabrication Processes” (HYDRA)

Advancement of two complementary classes of cryogenic state-of-the-art single-photon and particle
detectors Superconducting cw |

NbN (20 nm)

» the Skipper CCD-in-CMOS silicon detector | ﬁgg;ﬂgcﬂoﬂe

« a hybrid detector platform based on superconducting nanowires

Development and co-design of:
« advanced fabrication and integration techniques
* novel optimized hybrid readout architectures

* cryo-ASICs and cryotron-based superconducting electronics for integrated sensing and data
reduction at source, through feature extraction and edge computing.

cryoASIC

gEFermilab Argonne®® SLAE i NIST Il JPL - synopsys
£& Fermilab
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Cryogenic testing

4K CRYO
e Custom ~4K close-cycle cryocooler

(large area and # flanges)
* Cryogenic probe station in the
planning

Chips received in Apr 2022

e 2 channels of Cryo DAC: 100 MSPS,
10V O/P swing

e 10 GHz VCO for on-chip PLL

e High voltage test structure for
debugging

* Noise test structure
* Capacitive DAC test structure

e Digital processor and memories

12 7/26/2023 Davide Braga | HYDRA - FEE2023
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Overview of Fermilab’s 22FDX Cryo-CMQOS modeling activities

Fermilab is leading several activities for the cryogenic
characterization of 22FDX transistors:

In House:
 Measurement and modeling of high voltage devices at 4K
(BOXFET, LDMQOS)

With EPFL.:

« Measurements of transistors at 4K

« Development of simplified EKV model for analog design
« Low noise test structure measurements

With Synopsys:
« PDK-compatible BSIM-IMG for 4K

13 7/26/2023 Davide Braga | HYDRA - FEE2023

22FDX Navigation/Test Documentation

Basic FE Test Structures
RF Test

MPWCS12

ﬁf\ BALFOU IRIES




22FDX Cryogenic modeling — BSIM-IMG Syn[]PS\/S®

/gb12tcad3/andyp/swb_decks/Repos/AppNotes/Mystic_Appnotes/MysticApp/n5395_/Mystic/539! rain — Mystic GUI (on haggis35)

file Edit Run View Res

> MO

Fermilab is working with Synopsys to e

M - Parameter Value .
" ° 85 while (x < and fit error> ): EASUB 40727
86 ExtractionUtils.Dostage( , Model, Simulator,
StagelParaseters, Optimizer, NIOSUB  1.1055+16
evelo -compatible isotherma
a7 ExtractionUtils.DoStage( ., Model, Simulator, BGOSUB 11242
{1¥g1d. Abovevt] verbo Gl
s ExtractionUtils.DoStage( . Model, Simulator, st S
Stage3Paraseters. optimizer, PHIG 4
2520489673440 .
RDSW 50

. L4 .
[1sVgld Belowvt Isvgld Abowevt], 11,7),
verbose-mystic verbose)
89 fit_errorsExtractionUtils.PrintErrors(
Is¥gld, Sisulator, Model, ErrorMethod)
xom

RDSWMIN 50

COSCO  1e-10

° 92 ExtractionUtils.PrintErrors( s
1sVg, Sisulator, Model, ErrorMethod) ;
93 ExtractionUtils.PrintErrors( . VSAT 130000
Isvd,  Sisulator, Model, ErrorMethod)
9% - UA 1
1578130083897 ..

Console Log ~ Editor  Syntax Checker PDIBL2 2605

t O O I O r S I c E O d e I S — ) - d
l I I I l Set Current Dir | fremote/ghl 2tcad3/andyp/swb_de. .. pin5395_/Mystic/5395-low-drain PCMG O
- level 7

fit error 003907348432694807
converged

-0
-1
method = bounded_trust_region VERSION 108

* Currently working on thin an i e

64]: ExtractionUtils PrintErr

Sisulator, Model, ErrorMethod
error: 19.014561501730544 1GBMOD

IGBMOD 0

. .
p_1svg
I‘ OXI e ‘ I I |OS Dut(64]: 19.014561501730544
In [68]: ExtractionUtils PrintErrors( top_1sVd error*, GIDLMOD 0 =
Isvd, Simula » ErrorMethod) x=0.225, y=-2.0170-06, y=-3.903¢-06, y=-4,063¢-07, y=-5.1850-07, y=-2,017¢-06.

s( p 1 d »
) IGCMOD 0

r, Mod

LD step IsVd error: 13.039771810206638 *  y=-3.903e-06, y=-2 Variable Explorer | Plot Paramaters

Run next fine

measurementdata
foundry model
fitted model

14 7/26/2023 Davide Braga | HYDRA - FEE2023



Cryo-CMOS Modeling — before extraction 3¢ Fermilab SYNOPSYS

 PDK models are numerically robust but not
accurate at extremely low temperature (e.g. 40K)

N « Significant discrepancy between measurement
M data and simulation data
\\
~
\\
\\
\
\
\
N
\\ Original Process Design Kit Simulated data
~ vs Data at 3.8K
~
~
\\ Black is our measurement data, the blue is the

Process Design Kit simulated data from Global
Foundries

2% Fermilab
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Cryo-CMOS Modeling — after extraction 3¢ Fermilab SYNOPSYS

 PDK models are numerically robust but not
accurate at extremely low temperature (e.g. 40K)

« Significant discrepancy between measurement
data and simulation data

 Fitting so far progressing well

2% Fermilab
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CMOS Sensors Vision

GOALS for a HEP community-driven CMOS sensor development

Enable US manufactured sensor capability for HEP experiments 2X|2 pixel
. . . . . volume
Optimize the process to enable various types of sensors ubiquitously
used in HEP (MAPS, MAPS with timing, Digital SPADs, LGADs, CMOS LGADs)
Artistic view of a

Co-design sensor and readout electronics SEMI Bictire of .

: i ALPIDE cross section I\/IiP ~1300 e = V = 40mV
Enable the broad adoption of the development across HEP community =~ nettoscate Sl & &

26 cm N
PARTNER with SKYWATER TECHNOLOGIES P ...
Strong academic support for device simulation and testing /L B .. w
Engineering run with various designs on a high resistivity wafer ' ... 3
8" wafer
High-throughput testing of sensors at Fermilab (( | EREE .
| L1/
\ SEIIEREn B
| reticule '
& Fermilab

17
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Silicon Photonics

' Cryogenics (4K) :
U aEmmie S 1 16-A
] . . . . | Resonance '
- Goal: Integrated sensing - edge computing — communication | & 7 ! Laser
' ° e - )) '
« Creating high bandwidth, low power interconnect for sensor networks ; @ ;,}'. L Mo o w F
. . . | E_S : 1 4!
« Preliminary use case: Pixel detectors - 1M pixels generate > 1 Tbhps data zero- | £85 : 3 (N
suppressed data; with edge computing we can get to 30 — 100 Gbps bt ﬁé 8 ; - i
| 278 n>r@s !
| & 8 e b
. g Z, > - E ' | 16x50Gbl/s
. . .. . . . . i) W 1 Sub-0.5pJ/b
High bandwidth data transmission integrated with chips | © e |6 s \,,)_’._.,

Cryogenic data transmission (100K to 4K)

Rad-hard data transmission

Commercial
ADC = Optical Link

Optohybrid +
FPGA

Array — Mod

UW Photonic IC
Fermi Readout IC (ROIC) (PIC)

2% Fermilab

18 Fermilab: Integrated Circuits



3D ICs — community driven for DOE applications

Fermilab started pursuing 3D integration in 2006 Optical Fiber In Optical Fiber Out

« Work with partners (university, national labs,
industry) to create a 3D IC Consortium

Opto Electronics

* Create pathway for DOE applications

Analog Layer 50 um

« Work with vendors to setup standards/processes
for low-mid volume prototyping

2% Fermilab
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Why do we need Al/ML in Science?

Rubin LSST DUNE
~ 20 TB/ day ~ 30-60 PB / year (raw) :
~ 100 PB total by ~ 114x4 TB / month (raw) Order~°25r?)a§g't/”3eearr“°re data
DR11 for Supernovae detection
(speed need for Slides courtesy of Ben Hawks
followups) (he/him/his)

Al Researcher @ Fermilab
Real Time Processing Systems - Data Intensive Systems

bhawks@fnal.gov
@quantized_bits<@defcon.social>



mailto:bhawks@fnal.gov

Types of ML Tasks - Supervised Learning

.

Irregular

Barred Spiral

Peculiar

log(M , ML[M 5 ])

E— 9 10 1 2
log(M , spss| M ])

Structure Image
Discovery Classification

Meaningful
Compression

Customer Retention

_ B_|g d.at,a Dimensionality FF—T#”*‘? |denity Fraud Classification Diagnostics
Visualistaion e it Elicitation Detection

Advertising Popularity
Prediction

Recom;l;:tljsz Unsupervised Supervised
Learning Learning

Clustering .
Targetted M ac: h I n e Population
Marketing Growth
Customer J
Segmentation Le a r n | n g
b

Weather
Forecasting

Regression

Market
Forecasting

Prediction

Estimating
life expectancy

Game Al

Real-time decisions

Reinforcement
Learning

Robot Navigation Skill Acquisition

Learning Tasks

2% Fermilab



Anomaly score

Types of ML Tasks - Unsupervised Learning

Meaningful
Compression

Structure Image

Di o Customer Retention
ISCOVEry Classification

Ground truth video Predicted video Prediction error
Big data : : . i B .
o Ceda Dimensionality Feature Idenity F”f"'d Classification Diagnostics
Visualistaion Reduction Elicitation Detection
Score Curve
1 Recommender - S . d Advertising Popularity
Sysams Unsupervised upervise Prediction
0.6 . .
ol Learning Learning Weather
Forecasting
0.2
001 ' ' ' ' ' , ' Clustering | . Regression
0 25 50 75 100 125 150 175
Frame index Targetted acI I n e POPU|E1fIOﬂ Market
. . . . . Marketing Growth arke
Le, VT., Kim, YG. Attention-based residual autoencoder for video anomaly detection. Appl rowt Forecastin
Intell 53, 3240-3254 (2023). https://doi.org/10.1007/510489-022-03613-1 Prediction B
Customer

https://vt-le.qithub.io/astnet/ Estimating

life expectancy

S Lcaining

unsupervised kun‘ii‘gd

@
‘ “t’.‘.jd ), \ - Real-time decisions
'V\ -
+L0n noma
reduc qdctgc,?wh- X Reinforcement
™ G v Learning
¥u

Robot Navigation

Game Al

Skill Acquisition

Learning Tasks
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https://vt-le.github.io/astnet/

Design Methodology: Physics driven hardware co-design

« Algorithm development based on Physics data
* hils4ml simplifies the design of on-chip ML accelerators

his4dml directives | << | HLS directives
ALGORITHM '|.‘ | his == [TILS directives |
C++ library of ML functionalities optimized for HLS

DEVELOPMENT ML Model
B i  TMR4sv_hls: Triple Modular Redundancy tool for System Verilog & HLS
o ra|1|ng —

Fstutptpvali hi | S HARDWARE
Tomype: - s 4 m ACCELERATOR
S HLS [

dv Tid imti:: ;Hg}, int C[10]) D|rect|ves TM R4sv—h IS
hlsdml 1 for < a0 a0 ¢ o,
Directives o l Dy
o ® .. iy an e D
8 .‘ ‘ _. . ]1}>arm, B) ; HLS O
o 0 \/— RTL H e i ;
Performance
C++ T % Hardware GDSIl
Specification  Technology Library Implementation(s)
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OPEN SOURCE TOOLS & EDGE Al

) [ S o

* Develop efficient edge ML algorithms
* Quantization and sparsity, optimization techniques

* Physics-inspired and robust inverse algorithms

 Build user-driven, open-source workflows for
algorithm-hardware codesign

« Democratizing powerful edge ML for a broad range of
scientific applications and industry

« Workforce development, multi-disciplinary
collaborations, and education/demos/tutorials

24 Fermilab: Integrated Circuits
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Real-time tracking for pixel detectors

LOXTZO.0)
<=
Proton-proton - |
collisions at -
40 MHz

s 4 \
{toQ;X-V- d, y l\</\ £ ”>
= =
< Silicon pixel sensors
o {tQxy.z,0.0) 12.5x50 pm pitch, 100 um thick

Simulation
121 link |2
1p{ t=200ps
B
81 =
- u
e A
io m
= . . 25
2_
1]
u_

25 50 75 100 125 150 175 200
% [pixels]
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Cluster shapes and Pulse information for filtering out low p; particles
* NN classifier identifies and saves clusters from tracks with p; > 2 GeV
« 2 95% data reduction by saving only high p+

* Low power implementation

Compact algorithms for data reduction through featurization

* Predict physics information (x,y,0,¢) and meaningful error (UQ) on particle
position, angle

» Potential for reduction of track seeds — saves time & computing resources
down the line

Technology development to enable on-sensor computing
« Ultra low power in-memory compute chips
« 3D integration for optimized data processing

» Leverage emerging technologies such as novel CMOS compatible memristors

2= Fermilab


https://zenodo.org/record/7331128

Scalable Quantum Control

26

NNANANAND.

System-on-Chip

ANAAANNN

ucC

dooduduoud

guuouououuou

CryoAl, 22nm

« Platform for Scalable Quantum Control = ESP + FlexLogix eFPGA

ML running on eFPGA/SoC in the cryostat for scalable quantum control
* Methodology: his4ml + Catapult HLS + Synplify + FlexCompiler
« Architecture: eFPGA integration in SoC tile(s)

* Quantum control applications

« Data acquisition, model training, model evaluation, hardware synthesis
« State preparation (Control)
*  Workshop on Quantum Computing Software 2022
» Readout, Error correction
« Early emulation on FNAL QICK looking for collaborators for demonstration

Digital test chip to evaluate low power cryogenic performance of digital backend at lower core voltages
Design and integration of an ML Accelerator (AutoEncoder for Anomaly Detection — IoT MLPerf Tiny)

Chip & board fabricated — Ongoing testing
ESP simulation for future respin

Fermilab: Integrated Circuits
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https://arxiv.org/abs/2208.02645

Reconfigurable Edge Al — Solve the HEP data challenge

27

Collaboration with Columbia U. & Northwestern U.

Edge Al: Combining two established open-source
platforms (ESP and HLS4ML) into a new system-level
design flow to build and program a System on chip

In the modular tile-based architecture, we integrated a low-power
32-bit RISC-V microcontroller (Ibex), 200KB SRAM-based
memory, and a neural-network accelerator for anomaly detection
utilizing a network-on-chip.

Embedding FPGAs on detector: Radhard/ cryogenic eFPGA
on-chip — with Flex Logix (22nm / 28nm). Establishing
design flow and investigating extreme environment
performance

Fermilab: Integrated Circuits

256KB SRAM Anomaly detection
(8 8192x32 banks) autoencoder accel.

3 i
| NoC2SRAM bridge | | DMA engine | | cfg regs |

Scratchpad tile NoC | | NoC Accelerator tile
router router
NoC NoC

CPU tile router | | router 10 tile

N / AHBE!NOC i
g bridge l
AHB i AHB
Ibex 32bit RISC-V | 2US * bus
processor

'
Off-chip
(FPGA or RTL testbench)

P&R EFLX — Modify & Apply Floorplan

SRR [ 11 @ SEE] FReree
EFLX Log EFLX Floorplan |
Run All Change floorplan by dragging the green rectang
Apply Floorplan to save changes before continul
+ EFLX Project
Empty Empty Empty Empty Empty Empty
+ EFLX Mapper
- EFLX El lan Empty Empty Empty Empty Empty Empty
Select EFLX Floorplan file..
llllll
nozfp'ﬂf‘ lo‘l;\:opflc;j:cl | EFLX_COMPILER auto_gen.fj [=} Empty  Empty  Empty  Empty  Empty  Empty
by inserting it diractly
into the PRJ [ Floorplan Buildef...
mpt: Empt: mpt, mpt: Empt: mpt)

Set EFLX Tile Size: Empty  Empty  Empty  Empty  Empty  Empty
\ EFLX 4K Family vI
& & © Leftcick and drag to [,
gy e PY) rmake the fabric bigger o
Empty  Empty

Apply Floorplan &,
i

» EFLX P&R

™ L mpt; 0g: Empty
Logic or DSP
* Generate Bitstream 9" lb
™ e y Empty

& Timing y




Thank You!

Many topics not covered in this presentation

If interested, please contact us

2% Fermilab
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