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20 Linux Workstations / Servers
» 4 Sun/Solaris Workstations

* 10 Windows Workstations

» 16903 Agilent DA+PG

» Analog Test Equipment

- Digital Oscilloscope - 1Ghz

- Arbitrary waveform generator - 125 Mhz
- Quad power supply

- Metallurgical Microscope
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1. Design Entry : SystemVerilog, VHDL, Bluespec SV
- Language Sensitive Editors
2. Simulation / Verification
- Nesim, VCS
- Specman
3. RTL Synthesis
- Design Compiler, Genus
4. Timing Verification
- Design Compiler, Primetime
5. Physical Design
- Innovus, ICC
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1. Design Entry : Transistor Level Schematics
- Composer
2. Circuit Simulation
- cdsSpice, Spectre/S, ADS
3. Handcrafted Layout
- Virtuoso, Layout GXL
4. Layout Verification
- Assura, PVS, Calibre

Synopsys, Cadence, Mentor, Keysight ninan 7w niin ¢
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« HFSS

DINI NI'IDN NILY7In'o
« COMSOL Multiphysics -> HFSS

Optical Simulations

 Phoenix Software Tools
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AN DYAN

 Tower CMOS 0.18u 8LM
* Tower CMOS 0.13u 6LM
« ST Microelectronics 0.13u
« TSMC 65nm CMOS

 Global Foundries CMOS RF 40nm and 28nm
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Shani Rehana and Or Turgeman - Supervised by Ran Manevich

TECHNION - ISRAEL INSTITUTE OF TECHNOLOGY , EE Department — VLSI Laboratory

oC with Lossless Compression

Selection of ViLoCoN parameters |

| Decoder Architectural Design |

» Network On Chip (NoC) - Network based communication

throughput and bandwidth

» Compress/decompress inside the
Network Interface (NI)
ViLoCoN - Alossless compression
CODEC

=)
& 3 E

NoC Architecture

Project Goals

Design and Implement a ViLoCoN Codec
(Video Lossless Compression for NoCs)

Encoderand DecoderRequirements:
# Area: Ultra-lightweight — less than 2[Kgates]

# Latency: Approximately 10 clock cycles
# Frequency: Real fime performance - 1[GHz] in 85[nm] technology.

# RTL language: “System Verilog”

Finding optimal N, C and DCM parameters
# Selection of 10 BW benchmarks images in 2 sizes: “Full HD" and "VGA”
~ Selection ofa preliminaryrangeforNandC: 2= =12, 72C <14

» Identification of the 2° most common difference sequences and creation
of the “Optimal DCM table”

# Image compression forevery N and C in given range and calculation of
compression ratio

N=4, C=10: Provides best tradeoff between compression ratio and
implementation area

Optimal DCM table =) requires LUT implementation=) Large area

Solution: Approximate the “optimal DCM” by most common continuous sets
of sequences = Store only the boundaries of the sequences

The approximated DCM fable:

Squencelngtn | 2|3 | 4 |

Upper boundary (10, 10) (3,3, 3) (2,2,2,2)
Lower boundary (-9,-10) (-3,-3,-3) (-1,-1,-1,-1)

Cost: Codewords needto be calculated from the boundaries.
Formula for calculating codeword from a difference sequence of 2:
Codeword,= 21(DSi+1—(-9) ) + (DSi+2 - (-10) )
Similar formulas exists also for all codewords

ViLoCoN Algorithm Encoder Architecture
Variable length differences sequences (DS) encoded with codewords MAIN CONTROLLER
of fixedlength ol el ens P
Lo bit
DCM: Differences Codes Map Table: Encodes the most common ]
et | [ Codenord Cale |
. Sequancs of 2 "“*| Sequenca of 2
differences sequences wew DBt 5 D51 [N coge 2
) ) . Pi B [ | [ i B =T Raw ~ Code
N:Maximal length of differences sequences in DCM ] Sl | I 2]
) Sequence ol 3 “ | ‘Sequence of 3 R'ﬁ.f'&“
C: Length of codeword 5| P <ea{D8 <eae|DE Output
Input - Raw pixels sequence —64 bits ~ DCM - 3 bits codewords '%. —- DSz valid 3| - =|DSk: Bcode_a— Controller
x| P2 --»{DSia --»[DSis L
45 |46 [a7 |4 |aa 61| [61| DS cocewors e (| | T valid_out
(0,0) 0 21 Pus Seguance of 4 *| ‘Sequence of4 output
Differences sequence (DS) (0,1) 1 b === DS = {DSi (C+d) - it
o = - ' - "
|45| 1 | 1 | 1 | 1 |1z | o | 0 | il:.-lli) : 7 g ___Ez:j valid_4 —! __:E:: dee_‘t_
- - +{D5u +|DSi
ViLoCoN output ~25 bits titlll;::) : b - =
losi 1 [ o il 1 [on| @ir2 e Pixels
raw DB code DB raw DB code (2,1,1,-2) 7

The difference sequence is calculated from the codeword
DS2 - (d1,d0) is calculated as follows:

codeward

dl= +(=8) , d0=codeword¥21+{-10)

Efficient division and modulo calculation. Example (divide by 7)

Itx 23+x-25+x-29J
mrenievie

guotient= ﬂoor[ 5

Results and Comparison

Area: Encoder: 1.8[KGEs], Decoder: 3.6[KGEs]. 71% and 84% smaller
respectively, compared to other published lightweight encoders and decoders

Compression ratio: Average compression ratio: 2.37, equivalent to a
reduction of 57.8% data.

Operation frequency: Encoder: 990/893[MHz] (2 options),
Decoder: 905[MHz].

Dynamic power: Encoder: 1.94[mW], Decoder: 4. 2[mW].
Comparison with published designs:

Algorithm | ViloCol | DAP+ | Sig.Bit Dict. | DWT+ | FELICS+ Hwang’s
Huffman | Trunc. Based SPIHT CDP
NA

Compressionratic 2 175 NA 214 NA NA 235 NA

)

Compressionratio 237 1.81 252 2.18 2.00 23 3.08 253

{ruv) YCbCr YCbCr RGE YCbCr
Logic 5.4K 7K 36.9K 239k 27K »1297k 157K 35K
(GEs)

Ared  pamary 0 0 0 5.4k 1.28K 1.9k 05Kk 37k
(Byte)

CEFF(Y) 0.4 NA 0.059 NA NA <0.054 NA NA

CEFF[YUV) 6,45 0258 0069 0019 0042 =0053 013 <0026

Codec efficiency (CEff) defined as:
- Compressionfalio
CEf Codze Logic| K AN gates

| Original Contributions

# Development, design and implementation of a completely new

encoder and decoder for NoC video applications
» Comprehensive analysis and engineering frade-offs to determine the
optimal parameters for the ViLoCoN algorithm — N, C, and DCM table
# Implementation ofthe most lightweight encoder and decoder
Smart lookup and codeword calculafions
Output stream controller— fast output ordering using small buffer

Division and modulo in an effective/economical technique



Controller for Memristor Based Logic

Rotem Ben-Hur, Hani Bezalel - Supervised by Dr. Shahar Kvatinsky

TECHNION - ISRAEL INST

Memory Wall

— et
The performance of o B o
current computer 25, el

T ¢ P
systems is limited by the E32 Prosessar _ *
speed of the memory. £ 5 ™ ,~" Processor-Memory
£ B el Performance Gap
£ . B

-t e S
SLoePCE Lo cnaad el
o = | @8

Year

Data transfer between the memory

and the processor is time consuming

and wasteful in energy.

In 1971, Prof. Leon Chua predicted the
existence of the memristor, a fourth
fundamental element that defines the
relation between magnetic flux and charge.
Memristor Properties:

#Modeled as a varying resistor
FInformation is stored as resistance
#Nonvolatile, thus low power consumption

#Dense and fast at least as DRAM

r
Memristors are arranged in ava T é’! jé’z
2D array called crossbar. The
varies according to the voltage ,g /5
applied on its row and column.
It is possible to perform two basic logic |, P
operations - Imply and False - within a | : jg/
create a complete logic structure, thus j?/
enabling in memory processing. I%jgf ‘g ﬁ/

Memristor Based Crossbar Memory
resistance of a memristor
Complete Logic Structure in a Crossbar
1 .. lmply
crossbar memory. These two operations |
Imply Truth Table

Case | p | q | pq In-Memory Imply can be

1 jo|o 1 implemented by applying voltages
2 |01 1 on two memristors in the same
3 |1]0 0 row/column. False is simply done
e 1|1 1 by writing zeros.

4 A Novel Architecture

Project Goal: Design and Implement a Novel Computer Architecture for
In Memory Processing

To achieve this goal, a complex memory controller was designed and
implemented.

Unique properties (compared
to traditional systems):
»Controller-Processor Interface:
able to manage complex
instructions, as well as standard
read and write commands.
»Controller-Memory  Interface:
mux-based hardware for
coordination between analog
memory and digital controller.
#Complex Memory Controller:
performs  standard read/write

Crossbar
Memory

operations, as well as processing . .
tasks inside the memory. —T o
Analog muxes for controller-memory IF: — [ —+.’
» Inputs are analog voltages. — —
¥ ‘Select’ input is a digital control signal, & Hj " o

. : - - =" 3
which arrives from the controller. )

Our Memory Controller

The controller receives
commands from the processor
and interprets them by dividing
them into hundreds of micro
commands. [t then sends the [
appropriate control signals to
all the relevant rows and
columns in the memory.

Comparison of Energy & Time Consumption

Energy Time

The suggested .
architecture has

E
i

i P e the potential to _
E o dramatically %M
g e e e reduce time and §
5 . i - energy require §|n S
H e to perform £ J————
o ey different kinds of ” gt s
[ e H Amhoe
Az jeic .
w3 4 O : 0 2 pro = b z 4 &z m a
Image Dimensions [binary pixels] ' Image Dimensions [binary pixels] ..,

UTE OF TECHNOLOGY , EE Department — VLSI Laboratory

Complex in Memory Algorithms

All complex operations in the memory are based on two simple
operations - Imply + False.

Example: In-memory multiplication algorithm:
M = length(A) = length(B), i=0 Cycles = number of interprated
WHILE (i<N) { ziicro-commands. [ ot |

-'rfsopyoau under B: Operations = number of

participating memristors m “

1 \':\m
i
44M opeT™

113 AND B:

(a->(B-=0)=0 3ees
} AN S
aperd
1AM Ry o O o [ o [ coor [l oo

LTE:
3, AND B +a, AND BO +...+a,, AND BD...0

Total Complexity Nt zeroes
Time — 4N2+15N-14 cycles

+
Energy — 26l°-17N-4 operations —

Our Instruction Set

Designed a completely new, custom-made, instruction set:
Type A - Arithmetic/Logic:

00 XXXXX X XXROCO00 XO0000NK OOV 00000 30COOXK XROOCKKN XXX
Mil - aodress sourcel It .

complote
ol
adtur

Type OPCODE rjc  Md- addross dostination Mai- addross sourcel
Type B - True, False, Read:
01 JONXN X X X000 00000000 JO00U00 X0D00000 000000 X000 0000000

Type OPCOGE rje 172 rjcheging  rjzesdl Tieand  crbagls | M mam. | TED

tJebioging

Type C - Write (begin)
100 X M0OM0EN N00000K 0000000 XXN00 00 00000000000000K 00K

bitenum, data

Type rebeginl  rjeendl cirhegin

“Compiler” for in Memory Processing Ar

Implemented a tool
required for the fine-
tuning of future
physical memristor-
based memories, with
processing capabilities.

The tool converts
assembly commands
from the user, through
digital control signals to
signals compatible to

v Novel approach for computer architecture design — towards
mixed logic and memory.
v Has the potential to significantly improve power and time
consumption compared to conventional systems.
v Main design contributions:
v' Memory controller that performs logic operations by conducting
hundreds of memory micro instructions
v Completely new instruction set

v “Compiler” for the new architecture



Optical Permeability Bragg Accelerator

Elron Goldemberg & Almog Zilka, supervised by Adi Hanuka & Prof. Levi Schachter

1. Motivation- going optical Challenges

@ » Accelerating the electrons to relativistic speeds.
Gradient o Z ! ¥ Sustaining the high accelerating fields.
—

¥ Confining the electromagnetic energy.

A=10cm A=1ym

Our goals
Conventional accelerator Bragg accelerator # Designing of an optical planar Bragg ¥,
» Metallic device » Dielectric/permeability accelerator consisting of permeability layers.
> Based RF technology structure % Analyzing the acceleration parameters:  Z.V_ Mo

% Based on optical frequency ~ #® Comparing to the dielectric Bragg accelerator.

2. Formulation

The proposed structures Design procedure Work flow
; [olzal % The Bragg structure consists of | Finding the fields in the device |
__k . (: o, e periodic permeability layers
g (| surrounding a vacuum core. | Applying the boundary conditions |
- # Confinement is achieved by:
L] N . 0]
=1 » Adjusting the first layer width | Pl e it e it |
"k ¥ ¥ Determining the rest of the
=\ > Ve A i e i Calculating the acceleration
B ot o o o | [ oo o Tyl parameters
The electromagnetic fields
== 3. Results
% e Interaction Impedance Energy Velocity
E =Fe E, =(Ae "+ Be')e ® .
w_ 7 & |E\'J| A
Ae _Bete)e =" P
B2t | m eSS )
€ - e —1
e ey IS
P L €. Chsted ) I
T e ! Mot =1

The tangential electric field along the structure

2

C|j N

o
w
5
w

2

- e
] 1 2 B 4 B 5
LY

Maximum Acceleration Efficiency ™-=

4. Conclusions

» The electric case achieves

better performance among
. [
- e st g ome all structures.

e Seee e e ra
g S i )

% The permeability structure
is better than the dielectric
one, in respect to: Zae-Max

Reference




By Alon Rotman & Roy Nicolet, Supervised by Alexander Svetlitza & Dr. Igor Brouk
TECHNION — ISRAEL INSTITUTE OF TECHNOLOGY , EE Department — VLSI Laboratory

THz Frequency

[ TeraMOS Sensor

Miciumayes Ermfrared Ckimvioles  X-rays

Brace

W e % a0 e a0 o0 e e

ST
Rolatvely new rescarch area

Al objocts emit THZ

High penctration: Through dust, clogh, wood, plastic and
more!

Non with low

New
dovices, avt , car safety, ofc.

The reievant wave langth is betwoen 100-250um

TeralfOS is o transistor acting as thormal sensor for the THz frequency range
The transistors main absorbing layers are made of silicon & polysilicon

The in the region

When the s the noats up

The temperature change varies the current read by the readout cirourt

ek Gt

Current Mode ROIC with Active Feedback

1. Current Mode ROIC

v
> > ~

Ad = conducting | |Cr= o an
wavepulde of plans 3t we tomom | | square 1o find Imey ze match wsing
pich zize A of||ana  creatng  ae with iess thermai mass. The absorters | | CMC2-20

the radiatcn absorbing  layer of jength iz A. Adcing ttanlum gives the test | | impiementing

100-250uwn 3770 at A impedance matching i ideal model TeraMOS sensors

© 5 L made fom siicon anc polysiicon
2rc coemestec 10 a hoiding am made of
slcon for conducting cument from
sensors. The abscepticn eMciency wan

value of TO% Iz mot

zliccn layers. Sirce Hianlum  was
proved o bring Datter resultz 3t the THZ
range a3z it has conductivity of

2.36x 10* Sim. The frequerncy response

Designed %or high g3in, Lsing 3 current sowrce that
sets the cperating point for an amay of pixeis and 2
tranz-impedance ampifier. There iz a
oop th 3 trars-scmitsnce ampilfier  for
calbrating misz-match and 4/ mose and a saihch
+memory capacilor % prevent overnding the npet
signal Fom the pixel aray

impiemersec with = differential pair and commen
source stage A buMer wasz 3dded to shift e far
pole beyond the omepa crossover. A Mier
capacor & compenzaton resistor were added for
stabiity.

2. Voltage-Voltage Amplifier

3. Trans-admittance Amplifier

Differ=nt ir mieror.

4 Switch
Transmission gate, inverter and Clock puise.

3. Pixel
One transistor, an arm as a resistor, heid In sub-
threzroi

>Elxal Q: Achisves 92.99% atsorpton af

1THz. This device was orginaly oesigned

cperate at 1.5 THz bur the FSS
surface)

moved the maxima. The owrome s MY

usefu 251 THZ is In SM0 the reguired range.

»Pixel L: Achieves 99.09% absorption af
1.6 THz (the farpsf frequency} Wi a wide
Dangwiam.

Pixol Q: Achieves D9.9SS% absorpdion 3t
STHZ witn the best tand cass frequency
response.

[ ROIC Simulation Results

ROIC to mest requiramsnts:

[ Frecareey (e

> Ouisianding 1/ Noise SUppression
=High gain and deep stadility
> Low hermal noise

Use of = square shape gave the best =
device with FS2 zimulations
Abzorbing cevice zize should be of the zame
crder 22 the wavelengtn of radiation
> Tianlum wsed ¥ provide the best impedance
masch
> Extensive simwiation In simulator (CST) used o
optimize gecmetric dimensions
Aohievementc
> The < ars
superior o all previous absorters designed In this
research
> The pixeis wers sant for tsoricaton

‘compen:
rezistor 33ded 10 solve stabiity issues.
> Dezignec %or low */f arc tharmal noise

Achizvements
> A novel calbraton fechnlque used %o

owertome noke Izzues

> The ROIC meels arc exceeds all Insal
requirements:
= High gain
= Good nolze supprezzion
= Deep stablity




Iticore Processors

The continuous drive for increased performance
has led to an unsustainable increase in power
density
Multicore architectures can provide more
performance without further increase in power
density
Allow increase in performance and at the same time
allow a reduction in clock frequency
Multicore Challenges
Cache Coherency
Multiple copies of data must be kept coherent
and consistent using snoopy cache protocols
(MSI, MESI etc).

Process Scheduling

Efficient dispatch of processes/threads to
available core according to priority, data
dependencies, resources, etc.

Project Goals

Replace process dependency OS software scheduling
with a custom designed hardware scheduler composed of

*Custom hardware scheduling module
*New S-Type Instructions

Hardware Scheduler

S-Typelinstructions  Process Dependencies
Process Scheduling

Process Dispatch i

3 n : u
1 N
>
L2

&

L2 Cache

MS| Protocol TDM BUS

(

Hardware Scheduler Sub-Units

Scheduler control CORE moniter FSM

) Walds the nfbymation whih cores are ative
ore_free Decdes which ore
" v,

[ —
(feedipek dato)

Cores wrapper

Scheduler control FSM builds the process and processes
dependencies table

« Decides which of next process can be issued for execution

« Can support up to 16 processes simultaneously

« Core monitor FSM maintains cores’ state

« The dispatcher FSM controls the reset and initialization sequence

« The cores wrapper monitors process execution and sends process
completion signal to the scheduler control FSM

ol

Flow Co

Zero One:
maing { Setupo Setup 1.

Compile =

pihread_create(2, .) ST_inst2 ST_inst2
pihread_create(3, .)

End Setup0 End Setupl
LDI #97,R1 LDI #3R1

LDI #81,R2 LDI #7,R2

ADD MUL
RLRLR3 R1RLR3
ST_END
End zero

ST_END
EndOne

Process  Enable | Dependency
Number Process Process

g T T 2 0

; ER = |
:
_—_

Schedule =>

Process
Address
Setupo

ST_insty
STinst2

SetupL.
ST_insty
STinst2

Schedule
Parser

End Setupo

End Setup.

LDI#3R1
LDI#7.R2

Select Core +
Dispatch

MUL
Scheduler R1RLR3

control

=

ST_END,
End One

pe Instructions

Cache Coherency

# Name Opcode Process Process function
id rt

1 New process. 1111 [11:8] XXXX 0000

2 Add process dependency 1111 [11:8] [7:4] 0001

3] Remove process 1111 [11:8] [7:4] 0010

dependency

4 Define process address 1111 Start Address 0011

5 Define process Size 1111 Number of Instructions 0100

6 End process setup 1111 [11:8] [7:4] 1000

7 End setup 1111 [11:8] XXXX 1111
1111 [11:8] XXXX 1110

8 Process done

Tl

Cache level 2

FIFO1 FIFO 2 FIFO 3.

FIFO O |

A\w miss \w miss. AAw miss \w miss

Lmsi &

A BUS controller with TDM arbitration synchronizes
between the cores' L1 caches, L2 cache and the main
memory

The L2 cache snoops each L1 cache separately and stores
all of its calls in fifos

Inside the L2 cache an arbiter divides the time slots among
the L1 caches and every clock checks the MSI and data

Original Contribution

The development, design and implementation of a
completely new process scheduling paradigm

Exploiting advantages of combining new S-Type
instructions with a hardware scheduling module

Defining every new S-type instruction in a way that future
compilers could add them to existing code by
recompilation

Providing a process scheduler that can be expanded to
perform additional tasks which are currently performed by
the OS scheduler

Design of a new architecture for the MSI cache coherency
protocol for a multicore processor
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Mono-Genetic Algorithm Chip for TSP

Alex Bunin and Sagi Sheer
Supervisors: Goel Samuel

Project Goal Adaptation of Genetic Algorithm to TSP Main Algorithm Flow
Design and Implement a VLSI « Define suitable representation for paths MutateCh,
Chip that Solves the TSP (solutions)
Problem using the Mono Genetic TopChrom - Muaion | | Finoss cmp
Algorithm * Define mutations and how to apply them

MutatedFit

j

« Find an efficient method of evaluating the RPG T Toprn
quality of the solution

Packaged Devices
Final Layout

= e « Technology : Tower 0.18u
. ; | . | . * Frequency : 90 MHz.
[ ‘ I S LT +Area: 3 X 3sg mm.
i — ‘ * Number of 10 Pins : 160
> « Power Consumption :300mW

\/(Xl_x2)2+(y1_y2)2
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