FP7-1ICT-2011-7
Project-N0.288869
NAVOLCHI — MS29

Milestone Report
Last update 04/05/2013
Version 1

AVOLI[=HI

Nano Scale Disruptive Silicon-Plasmonic Platform for Chip-
to-Chip Interconnection

Data Codecs for Power Consumption Reduction

Milestone no.: M29
Due date: 01/31/2013
Actual Submission date: 04/05/2013
Authors: ST
Work package(s): WP5

RE (NAVOLCHI Consortium)
document, available online in the restdarea
of the NAVOLCHI webpage

Distribution level:
Nature:

List of Partners concerned

Partner | Partner name Partner | Country Date Date
number short enter exit
name project | project
Karlsruher Institut fir Technologie KIT German M1 M36
INTERUNIVERSITAIR MICRO- . M1 M36
ELECTRONICA CENTRUM VZW IMEC Belgium
TECHNISCHE UNIVERSITEIT M1 M36
3 EINDHOVEN TU/e Netherlands|
RESEARCH AND EDUCATION M1 M36
4 LABORATORY IN INFORMATION AlIT Greece
TECHNOLOGIES
5 UNIVERSITAT DE VALENCIA UVEG Spain M1 M36
6 STMICROELECTRONICS SRL ST Italy M1 M36
7 UNIVERSITEIT GENT UGent Belgium M1 M36

! PU = Public
PP = Restricted to other programme participants (idiclg the Commission Services)
RE = Restricted to a group specified by the consportfincluding the Commission Services)
CO = Confidential, only for members of the consorti(intluding the Commission Services)

Confidential document - page 1



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 04/05/2013

NAVOLCHI — MS29 Version 1

Milestone Responsible
Organization: STMicroelectronics
Contact Person: Alberto Scandurra
Address: STMicroelectronics, Stradale Primosdi® n
95121 Catania
Italy
Phone: +39 (0)95 — 740 4432
Fax: +39 (0)95 — 740 4008
E-mail: alberto.scandurra@st.com

Executive Summary
This document describes algorithms and implemeantatielated to encoders and corresponding

decoders aiming at reducing the switching activotyer transmission channels in order to
minimize the dynamic power consumption. The outcoofiesome studies about encoding

techniques for error detection and correction poreed as well.

Change Records

Version Date Changes Author
0.1 (draft) 2013-02-11 First version Alberto Scandurra
1 (submission) 2013-04-05Final version Alberto Scandurra

Confidential document - page 2



FP7-1CT-2011-7 Milestone Report

Project-N0.288869 Last update 04/05/2013
NAVOLCHI — MS29 Version 1
Contents
O N I 2 (@ 11U I [ N RSO 5
2. ENCODING TECHNIQUES TO REDUCE POWER CONSUMPTION ......cccoeeiiiiieieennn. 6
1. BUS INVEITET ... et e een e 6
2. Bus Inverter variant from University of Catania.............ccccoevvevveieeiiiinnnenns 6
3. Half-Identity Half-Reverse Transition Signaling.............ccccoevvvvvviineeeennnnnnn. 9
4. XOR-based redistribution of probability ..........c...ccooviiiiiiiii 12
2. SPEED AND SCALABILITY ISSUES .....ouuiiaiae e 15
3. S INTHESIS DA T A e e e e e e e e e e e e et e e e e et et e et e e e eaeeeaeteeeaeeeeeeeennnnnne 17
4, SWITCHING ACTIVITY ANALYSIS ..ottt ettt 20
5. COMPARISON OF POWER CONSUMPTION ON SINGLE LINK.......cccccoeviiiiiiiiiiiinne. 27
6. BUS INVERTER BREAKEVEN ON SINGLE LINK ......cuuuiiiiiiiiiiiiiiiiiiiiiiieens 52
7. POWER SAVING IN NOCS ... .ttt e e e e e aaa e e 68

8. ERROR DETECTION AND CORRECTION: ENCODING TECHNIQUES TO

REDUCE BIT ERROR RATE .....oiiiiiiii et eeen e e eni e eesnns L
1. Overview of traditional coding theory.........ccoueuiiiiiiiiiiiiii e, 71
2. Error detection and correction in hardware . ....ccovvveievinieiiiiinneeiinnnn 12
3. Bit parity check in hardware ... 3,
4. Multi-dimensional bit parity check in hardware..............cccccoovvviiiiiiinnnnn. 76

9. EXPERIMENTAL DATA AND FUTURE DEVELOPMENT ......ccoiiiiiiiiiiiiii e 79

Confidential document - page 3



FP7-1CT-2011-7 Milestone Report

Project-N0.288869 Last update 04/05/2013
NAVOLCHI — MS29 Version 1
o N [ PP 80

Confidential document - page 4



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 04/05/2013
NAVOLCHI — MS29 Version 1

1. Introduction

Power consumption is a critical factor in modemcéionics.

Nowadays, long duration of batteries is an essergguirement for any consumer good, while
environment-aware technology and energy saving ha&eeme widespread matters of concern
for the industry.

Power consumption in electronic systems dependsamy variables, such as the specific data
patterns they elaborate, the overall architectilme,specific implementation of some modules,
the speed (in the terms of clock frequency). Imprg\power performance of a system involves
the whole design.

As far as communication systems are concernediesorgchip and off-chip links and complete
NoCs (Networks on Chip) and NiPs (Networks in Paelacan be responsible of a large
percentage of the total power consumption. Encodiagsmission techniques can achieve
relevant advantages in this sense, and are thearded) with interest both in industrial and
scientific fields. These techniques aim to transfdcode) the information, so that less power
consumption is required. They include data-forn@mnpression at the topmost software level,
architectural choices and specific modules in harew
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2. Encoding techniques to reduce power consumption

This chapter presents a set of techniques andebdts in terms of power-saving they can
achieve on SoCs (Systems on Chip) and SiPs (SysterRackage) links and on end-to-end
NoC/NiP communication.

The presented techniques are:

Bus Inverter (BI)

A variant of Bus Inverter by University of CatarlaniCT BI)
Half-ldentity Half-Reverse Transition Signaling (HRTS)
XOR-based Probability Redistribution (XOR PR)

1. Bus Inverter

This technigue simply consists of a conditionaleirsion of bits in input: given a bus of N bit as
input, current value of each bit is compared with previous value to determine whether a
transition is expected.

When the number of transitions in a phyt (which neegheHamming distancéetween the
current phyt and the previous one) exceeds halfbthe size, then the entire bus is inverted
(because the inverted bus will have minor Hammistadce to the previous phyt).

To inform the decoder whether or nor the bus hanbaverted, an additional flag line is
required.

n
Body 1t ﬂ —_—{X n
E z Body it n-1
n-lbits 1 bt n *
¥ ) n
n-1bits 1 hit Body it 9 D g Body it
Provious inv
ercoded ! .
bosyle a1 bits 1 bit -1 bits

Apart from introducing area overhead for the addiil line, this scheme is recognized to be
general purposebut not very efficient, except for random datdtgras (mutually independent
phyts) and extreme study cases.

Moreover, RTL basic implementations' performanceasvery impressive in terms of area, time
and scalability: adders/counters required to ddtegnthe inversion condition are slower and
lower while the bus size increases.

A segmented approach, which means a selectivesioveof sections of the input bus, has been
implemented as well, accepting additional flagdinBuch parallel version of Bus Inverter
provides far better performance than the singletotmunterpart, as shown below.

Bus Inverter is a patent of AST group of STMicragtenics ™.

2. Bus Inverter variant from University of Catania
As an enhancement of Bus Inverter, the inversionditimn is not triggered according to
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Hamming distance, but takes into accoumtyaamic power model applied to the bus [#és
developed by Univerity of Catania.

According to a 2-bit granular algorithm, dynamicwes model of the bus lines is used to
determine whether or not it is convenient to invieet flit.

Power model propos&#” for CMOS dynamic power is:

P = |.TE-—>1(C5+ C!J +TECCJLﬁchk

where \jq4 is the supply voltage,kis clock frequency, €is the self capacitance (including
parallel plate and fringe capacitance) anés@he load capacitance.

To-1 and T are the average number of effective transitionscgele associated withdGnd G

respectively.

Tc can then be expressed as a weighted additioredfdhsition types:

[ Tme | Nommal

Type I
t—1 00 00 11 11
t o1 10 o1 10

Type IT
t—1 (01 10
t 10 0
Type I
t—1 (00 11
t 11 00
Type IV

t—1 | 00 11 01 10
t 00 11 01 10

T-= kT +k,T, + kT3 + k. T,
Some literary work8l*8 have determined:

ky =1k, =2k, =k, =0

=

so that, being the effective capacitance of Typdrdhsitions usually twice that of Type |
transitions, power model can be reformulated as:

p= [IID—>1[L:LI3+ LI!:J + [t:Tl + zlllﬂjcf] dedfﬂk

It is clear that power-saving can be achieved bgimmizing the number of Type | and Type I
transitions and globalgL;.

The encoding scheme must then compute whethertat isoconvenient to invert in terms not
only of switching activity, but also of effectivajpacitance.

Operation performed takes into account power copsiom in both cases (non-inverted phyt and
inverted phyt).
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Ploc Ty 4 Co+ (kyT'y + ko T + Ry Ty + Kk, T',)C,

The phyt is then inverted when P' < P, which mehas the inverted phyt requires less power
consumption.

T'o1 €quates J_o while T, T, T3 and Tz can be reformulated with correspondance {017,

T3 and T, from the scheme below:

[ Time | Normal | Tverted |

Type I Type I
t—1 (00 00 11 11|00 00 11 11
t |01 10 0o 10|10 0 10 0

Type II Type IV
t—1 |01 10 0on 10
t 0 0 01 10
Type II Type IV
t—1 00 11 00 11
t 11 00 00 11
Type IV Type II and IIT

t~1 (00 11 o 10|00 11 O 10
£ o0 11 01 10|11 00 10 o0l
'S L | B

P Toogls + [kyTy + K,Te + kgTa + ko (T, + T5)]C
Assumingfl/I18]
by =1k, =2k, =k, = 0C./C; = 4

invert condition P' < P is equalent to

Ty T8T; =Ty, + 6T,

Encoder algorithm is then:

r T=T, Invert

While decoder module is exactly the same as théqure technique, encoder module stores the
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previously transmitted flit and compares it witle fiollowing one, in order to determine not only
how many transitions are expected, but also the ofghese.

k=0

e

i) 7]
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Encoder and decoder schemes

Required logic can be lighter than the one of Buseiter, but still remarkable for area and
critical path. Higher speed is expected, as webetter power consumption savings. Segmented
approaches can be pursued similarly to Bus Inverter

3. Half-ldentity Half-Reverse Transition Signaling

This technique does not invert bits, but reliesidormation coding to reduce transitiondo
redundancy lines are required.

A relatively simple, fast and granular coding logecluces overhead of power and area, while no
flag lines are required, making HIHRTS a more @it technique in high frequency
applications.

The encoder execute€OR operation between the input bus and the most signif bit (and
then each bit of the bus is inverted if MSB valsid) and the result of such operation is XOR-ed
again to the previously transmitted phyt. Resulfingic consists of only two sequential XOR
ports and one flip flop per bit (to store the poers phyt).

The decoder executes reverse operation, as thathifgcsets the MSB (which is not altered in
any way) as a decoding key to reconstruct the ralgphyt (XOR's inverse operation is XOR
itself, so the decoder is as simple as the encoder)

Moreover HIHRTS' performance is expected to be @dhsn Bus Inverter with random traces
and in extreme study cases. Anyway it behavesdtebwhen the occurrence of ones (or zeros)
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dominates input bus in highly-transient, but sehlistic, patterns.

i\D__)Di D Q
Xo Yo
A
D S
XN-2 Yn-2
A
D Q
Xn-1 Yn-1
A

Encoder Scheme
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Yo 3§ Xo
D
V-2
_\D_j : Xn-2
D
V-1 XN-1
Decoder scheme

Original HIHRTS
00000101 Z 00000101 00000101 E
101011111 11010000 11010101 ?
000010103 00001010 01011111 g
100101003 11101011 101101005
111110104 10000101 10110001}
01100000 i 01100000 010100011
00000001 El 00000001 01010000'l
00000100 E 00000100 01010100 1]
00000011 E 00000011 01010111 E
01111100}/ 01111100 00101011/

X Y Invert XOR (Yi & Z.i)
lower 7 bits if MSB is 1 lower 7 bits

HIHRTS is a proposal from indian OCCS group of S&idelectronicE”.
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4. XOR-based redistribution of probability

This technique is designed for non-compressed sidi#odoes noexplicitly make use of the
previous phyt to determine the encoded phyt.

During the encoding phase, current input phyt védéid into pairs, with strict 2-bit granularity.
For each pair, one bit remains uncoded while therois processed as the XOR of the pair.
Decoding phase is symmetrical (XOR inverts itself).

Considering the succession of phyts, this technigglies on a redistribution of probability:
considering the pair, when double inversions ass [@obable than single inversions, switching
activity is statistically reduced.

PREV NE | PREVE CURRNE CURRE
0 0 0 0 0 1 1 1 1 2 0 0 1 2 1 1 0 1 -MaxProbabiIity
0 0 0 1 0 1 0 1 0 1
0 1 0 1 0 0 1 2 1 1 0 2 1 0 1 1 0 1 Medium Probability
1 1 0 1 0 1 0 1 0 1
1 1 0 0 1 1 0 1 1 0 Minimum Probability
1 2 0 1 1 1 0 2
0 0 0 1 0 1 0 1 0 il
1 0 0 2 0 1 1 1 1 0 0 1 1 1 1 2 0 0
1 1 0 1 0 1 0 1 0 1
-
PROBABILITY MATRIX (%)
SR 31
30 6 3 5
SRE 28
6 6 5 1
3 5 5 1
5 1 1 11
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highway_cif.yuv
12 3 3 5 SR i
SRE 26
3 13 4 2
3 4 10 3
5 2 3 18
| mb.dat |
30 6 3 5 SR i
SRE 28
6 6 5 1
3 5 5 1
5 1 1 11
hd.mp4
6 6 6 6 SR g5
SRE 48
6 6 6 6
6 6 6 6
6 6 6 6
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11 3 2 4 SR i
SRE 25
3 15 5 2
2 5 14 3
4 2 3 13

XOR PR is a proposal by Daniele Mangano of OCCS&maf STMicroelectronicd'.
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2. Speed and scalability issues

As anticipated above, speed and scalability atearissues for both Bus Inverter and its UniCT
variant version. Their 72-bit static CMOS implensaitns offer maximum clock limit, in
synchronous mode, around 300 — 400 MHz, dependirthetechnology.

The main cause for this issue is the need for higd (slow) counters (or adders). These
components' performance strongly depends on thesags which is the number of bits
processed.

tastay = Nigarry T tyRippleCarryAdder
N
tastay = bssrup T (ZM— 1)t o, + (E_ 1)tyyx +ty CarryBypassAdder (MMUX)
N
Listay — lsetup T MUcgrpy T :Er.wx + tylinearCarryselectAdder (MMUX)

[« S —
tictoy = togtup T (E +N2aN)t__... + trSquareRootCarrySelectAdder (tyyy~at o)

Different adders show different propagation delagehdence on number of bits N.

An improvement to such limits can be obtain throsgigmented coding algorithms: encoding
technique is performed on a smaller set of bitgshabthe whole encoder is divided into a group
of fast modules, which operate in a parallel mode.

STD » STD
M | Encoder M+R* Decoder M
—f— * T
N
STD
STD
+ ,l
M | Encoder M+R* Decoder M
]
N+R

Segmentation scheme

It is important to highlight that a segmented aildpon is different from the original one: different
results are expected not only in terms of speedalso for the final switching activity reduction.
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Subsequently, the decoder must be segmented as well

Byte-size standard modules have been implementeédested with regard to their single-block
counterpart.

Standard modules are faster, because each of tasranmaller bus size, and operate in parallel,
regardless of their number. This provides scalgbith the whole system and higher working
frequencies (500 — 700 MHz), at the cost of furtieelundancy lines (one per module).

Segmented HIHRTS was synthesized too, but speemirement is far less significant, because
the MSB fan-out is the only difference, in termdazd capacitance, between the two versions.
This module was already more scalable and fastBhamd UniCT BI.

Anyway the algorithm changes, as multiple decodiags are used, so that switching activity
reduction is different.

As far as XOR Redistribution of Probability is cenged, a segmented version is not possible, as
the algorithm is already fully parallel, with 2-lsitrict granularity.
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3. Synthesis data

Following data describe the implemented techniquoesking use of libraries from 65 nm static
CMOS technologies on 0.5 pF load.

Project Clock limit* = Power overhead** | Area overhead Redundancy
Bus Invert 300 MHz 2.46 + 0.82 mW 4225 + 439 1 flag line
(72-bit single-block) standard cells
Bus Invert 550 MHz 2.81 +0.81 mW 5856 + 1555 9 flag lines
(8-bit segmented) standard cells
hihrTS 933 MHz 6.17 + 2.27 mW 3536 + 2755 No redundancy
(72-bit single-block) standard cells
hihrTS 1000 MH:z 5.75 + 2.36 mV 2837 + 270 No redundanc
(8-bit segmented) standard cells
XOR PR 1033 MHz 3.5+ 1.3 mW 1857 + 1326 No redundancy
(72-bit single-block) standard cells
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Following data describe the implemented technigoesking use of libraries from0 nm static
CMOS technologiesn 0.5 pF load.

Project Clock limit*  Power overhead** | Area overhead Redundancy
Bus Inert 350 MH:z 2.51+0.28 mv 3654 + 18 1 flag line
(72-bit single-block) standard cells
Bus Invert 600 MHz 2.18 + 0.63 mW 3451 + 912 9 flag lines
(8-bit segmented) standard cells
hihrTS 1000 MHz | 5.62 + 1.79 mW 2838 + 2135 No redundancy
(72-bit single-block) standard cells
hihrTS 1000 MHz | 5.15+ 1.53 mW 2490 + 1633 No redundancy
(8-bit segmented) standard cells
XOR PR 1033 MHz | 3 +0.92 mW 1338 + 694 No redundancy
(72-bit single-block) standard cells
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Following data are obtained with libraries fr@a nm static CMOS technologies 0.5 pF load.

Project Clock limit*  Power overhead** | Area overhead Redundancy
Bus Invert 375 MHz 1.67 +0.23 mW 1015 + 129 1 flag line
(72-bit single-block) standard cells
Bus Invert 700 MHz 1.83 +0.62 mW 1473 + 562 9 flag lines
(8-bit segmented) standard cells
hihrTS 1167 MHz | 4.39 + 1.59 mW 825 + 955 No redundancy
(72-bit single-block) standard cells
hihrTS 1167 MH:  4.13 +1.46 mV 808 + 87: No redundanc
(8-bit segmented) standard cells
XOR PR 1200 MHz | 2.55 + 0.87 mW 613 + 399 No redundancy

(72-bit single-block)

standard cells

* assuming input delay = 15% clock period, outpetagt = 10% clock period

** comprehensive of dynamic and static power constiom at the maximum working frequency
(thus values are not directly comparable)
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4. Switching activity analysis
According to the dynamic power model of bus lines
'Pri:.'n = aCL I’rj.vingfck

dynamic power depends linearly on the line switghactivity o, which is the probability of a
commutation for each line. Evaluation of switchiactivity can be performed through Laplace
definition, as the number of occurrences dividedlie total bit number.

Collected data confirm Bus Inverter to be genelycalalid, but its effectiveness may
dramatically differ from case to case, as shown.

It can be noted than HIHRTS tends to flatten svitghactivity from almost every value (high or
low as it may be) to an average 0.3 — 0.5 switckdotivity, with best results with highly-
transient traces. A minor variant of HIHRTS, nanig@duble Keying HIHRTS, consisting of
another XOR port added to the logic and anotheuded as decoding key, statistically performs
worse than the single keying counterpart. It isrghonly for comparison.

It is important to observe that as far as UnivgrsftCatania variant technique is concerned, this
model is inadequate to evaluate the effective reoludn power consumption, because this
technique also considers the capacitance. Colletdtare therefore scarcely relevant in regard
of this technique. Better characterizations forhswariant would be obtained evaluating the
productaC, .

Note that the followinglata do not take into account redundancy li(iepresent).
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Random input (72 bits) Referencew = 0.356 Improvement

Bus Invert a=0.349 -1.95%

(72-bit single-block)

UniCT Bus Invet o = 0.49¢ +39.4%

(72-bit single-block)

hihrTS a = 0.467 +31.25%

(72-bit single-block)

Double keying hihrT a = 0.50! +41.2%

(72-bit single-block)

It is here shown how uncorrelated (random geneyatgulit strings determine bad performance
for all the cited techniques. Improvement provitigdBus Inverter for random bits is weak and

realistically not worth the area and power coghefcomponents.

(72-bit single-block)

Gray code input (72 bits) Referenceo = 0.014 Improvement
Bus Inver o= 0.01. 0.00%
(72-bit single-block)

UniCT Bus Invert a=0.014 0.00%
(72-bit single-block)
hihrTS o = 0.03¢ +157.14Y9
(72-bit single-block)
Double keying hinrTS a=0.035 +148.0%

Inputs with strong preexisting coding provide samiéffects, as none of the module manages to

improve the switching activity further: Bus Invartdetermines no advantage in inverting the
bus, and thus leaves the input unchanged, whil@iedal coding from HIHRTS even worsen

the switching activity.
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Fully-transient input (72 bits)

Reference:a =1

Improvement

(72-bit single-block)

Bus Invert a=0.0 negative infinite
(72-bit single-block)

UniCT Bus Invet a=1 0.00%
(72-bit single-block)

hihrTS a =0.0140 -98.61%
(72-bit single-block)

Double keying hihrT a=0.51 -48.6%

Another extreme study case regards sequencesingssin which every bit is continuously

changed. This situation is the ideal case for Bugiter, as it manages to nullify the number of
transitions. HIHRTS is also very effective, asnitpiicitly transforms the entire sequence into a
Gray code (almost single transition per string).

16-bit block-transient traffic Reference:a = 0.525 Improvement

Bus Invert a=04 -23.81%
(72-bit single-block)

UniCT Bus Invert a=0.525 0.00%
(72-bit single-block)

hihrT< a=0.44° -14.81%
(72-bit single-block)

Bus Invert a=0.190 -36.11%
(8-bit composed system)

hihrTS a=0.2¢ -52.38Y%
(8-bit composed system)

Double keying hinrTS a = 0.463 -11.78%
(72-bit single-block)

This scheme makes use of sequences of binary stviligre groups of 16 adjacent bits are

changed together. What is obtained is an avergge Bwitching activity, making the case more

realistic. Segmented Bus Inverter shows more effedchan the single-block counterpart: every

standard module can exploit the characteristigh@fstring segment and choose whether or not
to invert the line. HIHRTS shows very effectivepesially the modular version.
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8-bit block-transient traffic Reference:a = 0.511 Improvement

Bus Invert a=0.43 -15.85%

(72-bit single-block)

UniCT Bus Invet a = 0.51: 0.00%

(72-bit single-block)

hihrTS o =0.45 -11.94%

(72-bit single-block)

Bus Inver o=0.2: -54.99%

(8-bit composed system)

hihrTS a=0.40 -21.72%

(8-bit composed system)

Double keying hihrT a = 0.4« -13.84¥%

(72-bit single-block)

This scheme is similar to the previous one, andlt®shown are consistent with what previously
observed for average input switching activities.cdinfirms that better performance can be
achieved through segmented versions when the tpressnt some spatial locality.

Highly-transient traffic Reference: a = 0.752 Improvement
Bus Inver a=0.24 -67.15%
(72-bit single-block)

UniCT Bus Invert a=0.752 0.00%
(72-bit single-block)

hihrTS a=0.17: -77.13%
(72-bit single-block)

Bus Invert o =0.180 -76,00%
(8-bit composed system)

hihrTS a=0.217 -71.14%
(8-bit composed system)

Double keying hihrTS a=0.535 -28.80%
(72-bit single-block)

With high switching activity as input, all the tethues perform efficiently.
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Application-oriented analysis for the indicatedadtpes performed on the testbench as follows:

MP3 music files Referencew = 0.492 Improvement
Bus Invert o =0.448 -8.94%
(72-bit single-block)
hihrTS a=0.488 -0.81%
(72-bit single-block)
Bus Invert a=0.361 -26.63%
(8-bit composed system)
hihrTS a = 0.48t¢ -1.22%
(8-bit composed system)
XOR PR a = 0.493 +0.20%
(72-bit single-block)

PDF text files Referencewn = 0.464 Improvement

Bus Invert a=0.429 -7.54%
(72-bit single-block)
hihrTS a = 0.47¢ +3.02%
(72-bit single-block)
Bus Invert o =0.352 -24.14%
(8-bit composed system)
hihrTS a=0.480 +3.45%
(8-bit composed system)
XOR PR a=0.481 +3.66%
(72-bit single-block)

JPG picture files Referencewa = 0.488 Improvement
Bus Inver o = 0.44. -9.02%
(72-bit single-block)
hihrTS a=0.491 +0.61%
(72-bit single-block)
Bus Inver o = 0.35¢ -26.43%
(8-bit composed system)
hihrTS a=0.492 +0.82%
(8-bit composed system)
XOR FR a = 0.48¢ +0.20%
(72-bit single-block)
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TXT text files Reference:a = 0.327 Improvement
Bus Invert a=0.327 0.00%
(72-bit single-block)
hihrTS a = 0.47¢ +46.18%
(72-bit single-block)
Bus Invert o =0.310 -5.20%
(8-bit composed system)
hihrTS a = 0.47¢ +46.18Y
(8-bit composed system)
XOR PR a =0.403 +23.24%
(72-bit single-block)
WMV video files Reference:a = 0.488 Improvement
Bus Inver o= 0.44¢ -8.81%
(72-bit single-block)
hihrTS a=0.485 -0,61%
(72-bit single-block)
Bus Inver o = 0.35¢ -26.64%
(8-bit composed system)
hihrTS a=0.481 -1.43%
(8-bit composed system)
XOR Pk a = 0.49( +0.41%
(72-bit single-block)
YUV-CIF video files Reference:a = 0.291 Improvement
Bus Invert a=0.281 -3.44%
(72-bit single-block)
hihrTS a=0.510 +75.26%
(72-bit single-block)
Bus Invert a=0.233 -19.93%
(8-bit composed system)
hihrT< a = 0.55: +89.69%
(8-bit composed system)
XOR PR a=0.281 -3.44%

(72-bit single-block)
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YUV-QCIF video files Reference:.a = 0.311 Improvement

Bus Invert a=0.296 -4.82%

(72-bit single-block)

hihrTS a=0.512 +64.63%

(72-bit single-block)

Bus Invert o =0.249 -19.94%

(8-bit composed system)

hihrTS a = 0.55: +77.50%

(8-bit composed system)

XOR PR o =0.298 -4.18%

(72-bit single-block)
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5. Comparison of power consumption on single link

A complete comparison of different study casesstoveate power saving has been carried out.
Data are collected for the encoder-decoder couplde to work at a nominal frequency,
synthesized through different DSM technologiesuagsg the following model:

P = anarhaﬂd + Naclvsiringfck + EaRCLVi'ingfck

where RyemeadiS the power consumption of the modules (syntleesizith the proper load and
correspondent technology at the nominal frequeggNfis the number of bits of the formal bus,
R denotes the number of flag lines (redundancy).skuaplicity, flag lines' switching activityir

= 50% is assumed anthRmeadiS computed withynpur gus= 50%

Power consumption due to redundancy lines neveeess 10% in the simulations, so these
assumptions can be considered reliable.

Proper characterization of the switching activigyfor the redundancy lines has been performed
on the segmented version of Bus Inverter, showiedallowing results:

Format Switching activity
MP3 0,452
PDF 0,399
JPG 0,442
TXT 0,115
WMV 0,444
YUV-CIF 0,145
YUV-QCIF 0,162

The characterization has been performed for genatices and wires of different lengths and
metal levels, showing major relevance of the capa&cioad. Reference power value is chosen as
the dynamic power consumption of the bus when mo@er/decoder module is connected

P = Narajclvsi'ingfck
Collected data show that only those techniques ldapaf relevant reductions in switching
activity (segmented Bl in particular) manage totawmsthe hard expense of power arising from

the mere presence of the encoder-decoder systainthas to provide a reduction in energy
consumption.
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Subsequently, performance may differ dramaticallydach trace and for each encoder-decoder
couple, depending on how effective the module ishengiven data pattern.

Load capacitance plays an important role, as weavily charged buses perform better than
light ones, and only the final stage of the encadedule is affected. In general, this is the
determinant factor in modules' performance and hreak-even point is found in 1.5 pF
(approximately 1 mm wire in 65 nm metal 8) for segted Bus Inverter, which proved the most
effective techniquésee below). As far as working frequencies areceored, it is shown that
study cases at lower frequencies tend to providebperformance, though difference can be
considered slight.

Data are not collected for University of Cataniasant of Bus Inverter, because this evaluation
is inaccurate for the cited technique.

Following data assume 0.5 pF as bus load and 0.aspiaternal chip load for common data
formats.
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Tech (nm) @5 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF} 05 Bi72 0445 1 18 3.00 0.08 5.56 20.80%
Supgly {V) 1.1 BIE g 1.03 315 054 472 10,11%
Frequency (MHz) 200 HIHRTS 72 ] 1.50 435 0.00 584 36.28%
Switching activity 0,452 HIHRTS 8 a 140 4,73 0,00 572 33.54%
Bus size 72 XORT2Z : a i 4.30 0.00 541 26.10%
Load scale factor 1 &Fnes mW miy miy mwW
Refersnce (miW) 429
MP3
Tech (nm) 65 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power  Improvement
Load (pF} 05 Bi72 0420 1 1.8 3,74 0,06 540 33.,83%
Supply {3 1.1 Bl& g 1.03 307 0.54 464 14.61%
Frequency (MHz) 200 HHRTS 72 o] 1.58 4,16 0.00 575 a7 38%
Switching activity 0.464 HIHRTS 8 o 140 4,18 .00 567 40.31%
Bus size 72 XORT2 a 11 412 0,00 530 392%
Load scale factor 1 #ines mW i mi mW
Referance {mW¥) 404
PDF
Tech (nmj) a5 Project Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF} 05 Bi72 1 18 3587 0,08 553 30.04%
Supply (V) 1.1 BlE g 1.03 3,12 0.54 £70 10.60%
Frequency {MHz) 200 HIHRTS 72 0 158 428 0.00 587 38.01%
Switching activity 0488 HIHRTS 8 o] 149 4722 0.00 578 35.6T%
Bus sz 72 XORT2 o] in 4728 0.00 537 28.31%
Load scale factor 1 #hnes mi iV miy i
Reference (mW) 425
JPG
Tech (nm) 85 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load {pF) DS BiT72 0,327 1 1.8 2,85 ooe 481 58.20%
Supply (V) 11 Bi B o g 1,03 2,70 054 428 50.07%
reguency (MHzy 200 HHRTS 72 04748 ] 1.580 4,18 0.0 §.75 101,90%
Switching activity 0327 HIHRTS 3 0478 il 148 4,16 .00 565 08.48%
Bus sze 72 XOR T2 0403 o n 351 ooo 452 gz21%
Load scale factor 1 Hines mW m mi¥ mW
Reference (mW) 2485
TXT
Tech (nmi) a5 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power [mprovement
Load {pF) D5 BiT2 0445 1 1.8 388 D06 554 30.25%
Supply (V) 1.1 BiE o 108 312 054 &80 10.40%
Frequency (MHz) 200 HHRTS 72 o 150 423 000 582 38.78%
Switching activity 0488 HIHRTS 8 o 140 410 0.00 588 3361%
Bus size 72 XOR T2 ] 1.1 427 D00 538 26.52%
Load scale factor 1 Hines miy mi miy mwW
Reference (mWV) 4725
WMV
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Tech (nm) as Project  Switching activity Redundancy Cwerhead Bus power Redundancy power Total power [mprovement
Load {pF) 05
Supply (V) 114 Bl g 23 628 108 968 13.02%
Frequency (MHz) 400 HIHRTS 72 o 3,15 B,50 0.00 11,65 35.83%
Switching activity 0492 HIHRTS B ] 3 BAT 0.00 47 33TE%
Bus sze T2 XORT2 ] 1.8 B.50 0.00 10,39 21.20%
Load scabe factor i Hines miV m¥ mW
Reference (mW) 857
MP3
Tech (nmj &5 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF} 03
Supply (V) 1.5 Bi3 g 2:n &13 108 853 17.80%
Frequency (MHz) 400 HIHRTS 72 0 315 832 0.00 1148 41.08%
Switching activity 0,464 HHRTS B o 3 538 0.00 11.36 40.56%
Bussize T2 XORTZ ] i8 833 0,00 10,13 2583%
Load scale factor 1 #Hines iy i i m
Reference (mwW) 8,08
PDF
Tech {nmi) 85 Project  Switching activity Redundancy Overhead Bus power Redundancy power Tofal power Improvement
Load (pF) 0s
Supply (V) 1.1 Bl g g 3| 6,28 1.00 &S 13.64%
Frequency (MHz) 400 HIHRTS 72 ] 315 8,58 0.00 1nm 37.86%
Switching activity 0,488 HHRTS 8 G40z il 3 857 0.00 1.57 38.10%
Bussize 72 XORT2 G489 o 18 852 0,00 10,32 21.37T%
Load scale factor 1 FHines i i miv¥ i
Reference (mW) 8,50
JPG
Tech {nm) 65 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power [mprovemsnt
Load (pF) 03
Supply (V} 1 Bia (i) g 23 540 1.02 B.BO B4 45%
Frequency (MHz) 400 HIHRTS 72 ] 3.15 833 0.00 1148 101.48%
Switching activity 0,337 HHRTS B 1] 3 B33 0,00 11.33 BB 23%
Bus size T2 XORTZ 0 1.8 7.02 0.00 BE2 MR
Load scale factor 1 #ines iy mW v mi
Reference (mW) 570
Tech {nm) 65 Project Switching activity Redundancy Overhead Bus power Redundancy power Total power [mprovement
Load (pF) 05
Supply (V) i1 Bid 0,353 g 23 5,24 1.02 a4
Frequency (MHz) 400 HIHRTS 72 0435 1] 3,15 845 0,00 11,60
Switching activity 0,488 HHRTS B ] 3 838 0.00 11.28
Bus size T2 XORT2 042 il 1.8 854 0.00 10.34
Load secale factor i #ines miy mi v iy
Reference (mW) &.50
Whv
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Tech (nm) 63 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 123
Supply (V) 1.1 BIB 0,361 9 100 7.86 1,36 12,31 14,01%
Freguency (MHz) 500 HIHRTS 72 0,488 0 g4 10,63 0.00 14,57 35,06%
Switching activity 0,492 HIHRTS 8 0488 0 75 10,59 0.00 14,24 33,78%
Bus sze 72 XORT72 0,423 0 225 10.74 0.00 1200 21.20%
Load scale factor 1 #ines mW mh¥ miW miV
Reference {mWW) 10,72
MP3
Tech [nm) 85 Praoject Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 05
Supply (V) 11 Bl B g aoe 18T 1.38 12,12 12.81%
Frequency (MHz) 500 HIHRTS 72 o 384 1041 0.00 14,35 42.00%
Switching activity 0,464 HIHRTS 8 0 =i} 10,45 0,00 14,20
Bus size T2 XOR72 0 228 10,48 0,00 12,73
Load scale factor 1 #ines ik mi mi vy
Reference (mW) 10,11
PDF
Tech {nmj) 85 Project Switching activity Redundanecy Overhead Bus power Redundancy power Total power Improvement
Lead (pF) 05
Supply [V} 11 BlE g 302 782 1,38 1227 15.45%
Frequency (MHz) S0 HIHRTS 72 0,421 1] g4 10,89 0,00 1483 37.68%
Switching activity 0,488 HIHRTS 8 1] 375 10,72 0,00 14.47 38,10%
Bus sze 72 ¥OR T2 1] 2325 10,85 0,00 12,80 1,37%
Load scale factor 1 #lines mWw mW mW mW
Reference (mW) 10,63
JPG
Tech (nm) 65 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 05
Supply (V) 1.1 BlE 031 g 309 875 1.38 1120
Frequency (MHz) 500 HIHRTS 72 0478 0 304 10.41 0,00 1435
Switching activty 0,327 HIHRTS 8 0478 0 375 10.41 0,00 14,18
Bus sze 72 XOR 72 0402 0 2325 a78 0.00 11.03
Load scale factor 1 #ines iy miy mW iV
Reference (mWW) 7.12
TXT
Tech (nm) a5 Project Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF) 05
Supply (V} 11 BlE g 308 T.80 136 1225
Frequency (MHz) 500 HIHRTS 72 0 3,84 10,58 0,00 14,50
Switching activity 0,488 HIHRTS 3 (1] kLY 10,48 0,00 14,23
Bus sze T2 ¥OR 72 (1] 235 10,87 0,00 12,92
Load scale factor 1 #lines vy miy mi iy
Reference (mW) 10,83
WY
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Tech (nm) &5 Project Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 0.5
Supply (V} 11
Frequency (MHz) 600 HIHRTS 72 0488 0 472 12,758 0.00 1747 35.80%
Switching activity 0,492 HHRTS 8 0485 0 442 12,70 0.00 17,18 33,70%
Bus size T2 XORT2 0483 a 2.89 12.80 0.00 15,58 21.12%
Load scale factor 1 Hlines iy i Y my
Reference (mW) 12,88
MP2
Tech (nm) &5 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load (pF) 08
Supply (V] 1.1
Frequency (MHz) 600 HIHRTS 72 0472 ] 472 12,40 0.00 7an
Switching activty 0,464 HIHRTS 8 48 0 449 12,95 0.00 17.04
Bus size 72 XORT2 0431 0 2,69 12,57 0.00 15,26
Load scale factor 1 Elines miW mi mil miy
Reference (mW) 1213
PDF
Tech (nm) &5 Project Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load (pF) 0.5
Supply (V) 14
Frequency (MHz) 600 HIHRTES 72 0 472 12,83 0.00 1755
Switching actvity 1,488 HIHRTS 8 ] 443 12,88 0.00 17,35
Bus size 2 XORT2 o 2,69 12,78 0.00 1547
Load scale factor 1 #lines miW v iy iy
Reference (mW) 1275
JPG
Tech {nm) &5 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load (pF) 0.5
Supply (V) 1.1
Frequency (MHz) 600 HIHRTS 72 0.478 i 472 1240 0.00 waA
Switching activty 0,327 HIHRTS 8 0478 o 449 12,49 0.00 16,88
Bus sze 2 XORT2 D403 o 2,69 10,53 0.00 132
Load scale factor 1 Zlines mW mi il miy
Reference (mW) 8,55
™>T
Tech (nm) &5 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 0.5
Supply (V) 11
Freguency (MHz) 600 HIHRTS 72 0485 g 472 12,88 0.00 1740 38,30%
Switching activity 0,438 HIHRTS 8 0481 a 4,40 12,57 0.00 17,08 3T
Bus sze T2 XORT2 049 ] 2.69 12.81 0.00 1550 21.50%
Load scale factor 1 #ines m Lty i iy
Reference (mW) 2,75
WMV
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Tech (nm) 85
Load (pF}) 05
Supply [V) 1,1
Frequency (MHz) 750
Switching actvity 0,432
Bus size 72
Load scale factor 1
Reference (mWW)  18.07
MF3
Tech {nm) a5
Load (pF) 0,5
Supply [V) 1.1
Frequency (MHz) 750
Switching actvity 0464
Bus size 72
Load scale factor 1
Reference (mW) 15.16
PDF
Tech {nm) 85
Load (pF}) 05
Supgly (V) 1.1
Frequency (MHz) T30
Switching activity 0488
Bus size 72
Load scale factor i
Reference (miW) 15,84
JPG
Tech {nm) 85
Load (pF} 0.5
Supply V) 13
Frequency (MHz) 750
Switching actvity 0,327
Blus size 72
Load scale factor 1
Reference (mW)  10.68
TXT
Tech (nm) 85
Load (pF) 05
Suppty {V) 1.1
Frequency (MHz) 750
Switching actwity 0488
Bus size 72

Load scale factor 1
Referance (mi¥) 15,04

Project  Switching activity Redundancy
HIHRTS 72 0488 ]
HIHRTS B 0488 o
XORT72 o403 ]
#ines
Project  Switching activity Redundancy
HIHRTS 72 047a o
HIHRTS B ]
XORT2 ]
#ines
Project  Switching activity Redundancy
HIHRTS 72 040 ]
HIHRTS B 0402 ]
XOR T2 0483 ]
#Hines
Project  Switching activity Redundancy
HIHRTS 72 0478 (]
HIHRTS B 0478 ]
XOR 72 0403 o
#ines
Project  Switching activity Redundancy
HIHRTS 72 o
HIHRTS & o
XORT2 ]
#ines

Owerhead Bus power

584 15,84
5,85 15,88
333 16,1
m mw

Overhead Bus power

524 15,62
585 15.68
338 1571
miy miW

Owverhead Bus power

584 16,04
585 168.07
338 1588
my W

Owerhead Bus power

584 15,682
585 15,62
3z 13,17
mi mW

Overhead Bus power Redundancy power

584 15.84
5,85 1671
33 16.01
mi mW
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Redundancy power Total power

.00 .88
0,00 .53
0.00 18.50
vy iy
Redundancy power Total power
0,00 .56
0.00 21,33
0.00 18.10
mW miy
Redundancy power Total power
0.00 21.08
0.00 P fr ]
0.00 18,37
iV miW
Redundancy power Total power
0.00 21.56
0.00 nar
0,00 18.56
vy miy

Total power
0.00 21.78
0,00 1,36
0.00 18.40
mi¥ miy

04/05/2013
Version 1

Improvement

Improvement

Improvement

Improvement

101.78%
B8, 0%

o,

Improvement
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Tech (nm) 40
Load {pF) 05
Supply (V) 108

Freguency (MHz) 200
Switching activity 0,492
Bus size T2
Load scale factor 1
Reference (mW) 321

MP3
Tech {nm) 40
Load {pF) 0.5
Supply (W} 1,05

Frequency (MHz} 200
Switching activity 0,464
Bus size T2
Load scale factor 1
Reference (mW) 388

PDF
Tech (nm) 40
Load (pF) 0.5
Supply (V} 1,05

Frequency (MHz) 200
Switching activity 0,488
Bus size T2
Load scale factor 1
Reference (mW) 357

JPG
Tech {nm} 40
Load (pF) 0.5
Supply (V) 1.05

Frequency (MHz) 200
Switching activity 0,327
Bus size 72
Load scale factor 1
Feference (mW} 280

TXT
Tech {nm} 40
Load (pF) 0.5
Supply (V) 1.05

Frequency (MHz} 200
Swiching activity 0,488
Bus size Tz
Load scale factor 1
Reference (mW)  3.57

Projest  Switching activity Redundancy

BIT7Z 0442 1 128 3,58
BIE 0.351% a ova 287
HIHRTS 72 0485 i 1.28 3,87
HIHRTE 8 0485 a 1,19 3,86
XORT2 0482 0 o7 3.8
Hines mW i

Project  Switching activity Redundancy

BIT2 1 1.26 3,41
BlE g 078 27
HIHRTS 72 a 1.2 aTe
HIHRTS 8 a 1.18 381
XORT2 a o7 3,82
Hines miW mi

Project  Switching activity Redundancy

BI72 D444 1 1,28 352
Bl 0358 a L 285
HIHRTS 72 ] 1.26 300
HIHRTS 8 o 1.19 3,21
XOR T2 i 07 388
Fines mi i

Project  Switching activity Redundancy

BiT2 1 1.26 2,80
B8 g 0,78 246
HHRTS 72 o 1.26 a7e
HIHRTS 8 0 1.18 37
XOR T2 1] o7 330
#ines mW i

Project  Switching activity Redundancy

BIT2 0245 1 1.26 353

Bl 8 g o078 284
HHRTS 72 0 1.26 385
HIHRTS 8 o 1.19 382
#OR T2 o o7 38
fines W vy
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Redundancy power Total power Improvement

0.06 487
0.50 214
0.00 513 31.45%
0,00 5,05 20.25%
0.00 461 18.13%
mi mW

Redundancy power Total power Improvement

006 472 28.168%
050 4.07 10.51%
0.00 5.05 IrIn%
0.00 5.00 3578%
0,00 452 2 6T%
i i

Owerhead Bus power Redundancy power Total power Improvement

0,08 4084 24.03%
0.50 213 8.51%
0,00 516 33,14%
0.00 510 31.54%
0.00 458 18.28%
mi m

Redundancy power Total power Improvement

0.06 3.0,
0.50 74
0.00 5.05
0.00 408
0,00 3,60
i miW

0,08 485
0.50 412
0.00 an
.00 zm
0.00 4560
ey iy
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Tech (nm) 40
Load ipF) 05
Suppiy (V) 1.05
Frequency (MHz) 400
Switching actwity 0,452
Bus size 72
Load seale factor 1
Reference {miW) 7,81
MFP3
Tech {nm) 40
Load {pF} 0.5
Supply (V) 1.05
Frequency (MHz) 400
Switching actvity 0,464
Bus size 72
Load scale factor 1
Reference mW) 737
PDF
Tech (nm) 40
Load {pF) 05
Supply (V) 105
Frequency (MHz) 400
Switching actvity 0,488
Blus size 72
Load scabe factor 1
Reference (miW) 7.73
JPG
Tech (nm) 40
Load (pF) 0.5
Supply (V) 1,05
Frequency (MHz) 400
Switching activity 0,327
Bus size 72
Load scabe factor 1
Referance {m\W) 519
Tech {am} 40
Load {gF} 05
Supply (V) 1,05
Frequency (MHz) 400
Switching actvity 0,488
Bus size 72
Load scabe factor 1
Reference (miW) 7,75
WMV

Project  Swil Overhead Bus power Redundancy power Total power Improvement
Bi8 174 573 022 B46
HIHRTS 72 253 T.75 0,00 10,28
HIHRTS & 237 T2 0,00 10,08
XOR 72 14 783 0.00 8.23
iy m mw i

Project  Switching activity Redund, Owerhead Bus power Redundancy power Total power Improvement
Big 0,352 ] 174 559 ngz 8.32
HIHRTS 72 0478 ] 253 7.50 00O 10,12
HIHRTS B o 237 782 0,00 R=]
XORT2 o 14 TB4 000 .04
#ines mi¥ mW mW iy

Project  Switching activity Redundancy

Owerhead Bus power Redundancy power Total power Improvement

Bl 8 o 2 1.74 5,70 ngo B43
HIHRTS 72 o4m [i] 253 T80 oo 10,33
HIHRTS 8 o402 1] 237 781 0.00 1018

XOR 72 o4e0 [i] 1.4 .78 000 o.18
#ines miW mW i miW

Project  Switching activity Redundancy

Owerhead Bus power Redundancy power Total power Improvement

Bl & 0.3t @ 174 482 088 T.85 47 43%
HIHRTS 72 0478 o 253 7.58 0,00 1012
HIHRTS B 0478 [+] 237 7,59 0,00 098
XORT2 0403 1] 14 &40 .00 7.30
#ines miV mW m bt

Project  Switching activity Redundancy

Owerhead Bus power Redundancy power Total power Improvement

Bl 8 2 174 5,63 Lk B42
HIHRTS 72 1] 253 7.0 0,00 1023
HIHRTS 8 [} 237 754 0,00 100

XOR T2 [ 14 778 0,00 0,18
#ines mv mwW mi miW
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Tech {nm)
Load (pF)
Supply (V)
Frequency {MHz)
Switching activity
Bus size
Load scale factor
Reference (mW)

Tech (nmj
Load (pF)
Supply (V)
Frequency (MHz)
Switching activity
Bus size
Load szale factor
Reference {mW)

Tech {nmj

Load {pF)

Supply (V)
Frequency (MHz}
Switching activity

Bus size
Load scale factor
Reference [miW}

Tach jnm)

Load (pF)

Supply (V)
Frequency (MHz)
Swetching activity

Bus size

Load scale factor
Reference [mW)

Tech {nm}

Load (pF)

Supply (V)
Frequency (MHz}
Switching activity

Bus size
Load scale factor
Reference (mil)

40
0.5
1.08

0,492

are
MP3

0.5
105

0,438
72

B8
JPG

0.5
108
500
0327
s

642

05

1,05

300
0,488

Project

BIE
HIHRTS 72
HIHRTS 8
XORTI

Prajest

BIE
HIHRTS 72
HIHRTS 8
XORT2

Project

BIE
HIHRTS 72
HIHRTS 8
XORT2

Project

Blg
HHRTS 72
HIHRTS 8
HORTZ

Projest

BlE
HIHRTS 72
HIHRTS 8

XOR 72

Switching activity Redundancy

SR =]

#ines

Switching activity Redundancy

i eee®

Switching activity Redundancy

oo oo

=

Hines

Switching activity Redundancy

Switching activity Redundancy

R

228
315
297
175
mW

228
315
287
1,75
mW

224
215
2497
1.75
mW

224
3,15
287
175
i

226
315
287
175
mW

T8
6,68
B4
B7E
W

6,20
842
853
B.55
mW

T2
6,74
8,78
870
mi

6,15
040
B40
6,00
iy

710
g2
6,55
872
mW
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1.24
0.00
0.00
0.00
i

1.24
0.00
0.00
0.00
miy

1.24
0.00
0.00
0.00
iy

1.24
0.00
0.00
0.00
i

1.24
0.00
0.00
0.00
mi
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10,86
1283
12,61
11,53
Y

1042
12.04
12.50
11,30
iy

10,62
12,80
12,73
11.45
i

9,65
12,04
1248

875

i

10,60
1277
1252
147

i

Version 1

Overhead Buspower Redundancy power Total power Improvement

Owverhead Buspower Redundancy power Total power Improvement

13.88%

Owerhead Bus power Redundancy power Total power Improvement

BTi%
32,14%

3140%
18.28%

Owerhead Bus power Redundancy power Total power Improvement

48.74%
04 72%
21 B4t

50.21

Owerhead Bus power Redundancy power Total power Improvement

m
in

3%
8%
20.23%

18.48%



FP7-1ICT-2011-7
Project-N0.288869

Milestone Report
Last update 04/05/2013

NAVOLCHI — MS29 Version 1
Tech {nm) 40 Project Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load {pF} 0.5
Supply (V) 105 Big 0,261 ] 281 8,80 148 12.e0

Frequency (MHz) 600 HIHRTS 72 0488 ] 37T a2 0,00 15.38
Switching actvity 0,492 HIHRTS &8 0488 ] 258 ns7 0,00 15.12
Bus size 72 XORT2 0403 o 21 nr4 0,00 13.84
Load scafe factor 1 #ines mW mil mW miW
Reference (mW) 11,72
MP3
Tech {nm) 40 Project Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 0.5
Supply (V) 1.05 Bl & ) 281 5680 148 1280
Frequency (MHz) 600 HIHRTS 72 0478 1] 3T 11.38 0,00 15.15
Switching activity 0,464 HIHRTS B 048 1] 355 1143 000 14,88
Bus size 72 XORT2 0481 0 21 45 0.00 13.58
Load scale factor i #lines iy mW m miy
Reference (mW) 11,08
PDF
Tech (nm) 40 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF} 05
Supply (V] 108 Bl & ] 281 860 140 12.00
Frequency (MHz) 600 HIHRTS 72 o4 0 T 11,89 0.00 1546
Switching actvity 0,488 HIHRTS 8 0482 0 355 12 0,00 1527
Bus size 72 XOR T2 D488 1] 2.1 1185 0.00 1375
Load scale facior i #ines mi W m mW
Reference (mW) 11,82
JPG
Tech {nm) 40 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 05
Supply (V) 1.05 BIg 0,361 ] 2581 860 140 12,80 B,
Frequency (MHz) 600 HIHRTS 72 0478 L] T 11.38 0,00 16.15 o4,
Switching activity 0,327 HIHRTS B 0478 L] 355 11.38 0,00 1403 g
Bus size 72 XOR T2 0.403 [/} 21 9,60 0,00 170 50;
Load scale factor i #ines vy mW iV i
Reference (miW) 7.78
TXT
Tech {nm) 40 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Lead {pF} 0.5
Supply [V} 1,08 BIB [ 28 8,60 140 12,00
Frequency (MHz) 600 HIHRTS 72 ] 377 11,58 0,00 1532
Switching activity 0,488 HHRTS B ] 355 1148 0,00 15.00 20.1%
Bus size 72 XOR72 L] 21 1n.ar 0,00 1377 1845%
Load scale factor 1 #lines iy i iy miy
Reference (mW) 11,82
WMV
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Tech {nm)

Load (pF)

Supply (V)
Frequency (MHz}
Switching activiy

Bus size
Load scale factor
Reference {mW)

Tech (nm)
Load (pF)
Supply (V)
Frequency (MHz)
Switching activity
Bus size
Load scale facior

Refzrence {mWW)

Tech (nm)
Load (pF)
Supply (V)

Frequency (MHz}

Switching activty

Bars size

Load scale factor

Reference (miV)

Tech (nm)

Load (pF}

Supply (V)
Freguency (MHz)
Switching activity

Bus size
Load scale factor
Reference {mW)

Tech nm)

Load {pF]

Supply (V}
Frequency {MHz}
Switching activity

Bus size
Load seale factor
Referenca (mW)

40
0.5
1.05
T30
10.492
T2

1485
MP3

0.5

1.05

TS0
0.454

13,81
PDF

0.5

1.05

T
0,488

1453
JPG

Project

HIHRTS 72
HIHRTS 8
XOR T2

Project

HIHRTS 72
HIHRTS 8
XORT72

Project

HIHRTS 72
HIHRTS 8
XORT2

Projact

HIHRTS 72

HIHRT= 8
XORT2

Project

HIHRTS 72

HIHRTS 8
XORT2

Switching activity Redundancy

0488 a

0,488 o

0423 o
Ziines

Switching activity Redundancy

0,473 a

048 a

0,431 a
&lines

Switching activity Redundancy

0,401 0

0482 0

0429 0
slines

Switching activity Redundancy

#lines

Switching activity Redundancy

Hlines

Owerhead Bus power

4.75
447
2.4
mW

Overhead Bus power

475
447
284
mW

Overhead Bus power

4,75
447
204

Owerhead Bus power

475
4.47
284
mW

Overhead Bus power

475
447
2,84
mW

1453
1447
14,68
mW

1423
1420
1432
mvW

14,82
1485
14.58
mW

1423
1423
12,00
m

1444
1432
1458
m

Milestone Report

Last update 04/05/2013

Version 1

Redundancy power Total power  Improvement

0.00
0,00
0.00
mi

Redundancy power

0.00
0.00
0.00
mi

1828 31.62%

Total power  Improvement

1898 T A%
1876 3581%
16,06 2278%
miy

Redundancy power Total power  Improvement

0.00
0,00
0.00
miW

10.37 3%
1012 31.50%
i7.20 18.38%
mi

Redundancy power Total power Improvement

000
o.o0
0.00
mi¥

18,98 04.08%
18,70 BZ10%
1454 50.36%
iy

Redundancy power Total power  Improvement

0.00
0.00
0.00
mi
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Tech (nm) 32
Load (pF) 0.5
Suppiy (V) n.g

Frequency (MHz} 200
Switching activity 0492
Blus size T2
Load scale factor 1
Reference (mW) 2,87

MP3
Tech (nm) 32
Load (pF) 0.5

Supply (V) 0.g
Frequency (MHzj 200
Switching actvity 0,464

Bus siz 72
Load scale factor 1
Reference (mW) 271

PDF
Tech (nm) 32
Load {pF} 05
Supply (V) 0.8

Frequency (MHzj 200
Switching actvity 0,488
Bus size 7z
Load scale factor 1
Reference {mi¥) 285

JPG
Tech (nm) az
Load (pF) 05
Supply (V) 0.8

Frequency (MHzj 200
Switching activity 0,327
Bus size 72
Load scale factor 1
Reference {m\W)  1.91

T
Tech (nmj a2
Load (oF} 05

Supply {V) 0g
Frequency (MHz) 200
Switching activity 0,488

Bus size 72
Load scale factor 1
Reference (mW) 285

Project  Switching activity Redundancy
BIT2 1 028 28
Bi8 g 082 m
HIHRTS 72 ] o.a7 285
HIHRTS & o naz 283
XOR 72 0 0.55 283
#ines mi mW

Project  Switching activity Redundancy
BI72 0,420 1 o.ee 250
BEA ] o0&z 205
HIHRTS 72 ] 0.7 279
HIHRTS B 042 (1] D2z 280
XOR 72 0,481 1] 055 28
#ines i mW

Project  Switching activity Redundancy
BIT2 0444 1 ikel:] 250
Bl 8 o 2 D.g2 2pg
HIHRTS 72 0,427 1] nar 288
HIHRTS 8 D482 1] D82 2B7
XOR 72 0480 (1] 055 285
#ines m mW

Project  Switching activity Redundancy
BIT2 0337 1 (ike:] 181
Bla 0.31 a Dg2 181
HIHRTS 72 D047 o 0er 279
HIHRTS & 0478 o 0@z 279
XOR T2 0403 o 0.55 235
#ines mi mi

Project  Switching activily Redundancy
BIT2 5 1 (18] 260
BB ] 0.82 200
HIHRTS 72 (1] oar 2p3
HIHRTS & 0 0e2 281
HOR T2 048 (1] 0,55 286
#lines i miy
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Overhead Bus power Redundancy power Total power Improvement

0.4 382 26,52%
0.3 308 7.68%
0.00 38 3200%
0,00 375 30,24%
0.00 342 19,37%
mvW mi

Overhead Bus power Redundancy power Total power Improvement

0,04 352
038 304
0.00 3,76
o000 3Tz
o000 3,36
mW i

Owerhead Bus power Redundancy power Total power [Improvement

004 361 26,34%
0,36 3.08 8.16%
a,00 3,83
0.00 3Te
0,00 340
miV i

Owerhead Bus power Redundancy power Total power [Improvement

004 203
0.38 278
0,00 3,76
000 an
0,00 2.00
i iy

Owerhead Bus power Redundancy power Total power Improvement

0,04 3,82
6,38 3,07
0,00 3,80
0,00 273
0,00 321
i mW
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Tech {nm) 2 Project Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load (pF) 05
Supply (V) oe BIE 0.381 a 1.24 421 0.73 8.20
Frequency (MHz} 400 HIHRTS 72 0488 0 1.94 580 0.00 7.63
Switching activty 0,492 HIHRTS 8 0,488 0 1.85 5,67 0.00 7.52
Bus size 72 XORT2 423 1} 112 575 0.00 8.87
Load scale factor 1 #lines mW mW miy mi¥
Reference (mW) 574
MP2
Tech {nmj 2 Project Switching activity Redundancy COverhead Bus power Redundancy power Total power Improvement
Load (pF) 0.5
Supply (V} o.e BlE g 1.28 4n 073 8.00 1261%
Fraquency (MHz) 400 HIHRTS 72 i 1,94 5,58 0.00 7.52 38 5%
Switching activdy 0,464 HIHRTS 38 o 1.85 5,60 0.00 745 ar63%
Bus size 72 XORT2 i 0 1.12 561 0.00 8.73 24 36%
Load scale factor 1 #ines mW iy iy i
Reference (mW) 541
PDF
Tech {nmj 32 Project Switching activity Redundancy COverhead Buspower Redundancy power Total power Improvement
Load (pF) 0.5
Supply (W} oe Bl & g 1.24 4,12 073 B.18 B.51%
Frequency (MHz} 400 HIHRTS 72 0 1.84 573 0.00 787 34.70%
Switching activity 0,488 HIHRTS 8 0 185 5,74 0.00 7.50 3332%
Bus size 72 DR T2 o 112 670 0.00 B.82 19.BE8%
Load scale factor 1 Fines m¥ mW miW i
Reference (mW}) 580
JPG
Tech (nm) 32 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 0.5
Supply (V) 0.a BlE g 1.28 382 073 5.60 46,05%
Frequency (MHz) 400 HHRTS 72 o 184 5,58 0.00 ¥.52 a7 .04%
Switching activity 0,327 HIHRTS 8 0 1.85 5.58 0.00 743 94 6E%
Bus size V2 XORT2 0 1.12 470 0.00 5.82 52.61%
Load scale factor 1 #ines mW m mi¥ mi
Reference (mW) 381
TXT
Tech {nm} 2 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF} 05
Supply [V} oa Bl& g 1.28 4,18 073 418
Frequency (MHz} 400 HHRTS 72 o 1. 5,68 0.00 7.80
Switching activity 0,488 HIHRTS 8 0 1.85 5,61 0.00 748
Bus size 72 XORT2 V3 1,12 572 0.00 8.84
Load scale factor 1 #ines mW m miy m
Reference (mW) 582
WMV
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Tech (nm) 32 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load ipF) 0.5
Suppiy (V) ne Bi3 a 157 528 oa1 774
Frequency (MHz) 500 HIHRTS 72 i} 245 712 0,00 B.57
Switching actwity 0482 HIHRTS 8 o 233 T.09 0,00 04z
Bus size 72 XORTZ o 137 T.19 0,00 B.56
Load scale factor 1 #lines mi mw v mi
Reference (mW)  7.17
MP3
Tech {nm) a2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load [pF) 05
Supply [V} 08 Blg ] 157 513 091 7,81
Frequency (MHz) 500 HIHRTS 72 o 245 697 000 042
Switching actwity 0464 HIHRTS B o 233 7.00 000 833
Bus size 72 XOR T2 o 137 Tm 0.oo B8
Load scale factor 1 #ines. mi mw iy miy
Reference (mW) &77
PDF
Tech (nm) a2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 05
Supply [V} 09 Bla 8 [ 157 523 081 772
Frequency (MHz) 500 HIHRTE 72 o4m i} 248 718 000 81
Switching actvity 0,488 HIHRTS B 0402 i} 223 FAT 00D 850
Bus size 72 XOR T2 0488 i} 137 713 0oo B.50
Load scabe factor i #ines miy mW vV vy
Reference (mW) 7,12
JPG
Tech (nm) 32 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load [pF} 05
Supply (V) 09 Bl @ o3t @ 157 452 o9 7.00
Frequency (MHz) 500 HIHRTS 72 0,478 [} 245 897 o0 42
Switching activity 0,327 HIHRTS B 0.478 [} 233 897 o0 0,20
Bus size 72 XORT2 0.403 1} 137 5,88 o0 725
Load scale factor i Hines. mkV mW mw miy
Reference {mW) 4.77
TXT
Tech (nm) 32 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF} 05
Supply (V) 0g Bl2 2 157 5,22 o.M 770 2.23%
Frequency (MHz) 500 HIHRTS 72 [} 245 707 00 2,52 33.82%
Switching activity 0,488 HIHRTS B o 223 7m 00 234 3N
Bus size 72 ¥ORT2 [} 137 7.4 0,00 B51
Load scabe factor 1 #ines m mW W miy
Reference (mW) 7.12
WY
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Tech (nm) 32
Load (pF) 0.5
Supply (V) oe

Fregquency (MHz} 600
Switching activity 0,492
Bus size T2z
Load scale factor 1
Reference (mW) 851

MP3
Tech (nm) 3z
Load {pF) 05
Supply (V) 08

Frequency (MHz) 600
Switching activity 0,464
Bus size T2
Load scale factor 1
Feeference (mW) 8,12

PDF
Tech {nm) 32
Load (gF) 0.5
Supply (V) 0e

Frequency (MHz} 600
Switching activity 0.488
Bus size T2
Load scale factor 1
Refersnce (mW)  B54

JPG
Tech {nm) 2
Load (pF) 05
Supply (V} (o]

Frequency (MHz} 600
Switching activity 0,327
Bus size 72
Load scale factor 1
Reference (mW) 572

T
Tech {nm) 3z
Load (pF) 05
Supply (V) 0g

Frequency (MHz) 600
Switching activty 0,488
Bus size Tz
Load scale factor 1
Reference (mW) BE4
Whv

Prajest

BIE
HIHRTE 72
HIHRTS 8
XORT2

Project

BIB
HIHRTS 72
HHRTS 8
XORT72

Project  Switching activity Redundancy

BlE
HIHRTS 72
HIHRTS 8
XOR T2

Projest

Blg
HHRTS T2
HIHRTS 8
XORT2

Project

BlE
HIHRTS 72
HIHRTS 8
XOR T2

Switching activity Redundancy

Switching activity Redundancy

Switching activity Redundancy

Switching activity Redundancy

Overhead Bus power

g 2 6,32
0 293 8,54
a 278 B.50
a 1,84 B8
Hines mW mv

Owverhead Bus power

0,352 a 2 6,16
i} 283 8,35

048 a 278 B40
0481 i} 1.64 B4z
#ines mwW mW

0.350 2 2 628
0421 a 293 B2
0482 a 27 B.&1
o a 184 B.5é

#ines miW mW

g 2 542
o 293 828
o 278 8,36
] 1.64 7.05
Fnes mi mvy

a 2 6,26
o 283 849
a z7e B42
i 1.64 BET
#ines miW miW
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1.08
0,00
0.00
0,00
mi

1.08
0.0o
0,00
0.00
i

1.08
0.00
0.00
0,00
il

1.08
0.00
0.o0
0.00
mi

Cwverhead Bus power Redundaney power

1.08
0.00
0.00
0.00
i

Version 1

Redundancy power Total power Improvement

241 B
A7 33.22%
11,28 31.18%

1027 19.28%
mvy

Redundancy power Total power Improvement

825
11,23
11,18
10,06
iy

Overhead Bus power Redundancy power Total power Improvement

837 8,80¢
11,52 34.03%
11,40 33.50%
0,20 19.41%
mi

Overhead Bus power Redundancy power Total power Improvement

852
11,20
11.15
8,60
m

Total power  Improvement

9,38
1142
1m2
0.2
miW
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Tech {nm)

Load (pF)

Suppiy (V)
Frequency (MHz)
Switching actuity

Bus size
Load scale factor
Reference (mW)

Tech (nm)

Load (pF})

Suppty V)
Frequency {MHz)
Switching activity

Bus size
Load scale factor
Reference (mil)

Tech {nm)

Load (pF)

Supply [V)
Frequency {MHz)
‘Switching activity

Bus size
Load scale factor
Reference (miWV)

Tech {nm)

Load {pF)

Supgly ()
Frequency (MHz)
Switching activity

Bus size
Load scale factor
Reference (miW)

Tech {nm)

Load (pF)

Supply (V)
Frequency (MHz)
Switching actiity

Blus size
Load scale factor
Reference (mW)

a2
0.5
o.e
750
0452
72

10.76

0,5
0g
750
0,464
T2

10.15
PDF

az
0.
0.e
750
0488
72

10,67
JPG

o

=~

3

Project  Switching activity Redundancy

HIHRTS 72 0483
HIHRTS B 0,468
XOR 72 0483

#ines

Project Switching activity Redundancy

HIHRTS 72 0478
HIHRTS B D4z
XOR T2 0481

#ines

Project  Switching activity Redundancy

HIHRTS 72 o481
HIHRTS & o4z
XOR 72 0489

#ines

Project Switching activity Redundancy

HIHRTS 72 0478
HIHRTS 8 0478
XOR 72 0403

#Hines

Project Switching activity Redundancy

HIHRTS 72 0485
HIHRTS B o481
XOR 72 048
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Overhead Bus power Redundancy power Total power Improvement

367
348
2.06
mi

1057
1053
o078
i

1434
411
12.84 18,35%

Overhead Bus power Redundancy power Total power Improvement

26T
348
206
i

Overhead Bus power Redundancy power

387
348
206
iy

Overhead Bus power Redundancy power

367
J4e
206
iy

Overhead Bus power

36T
248
2,06
i

10,45
10,50
o5z
miw

10,74
o7e
062
miW

1045
1045
.81
mi

10,61
1052
10,72
mw

1412
13.88
12.58
miy

Total power Improvement

1441
14.24 33.43%
1278 18.51%
iy

Total power Improvement

14,12
13.83
10.87
mi

Total power Improvement

14.28
14.00
12,78
i
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Following data assume 0.5 pF as bus load and 0O.aspkternal chip load for use in video
encoders.
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Tech (nmj)

Load (pF)

Supply (V)
Freguency (MHz)
Switching activity

Bars size
Load scale factor
Reference (mW)

Tech (nmj

Load (gF)

Supply (V)
Frequency (MHz)
Switching activity

Bus size
Load scale factor
Refersnce (mW)

Tech {nmj
Load [pF)
Fupply (V)
Frequency (MHz)
Switching activity
Bars size
Load seale factor
Reference (mW}

Tech (mm)

Load (pF)

Supply (V)
Frequency (MHz}
Switching activity

Bus size

Load seale facter
Reference (mW)

Tech {nmj

Load {pF)

Supply (V)
Frequency (MHz)
Switching activity

Bars size

Load scale factor
Reference (mW)

Tech {nm}

Load (pF)

Supply (M}
Frequency (MHz)
Switching activity

Bars size
Load scale factor
Reference (mW)

85
05
1.1
200
0231
72

254
YUV-CIF

05
11
200
0311
72

2n
YUV-GCIF

85
05
i1

031
72

542
Yuv-Qcis

65
05
i1
0
0.291
T2

68.34
YUV-CIF

B5

05

1
00
0,31

72

1
877
YUV-GCIF

Milestone Report
Last update 04/05/2013

Version 1
Project g activity Redundancy Overhead Bus power Redundancy power Total power Improvement
BI72 0,281 1 1.6 245 0,08 an 52,08%
Big G233 ] 1.03 202 0.54 380 42,
HIHRTE 72 o 1.58 444 0.00 602 187.87%
HHRTS & o 148 4,81 0.00 620 142.48%
HORT2 G281 o i1 245 0.00 358 40,35%
#ines mil mW vy mi
Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
BIT72 0.288 1 16 258 0.08 474
Bi g 0240 a 103 217 0.54 374
HIHRTS 72 0512 o 1.50 448 0,00 605
HIHRTS B 0,552 o 140 43 0,00 630
XOR T2 D.2g8 o 1.1 2,80 0,00 amn
#lines miy mW m mW
Project Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Bl @ 0233 2 pratec | 4,08 1.08 T48 a7 M%
HIHRTS 72 0,51 o 3.15 E.8g 0,00 12.04 137.38%
HIHRTS 8 0.552 i1} 3 a8z 0,00 12.62 148 B6%
XOR T2 0281 o 1.8 400 0,00 6,70
Hines mi mW mWW miy
Project activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Bl & 240 @ 23 434 1.02 774
HIHRTS 72 0512 o 3.15 882 0.00 12.07
HIHRTS 8 0.552 (i} 3 282 0.00 12.62
XORT2 [i] 1.8 518 0.00 692
#ines mi mW mv miy
Project g activity Redundancy Overhead Bus power Redundancy power Totalpower Improvement
Bl@ 0233 2 300 507 1,38 053 503
HIHRTE 72 0,51 1] 384 "1 0,00 15.08 137.42%
HIHRTS & 0852 o 375 1202 0.00 1677 148 .B6%
XORTZ 281 o 235 812 0.00 B37 32,06%
#ines mvW mW mW miy
Project activity F Y Overhead Bus power Redundancy power Total power Improvement
Bl a 0240 2 aoe 542 1,38 287 4578%
HIHRTE 72 532 L] 384 1,15 0,00 15,00 22.80%
HIHRTS & o5z L] 375 12,02 0,00 15,77 132.85%
XORT2 0.208 L] 235 B840 0,00 874
#ines m miW m miy
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Tech (nm) 65 Project  Switching activity R Cy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 05
Supply (V} 1.1
Frequency {MHz} &00 HIHRTS 72 .51 o 472 13,33 0.00 18.05
Switching activity 0.2 HIHRTS & 0.552 ] 440 14,42 0.00 18,02
Bus size Tz ¥ORTZ 0.281 o 258 734 0.00 10.03
Load seale factor 1 #ines mW m mW mi
Reference (mW) 7.61
YUV-CIF
Tech {nm) 85 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load {pF) 0.5
Supply (V) 1.1
Frequency (MHz) 600 HIHRTS 72 0512 0 472 13.38 0.00 1810
Switching activity 0311 HIHRTS B8 D, o 440 1443 0.00 1892
Bus size 72 XORT2 0,288 ] 2.0 778 0.o0 1048
Load scale factor 1 Hnes mW vy miy mi
Reference {mW¥) B.13
YUV-GCIF
Tech inm) 85 Project  Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load {gF) 05
Supply (V) 11
Frequency (MHz) 730 HHRTS 72 o5 1] 504 18,66 0.00 2280
Switching activity 0,291 HIHRTS 8 ] 5.85 18.03 0.00 2388
Bus size 72 XORT2 (1] 3.38 B.1& 0.00 1257
Load scale factor 1 Fines mW vy miW i
Reference (mW) B.E1
YUV-CIF
Tech {nm) B85 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {gF) 0.5
Supply (V) ()
Frequency (MHz) 750 HIHRTS 72 ] 472 18.73 0.00 2145
‘Switching activity 0311 HIHRTS 8 1] 4,40 13,03 0,00 252
Bus size 72 XORT2 25 0 2.9 874 0.00 1243
Lo scale factor 1 Fines mwW iy miy mW
Reference (mW¥) 10,16
YUV-GCIF
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Tech {nm}
Load (pF)
Supply (U}
Frequency (MHz}
Switching activity
Burs size
Lead scale factor
Reference (mW)

Tech {nmj

Load (pF)

Supply (V)
Frequency (MHz)
Switching activity

Bus size
Load scale factor
Refersnce (miW)}

Tech {nm)

Load (pF)

Supply (V)
Frequency (MHz}
Switching activity

Bus size
Lead seale factor
Refersnce (mW)

Tech {nmj

Load (pF)

Supply (V)
Frequency (MHz)
Switching activity

Bass size
Lezad seale factor
Reference (mW}

Tech {nm}

Load {pF)

Supply (V)
Frequency (MHz)
Switching activity

Bus size

Load scale factor
Reference (mW)

Tech {nm}

Load (pF)

Supply (V)
Frequency (MHz)
Swiching activity

Bus size
Load scale factor
Refersnce (mW)

40
0.5
1,05

0,291

n
YUV-CIF

40

0.5
1,05
200
0311

72

1
247
YUV-GCIF

40
05
1.08

0,291
T2

462
YUV-CIF

40
05
1.08

0,311
T2

404
YUV-QCIF

4D
05
108

0,231
T2

;il

YUV-CIF

40

05
1.05
300
0.311

72

1
BT
YUV-QCIF

Project  Switching activity Redundancy

BIT2
Big
HIHRTS 72 D5t
HIHRTS B 0562
XOR T2 oa2a1

Project  Switching activity Redundancy

Bl 72 0.2ed
Bla 0,249
HIHRTS 72 0512
HIHRTS 8 0562
XOR T2 0208

FProject  Switching activity Redundancy

Bl 3
HIHRTS 72
HIHRTS & D852
HOR T2 o281

Project  Switching activity Redundancy

Bl 3 0240
HIHRTS 72 0512
HIHRTS 8 0,582

¥OR 72 0288

Project  Switching activity Redundancy

Bl & 0233
HIHRTS 72 051
HIHRTS 8 0552

XOR 72

Project  Switching activity Redundancy

BlE 0240
HIHRTS 72 D512
HIHRTS 8 0552

XOR 72 o.2e8
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1

2

1]

o

1]
#ines

(=T~ B =]

=]

#ines

@ e an

#ines

= - T~ R ]

#ines

(RN -]

=]

#ines

126
o07e
126
114
07

miy

126
07e
126
110
07

miy

1,74
253
237
1.4
mvy

1.74
25
237
14
mvy

226
3,15
287
1.75
mv

226
315
247
175
m

223
1,85
4,03
434
223
mW

235
198
4.08
438
237
mw

370
510
878
448
mW

3ps
813
878
473
mW

4,62
10,82
1085
5,58
mW

494
10,16
10,85
M
mW

D08
0,50
0,00
0,00
000
miy

0.08
0,50
0.oo
0,00
0.oo
m

oge
0,00
0,00
0,00
iy

0.9
0,00
0,00
0,00
iy

124
0,00
0.00
0,00
i

124
0,00
0.00
0.00
iy
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Owerhead Bus power Redundancy power Total power

Owerhead Bus power Redundancy power Total power

368
325
532
857
307
m

Owerhead Bus power Redundancy power Total power

642
10.63
11,13

588

m

Owerhead Bus power Redundancy power Total power

582
10.68
1,13
8613
mW

Owerhead Bus power Redundancy power Total power

B2
1327
1382
733
mi

Overhead Bus power Redundancy power Total power

B4
13,31
13.82
786
mi¥

Version 1

Improvement

128 80%
141.21%

28,8

Improvement

021%
130.02%
140,20%

26,8

Improvement

Improvement

38,
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Tech {nm} 40 Project  Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load (pF) 0.5
Supply (V) 1.05 Big ] 281 5,03 148 10,23 47.50%

Frequency (MHz} 00 HIHRTS 72 0 7T 12,15 0,00 15,02 120.86%
Switching activity 0234 HIHRTS B 0 358 13,15 0,00 18,70 140.02%
Bus size 72 XORT2 0 21 6,80 0,00 B 72 26,87%
Lead seale factor 1 #ines miW mW i mi
Reference {mW) 883
YUV-CIF
Tech (nm) 40 Project Switching activity Redundancy Overhead Bus power Redundancy power Total power Improvement
Load {pF} 05
Supply (V) 1,05 Blg g 281 503 140 0,23 38.10%
Fraquency (MHz) L300 HIHRTE 72 g LT 12,19 0.00 15,06 11553%
Switching activity 0311 HEHRTS 8 o 3,55 13,15 0.00 18,70
Bus size 72 XORT2 g 21 7.10 0.00 9.20
Load scale factor 1 #ines mW m mW W
Reference (miW) 741
YUV-GCIF
Tech (nm) 40 Project Switching activity Redundancy Owverhead Bus power Redundancy power Total power Improvement
Load (pF} 05
Supply (V) 1.05
Frequency {MHz) 730 HIHRTS 72 a5 (1] 475 15,18 0.00 1883
Switching activity 0,281 HIHRTS 8 0,552 a 447 1843 0.00 2080 4
Bus size 72 XORT2 0281 a 2,04 828 0.00 11,00 27.04%
Load scale factor 1 #ines miW m mi mill
Reference (m\W) 8,86
YUV-CIF
Tech (nm) 20 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power  Improvement
Load {pF} 05
Supply [V} 1.05
Frequency (MHz) T30 HHRTS 72 a 4,75 1524 0.00 1989
Switching activity 0311 HIHRTS 3 a 447 1843 o.oo 2080
Bus size T2 XORT2 1] .54 B.&T o.oo 151
Load scale factor 1 #ines miW mw mi mW
Reference (mW) 828
YUV-GCIF
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Tech {nmj 2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 05 BiT2 0,281 i 028 104 004 285 56,70%
Supply (V) 0g Big o U] oG2 1.38 038 23 3B.08%
Frequency (MHz} 200 HIHRTS 72 1] 0a7 297 000 304 132.41%
Switching activity 023 HIHRTE B 0,552 ] n0g2 32 0.00 414 143.80%
Bus size T2 XORT2 o281 1] 055 1.84 0.oo 2.9 2B.5T%
Load scale factor 1 #ines miy mW vl m
Reference (mifV) 1,70
YUV-CIF
Tech {nm) a2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Tofal power Improvement
Load (pF) 0.5 BIT2 0208 1 Dze .73 004 275 51,44%
Supply (V) 09 BId 0,248 ] D82 145 038 244 34,24%
Frequency (MHz) 200 HIHRTS 72 o512 Li] Da7 200 0.oo 3,88 ir
Switching activty 0,311 HIHRTS B 0.5852 ] D2 32z 0.oo 4,1
Bus size 72 XOR 72 0.208 L] D55 1.74 0.00 228
Load scale factor 1 #ines miy mw mvW mi
Refersnce (miW) 181
YUV-QCIF
Tech {nmj bv Project  Switching activity Redundancy Owerhead Bus power Redundancy power Tofal power Improvement
Load {pF)
Supply (V} oe Bl 3 a 126 272 073 47
Frequency (MHz) 400 HHRTS 72 0,51 1] 124 505 0,00 782
Switching activity 0,291 HIHRTS & 0552 o 1,85 644 0,00 B22
Bas size 72 XOR T2 0.281 1] 112 3za 0,00 440
Load scale factor 1 #ines miy mW mvW miy
Reference (mil} 330
YUV-CIF
Tech (nmj} 2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load (pF) 153
Supply (V) 08 Bla 0240 @ 126 280 073 438
Frequency (MHz} 400 HIHRTS 72 0512 [i] 184 587 0.00 T8
Switching activiy [k HIHRTS 8 0,552 o 185 g44 0.00 822
Bus size 72 XOR.72 0208 ] 112 348 0.00 4,80
Load scale factor 1 #ines mi mW m i
Reference (mW) 363
YUV-QCIF
Tech {nmj a2 Project  Switching activity Redundancy Owerhead Bus power Redundancy power Total power Improvement
Load {pF) 05
Supply (V) og Bl3 ] 157 340 oM 588 3B.55%
Frequency (MHz) 500 HIHRTS T2 ] 245 748 0.00 0.0 133.00%
Switching activiy 0,291 HIHRTS 8 1] 233 8,05 0,00 10.38 144 B1%
Burs size 72 XORT2 1] 137 410 0,00 547 ZB,35%
Load scale factor 1 #ines m mW miv mi
Refersnce (mW) £
YUV-CIF
Tech {nm} az Project  Switching activity Redundancy Owerhead Bus power Redundancy power Tofal power Improvement
Load (pF) 05
Supply (V) [HRe] Blg 0240 8 157 343 081 8.1
Frequency (MHz) S0 HIHRTS 72 osz o 245 T 46 0,00 R
Switching activity 031 HHRTS & 0.652 (1] 233 8,05 0,00 10,38
Bus size 72 XORT72 0.208 1] 137 4.4 0,00 57
Load scale factor 1 #lines mW iy il e
Reference (mW) 253
YUV-QCIF
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Tech {nm} 32
Load (pF) 05
Supply (V) o8

Frequency (MHz} &00
Switching activity 0291

Bus size 72
Load scale factor 1
Reference (mW) 5080

YUV-CIF

Tech (nm) a2

Load {pF} 0z
Supply (V) na

Frequency {MHz) 600
Switching activity 0311

Bus size T2
Load scale factor 1
Reference (mW) 544

YUV-GCIF
Tech (nm) 32
Load {pF} 05
Supply (V) o2

Frequency (MHz) 730
Switching activity 0,291
Bus size 72
Load scale factor i
Reference (mW) 6,35

YUN-CIF
Tech {nm} a2
Load {pF} 0z
Supgly [V) e

Fregquency (MHz) 730
Switching actvrty 031

Bus size T2
Load scale factor 1
Referance {miW) 6,80

YUV-GCIF

Project Switching activity Redundancy

Big a
HIHRTS 72 ]
HIHRTS 8 ]

XORT2 o
#Hines

Project Switching activity Redundancy

Bl & g
HIHRTS 72 0
HIHRTS 8 0
XORT72 0

#ines

Project itching activity Red ¥

HIHRTS 72 051 0
HIHRTS 8 1]
XORT2 1]

Hnes

Project  Switching activity Redundancy

HIHRTS 72 o512 o

HIHRTS 8 o

XORT2 o
fines

Owerhead Bus power

283
270
164
mW

4,38
882
9.68
402
m

Milestone Report
Last update 04/05/2013
Version 1

Redundancy power Total power Improvement

100 745 46,23%
0.0o 188 132.81%
0.0o 1245 144, 40%
0,00 6,58 2

i mi

Overhead Bus power Redundancy power Total power Improvement

283
279
1,84
m

436
B.8g
068
521
iV

1.08 745 36.82%
0.o0 11.88 B.48%
0,00 1245

0,00 68.85

mi iy

Cwerhead Bus power Redundancy power Total power  Improvement

387
343
2.06
mW

1115
12,07
8.15
¥

0.00 4,82
0,00 1555
0.00 821
mi mi

Owverhead Bus power Redundancy power Total power Improvement

387
348
2,08
m

1120
12,07
652
vy
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6. Bus Inverter breakeven on single link

Following data show results of simulations on segi@@ Bus Inverter for typical single-link
wire values. As shown above, this general-purposdute outperformed the others in terms of
effective power-saving on the vast majority of datanats, though not on raw switching activity
reduction and speed.

This testbench assumes 1.0 — 1.5 fF/um (1.0 — B/&m), close to 65-nm upper layers (metal
8). Improvement in power consumption is providetydar long wires;break-even (in terms of
load capacitance) is found around 1.5.pF

Tech (nm) a5 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 1
Supply (V) 1.1 MP32 0,482 629 148 1.08 8.86 8.57 3.34%
Bus size 72 PDF 0484 » 613 148 1.00 8,70 B.08 T.B4%
Redundancy ines a JPG D488 358 628 1.48 1.00 882 B.50 3.7E%
Frequency (MHz) 200 AT 0,327 031 540 1,48 1.08 T.8T 570 30,80%
WM 0488 0,358 624 148 1.08 B.81 B.50 3.57%
YUNV-CIF 0281 0,233 4,08 1438 1.08 6.83 5.07 30,74%
YUNV-QCIF 0.31 0248 434 1.48 1.08 8.01 542 274T%
m vy iy iy i
Tech (nm}) 85 Data Reference SW Switching activity Bus PFower Overhead Redundancy Total Power Reference Improvement
Load (pF) 1
Supply (V) 1.1 MF3 0482 0,367 12,58 310 218 17.66 17.15 4.18%
Bus size 72 PDF 0484 0,352 1227 210 218 17.54 18,17 B.50%
Redundancy fines g JPG 0488 0,259 12,51 2,10 218 17,78 17,0 4.80%
Frequency (MHz) 400 TET 0327 10,80 3,10 2,18 16,08 1140 41,12%
WK 0,488 53 12,48 310 2,18 17.75 17.01
YUN-CIF 0.201 233 812 310 2.8 1340 10,14
YUN-QCIF 0.311 0,248 868 310 218 13,08 10,84
m W Y mid i
Tech (nm) 85 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 1
Supply (V) 14 MP3 0.482 361 15,73 4,04 272 2248 2143 4.83%
Bus size T2 PDF 0484 15.33 4.04 272 2210 20.21 8.32%
Redundancy lines ] JPG 0488 15,64 4.04 272 2240 21,28 5.38%
Frequency (MHz) 500 TXT 0227 13.50 4.04 272 20,27 14,24 42,28%
WY 0428 0.358 15,50 404 272 22,38 21,26 5.17%
YUN-CIF 0.2a 0,233 10,15 404 272 18,91 12,88 33.42%
YUNCGCIF 0,31 0240 10,85 4 ag2 17,61 13,55 20,08%
i iy mW miy miw

Data for 1 mm of 1.0 fF/um wire
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Tech (nmy) 85 Data Referenmce SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 15
Supply (V) 1.1 MP3 0482 G4 183 1,83 13.00 12.88 1.00%
Bus size 72 PDF D464 8.20 1.83 1.63 12,78 1213 5.25%
Redundancy lines ] JPG 0488 838 182 1.83 12,85 1275 1.51%
Frequency (MHz) 200 TXT D327 8,10 183 1.63 1167 855 36.50%
WM 0488 6835 1.83 1.63 12,82 1275 1.30%
YUN-CIF 0281 6.09 183 1,63 0,85 TE 26.82%
YUV-QCIF 0311 8,51 183 1.83 0.07 8,13 23,80%
miy mi i mi my
Tech (nm) B85 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 15
Supply (\V} 1.1 MP3 D482 18.87 413 3z 26.27 2572 214%
Bus size v2 POF D484 18,40 4.13 327 25,80 2425 £,20%
Redundancy fines ] JPG 0482 18,77 4.13 327 2818 2551 2,50%
Frequency (MHz} 400 TXT 032z7 16.20 413 327 23,60 17.08 38.08%
WY 0483 1871 413 3.z27 26,11 2551 2,36%
YUW-CIF o2e 1218 413 3.z27 10.58 521 28.70%
YUW-QCIF 0an 13,02 413 32T 2041 18,26
iy miW mW iV iy
Tech (nm) &5 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 15
Supply (V} 1.1 MP2 o482 2250 518 4,08 32,83 3215
Bus size 72 PDF D454 23,00 518 4,08 3224 .32
Redundancy lines g JPG 0483 23468 518 4,08 32,70 31,82
Frequency (MHz) 500 TET 0,327 20,26 518 4.08 28,50 21.37
VR 0483 2330 5,16 408 3284 31.80 3
YUNM-CIF o.2at 1522 518 4,08 2447 189.01 28.68%
YUV-QCIF 031 16,27 5,16 4,08 2551 20,32 25,55%
m miW i m miy

Data for 1.5 mm of 1.0 fF/um wire
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Tech {nm} 65 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Referemce Improvement
Load (pF) z
Supply (V) 1.1 MP3 0402 12,58 2,38 218 17,14 17,15 -0.04%
Bus size 72 FDF D.484 1227 238 218 16,82 18.17 2.05%
Redundancy lines g JPG o488 1251 238 218 17.07 17.01 0.37%
Frequency (MHz) 200 TXT 0,327 10,80 2,38 218 15,36 11,40 34,80%
WMV o458 12,48 2.38 2148 17.03 17.01 0.16%
YIUW-CIF 0281 812 2:38 218 12.68 10,14 25.02%
YUN-QCIF 0,311 888 2,38 218 13,24 10,84 22.12%
mw i v miW mi
Tech {nm} B85 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load {pF) 2
Supply (V) 1.4 Mme3 D492 25,18 4,90 436 34,42 34,20 DT
Bus size 72 PDF 0464 2453 4,80 438 370 32,34 4.48%
Redundancy lines g JPG D488 25,02 4,90 438 34,28 H.0m 0.78%
Frequency (MHz) 400 TXT 037 21,81 490 438 30,88 2279
WY 0488 24,85 4.80 4,38 34.21 34.01
YUNVCIF 0.2 168.24 4,90 4,38 2550 20,28
YUN-QICIF 03n 17,35 480 438 2681 21,88
miV Y miV miy mi
Tech (nm} a5 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 2
Supply (V) 11 MP3 D492 31,45 68,54 545 4344 42,88
Bus size T2 PDF 0464 30.67 6,54 545 4288 4042
Redundancy lines l JPG D488 31.28 6.54 545 43.28 4251
Frequency (MHz) 500 TXT 0327 27.m 8,54 545 3800 2840
WY 0,483 3,18 68.54 545 43,17 42.51
YUV-CIF 0.2 20.30 8.54 545 32.28 2535
YUN-QCIF 0D2n 2180 6.54 545 3358 27.08
m vy mivy my mi

Data for 2 mm of 1.0 fF/um wire
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Tech (nmj) 65 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load {pF) 25
Supply (W} 11 MP3 0,402 1573 2.83 272 21.28 2143 0.72%
Bus size T2 PDF 0,484 15,33 2,83 272 20,88 20.21 2,23%
Radundancy lines '] JPG 0,488 15,84 283 272 21,18 21,28 4.31%
Frequency (MHz) 200 TXT 0,327 13,50 283 272 19,08 14.24 33,78%
W 0.488 15,58 283 272 2115 21.28 0.52%
YUN-CIF 0,201 0:233 1015 2.83 272 15,70 12.68 23.87%
YUN-QCIF 0.3 0248 10,85 283 272 16.40 13.55 21.05%
miy miV il mi iV
Tech {nm) 65 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load {pF) 25
Supply (V) 1.1 MP3 0,482 3145 578 5,45 42,88 42,86 -044%
Bus size 72 PDF 0,484 30,67 578 545 41.89 40,42 3,83%
Redundancy lines ] JPG 0488 31,28 578 545 42,50 42,51 0.03%
Frequency (MHz) 400 TXT D327 2rm 578 545 38.23 2848 34.20%
WV 0488 3118 578 545 4241 4251 0.24%
YUN-CIF 0.z2e1 20,30 578 545 31.52 25,35 4.35%
YUN-QCIF 0,311 2182 578 545 3282 2708 21.48%
mW mW mi mW m
Tech [nm) 65 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 25
Supply (V} 1.1 MP3 0482 0:381 | T.ED 621 53.82 £3.58 0,08%
Bus size 72 PDF 0484 0,352 2833 T.50 621 52,684 50.52 417%
Redundancy lines g JPG 0488 3810 71.50 631 53,40 53.14 0.45%
Frequency (MHz) 500 TXT 0,327 3378 750 6,81 48.07 35.81 34.05%
WY D438 3209 750 8,81 53,28 53,14 0.28%
YUN-CIF 0.ze1 2537 .50 8.51 3068 31,88 2521%
YUNV-QCIF 031 72 7.50 851 4142 3387 2.31%
mw mv mi miw mi

Data for 2.5 mm of 1.0 fF/um wire
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Tech {nm) B85 Data Reference 5W  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 3
Supply (V) 1.1 MP3 0482 0,381 18,87 332 3.7 25468 2572 -1.01%
Bus size 72 FDF 0.454 1840 332 3.7 24,00 2425 3.02%
Redundancy lines g JPG 0488 1877 332 3.7 26,35 551
Frequency (MHz) 200 TXT 0327 16,20 332 zT 279 17.08 33.34%
WK o488 1871 332 327 25,30 25,51
YUNV-CIF 0281 12,18 332 237 1877 15,21
YIN-QCIF 0,311 0249 13.02 332 327 19,60 16.28 20,58%
mw m mi m m
Tech {nm) 85 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 3
Supply (V) 1.1 MP3 D482 3774 6,95 6.53 51,22 51,44 0.41%
Bus size 72 PDF 0464 36.80 6,05 6.53 50,28 48.51 3.86%
Redundancy ines e JPG 0.488 v 53 605 B6.53 51.02 51.02 0.00%
Frequency (MHz) 400 TXT 0227 0,31 azs 8,95 B.53 45,80 A1 34.24%
WY 0,488 0258 3743 625 8,53 50,91 51,02
YUNV-CIF 0.2e1 24,36 6.85 6.53 37.84 30.42
YIN-QCIF 031 28.03 685 6.53 38,52 32.51
iy i il i mi
Tech {mnm} 85 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 3
Supply (V) 11 MF3 0.482 47,18 830 B.17 64,14 64,20 0,24%
Bus size 72 PDF 0484 48,00 880 B.17 287 60,64 3.84%
Redundancy lines a JPG 0488 48,81 8,80 BT 83,88 83,77 0.17%
Frequency (MHz) 500 TXT 0327 40.51 8,80 817 57.48 42,73 H.51%
WY 0488 0.358 48.78 8,80 BT 83.75 63,77 -0.03%
FUV-CIF 0.2 30.45 8.80 BT 4742 38,03 24,568%
FUN-CCIF 031 32.54 820 BAT 48,51 40,64 21.81%
mA v i m mw

Data for 3 mm of 1.0 fF/um wire
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Tech {nm) 85
Load (pF] 35
Supply (V) L1
Bus size 72

Redundancy lines @
Frequency (MHz) 200

Tech (nm) 65
Load (pF} 35
Supply (V) 11
Bus size 72

Redundancy fines
Frequency (MHz) 400

-]

Tech (nm) a5
Load (pF) a5
Supply (V) 13
Bus size 72

Redundancy fines B
Frequency (MHz) 500

Data

MP2
PDF
JPG
TXT
WY
YUW-CIF
YUV-QCIF

Data

MFP3
PDF
JPG
THT
WY
YUNV-GIF
YUNQCIF

Data

MP3
PDF
JPG
TXT
WY
¥UNMCIF
YUV-QCIF

Reference SW

0482
0.464
0,488
0,327
0,488
0,281
031

Reference SW

D.482
0,484
D.488
D.327
D.488
0,281
0.311

Reference 5SW

D482
0,484
0.488
0,327
0488
0,261
031

Switching activity Bu

22,02
31.47
21,89
18,81
21,83
14,21
15,18

ml

44,03
4283
4370
37.81
43,66
2842
3037

miV

s Power Owerhead Redundancy

55.04
53,67
5473
47,26
54.58
36,52
37.86

mW

372
3,72
3.72
AFZ
372
372
372

iy

7.4
7.4
7.84
T7.84
7.84
7.04
T7.84

mw

8.63
093
B.a3
093
803
003
803

mil

3,81
3.81
3.8
381
.81
381
38

miy

7.62
762
7.62
762
7.62
7.62
7.62

mi

853
953
853
8,53
853
0,53
853

i

Data for 3.5 mm of 1.0 fF/um wire
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20,55
20.00
2042
2644
20,38
21.74
272

i

Switching activity Bus Power Owerhead Redundancy Total Power

5849
58.40
5025
53.27
50,12
43.88
45,83

mia

74.50
7312
74,19
66,72
T4.04
5408
5742

i

Milestone Report
Last update 04/05/2013

30.00
28.30
28,78
18,84
28,74
17.75
18.67

e

Version 1

Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement

Reference Improvement

75.01
T0.74
T4.40
40,85
7440
4437
4742

miy

Total Power Reference Improvement
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Tech {nm) B85 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference improvement
Load i(pF) 5
Supply (V) 1.1 MP3 0.402 3145 5,03 5,45 41,03 42,88 -2,10%
Bus size 72 PDF 0464 30ET 5.03 545 41,14 4042 1.76%
Redundancy fines g JPG 0.488 31.28 5,03 545 41,75 42,51
Frequency (MHz) 200 TXT 0.327 oy 27m 5,03 545 3748 2848
WY 0.488 31,18 5,03 545 41,68 4251
YUV-CIF 0.2a1 20,30 5,03 545 30.77 25,35
YIN-QCIF 0.3n 21,60 503 545 el 27.08 18,73%
mw mW mW mWV mW
Tech {nm}) B5 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load (pF) 5
Supply (V) 1.1 MF3 0.402 0261 8200 1028 10,82 84,07 85,73 -1,03%
Bus size 72 PDF 0484 61,33 1028 10.82 B2.50 80,85 2.06%
Redundancy fines. o JPG 0,488 8255 028 10,82 B3.72 85,03 -1,54%
Frequency (MHz) 400 TXT 0327 0.3 540 10,28 10.88 75,18 56,08 31.86%
WY 0488 0.358 62,38 10,28 10.82 B3 55 8503 -1.74%
YUN-CIF 0.281 O 40,60 1028 10,82 61.77 50,70
YUMV-QCIF 0311 4330 10.28 10,82 4,55 54,18
iy mW mW iy m
Tech {mmj B85 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load {pF) 5
Supply (V) 1.1 MFP32 0402 7863 13.26 13,81 105,50 107,18 -1.55%
Bus size Tz PDF 0464 TEET 13,26 13.81 102.54 101,06 2.45%
Redundancy lines ] JPG 0488 78,18 13.26 13.81 105.04 1068.28 -1.15%
Freguency (MHz) 500 T 0.327 67.52 13.26 13,81 8430 7122 32.53%
WiV 0.488 Jr.ar 13.26 13.61 104.84 108.28 -1,38%
YUV-CIF 0.281 50,75 13.26 13.81 762 63,38 2Z247%
YUN-GCIF 0,31 54.23 1326 13.81 Bi.10 67.74 18,74%
miv m mW miy mW

Data for 5 mm of 1.0 fF/um wire
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Tech (nmj) 85 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference mprovement
Load (pF) 1.5
Supply (V) 1.1 MP2 0,492 .44 1.83 1.63 13.00 12.88 1.08%
Bus size 72 PDF 0,484 8.20 1.83 1.63 12.76 12,13 5.25%
Redundancy lines ] JPG 0,488 0,28 183 1863 12,85 1275 1.51%
Frequency (MHz) 200 TXT 0,327 8.10 183 1.83 11.87 855 36.50%
WY 0,488 839 183 1,83 12.82 1275 1,30%
YUN-CIF 0,281 68,00 182 163 085 781 26.92%
YUV-QCIF o3n 8.51 183 1.63 10.07 B.13 23.80%
my v L mi i
Tech (nm) B85 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load {pF) 15
Supply (V) 1.1 MP3 0,482 18,87 413 37 26.27 2572
Bus size 72 PDF 0,464 18,40 413 327 25.80 24,25
Redundancy fines ] JPG 0,488 18,77 413 327 26.18 2551
Frequency (MHz} 400 TXT 0,327 16.20 413 327 23,680 17.08
W 0,488 18.71 413 327 281 2551
YILN-CIF 0,291 1218 413 327 10.58 16,21
YUW-QCIF oan 13.02 4,13 327 20,41 16,26
v mi v v mivy
Tech (nm) &5 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Lead (pF) 1.5
Supply (V) 1.1 MP2 D482 0.381 23.58 516 4,08 32.83 32.15 213%
Bus size 72 PDF 0,484 23,00 518 4,08 3224 3032 B8,25%
Redundancy fines g JPG 0,488 23,48 518 4,08 32.70 31,82 2.56%
Frequency (MHz) 500 TXT D227 20,26 516 4.08 29,50 21,37 3B.06%
WY 0,488 2338 518 4,08 3264 31.89 235%
YUN-CIF 0.2e1 15.22 518 4.08 24.47 18.01 28.68%
YUV-QCIF 031 18.27 518 4.08 2551 20.32 25.55%
mW i mi i i

Data for 1 mm of 1.5 fF/um wire
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Tech {nm) a5 Data Reference SW Switching activity BusPower Owverhead Redundancy Total Power Reference Improvement
Load (pF) 225
Supply (V) 1.1 MP3 0.482 14,15 260 245 18.20 19,29 -0.44%
Bus size 72 PDF 0.454 13,80 260 245 18,85 18,19 3.62%
Redundancy lines g JPG 0,488 1407 2,80 245 18,12 19,13 -0.04%
Frequency (MHz) 200 TXT 0,327 1215 2,60 245 17.20 12,82 34, 20%
W 0,488 14,04 260 2458 18.08 19.13
YUV-CIF 0,201 912 280 245 14,18 11,41
YUN-QCIF 03N 0,78 260 2458 14.81 12,19
mw i miW i miy
Tech (nm) as Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 2,25
Supply (V) 1.1 MFP3 0.482 2831 535 450 38.56 38,58 -0.05%
Bus size T2 POF 0,484 27,80 5,35 400 37.85 38,38 4,04%
Redundancy lines il JPG 0.488 2815 535 480 38,40 38,26 0.26%
Frequency (MHz) 400 TXT, 0,227 24 535 4,90 34,56 25,84 34.78%
W 0.458 2807 535 4.80 38.32 3328 0, 15%
YUN-CIF D.281 1827 535 4.80 852 22,82 24.80%
YUN-QCIF 0311 1852 535 400 2877 2438 22,10%
mw mA i mi miw
Tech (nmj} 65 Data Reference SW Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load (pF) 225
Supply (V) 11 MP3 0482 3538 7.04 6,13 48,55 4322 0.38%
Bus size T2 PDF 0484 3450 7,04 6.13 4767 4548 £.81%
Redundancy lines il JPG D.488 35,18 7.04 8,13 48,35 47,83 1.08%
Frequency (MHz) 500 TET 0327 031 30,38 7.04 8,13 43,55 205 35,88%
W 0488 35,08 7.04 B.13 48,25 47,83 0.89%
YUN-CIF 0.281 0,233 22,84 7.04 B.13 38,00 2852 28.23%
YUN-QCIF 031 0,248 2440 7.04 6,13 37.57 3048 23.26%
mi m m vy mi

Data for 1.5 mm of 1.5 fF/um wire
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Tech (nm) a1} Data Reference W Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load {pF} 3
Supply (V) 1.1 MP3 0,452 18,87 332 327 2548 2572 -1.01%
Bus size 72 PDF 0464 18.40 332 327 2400 24.25 3.02%
Redundancy lines a JPG 0,488 18,77 332 327 25,35 2551 -0.61%
Frequency (MHz} 200 TAT 0,327 18,20 33z 37 22789 17.08
WV 0,488 1871 332 3z 25.30 2551
YUN-CIF 0.2e 1218 332 327 18,77 15,21
YUW-QCIF 03n 0240 13,02 33z 327 10,80 18.28
iy mW iy mi iy
Tech (nm) a5 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Fower Reference Improvement
Load (pF} 2
Supply (V) 1.1 MP3 0,482 0381 arTe 6,05 6,53 51.22 51.44 0.41%
Bus size T2 PDF 0,464 38,80 6,95 8,53 50.28 48.51 3,66%
Redundancy fines '] JPG 0488 BT 8,95 6,53 .02 51,02 0,00%
Frequency (MHz) 400 TXT 0327 24 8,95 853 45,80 18
WWRIL 0,488 T4z 695 6,53 50,81 51.02
YUN-CIF 0,281 24 36 6,85 6,53 ar.es 3042
YUNM-GCIF 031 26,03 805 6,53 3g.52 32.51
mw miW miW sy miy
Tech (nm) &5 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Fower Reference Improvement
Load (pF} 3
Supply (V) 1.1 MP3 0402 ik ;3] 47,18 BEO 817 84,14 54,29 0.24%
Bus size 72 PDF 0464 46,00 8.B0 817 82,97 50,64 3,84%
Redundancy lines g JPG 04838 4581 8.80 BAT 83,88 63,77 017%
Frequency (MHz) 500 TXT 0,327 40,51 B.80 BT 5748 4273 4.51%
WMV 0482 46,78 B.80 87 83,75 83,77 -0.03%
YUN-CIF 0,201 045 8,80 817 4742 3803 24 B0%
YUM-QCIF 0311 0248 3254 BBO 8,17 40,51 40,64 21.81%
mw mw mi m m

Data for 2 mm of 1.5 fF/um wire
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Tech (nm) 5 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load {pF) 375
Supply (V) 1.1 MF3 0402 23.50 3238 4,08 31.55 3215 -1.85%
Bus size ¥2 FDF 0464 23,00 3.88 4.08 30,96 30,32 2.13%
Redundancy lines @ JPG 0,488 2348 3.88 4.08 3142 3188 -1,46%
Frequency (MHz) 200 TXT 0.327 20.28 3.88 4.08 28,22 2137 RZ0T%
Wy 0488 23.38 388 4.08 31,38 31,80 -1,66%
YUNV-CIF 0.2¢ 1522 3,88 4,02 2318 1.0 21,95%
YUNV-GCIF 02n 16,27 3,28 4,08 2423 20,32 16,25%
iV mi¥ mivy mi mw
Tech {rm) 85 Data Reference 5W  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 375
Supply (V) 1.1 MF3 0,492 038t 47,18 8,08 B.17 6342 64,20 -1,36%
Bus size 72 FDF 0,464 0,352 48,00 8,08 B17 82,25 60,64
Redundancy lines =l JPG 0438 = 48,81 8.08 817 63,18 8377
Frequency (MHz) 400 TXT 0327 031 40.51 B.08 8.7 56,78 42,73
WV 0438 0.358 46,78 8.08 B.A7 63,03 83.77 -1.18%
YUN-CIF 028 0.233 30.45 8,08 BA7 46,70 38,03 22 78%
YUN-CCIF 0zn 0.240 32.54 8.08 817 48,78 40,54 20,04%
iV m miN mi v
Tech {nm) &5 Data Reference 5W  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 378
Supply (V) 1.1 MP3 nag2 58.87 10,25 10,21 T0.43 B0.37
Bus size 72 PDF 0464 57.50 10,25 10,21 Tr.e8 75,70
Redundancy lines & JPG 0,438 56,84 10,25 10,21 78,10 TET1 LT
Frequency (MHz) 500 TXT 0327 5064 10,25 10,21 71.10 5342 33,10%
WY 0,438 5848 10.25 10,21 T804 TET1 -DET%
YUV-CIF 0281 38.08 1025 10.21 58,52 47,53 23.1%
YUV-GCIF 0an 40.87 1025 10,21 61.13 50.80 20,34%
ey iy m il iy

Data for 2.5 mm of 1.5 fF/um wire
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Tech [nm) 65 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF) 45
Supply (V) 1.1 MP3 0402 0,381 2831 4,52 480 IFT3 38,58 -2.21%
Bus size 72 POF 0484 1] 2760 4,52 4,00 370z 26,38 1,76%
Redundancy lines ] JPG 0,488 1} 28,15 452 4,60 AT 3826 -1.831%
Frequency (MHz} 200 TXT 0327 a3 2431 452 4.80 33.73 25,64 31.54%
WY 0,438 0.358 28407 453 480 340 38.26 -2.02%
YUV-CIF 0281 0,233 1827 452 4,80 Z7.60 2282 21.38%
YUV-QCIF 0311 0240 18,52 452 4,80 2804 24,38 18.70%
iy iy W i W
Tech (nm) B5 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load {pF) 45
Supply (W} 1.1 MP3 0,482 0,381 58,81 .40 .80 75.81 15 -1.74%
Bus size 72 PDF 0484 5520 B.40 8,80 74.40 72.78
Redundancy lines a JPG 0488 56,30 B840 8,80 75.50 76.53
Frequency (MHz) 400 TXT 0337 4861 840 980 &7.81 51.28
L D488 56,14 040 980 75.34 76.53
YIUN-CIF 0,261 35,54 0,40 2,20 5574 45,83
YUMV-QCIF 031 30,05 Q.40 880 58,25 48,77
mi mi¥ miW vy iy
Tech (nm) &5 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load (pF) 45
Supply (V} 1.1 MP3 0402 7078 2.1 12,25 85,12 96.44 -1.37%
Bus size 72 PDF 0484 82,00 21 1225 83,36 2085 285%
Redundancy lines & JPG D483 70.37 1Z1 1225 .73 5,688 -0.67%
Frequency (MHz} 500 TXT 0,327 80,77 zn 1225 B5,13 84,10 3281%
L 0488 70,18 Zn 12,25 G454 @588 -1.17%
YIUN-CIF 0,261 4587 ”zn 1225 70,03 57.04 2278%
YUN-QCIF 0.an 4881 2.1 1225 7317 60,08 20,03%
mi mi mw v mvy

Data for 3 mm of 1.5 fF/um wire

Confidential document - page 63



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 04/05/2013
NAVOLCHI — MS29 Version 1

Tech (nm) B85 Data Reference SW  Switching activity Bus Power Owerhead Redundancy Total Power Reference Improvement
Load (pF} 525
Supply (V} 1.1 MP3 D492 0381 33,02 5,38 572 410 4501
Bus size 72 PDF 0484 0.352 22 538 572 43.28 4244
Redundancy lines ] JPG 0428 D.35@ 3284 5.36 572 4382 4454
Frequency (MHz) 200 ™>T 0,327 0.31 28.36 536 572 30,43 28,91
WKW D488 0.358 3275 5,36 572 4383 44 84
YUN-CIF 0.2 2131 5.36 572 3230 268,862
YUN-QCIF 02n 2278 5,36 5,72 33.85 2845
iy iy iy iy m
Tech (nm) &85 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 525
Supply [V} 1.1 MF3 0492 0381 66,05 1083 11,43 Bg.31 60,01 -1,80%
Bus size 72 PDF D454 0.352 84,40 i0.83 143 BB.68 B4.80 Z.08%
Redundancy lines a JPG D488 0.358 65.68 10.83 1143 67,84 B3.28
Frequency (MHz) 400 TXT 0327 0.31 58,72 10.83 143 7868 50,83
WK D488 0.358 65,50 i0.83 1143 B7.78 80,28
YUW-CIF 0,291 42 63 1083 11,43 8420 5324
YUCCIF 0,21 0240 45,58 10,83 143 67,82 58,90
miv v mivy miy iV
Tech (nm)} B5 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 5,25
Supply (V) 1.1 MP2 042 0,381 52,58 13.80 14,20 1045 nasz
Bus size T2 FDF 0404 03562 20,50 13,80 14,20 108,32 108,11
Redundancy lines ] JPG 0488 0.35e 8210 13.80 14,28 10889 111,60
Frequency (MHz) 500 TET 0.327 0.31 70.88 13,80 14,28 8878 T4.78
LU 0428 0.358 21.87 13,80 1420 10878 11160
YUN-CIF 0291 53,28 13,80 14,29 81,18 186,55
YIASCCIF o3 55,04 13,80 14,26 8484 71,12
iy mi my i iV

Data for 3.5 mm of 1.5 fF/um wire
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Tech (nm) B85 Data Reference SW  Switching activity Bus Power Overhead Redundancy Total Power Reference Improvement
Load (pF) 7.5
Supply (V} 1.4 MP2 0482 47.18 7.38 217 @273 2420 -243%
Bus size 72 PDF 0464 46,00 T.38 B8.AT 61,56 B0.64 1.52%
Redundancy lines -] JPG 0428 48,81 T.20 817 G247 8377 -2.04%
Frequency (MHz) 200 T 0,327 40,51 7.0 817 58,07 4273 21,219
WY 0428 48,78 738 217 62,34 83,77 -2.24%
¥YUV-CIF 0,261 3045 738 817 46,01 38,03 20,88%
YUN-QCIF o3n 0,240 3254 T8 817 48,10 40,64 18.34%
L v Ly mi il
Tech (nm) B5 Data Reference SW  Switching activity Bus Power Owverhead Redundancy Total Power Reference Improvement
Load (pF} 7.5
Supply (V) 11 MP3 0,482 84,35 14,62 18.34 1253 128,59 -2.55%
Bus size 72 PDF 0464 82,00 14,62 16834 12285 121.27
Redundancy lines g JPG 0488 83,83 14,82 i 124.78 127.54
Frequency (MHz} 400 TET 0327 81,02 14,62 18,34 111.88 8546
WY 0483 B3.57 14.62 18.34 124.52 12754
FUW-CIF 0281 60,90 14,682 1634 81,85 76.06
YUV-QCIF 0.an 85,08 14.62 18.34 86.03 81.28 18.15%
i mi miW i miy
Tech (nm) B5 Data Reference 8W  Switching activity Bus Fower Owverhead Redundancy Total Power Reference Improvement
Load {pF} 75
Supply (V) 1.1 MP3 0402 17,64 18,73 2042 157,08 160,74
Bus size T2 PDF 0464 115.00 18,73 2042 154,15 151,50
Redundancy lines g JPG 0483 117.20 18,73 2042 156,43 150,43
Frequency (MHz) 500 TXT 0,327 101,28 1873 2042 140,43 108,83
WY 0482 118.06 1873 2042 1868.11 150,43
YULN-CIF 0,291 76.12 1873 2042 M8.27 85,07
YUN-GICIF 031 BL35 1872 2042 120.50 101.80
mw miwW mwW miV miy

Data for 5 mm of 1.5 fF/um wire
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A graphic overview for the MP3 data format at 40800 MHz is shown below:

400 MHz 500 MHz
mm Overhead Reference Total Power Improvement mm Overhead Reference Total Power Improvement
1 31 17,15 17,86 4,16% 1 4,04 2143 2249 4,93%
1.5 413 2572 26,27 214% 1k 516 3215 3283 2.13%
2 4.9 34,29 34 42 037% 2 6,54 42 .86 43,44 1,34%
25 5,78 42 86 4268 -0,44% 25 15 53,58 53,62 0,08%
3 6,95 51,44 51,22 0.41% 3 8.8 64,30 64,14 -0.24%
35 7,84 60,01 59,49 -0.86% 35 9,93 75,01 74,80 -0.68%
b 10,28 85,73 84,07 -1,93% 5 13.26 107,16 105,50 -1,55%
400 MHz, 1 pF/mm, MP3 500 MHz, 1 pF/mm, MP3
100 120
20
a0 100
[} 80
50 Total Pow el Total Pow er
e r -
E"E' o "=Reference % % == Reterence
49 Overhead 40 Overhead
30
20 20
10
0 0
Qverhead Overhead
mm mm
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400 MHz 500 MHz
mm Overhead Reference Total Power Improvement mm Overhead Reference Total Power Improvement
1 413 25,72 26,27 2,14% 1 5,16 32,15 32,83 2,13%
15 535 38,58 38,56 -0,05% 1,5 7,04 48,22 4855 0,68%
2 6,95 51,44 51,22 0.41% 2 8.8 64,30 64,14 -0,24%
25 8,08 64,30 63,42 -1,36% 25 1025 80,37 7943 1,17%
3 9.4 715 7581 -1,74% 3 1211 96,44 95,12 -1,37%
35 10,83 90,01 88,31 -1.89% 35 136 112,52 110,45 -1,84%
5 14,62 128,59 125,31 -2,55% 5 18,73 160,74 157,09 -2.2T%
400 MHz, 1.5 pF/mm, MP3 500 MHz, 1.5 pF/mm, MP3
140 180
120 160
140
100 120
g0 = Total Pow er 100 == Total Pow er
% &0 == Refarence ?é 80 == Reference
Overhead 0 Owverhead
40
40
20 o0
1] 4]
Total Fow er Total Pow er
mm mm

Confidential document - page 67



FP7-1CT-2011-7 Milestone Report
Project-N0.288869 Last update 04/05/2013
NAVOLCHI — MS29 Version 1

7. Power saving in NoCs

The presented data show that Segmented Bus Inwetigerformed the other analyzed
techniques in terms of effective power-saving.
According to this, use for System-in-Package (8ifPing is possible.

Anyway, the effectiveness of such technique fdyfuitegrated single-chip devices was
analyzed only for point-to-point connection.

In a network-on-chip it corresponds to a routergoter connection, so further analysis is
required for an end-to-end use (which means IFRRtoemmunication).

In this context, global-network switching activigduction is expected to provide a far larger
improvement in power-saving, because with a higiuenber of devices involved, the dynamic
power consumption of the encoder-decoder couplddimecome far less relevant than on
single-link communication.

A sample architecture, with only 2 initiators anth®&jets connected by a single-node NoC,
making use of two encoder-decoder couples is figrdascribed by the data below.

IN TG

IN TG

Evaluation data of the presented techniques foefud-to-end STNouse is undergoing
further development and cannot be disclosed dusdtgstrial policy.
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ws_AXI_STBus_2x2 200 MHz 65 nimi Module load = 0.5 pF

Reference SW Reduced SW  Overhead Network Power Total Power Reference Power Improvement

MP3 0,492 0,361 2,06 730,42 732,48 730,66 0,25%
PDF 0,464 0,352 2,06 730,38 732,44 730,77 0,23%
JPG 0,488 0,359 2,06 730,40 732,46 730,77 0,23%
TXT 0,327 0,31 2,06 730,21 732,27 730,35 0,26%
WMV 0,488 0,358 2,06 730,39 732,45 730,77 0,23%
YUV-CIF 0,291 0,233 2,06 729,97 732,03 730,16
YUv-QCIF 0,311 0,249 2,06 720,97 732,03 730,22 0,25%
mi miy mivY miy

Node-node distance =1 mm  Load = 1.5 fFlum
Link load = 1.5 pF

ws_AXl STBus_2x2 200 MHz 65 nm Module load = 0.5 pF

Reference SW Reduced SW Overhead Network Power Total Power Reference Power Improvement

MP3 0,492 0,361 2,06 731,93 733,99 733,07 0,13%
PDF 0,464 0,352 2,06 731,86 733,92 733,15 0,11%
JPG 0,488 0,359 2,06 731,93 733,99 733,09 0,12%
TXT 0,327 0,31 2,06 731,46 733,52 731,63 0,26%
WMV 0,458 0,358 2,06 731,93 733,99 733,09 0,12%
YUV-CIF 0,291 0,233 2,06 730,72 732,78 731,27 0.21%
YUV-QCIF 0,311 0,249 2,06 730,88 732,92 731,46 0,20%
mw mw m miv

Node-node distance =2 mm  Load = 1.5 fF/lum
Link load = 3 pF

ws_AXI_STBus_2x2 200 MHz 65 nm Module load = 0.5 pF

Reference SW Reduced SW Overhead Network Power Total Power Reference Power Improvement

MP3 0,492 0,361 2,06 731,93 733,99 733,07 0,13%
PDF 0,454 0,352 2,06 731,86 733,92 733,15 0,11%
JPG 0,488 0,359 2,06 731,93 733,99 733,09 0,12%
TXT 0,327 0,31 2,06 731,46 733,52 731,63 0,26%
WMV 0.458 0,358 2,06 731,93 733,99 733,09 0,12%
YUWV-CIF 0,291 0,233 2,06 730,72 732,78 731,27 0,21%
YUV-QCIF 0,31 0,249 2,06 730,86 732,92 731,46 0,20%
mi miV miY mwW

Node-node distance =3 mm  Load = 1.5 fFlum
Link load = 4.5 pF
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ws_AXI_STBus_2x2 200 MHz 40 nm Module load = 0.5 pF

Reference SW  Reduced SW  Overhead MNetwork Power Total Power Reference Power Improvement

MP3 0,492 0,361 1,56 17,06 18,62 17,75 4,90%
PDF 0,464 0,352 1,56 17,02 18,58 17,61 551%
JPG 0,488 0,359 1,56 17,05 18,61 17,73 4.96%
TXT 0,327 0,31 156 16,83 18,39 16,9 8,82%
WMV 0,488 0,358 1,56 17,05 18,61 17,73 4,96%
YUV-CIF 0,291 0,233 1,56 16,51 18,07 16,75 7,88%
YUV-QCIF 0,31 0,249 1.56 16,57 18,13 16,83 7.72%
mi mi mW mW

Node-node distance =1 mm  Load =1 fF/um
Link load =1 pF

ws_AX|_STBus_2x2 200 MHz 40 nm Module load = 0.5 pF
Reference SW  Reduced SW  Overhead MNetwork Power Total Power Reference Power Improvement
MP3 0,492 0,361 1,56 17,08 18,64 17,75 5,01%
PDF 0,464 0,352 1,56 17,04 18,8 17,63 5,50%
JPG 0,488 0,359 1,56 17,07 18,63 17,75 4,96%
TXT 0,327 0,31 156 16,84 18,4 16,91 8,81%
WMV 0,488 0,358 1,56 17,07 18,63 17,75 4,96%
YUV-CIF 0,291 0,233 1,56 16,51 18,07 16,75 7,88%
YUV-QCIF 0,311 0,249 1,56 16,57 18,13 16,54 7.,66%
mi mi mW mW

HNode-node distance =2 mm Load =1 fF/um
Link load = 2 pF

ws_AXI_STBus_2x2 200 MHz 32 nm Module load = 0.5 pF

Reference SW Reduced SW  Overhead Network Power Total Power Reference Power Improvement

MP3 0,492 0,361 1,24 23,14 24,38 23,32 4,55%
PDF 0,464 0,352 1,24 23,13 24,37 23,28 4,68%
JPG 0,485 0,359 1,24 23,14 24,38 23,32 4,55%
TXT 0,327 0,31 1,24 23,08 24,32 231 5.268%
WMV 0,485 0,358 1,24 23,14 24,38 23,32 4,55%
YUV-CIF 0,291 0,233 1,24 2298 24,22 23,05 5,08%
YUV-QCIF 0,31 0,245 1,24 23 24,24 23,08 5,03%
miV mW mW mi

Node-node distance =1 mm  Load = 0.5 fFfum
Link load = 0.5 pF

ws_AX|_STBus_2x2 200 MHz 32 nm Module load = 0.5 pF

Reference SW Reduced SW  Overhead MNetwork Power Total Power Reference Power Improvement

MP3 0,492 0,361 1,24 2315 24,39 23,32 4,59%
PDF 0,464 0,352 1,24 23,13 2437 2328 4 68%
JPG 0,485 0,359 1,24 2315 24,39 23,33 4,54%
TXT 0,327 0,31 1,24 23,08 24,32 231 5.268%
WMV 0,485 0,358 1,24 23,14 24,38 23,33 4,50%
YUV-CIF 0,291 0,233 1,24 2299 2423 23,05 5,12%
YUV-QCIF 0,31 0,249 1,24 23,01 2425 23,08 5,07%
mi mW miW mi

Node-node distance = 2 mm  Load = 0.5 fFfum
Link load =1 pF
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8. Error detection and correction: encoding techniques
to reduce Bit Error Rate

Layered architectures in networks-on-chip requppar levels to be provided an abstraction of
the physical link into an ideal transmission channbis is one of the tasks of the data link layer.

In general, data transmission can be affected byrgrwhich in digital electronic sense are

wrong bit values which randomly occur. Static CM@®ugh being regarded as a set of noise-
resistant technologies, is still affected by chdanm@ise and thus can be subject to errors.
Important causes of these errors include the laniteise margin of the gates, however high it
may be, cross-talk from integrated communicatiorstays, interference from neighbour

microwave devices and many others.

End-to-end communication is verified by the hardevarodules which implement one or more
techniques of error detection and correction. Theskniques have been widely explored in the
field of mathematics, informatics and engineeriogléng timé”, and particularly in the context
of telecommunication for computer netwdtis

This chapter presents some error detection an@awn techniques from the point of view of
hardware implementation in modern NoCs' data link.

1. Overview of traditional coding theory

Error detection and correction (EDC) is the fiefcoding theory which focuses on enabling
reliable delivery of digital data over unreliablenemunication channels.

. Error Detectors — techniques which detect (but not correct) errors

. Error Correctors — techniques which detect errors and reconsthecotiginal error-free
data-format.

Error correction can be performed in two main ways:

. Automatic Repeat Request (ARQ) / Backward Error Corection (BEC) — the
canonical way to ensure reliability is to infornetbource through an acknowledgement and ask
for data repetition in case of errors. Retransmiss asked until the data are properly received.

. Forward Error Correction (FEC) — the source encodes the message and the destinatio
is able not only to determine whether or not anresccured, but also to reconstruct the original
data (or what is deemed the “most likely” origidaka) on its own.

ARQ and FEC can be combined ifdgbrid Automatic Repeat Request (HARQ)techniques,
which is used when major errors are correct via AB€niques while minor guessing is
performed by the target.

In general, EDC schemes consist of adding s@dendancyextra data) to the original
message. This additional information is used bytdinget to check the received data.
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Common techniques in the fields of informatics sgldcommunication are mostly included in
the following code families:

. Repetition codes -this simple ARQ scheme consists of transmittingdhta a certain
number of times. The target can guess whetheribewed data are correct by confrontation and
ask for retransmission if it is needed. Repetittodes are not very efficient, as they require an
extremely large redundancy.

For example, transmitting 4 bits (useful data3et$ requires 12 bits; redundancy is then 8 bit,
which is 200% the useful data and 67% of the whodssage.

. Hamming code$® — this technique makes usepefifect codeswhich are codes that
exactly match the theoretical upper bound on thebar of distinct code words for a given
number of bits. Adding some extra bits in key goas to the original message allows for error
correction.

. Checksum— a message is constructed into codewords of krsizenand a special value,
called checksum, is obtained as the modular ariticream of a group of words. The checksum
is then confronted to a reference, according tesgeific algorithm.

Parity Word, Two's complement, Fletcher's Checkshuaher-32 are widely used checksum
algorithms.

. Cyclic Redundancy Checks (CRCY — this error-detecting technique is well suited to
detect burst errors and is widely used in Ethepnetiocols. Its computation resembles a
polynomial long division operation in which the dgent is discarded and the remainder
becomes the result, but polynomial coefficientateulated according to the carry-less
arithmetic of a mathematical finite field. In thiperation, the divisor is callegknerator
polynomial Different CRCs are defined according to the chagenerator.

. Hash functions— cryptographic hash functions allow the targedd¢termine mismatches
in the received message, through an autenticatida,csometimes referred as digital fingerprint,
hash value or checksum.

. Convolutional codes- the Error Correcting Codes (ECC) which are pgeed on a bit-
by-bit basis; decoding of such codes is usualljopered by the Viterbi decodé?.

. Block codes- the ECCs which are processed on a block-by-hbasks; Hamming codes
can be considered part of this family, togethehvRepetition codes, Multi-dimensional Bit-
Parity Checks, Reed-Solomon codes (a CRC subgsd|yuised in optical disks, DSL and
WiIMAX), Turbo codes and Low-Density Parity-Check®@C).

2. Error detection and correction in hardware

In hardware, soft errdfé’ (also referred to as single-event upsets) geyeaitct storage
elements, such as memory, latches and registéestiag the stored charge values, and
subsequently the logic state of bits.

As technologies scale down, the noise margin deeseand a number of factors become relevant
in their contribution to soft errors.
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The most relevant ones are:

. Neutron radiations - they interfere with charges held within sensithodes in the
circuit.
. Patrticle collisions— these phenomena are more and more likely tordite a critical

modification in the stored charge values as themrmim feature size shrinks.

Manufacturers are increasingly taking soft erraiesa(SER) into serious account: they can
determine increased Bit Error Rate in high-densitgmories and system-vulnerability to
unpredictable malfunctions. Some improvements amtagutions have been proposed in the
manufacting process, i.e. the use of expensiveosHbn-insulator (SOI) substrates, trench
capacitors and/or special single-transistor archites to reduce the occurence of particle
collisions.

Apart from the transistor-level point of view, sos@utions can also be provided by hardware
design at system level, taking advantage from dloé that, as of today, soft errors rates are still
moderate and single-bit errors represent the mikslyl scenario. For example, software
exceptions are implemented in some tightly-coupieeimories (TCM) to perform complete
system resets, while parity checks (see belowakeady used for cache instructions, so that the
detection of an error triggers a low-end flushé&sfr of the pipeline. Hamming codes have often
been proposed to provide protection for tags ahérotulnerable data fields, but complete and
multi-bit correction mechanisms pose a cost in geaincomplexity, area and performance which
is often hard to sustain.

Indeed, the vast majority of the traditional teciugs are designed for software implementation
and mathematical research: they are usually wetéedidor low-level programming, but their
logics are far too abstract and complex to be yasimputed with the limited resources of the
data link layer of a network-on-chip. They simplgnaot comply to the strict requirements of
high speed, moderate area occupation and low poareumption which are required in such
application.

3. Bit parity check in hardware

Bit Parity Check® is a simple 1-detector AR@\W(tomatic ReQuestechnique.
Even parity is a special case of a Cyclic Redungaditeck (CRCY', where the 1-bit CRC is
generated by the polynomiet1.

In encoding phase, a single check line is adddtaamriginal phyt to mark whether the number
of 1 in the phyt is odd or even. In decoding ph#se number of 1 in the phyt is counted again to
check the correctness of the phyt. Only when théyphit is coherent with the input lines, the
phyt is considered valid.
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7 bits of data 8 bits including parity

(number of 1s) even odd
0000000 (0) 00000000 10000000
1010001 (3) 11010001 01010001
1101001 (4 0110100: 1110100:
1111111 (7) 11111111 01111111

An example of 8-bit parity generator
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ARCHITECTURET'tl OF parity IS

SIGNAL chain: STD_LOGIC_VECTORA DOWNTO 0);
BEGIN

chain(A) ='0;

FORIi IN A-1 DOWNTO 0 GENERATE

chain(i) <= chain(i+1XOR in0(i);
END GENERATE
out0 <= chain(0);

END rtl;

ARCHITECTURE rtl OF parity 1S

SIGNAL chamn: STD LOGIC VECTOR(A DOWNTO 0);
BEGIN
chain(A)="0";
FOR 1IN A-1 DOWNTO 0 GENERATE
chain(i) <= chain(i+1) XOR m(1);
END GENERATE:

out0 <= chain(0);

END rtl;

Sample VHDL architecture of parity generator witngric number of bits A

It can be observed that an even number of errdigeisame phyt brings to a non-detected error.
This technique can detect (but not correct) anraddber of errors per phyt, thus it can be
considered suitable only for single-error protocols

Single-error detectors can be useful in NoCs, bexaf their simple logic (small area overhead
and limited power consumption) and fast execution.

The table below shows synthesis results of a siblglek 77-bit version and the equivalent 8-bit
segmented (10 modules for a total of 80 bits).
Segmented version is obtained in the same way wkeponodules, and is expected to reduce

critical paths: propagation delay of smaller modutesignificantly reduced at the cost of further
redundancy lines.
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Bus size DSM Clock limit* Power Area overhead Redundancy
Technology overhead**
77 65 nm 633 MHz 1.82 mW 2866 standard cells  ltypéne
77 40 nr 750 MHz 1.46 mW\ 1664 standard ce 1 parity line
77 32 nm 867 MHz 1.34 mW 948 standard cells 1 ypérne
8x10 65 nm 900 MHz 3.06 mW 3110 standard cells pdrity line
8x10 40 nm 1033 MHz 2.48 mW 2190 standard cell® pdrity line
8x10 32 nm 1200 MHz 2.30 mw 1120 standard cell® pdrity line

* assuming input delay = 15% clock period, outpefagt = 10% clock period

** comprehensive of dynamic and static power constiom at the maximum working frequency
(thus values are not directly comparable)

4. Multi-dimensional bit parity check in hardware

Multi-dimensional Bit Parity Check is a 1-correcfEC Forward Error Correctior) technique.
Traditional FEC techniques, such adamming Distance Chettk and Reed-Solomon
Algorithm?®, are not suitable for hardware implementation, tutheir complexity (area, power
and critical path would not be acceptable). Muliensional Bit Parity Check is usually
discarded in the field of telecommunication, ageitjuires more redundancy than the other

common techniques. In the context of electroniasyédver, this technique is far lighter to
implement.

In the encoder, the original phyt is redistributed 2D matrix and parity checks are performed
for each row and for each coloumn. The phyt is ttransmitted with the row and coloumn

parity check (which then become redundancy lingk)ch are verified by the decoder. If a bit in

the phyt is affected by an error, then both its mwd coloumn parity checks will provide an

incoherence. A conditional inverter is instructedirivert only the bit whose parity checks are
incoherent, thus correcting the error.

1
: 3

|

4

1 2 -3
-7

A — BN

Encoder working principle
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coloumns
_} data M'%

Core rOWs

N/M

data
o

Encoder scheme
minimum redundancy is obtained wif,,, = VN

N/M
— XOR
'& Core N/M
M
+KOR
,. [ ) o
M Sel ,

N’(_ Inv N

Decoder scheme
“Sel Inv” block inverts the bit whose row and cohon are flagged wrong by the “Core” block
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]‘E

Parity 7 N/M

M,t Parity ?
IN/M - EN/m
] &
=l |3
- —=
1 )
7

Core scheme

The described technique works only for single-epratocols: if two errors occure in the same
phyt, then up to four bits are inverted, but ony tof them were wrong. A multi-dimensional
matrix can be used to correct a greater numbenrofse In general, a Q-dimensional parity
scheme can correct up to Q/2 errors.

Error-correctors require, in general, more redungdnits and more complex logic than error-
detectors.

Version DSM Clock limit* Power Area overhead Redundancy
Technology overhead**

72-bit 65 nm 633 MHz 2.74 mW 3774 standard cellg parity lines
single-block
72-bit 40 nnr 833 MHz 2.80 mW 2590 standard ce |17 parity line
single-block
72-bit 32 nm 967 MHz 2.44 mW 1265 standard cellg parity lines
single-block

* assuming input delay = 15% clock period, outpefagt = 10% clock period
** comprehensive of dynamic and static power constiom at the maximum working frequency
(thus values are not directly comparable)
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9. Experimental data and future development

The activity described in this document aimed at ithplementation of power-saving modules
and error-correctors for on-chip and off-chip conmication networks.

The main focus has been given to the topic of pesaemg, through the analysis of various
encoding techniques to provide reduction in powarsamption, both for single-link and full-
network cases of study.

Hardware-module techniques to reduce the Bit EfRate and to provide more reliable
communication for error detection and correctiowehbeen discussed as well.

Future developments for this work are largely pussi

The presented power-saving techniques can be fledpp other electronic sub-systems, while
similar evaluations can be performed on differentchip and off-chip networks, and many
design optimizations are possible when considetireg data link layer as a comprehensive
hardware system.

More efficient encoding techniques to reduce pos@nsumption and BER are mainstream
academic issues still undergoing relevant work @aklopment by the scientific community.
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