A Spin-based Analog to Digital Converter
Interactive Simulation Framework

Gustavo Camero, Sohell Salehi, and Ronald F. DeMara
Department of Electrical and Computer Engineering, University of Central Florida

Educational Outreach Goals

. . (T e e T T T Project Website: T DEPARTMENT OF ELBCTRICAL
- BeyOnd'CMOS deV|Ce / a|gOI‘Itth researCh : aptive Intermi e:‘Adua: |zeQr( t.) 1: (http://Cal.UCf.edU/CCSS)Z UCF ENGINEERING & COMPUTER SCIENCE
. ] . . . r~ ~\ ap Ive uan Izer . : . HOME OVERVIEW PEOPLE PUBLICATIONS EDUCATIONAL RESOURCES
= NSF Commun|Cat|OnS, Circuits and SenS|ng x(t) + e(t) ! Adaptive (AQ) ' by, INncludes prOJect overview, NSF Communications, Circuits and Sensing Systems
- - - e SR Clock ‘- . .
Systems (CCSS) multidisciplinary effort Generator ,J-'IHJ recent research publications Educational Resources
\ ) Spin-ADC Interactive Simulator
. . . " . . . < o Download HERE
" Innovative circuit designs utilizing N = l ¢ ang a\évards_., tealtm members, S sy o e e S i
. . . S o Control over various simulation options an d device parameters for running different simulations with different scenarios.
e m e r g I n g S p I n _ b a_S e d d eV I C e S f O r - E g %ﬂ g a-n e u C atl O n a reS O u rces . = Simulation results are displayed in a different GUI window displaying different characteristics.
. . Adaptive ls_ I.Ic.l g Tutorials
Compressive Sensing [1][2][3] SRIQR © & - TN e
Contl'oller c c ss ﬁ-:.oﬁ * D’%i Paper Resources
u F O Ci Of C C S S i n CI u d e d ev e I O p m e n t O f a N ' ;’ ‘=< Cn'; Spin-ADC Interactive Simulator was based on the following research papers:
] ] ] Ene.r gy-AW.ar e Adapf e * '?; 1. . Salehi, M. Boloursz Mashhadi, A. Zaeemzadeh, N. Rah-navaurd, and R. F. DeMara " Energy-Aware Adaptive Rate and Resolution Sampling of
n O V e I f r am eW O r k f O r I n t e I I I g e n t S e n S I n g Pred ic‘tive c sparse t Raf‘e/Resofuﬁon Sampﬁrng OC{N A h.{ \o [S:::]Lra]]y Sparse Signals Leverafgmg VCMA-MTJ Devices,” IEEE Journal on Emerging and SE:{EC!Ed. Topics in Cm:'mrs.and Sysrem.s. (JETCAS), |
: : Signal omponen - : 8t et R B e YL T
and associated educational tools. Reconstrucﬁor'] '_[ Estimator \Spin-based ADC Architectures e et e st et

VCMA-MTJ Device Spin-based ADC Leveraging VCMA-MTJ Devices

A spintronic device that offers non-

_ : : . _ A - En En En
volatility, near zero stand-by power Adaplt_lve Splntronlc_bas_ed ADC._ _fastﬁr ang morﬁ_ energy e:ﬁ(:le_nt signal L 12 o Y
dissipation, area efficiency, fast energy- sampling and quantization. Additionally, the utilization of spin-based Res. R”e“5“2 W

devices offer various quantization levels via VCMA effect [1].

efficient read and write operations by RL, )
further reducing the dynamic power = Three Modes of Operation: "
dissipation using the Voltage Controlled
Magnetic Anisotropy (VCMA) effect [1]. - Reset Step: All VCMA-MTJ Devices will be reset to zero representing BL .« .

the Parallel State. Level 1 Level 2 Level Q

- Sampling Step: Utllizes a bias voltage to modify the energy barrier and ‘ Sense Amplifier \

applies an analog input to write into the active VCMA-MTJ devices.

Free Layer

== . nout V. Q levels
A <— Oxide Layer — - I . . . © t H ‘ -
Vi botpero] — rredoer - Sensing Step: Senses the data stored in each active device using a (V)_G‘;f]’;fg; ToSL
b

sense amplifier. |
A-Clk

Encoder J, o, (0 + 1) bits

Interactive Tool Flow

Functionalities GUI Output Waveforms
= Spin-ADC Interactive Simulator A -0 A0 - 'f ' no e 4
provides a Graphical User Interface 1'2* N
(GUI) that allows for the modification <.
and insertion of values for Spin-ADC -
simulations.
» Default parameter values reflect
simulation cases used in [1]. e e Hasnete P e 1234567809101112 .
Simulation Step Te-12 Hx 16+05 Width (m) 5e-08 Sample Number E
= Vary device parameters for running Stabiizaton Time 2000 Hy 0 Length (m) 5e-08 o (a)
different simulations with different S e = He 0 A 11209 > ]
scena ri 0S Reset Time 500 MgO Barrier Thickness (m) 1.4e-09 -
. Signal Type |:gmwing_s... v Demagnetization Field Spin Polarization Factor 0.58 '
= Run Op’[ion that CompileS all Forsamps k Nx 0.01681 Gilbert Damping Factor 0.05 §0'6
. . . # of Levels 4 amperature 4r
parameters and simulation options to v ooest femperae (9 = o
d . I . I . I Nz 09564 Anisotropy Energy (J/im*2) 0.00032 02+t
Isp ay Slmu atlon resu tS Saturation Magnetization (A/m) 6.25e+05 0
= Simulation results are displayed in frema e e “ . 2 3 a4 S ) \ . 0 ; y o
. . . . EAETE ST Be-14 MTJ Device Number : Time (s) <1078 Time (s) <1078
a different GUI window displaying eenresanen P it -
different characteristics. remeredseme evelopedat R Reto o= 0 1 (b) (c) (e)
IR s Natona Somnce " Depwimentof e and Compuer | Therma Nose Coet 0 . . .
= Help option that redirects to various ot O Eneemg€CE) R e—— Sample output of proposed simulation framework: (a) depicts energy
. . NIFersiy or emniral Fonda rg resensed o .
educational resources site for more cal uctedy consumed for each sample, (b) illustrates energy consumed by each
iInformation. | | | MTJ, (c) shows magnetization orientation of each MTJ, (d)
Web-based interface of simulation framework demonstrates analog input waveform, and (e) visualizes sampling rate.
Outreach Objectives Current Work Acknowledgements
= Utilize research findings in undergraduate & graduate coursework. = Spin-ADC Interactive Simulator: Simulation Runs with 2- Sponsored by National
: . N i Science Foundation (NSF
= Develop an interactive tool based on research findings. Terminal MTJs (NSF)
N | | . SOIN-ADC Interactive Simulator: MTJ P t ECCS-1810256. Additional
= Utilize the proposed tool to engage and attract high school students into pin- nieractive simulator. arameters funding and resources were
STEM-related fields. V\./alk-through | | provided by UCF College of
= Use educational resources website for explanation and distribution of the " Finalize the export option to save the acquired data from || Engineering and Computer
proposed interactive tool. simulations In a spreadsheet document. Science (CECS).
References Contact
[1] S. Salehi, M. B. Mashhadi, A. Zaeemzadeh, N. Rahnavard and R. F. DeMara, "Energy-Aware Adaptive Rate and Resolution Sampling of Spectrally Sparse Signals Ronald F. DeMara, Ph.D., P.E.
Leveraging VCMA-MTJ Devices," in IEEE Journal on Emerging and Selected Topics in Circuits and Systems, vol. 8, no. 4, pp. 679-692, Dec. 2018. Department of Electrical and Computer Engineering
[2] S. Salehi, A. Zaeemzadeh, A. Tatulian, N. Rahnavard, and R. F. DeMara, “MRAM-based Stochastic Oscillators for Adaptive Non-Uniform Sampling of Sparse Signals in loT University of Central Florida
Applications,” in Proceedings of IEEE Computer Society Annual Symposium on VLSI (ISVLSI'19), Miami, FL, USA, July 15-17, 2019. Orlando. FL 32816-2362

[3] S. Salehi, R. Zand, A. Zaeemzadeh, N. Rahnavard, and R. F. DeMara, “AQuRate: MRAM-based Stochastic Oscillator for Adaptive Quantization Rate Sampling of Sparse

. o . . , Email: ronald.demara@ucf.edu
Signals,” in Proceedings of ACM Great Lake Symposium on VLSI (GLSVLSI'19), Tysons Corner, VA, USA, May 9-11, 2019. http://cal.uct.edu/cess

1.800.790.4001 WWW.GENIGRAPHICS.COM



mailto:ronald.demara@ucf.edu
http://cal.ucf.edu/ccss
http://cal.ucf.edu/ccss

	Slide Number 1

