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memeress  The company and its capabilities

SkuTek.com

We focus on data acquisition (DAQ) for nuclear physics, high energy physics, and particle astrophysics.

Our instruments use digital techniques to acquire and process signals from nuclear radiation detectors.
Our capabilities:

» Electronic design “top to bottom”: from the requirements, through schematic capture and board

layout, all the way to prototyping, production, and support.

* Firmware development for Field Programmable Gate Arrays (FPGA).

» Software development for embedded processors, with special focus on Embedded Linux.

» Algorithms for pulse processing.

» Algorithm implementation in the FPGA (VHDL, Verilog) and in embedded processors (python, C).

» Development of nuclear radiation detector readout using vacuum or silicon photomultipliers.
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mmwarinon Products: VME modules and table top DAQ units
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Standalone networked digitizer (10 channels) Low cost networked digitizer (2 channels)
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i Description of Phase Il project

SkuTek.com

Problem or situation that is being addressed.

In Nuclear Physics there is need for cost effective, high density data acquisition (DAQ) systems with
hundreds or even thousands of channels capable of signal monitoring and analysis.

How this problem or situation is being addressed.

We are developing digital DAQ modules with dozens of channels of waveform digitization, on-board
FPGA, Ethernet, USB-2, and VME interfaces, and running Linux on-board.

The deliverables.

* The products will be extremely scalable, from a single-channel table-top units, all the way to
systems with_thousands of channels.

* The table top units will serve small NP experiments, radiation detector development, or student labs
teaching Nuclear Physics.

» Larger systems will serve experiments conducted at DOE facilities, e.g., Facility for Rare Isotope
Beams (FRIB), which is a new national user facility for Nuclear Physics.
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norulek  Example detector served by our DAQ electronics
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UNIVERSITY of

OCHESTER

B

SkuTek collaboration with UofR Physics and Astronomy Gy

LUX-Zepplin is the “ultimate Dark Matter Search Detector” under development by 32
Institutions. We are building the digital DAQ for LZ with 1,359 channels.

SkuTek
Digital Trigger
 Amount of Xenon: g ) g9
. 5 6 tons fiducial Instrumentation conduits _ electronics was
o —— a key to
e 7 tons in the vessel

successful LUX
operation over
last 5 years

* 10 tons total.
* Drift time in Xenon: 700 ps.

* Number of PMTs:
* 494 main volume (dual gain)

Gadolinium-loaded
liquid scintillator veto

* 131 “skin” High voltage

« 120 outer detector veto (dual gainjeedtmougn
* Total 745 PMTs.

» Electronic channels:

2*494 + 131 + 2*120 = 1,359, 120 veto PMTs —

Liguid xenon
heat exchanger

http://iopscience.iop.org/article/10.1088/ 7 tonne liguid xenon

1748-0221/11/02/C02072 time-projection chamber 488 photomultiplier tubes (PMTs)

Additional 180 xenon “skin" PMTs
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mmporimn  Electronics for the Data Acquisition System
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A modern digital DAQ is composed of digitizers and the Trigger / Logic modules. The current SkuTek
designs employ Blackfin processors and Spartan-6 FPGAs. We are upgrading the electronics with ARM
processors and Kintex-7 FPGAs in order to improve the performance.

High density digitizer: 32 channels Trigger / Logic module: 14 inputs

FPGA upgrade
Spartan-6 to Kintex-7

LU

CPU upgrade
Blackfin to ARM
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Kintex-7 will improve the performance of our products

Kintex-7: more logic, more memory

» Spartan-6 was the best tradeoff between price and performance circa five years ago.

 The new Series-7 FPGAs now offers more digital resources at a reasonable cost.

Feature XC3S5000 XCBSLX150 | XC7K325T XC7K410T Relative to
Spartan-3 a) Spartan-6 b) | Kintex-7 c¢) | Kintex-7 c¢) | XC3S5000
Equivalent logic cells from Data Sheet | 74,880 147,443 326,080 406,720 20/4.4 154
Multiply-accumulate units 104 d) |180 840 1540 1.7/8.1/14.8
Waveform memory (k samples) e) 104 k 268 k 890 k 1,590 k 2.6/8.6/15.3
Balls per package 900 900 900 900 same
1/O pins 633 576 500 500 0.9/0.8/0.8
Price lowest speed grade (900 balls) $166 $210 $1,032 $1,496 1.3/6.2/9.0
Price “our” speed grade (900 balls) $191 $210 $1,550 $1,796 1.1/8.1/9.4
$3$ per channel for 32+ channels f) | $5 $5 $40 $45

a) XC3S5000 is used in present GRETINA digitizers. It is the community’s performance yardstick.

b) XC6SLX150 is used in our present 10-channel and 32-channel digitizers.

c) These pin compatible Kintex-7 chips will be used in our forthcoming high density digitizers (40 channels).

d) XC3S5000 provides multipliers without the built-in accumulate register.

e) Total number of block RAM bits divided by 18. Parity bits are considered not useful for waveform storage.

f) Approximate FPGA cost per channel for 32+ channels.

Aug/10/2016

SkuTek Instrumentation http://www.skutek.com



ek ARM will save board space and enable more channels

SkuTek.com

In order to upgrade our electronics, we developed the ARM Linux System on Module (SOM) with a low-power, high-
performance 1 GHz ARM processor.

We will use it in our forthcoming electronics. The SOM module itself will also be offered to the community.

80-pin expansion connector A. Real Time Clock with battery. Video driver chip. 1 GHz ARM with two
Memory interface, USB, video. \ (Optional.) Programmable Real Time Units

512 Mbytes DDR3

80-pin expansion B.
Gigabit Ethernet, SPI, I2C.
Includes 8 analog pins:
12-bit ADC/DAC/GPIO

Gigabit PHY Micro SD card
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SOM Development Board

The SOM is hosted by a development board.

The entire Linux is contained on the MicroSD card. The entire Linux can be upgraded in 10 seconds .

The RTC with battery keeps track of the wall clock. (No need to call NTP...)

USB host

Eight analog pins can be individually configured as 12-bit ADC, 12-bit DAC, or 5V-tolerant logic I/Os.

RS-232

RTC with battery
backup keeps time

MicroBone SOM

HDMI video

Micro SD card on SOM

Micro SD card on the
development board

Aug/10/2016
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mumernon  POSSiDle use for the embedded ARM: The Fog

SkuTek.com

The Industrial Internet of Things transforms isolated programmable devices into intelligent networks of
connected machines. The cloud is a component in these systems, but it is hardly primary. The intelligent
software that drives these systems must also reside in the field at the "edge." There is no time, bandwidth or

reason to send the data from these devices to a data center. Instead, the compute must come to the devices.

This design is called " fog computing

Dr. Stan Schneider, CEO, RTI

Do we have the bandwidth to always send all the data from the digitizers to a data center?

Do we have the reason for always doing so?

Can we rather use computing power inside the DAQ modules?

Can we find worthy tasks for embedded processing?

* In-situ histogramming?

Waveform preprocessing?

Pulse deconvolution?

Local trigger calculations?

Signal quality monitoring?
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nmurerenon CaN FOg Computing reduce the need for storage?
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Can this be replaced with this?
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Low cost, entry-level Fog FemtoDAQ with ARM

Dual channel FemtoDAQ with Silicon Photomultiplier control: an entry-level, low cost, easy to use DAQ.

Instrument: FemtoDAQ.com

#a

FemtoDal) X

Fog

development?

Example application: CosmicRayNet.net

Cosmos on your deskbop

Q, search

e |

i Femtodaqg.com

www.FemtoDAD.com

FemtoDAQ LV-2

2 Channel Digitizer with Detector Bias Supply

Waweform capture, pulse height histograms,
evert file recording

A =mzll, sffordable data scquistion systam for
physics researchers, educstors, and students

Available now!

| Abeat Familiog

FemtoDAQ LV-2? is an ideal instrument for researchers, engineers, educators, and
students.

FemtolAD instruments suppont particle physics experimeants and measuremert systems in research,
education and industrny. The instruments are easy to use with an excellent price f parfor mance ratio.

An illustrative example is presented and discussed on the Cosmic Bay Met website. You will find mamy
details there, such as FemtoD/AQ data analysis and techniques of random background reduction. Please

hiawe a [ook!

What can you do with a FemtoDAG LY-27

Ceploy the handheld FemtolAQ amywhere: on 3 desdop, on a lab bench, or remotely on a
nehwo b,

Capture waweforms, generate histograms, and record evert files.

Crevelop data acquisition and process cortral software in programming languages such as
Python ar C.

Gather slow zortrol dats and drive sctuators using SP1ar FC.

Use logic signals fortriggering.

Setit up as a standslone DAL workstation by attaching a mouse, keyboard, and video display to
the instrument.

Cosmos on wour deskkop

iy Q, search

L € | ) | cosmicraynet.net

Cosmic Ray Net

SMeleome to Cosmie Fay Het  About cuavselves  Contact

;' -
el carme to
Cosmic Fay Het : . .
Highlights of our recent cosmic ray measurement
Highlights
S L On thiz page wee will interpret the results of the analysiz described on the analysis
® prediclon pade. Wie will demanstrate twa impartant physical phenomens.
Sl 1., Time dilation dus to Special Relativity,
% Bcslzoam s 2. The Bragg Peak in energy deposition by charged paicles.
* MaKThdcicks
i Iz it not amazing that we can demonstrate such important physics with 5 piece of —
EEmbLAY zcintillating plastic, a phototuke, and 5 hunch of electronics?
* Delecke
® ProjcsErgors
® Orire DAG soTMETE
® Drilne analvsls soiMeIE = “ 3 = o
® homsscres ord Cosmic mu-meson decay time distribution proves
s Special Relativity
® Conpy)
(LR — | Fanch BC412 + REZ3E + FarmwoDAl | —
L Fralreil] 1204
100 =
Group A
& 2016 o B0 —— Exponential fit
CosmicRayMet E &
Al Right T ¥ =126 200
RESEIEU'ESd o A =107 47 £3.1
i 40— tau  =22106 + D163
m T ol
0 T T T T T T T
e i} 2 4 B 8 10 12 14 16
Tirme difference 15t pulse to 2nd pulse {us)
Figure C.1. Measzured interval distribution betweeen the leading and the traiing pulzes
after remaving the randam background. The measured mean lifetime tayis in good
:I agresment with the official valug 2.197 microgeconds. gl
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FemtoDAQ: Easy to use GUI for everyone

Dual channel FemtoDAQ is easy to operate for first-time users.

Traditional setup screen

T FemtoDAQ

Con

Eile FemtoDAQ Help

| Progr:

] =

Data flow setup screen

N
B

Block Flow | signal Flow | Bisplay Waveforms | Display Histograms | Record Events |

Front IntemalTest ~ Baselne  Disciminalor  Triggetng  Waveform  Histogram Time Goncdence  Deteclor
End Generator Restore Sefiings 8
Charnel A Chanmel A Channdl A || Chamd A Channel A Channel A || Chamel A Channels Channels
A8 a8
= = souwe— (|| [ = 1 = =
\NVERE r L FALUAH, = AND HIGH =
Test Baseline Trigger & NoRM Histogram Trgger
HIarE] Enablz Restors {70 Enanle Sealing Knosiion ||RCBHEAEREE Voltize
Folaty L £ R Logis Rangs
£ITRIG
0 PULSE ¥ 1 1 1 = il 1 100
Baseline Test Baseline Trigger Trigger signal Pileun Glaal Valtage
o Offsst saleet socking || Tresnon || averaging vatoatn Ostection || Coineidence || Seting
Duration Duration Duration
1
Pulse Energy
Chama 8 CramelB || ChannelB || Chame 8 || Chawwis || CrameiB || Cremeie || Meastrement
Duratian
= = eowee=— || [ =
\NVERE r L FALua r
Tost Baseline Trigger & NORM Histogram
Signal Enable Restore. Trigger Enable Sealing
2 Enable Edas R
c
0 || PuLse= 1 1 [ T =
Baseliie Test Baseline Trigger Trigger Signal
% Offset Select Blocking || Threshotg || Averaging Averaging
Durafion
External
Trgger
Enable

TO START: Connect to the instrument using the FemtoDAQ menu

Units: A2/

File FemtoDAQ Help

ontrol Program

| Baseline
% Offset

Woltage
Range

Seting

1 gaceiine
| %Ofset

Signal Polarity

INVER™
Signal Polarity

Baseline
Blocking

I EnsBLER

I~ ENABLE

Baseline

Blocking

Block Flow [Signal Flow | Bisplay Waveforrms | Display Histograms | Record Events|

Detection
Duration

il |
et T come
Logic

T ENABLE

CHANNEL TRIGGER

Signal
Averaging

Trigger  Tigger gger
Averaging Thieshold ggoc

Trigger

X Position T

Global

Caincidence ,—
Duration 1

| Puise Eneroy
1 Measurerent

Histogram
sealing |

™ ENABLE

CHANNEL TRIGGER

1 [Facuny
Trigger  THOOET Trgger Signal
Averaging Thieshold gqgq Averaging

WAVEFORM

Histogram |
Scaling

TOSTART: Cornect to the instrument using the FemtoDAQ menu

Units: ADC //A

Waveform display

/i FemtoDAQ LV-2 Control Prog

Eile FemtoDAQ Help

Histogram display

DataTyte——
& WAVEFORM
C HISTOGRAM

- Capture Mode
& SINGLE
© CONTINUOUS

- Capiure Select
IV CHANMEL 0.(8)
I~ CHANMEL 1 (8)

DataFile:

Settings Measurement |

10 Waveforn

Timeout (sec)

IS0 Histooram

Duration (sec)

[10 Undate

Interval (sec)

I¥ Record to Data Fil

e

- Diata File Format—

C cav

€ GNURLOT
& I60R

© BiNARY

- Diata File Selection [setwith the File menu]
Directory Pt
D:\Proaram Files\FemntoDAD LV-2

Size (kBytes)

‘Waveform0.bdt 578

I Noise Trigger [ Multiple Triggers Onfy

TRIGGER STATUS

cH

cH

0 <Xstart

STATUS  ADC

WAVEFORM - FemtoDAQ LV-2
~7450

~7500

—7550

~7600

~7650

-7700

-7750

789991000 2000 3000 4000 5000 6000 7000 8000 9000
sample

Xstop = [ 8191

Wavsform Hean Normalized RIS
[-7737 [ 65859
[ = [ -

& Max € Min

WUl Crl Basaine Avg it Puise ot
o [ ——
i I = =

Blias Valtage =

Data Written to file D:\Program Flles\FemtoDAQ Lv-2\Waveformo0. bt

|Uniits: ADC

4
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FemtoDAQ
Eile FemtoDAQ Help

=lolx]

Settings Mesurement |

| Data Type

© WAVEFORM m

& HISTOGRAM Timeout (sec)
[600 Histogram

- Duration (sec)
- Capiure Mode.

[0 Uniate
& SINGLE 10 8

Interval (sec)

© CONTINUOUS
I¥ Record to Data File

~Capture Select - Data File Format—

7 CHANNELO®) | | Cav
I CHANNEL 1 () | | ONUPLOT
| eeor

© BiNaRY

- Diata File Selection [setwith the File menu]
Directory Path
D:\Proaram Files\FemntoDAD LV-2

DataFile; Size (kBytes)

MNal histo 100k ave32.t 19.7

I Noise Trigger

I~ Wiultinle Triggers Only
TRIGGER STATUS

3
STATUS
CHO

cH

<X start
ADC

Bias Valtage

Mult Trig Cnt

HISTOGRAM - FemtoDAQ LV-2

4000 4500

Baselins #va Integ Pulse Hot

Waveform Mean Mormalized RMS

Xstop > [ 4095

& Max  Min

Histogram Capturre Plot Complete

lnits: aDC
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« Standalone table top DAQ units with ARM running Debian Linux.
* FemtoDAQ : 2 channels, 14 bits @ 100 MSPS, Spartan-6: AVAILABLE NOW .

- We are working with our customers on improving its features. "GNNI ey

| | | [

« DDC-10 100 MHz: 10 channels, 14 bits @ 100 MSPS, Spartan-6: SENT TO PRODUCTION.
« DDC-10 250 MHz: 10 channels, 14 bits @ 250 MSPS, Spartan-6: next in line.

 VME DAQ modules with Kintex and optional ARM running Debian Linux: under development .
* High density 100 MHz : 32+ channels, 14 bits @ 100 MSPS, Kintex-7.

e Logic Unit for triggering and data streaming, Kintex-7.

« ARM SOM will be offered to customers.
« ARM SOM can be embedded in third party instruments.
» Can be used for standalone control applications (it has the 12-bit ADC/DAC).
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"Prediction is very difficult, especially if it's about the future." -- Niels Bohr

We plan the following:
 Complete the high density digitizer with 32+ channels per unit.
» Complete the 250 MHz versions of our low density modules (2 and 10 channels).
* Develop the ARM SOM into a full featured product of its own.
» Establish and nurture the SOM user community.
« Keep improving the features of our instruments according to the feedback from customers.
» Add more kinds of modules to our product line.

* Our plans depend on the reception of our work by the community.
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* What difficulties do you have with your current DAQ systems?

 What features should a DAQ system provide to best support your experiments?
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 ARM has superior performance thanks to integration of many peripherals on chip.

* ARM will provide 4x more RAM with 3x higher nominal performance.

 NEON vector floating point unit and the Mobile GPU which can be used for event processing.
 Programmable Real Time Units (PRU) can be used for software trigger with deterministic latency.

 ARM will run mainstream Linux (Debian, Ubuntu, etc.) with up to date security features.

Feature BF561 (present) ARM AM335x (new products) Improvement?
# cores two three (1 ARM + 2 PRU) yes
Speed 2*600 MHz 1 GHz + 2*200 MHz ~same
Off-chip RAM memory 128 MB 512 MB 4x more
Type of RAM memory SDRAM DDR3

Memory bus 133 MHz * 32 bits 400 MHz * 16 bits * 2 (DDR) 3X more
Separate SDRAM / SRAM buses no yes yes
Floating point no yes yes
USB-2 on chip no yes yes
Gigabit MAC on chip no yes yes
Graphics unit on chip (GPU) no yes yes
Resident GUI no yes yes
Linux version running on-board uClinux full Linux (Debian, Ubuntu, ...) | yes
Linux community projects few many yes
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