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NOC INTERCONNECT IMPROVES SOC ECONOMICS

Initial Investment is Low Compared to SoC Performance and Cost Benefits

s systems on chip (SoCs) have
grown in complexity and cost,
one of the more critical factors

for an SoC’s economic success in the
marketplace has become its interconnect.

The interconnect has a significant impact
on SoC costs because it influences four
key factors of SoC design: die size,
power consumption, design time, and
performance.

e Die size can increase if conven-
tional interconnect routing wire
and gate area requirements ex-
plode due to the increasing num-
ber of IP blocks in a SoC.

e Power consumption can mush-
room if an SoC’s interconnect
cannot easily be configured for
advanced power management
schemes like dynamic frequency
and voltage scaling (DVFS).

e Project design time can extend if
the SoC’s interconnect becomes
difficult to configure and verify.
This can slow downstream de-
signs if a platform-based design
methodology is used as a basis
for derivative SoC designs.

e Performance can suffer if an in-
terconnect approach cannot adapt
to changing requirements over
the SoC’s design cycle and prod-
uct life for changing SoC IP
blocks, QoS, bandwidth, latency,
security and clock frequency.

As the one piece of IP that touches all
other functional IP blocks in an SoC, the
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interconnect, along with its configura-
tion, verification, and utility, is the criti-
cal path to ensuring the proper operation
of a modern SoC.

ypically, design teams approach
Tthe interconnect using either IP

that is provided for free by the
suppliers of IP blocks, or they create
their own in-house solution.  These
methods cannot easily adapt to changing
SoC feature and process technology re-
quirements, driving the team to invest in
interconnect technology and products
that will meet their needs into the fore-
seeable future.

Network on chip (NoC) technology is a
relatively new approach to signaling that
enables not only more efficient intercon-
nects but also more efficient design and
verification processes for modern SoCs.
NoC is an approach to signaling that
matches the needs of the signal to vari-
ous communications protocols in a way
that reduces the complexity of the chip’s
interconnect. Slow or low bandwidth
signals can be multiplexed onto a single
line with other signals, while only the
highest speed, highest bandwidth signals
communicate directly over space-
consuming parallel paths. The technical
advantages of a NoC interconnect im-
prove SoC economics.

Wire savings result from the use of a se-
rialized packet transport. The architect
can control the number of wires in a
master-to-slave link based on connection
latency requirements, using more wires
for low latency connections such as CPU
to DDR traces, a medium number of
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wires for high bandwidth connections
and a minimum number of wires for
connections to I/O peripheral blocks
where latency is not a major considera-
tion.

Although NoC interconnects are sold for
a fee, they are often lower-cost options
than using alternative interconnect
methods, even if these other methods
have little or no initial cost.

A Real Example

One NoC provider, Arteris, has com-
mercialized network on chip technology
and has refined the technology into a
mature product, called “FlexNoC,”
through its work with 20 leading semi-
conductor companies including Texas
Instruments, Qualcomm, and Samsung.

Arteris has provided Objective Analysis
findings based on
over 50 SoC designs
of varying complexi-

ties, allowing us to |- ——_—

User A

Actual User Wire and Gate Savings

35%

ing in the NoC transport layer) and from
the elimination of bus bridges, multi-
plexers and other extraneous logic.

This 50% reduction in wires and a 30%
reduction in gate count will shrink the
SoC’s die size by a varying amount de-
pending upon the design’s complexity
and whether or not the chip is pad-
limited. Typically an application proces-
sor SoC would see a die savings of 2-5%.
On average this would translate to sav-
ings of 10 cents per chip, which in a
manufacturing run of ten million chips
would result in production savings of $1
million.

Typical Design Cycle

A NoC approach simplifies signal rout-
ing compared to standard interface meth-
ods. Instead of routing signals through
multiplexers and switches the architect
decouples the IP
blocks from the inter-
connect  structures,
adding protocol con-

User B User C

>50% >50%

look over a broad mix .
Gate Reduction

30%

17% 299 | version blocks at the

of several key vari-

Freq Obtained

> 400 MHz

edge of the network.

469MHz | 438 MHz

ables:
¢ Die size
¢ Timing convergence
e Routing congestion
e [P flexibility savings
® Power utilization improvements
e Performance and bandwidth
headroom expansion.
NoC Technology Benefits

In actual customer use, Arteris found
that chips designed using FlexNoC re-
quire roughly half as many global inter-
connect wires and 30% fewer gates for

complex SoC interconnects. (See table.).

The gate count reduction comes from an
elegant NoC transport implementation
(with relatively small amounts of buffer-
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In the case of the Ar-
teris FlexNoC product, small Network
Interface Units (NIUs) at the edge of the
interconnect  automatically translate
common [P protocols into Arteris’ pro-
prietary NoC transport format. NIUs
have been designed to support all ARM
protocols including ARM AMBA4 ACE,
AXI, AXI Lite, AHB and APB, all ver-
sions of OCP, Tensilica PIF, BVCI and a
number of proprietary formats.

Once the SoC architecture and topology
are defined, the software automatically
generates a gate level representation of
the actual NoC, then automatically runs
verification coverage tests and generates
test benches. The automatic generation
of the gate-level representation shaves
days or even weeks from the SoC design
cycle, and the verification and test fea-
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ture accelerates SoC verification by
weeks or even months.

Cutting Project Costs

The RTL and layout development budg-
ets for a typical SoC design project will
cost around $20 to $30M. A NoC ap-
proach can help cut this cost by shorten-
ing development cycles, minimizing or
eliminating routing congestion, and sim-
plifying timing closure. This reduces the
number of front-end and back-end engi-
neering iterations required to meet SoC
requirements.

Since NoCs use point-to-point connec-
tions rather than the more typical mix-
ture of multiple fan-out meshes, it is
simpler to add or remove IP blocks.

toolset generates multiple levels of Sys-
temC models for the interconnect IP
which can be used to get a more com-
plete system level model of the SoC.

The NoC configuration tool allows fine-
grained pipeline insertion to accelerate
the process of timing closure. This can
also subtract weeks from a project
schedule and minimize the risk of an
SoC missing its timing specification.
Easier layout and fewer iterations not
only speed project schedules and shrink
costs, but they also can reduce project
risk.

More Design Flexibility

For many designers the use of a NoC
results in more flexibility to optimize

While a more their SoCs.
standard hybI'ld Figure 1.) Business Days per Project By Phase Prior to llSiIlg
bus will contain a NoC ap-
: NoC

a  centralized .- progch these
crossbar  and designers only
numerous wires had time to
that create dif- NoC change their
. o .

ficult-to-route interconnect
congestion about 5-6
points, an times per pro-

; .. Hybrid ; RTL .

NoC’s dlStI‘ll?— Bus Arch/Design | g o ject. Today
uted communi- these same de-
cation architec- signers are

ture minimizes

routing conges-

tion points to simplify the chip's layout
effort. This can cut weeks or even
months from an SoC design project
schedule as is illustrated in Figure 1.

( j ertain advanced tool sets offer the
SoC architect design specifica-
tion and exploration capabilities

powerful enough to allow a large chip's

complexity to be mastered in less time
than can be done using other high-level
interconnect design tools. Arteris tells us
that their FlexArtist tool set helps the
architect to optimize a design by model-
ing data traffic bottlenecks, congestion
points, and performance issues. This
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100

Business Days

150 200 250

able to refine
their intercon-
nect 9-10 times per project This gives
them greater flexibility to accommodate
changes coming from both engineering
and customers while also providing
more time for system-level power and
performance optimization.

Improved Time to Market

Because the SoC’s interconnect IP is
available earlier, emulation can also start
earlier, accelerating system verification
and software development. Certain ob-
servability features such as Arteris’ sta-
tistics collector allow the interconnect to
be used to observe the inner workings of
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the SoC. This helps accelerate debug
and performance optimization on early
silicon.

In some cases these capabilities result in
a time to market im-
provement of 20-
50%, potentially

shrinking an IS Annual Unit Production
month design cycle BUFNERNNESBINE
by 3%2 - 9 months. Total Die Area Cost Savings

To understand this in
fiscal terms, assume
that a project uses a
design team of 60
hardware  designers
each with a fl.llly SoC Revenue Increase
loaded annual cost of Total Value Increase
$250K. A 3-month design cycle reduc-
tion would yield savings of 180 man
months or 15 man years translating into
savings of $3.5M per project.

Projects per Year

Sales Increase (5%)

Better Performing SoCs

The NoC approach doesn't only simplify
layout — this approach has side benefits
like power savings and improved per-
formance. Lower power translates into
longer battery life and a better user ex-
perience, leading to stronger sales.

To add to these power savings Arteris
has added power conservation support to
their FlexNoC product through multi-
level clock gat-

Cumulative Savings Over Multiple Projects

Total Project Savings (8% total)

SoC Unit Shipment Increase

Figure 2.) Monetary Value of Using Arteris

sumed approximately 7mW under the
same conditions. This is a 10x improve-
ment in power consumption and standby
battery time.

Higher  performing
SoCs can lead to im-
Measure proved revenues.
100,000,000 | Current NoC tech-
nology supports in-
$10,000,000 | terconnect frequen—
cies of up to IGHz in
a 40nm process, fa-
cilitating its use in
high-performance de-
signs. By compar-
$25,000000 | json,  conventional
$49.400,000 | hybrid bus and cross-
bar performance tops out at around 300
to 400 MHz.

$14,400,000

5,000,000

Some NoC approaches include a multi-
port memory scheduler, like Arteris’
FlexMem, which supports architectures
that require optimized memory band-
width and latency. This system connects
to Synopsys and Cadence-Denali mem-
ory controllers and supports link widths
ranging from 8-256 bits, delivering over
one terabyte per second of bandwidth.

Higher Margins & Sales

Let’s look at an example of how a NoC
approach could impact the success of a
typical SoC.

ing, support for $60
frequency,

voltage and $50 |
power domains,

power  man- $40 -
agement  and
other features.
In one design,

We will as-
sume a volume
chip maker
shipping 100M
SoCs per year
based on six

49.4 . .
b design projects

$7.2 per year. This

scenario,
shown in the
table and Fig-

a 500,000-gate "
Arteris NoC in N 57

a 65nm LP

process  con- 50 |

sumed 0.7mW Die Area R&D

of idle power
compared to a hybrid bus which con-
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Other Add'l1Revs  TOTAL

ure 2, is an av-
erage based on
Arteris’ customers’ production shipping
experiences over five years.
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In this example an SoC maker adopting
the NoC interconnect IP platform would
save $49.4M per year based on a ship-
ping volume of 100 million chips and 6
projects. The benefit of saving money
by choosing a free software solution
pales in comparison to the economic re-
turns of the savings in this table.
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hat does this mean to a com-
pany’s stockholders? If we
assume that a SoC manufac-

turer has 100 million shares outstanding
— adoption of an NoC interconnect plat-
form could add about 4 cents per share
to the annual earnings of this company.

It is clear that NoC interconnect technol-
ogy could prove to be the most signifi-
cant SoC design innovation of recent
times when considered from the perspec-
tive of return on investment.

Jim Handy, April 2011
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