ITRS
2001 ITRS
(MPU) (DRAM) IC(ASIC)
(SOC)
( MPU ASIC)
soC (SIP)
2005 ITRS ITRS
ITRS ITRS 15
4
(SOC) (MPU)

(AMS)
International Electronics

Manufacturing(iNEMI) roadmap  ( http://www.inemi.org)

Table 8
SOC AMS MPU

! The market drivers are most clearly segmented according to cost, time-to-market, and production volume. ~ System cost is
equal to Manufacturing cost + Design cost. Manufacturing cost breaks down further into non-recurring engineering
(NRE) cost (masks, tools, etc.) and silicon cost (raw wafers + processing + test).  The total system depends on
function, number of 1/Os, package cost, power and speed.  Different regions of the (Manufacturing Volume, Time To
Market, System Complexity) space are best served by FPGA, Structured-ASIC, or SOC implementation fabrics, and by
single-die or system-in-package integration. This partitioning is continually evolving.
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Table 8  Major Product Market Segments and Impact on System Drivers
Market Drivers socC Analog/MS MPU
I Portable/consumer
1. Size/weight ratio: peak in 2004 | Low power paramount Migrating on-chip for voice Specialized cores to optimize

2. Battery life: peak in 2004
3. Function: 2x/2 years
4. Time-to-market: ASAP

Need SOC integration (DSP,
MPU, 1/O cores, etc.)

processing, A/D sampling, and
even for some RF transceiver
function

processing per microwatt

1. Medical
1. Cost: slight downward High-end products only. Absolutely necessary for physical | Often used for programmability
pressure Reprogrammability possible. measurement and response but especially when real-time

(~1/2 every 5 years)
2. Time-to-market: >12 mos
3. Function: new on-chip
functions
4. Form factor often not
important
5. Durability/safety
6. Conservation/ ecology

Mainly ASSP, especially for
patient data storage and
telemedicine; more SOC for
high-end digital with cores for
imaging, real-time diagnostics,
etc.

may not be integrated on chip

performance is not important.

Recent advances in multi-core
processors have made
programmability and real-time
performance possible

IlI.  Networking and communications

1. Bandwidth: 4x/3—4 yrs.
2. Reliability

3. Time-to-market: ASAP
4. Power: W/m?® of system

Large gate counts

High reliability

More reprogrammability to
accommodate custom functions

Migrating on-chip for
MUX/DEMUX circuitry

MEMS for optical switching.

MPU cores, FPGA cores and
some specialized functions

1IV.  Defense

1. Cost: not prime concern

2. Time-to-market: >12 mos

3. Function: mostly on SW to ride
technology curve

4. Form factor may be important

5. High durability/safety

Most case leverage existing
processors but some requirements
may drive towards single-chip
designs with programmability

Absolutely necessary for physical
measurement and response but
may not be integrated on chip

Often used for programmability
especially when real-time
performance is not important

Recent advances in multi-core
processors have made
programmability and real-time
performance possible

V. Office

1. Speed: 2x/2 years

2. Memory density: 2x/2 years

3. Power: flat to decreasing,
driven by cost and W/m?

4. Form factor: shrinking size

5. Reliability

Large gate counts
High speed

Drives demand for digital
functionality

Primarily SOC integration of
custom off-the-shelf MPU and
1/0 cores

Minimal on-chip analog
Simple A/D and D/A

Video i/f for automated camera
monitoring, video conferencing

Integrated high-speed A/D, D/A
for monitoring, instrumentation,
and range-speed-pos resolution

MPU cores and some specialized
functions

Increased industry partnerships
on common designs to reduce
development costs (requires data
sharing and reuse across multiple
design systems)

VI Automotive

1. Functionality

2. Ruggedness (external
environment, noise)

3. Reliability and safety

4. Cost

Mainly entertainment systems.

Mainly ASSP, but increasing
SOC for high end using standard
HW platforms with RTOS kernel,
embedded software.

Cost-driven on-chip A/D and
DJ/A for sensor and actuators

Signal processing shifting to DSP
for voice, visual

Physical measurement
(“communicating sensors” for
proximity, motion, positioning).
MEMS for sensors

A/D—analog to digital
DEMUX—demultiplexer

DSP—digital signal processing
HW—hardware
MEMS—microelectromechanical systems

1I/O—input/output
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MUX—multiplex

FPGA—field programmable gate array
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D /A—digital to analog

i/f—intermediate frequency

RTOS—real-time operating system




sSoC sSoC
(MPU AMS )
SOC
SoC ASIC
? ASIC
ASIC SoC
socC
soC 3
SOC SOC
sSoC SoC
ASIC ASIC/SOC
(1)2001 ITRS ASIC MPU
) ASIC ( )
MPU SOC
(1) MPU SoC )
MPU SOC ( ITRS
MPU SOC % SOC
(
(RF) MEMS )
SOC (IP)
SOC
IP IP (
(BIST) )

? Most digital designs today are considered to be ASICs. ~ ASIC connotes both a business model (with particular “handoff”
from design team to ASIC foundry) and a design methodology (where the chip designer works predominantly at the functional
level, coding the design at Verilog/very high description language (VHDL) or higher level description languages and invoking
automatic logic synthesis and place-and-route with a standard-cell methodology). For economic reasons, custom functions
are rarely created; reducing design cost and design risk is paramount. ASIC design is characterized by relatively conservative
design methods and design goals (cf. differences in clock frequency and layout density between MPU and ASIC in previous
ITRS editions) but aggressive use of technology, since moving to a scaled technology is a cheap way of achieving a better
(smaller, lower power, and faster) part with little design risk (cf- convergence of MPU and ASIC process geometries in
previous ITRS editions). Since the latter half of the 1990s, ASICs have been converging with SOCs in terms of content, process
technology, and design methodology.
3 For example, reusable cores might require characterization of specific noise or power attributes (“field of use,” or
“assumed design context”) that are not normally specified. ~ Creation of an IC design artifact for reuse by others is
substantially more difficult (by factors estimated at between 2 x and 5 %) than creation for one-time use.
* The corresponding ASIC and structured-custom MPU design methodologies are also converging to a common “hierarchical
ASIC/SOC” methodology.  This is accelerated by customer-owned tooling business models on the ASIC side, and by tool
limitations faced by both methodologies.
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) ( DRAM RF MEMS

RAM(FeRAM) RAM(MRAM) ) soc
(MT) (HP) (LP) 3
soc
(
)
SOC/SIP (SOC-MT)
MEMS
CMOS
soc
soc
CMOS
( - - ) CMOS
(MEMS GaAs)

(Flash ~ DRAM)

SOC (SOC-HP)
SOC-HP(High-performance)
MPU-SOC MPU
SOC-HP
(
( )
CMOS 100MHz
1
1 10Gbit/
4 1)bit 2)
3) bit 4)

(VCO)

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



(FO4)1
180nm

Ghit/

bit
(2.5Gbit/ )
)

SOC Power-Efficient (SOC-PE)
PE Processing Engines

SOC

10Ghit/

10Gbit/

10Ghit/

SOC SIP

10Gbit/

non-CMQOS

10

1 1 bit

FO4 4-8

SOC

Semiconductor Technology Roadmap Design Working Group

(
CMOS
5
1bit 4
1bit FO4 2-4

(ESD) 1-2pF
ESD

10 2

2-4

Mobile Consumer Platforms

SOC Mobile Consumer Platforms

10 1000

250 (400Mbit )
(

Figure 11

0.4n

90nm

Japan

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005



Mobile Consumer Platform

Dyiiamic Fower, Desipn Effort (Norwalized to 2006)

Figure 12

1.E+05

/ _ T 1.E+04

+ L.E+02

»
»
»
»
»
=
»
»

-
W
>
»
»
»
>

|

T L.E+0Z

MNotmwal ized to 2005)

Frocessing Performance

1.E401

f ’_I f } f f f f f } f f f f f } 1.E+00

2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

[ Processing Performance —4— Dynamic plus Static Power

—&— Design Effort

(Normalized to 2005, Right YV Axis) (Normalized to 2005, Left ¥ Axis)

(Mormalized to 2005, Left T Axiz)

Figure 11 Several Trends for SOC-PE Driver

SOC Mobile Consumer Platform
SOC

PE Processing Engines

PE-1

PE PE = PE
PE_2 fi PE_n - ST

‘ ‘ PE PE | PE
| Q SRR '5""

y PE PE || PE

AR E,:. ..... 543

el e

W7 NSO

’/'///////// NN
 EunetonE |

Figure 12 SOC-PE Architecture Template
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Figure 13 PE PE
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Figure 13 SOC-PE Design Complexity Trends
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50%

2005 30% 2020 90% 2005
2020
2016 10
10

Table 9 SOC-PE Design Productivity Trends

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Trend: SOC total logic size
(normalized to 2005)

1.00 127 162 215 281 3.42 427 5.50 6.58 854 | 1069 | 1377 | 1669 | 2062 | 26.12 | 34.15

Requirement % of reused
desi 30% | 34% | 38% | 42% | 46% | 50% | 54% | 58% | 62% | 66% | 70% | 74% | 78% | 82% | 86% | 90%
esign

Requirement productivity for
new designs (normalized to 1.00 1.24 154 | 200 | 254 | 302 | 367 | 459 | 534 | 673 | 818 10.2 120 143 175 | 221
2005)

Requirement productivity for

reused designs (normalized to
o ) 2.00 248 308 | 4.00 5.09 6.04 7.33 9.19 10.7 135 16.4 204 240 28.6 350 | 442
productivity for new designs

at 2005)
SOC-PE
SOC-LP
Figure 14 PIDS requirements table interconnect chapter
“Interconnect Technology Requirements * ” Design Complexity
Trends “
design chapter SOC-PE
PE
2009 2010 2012
2013 2015 2016
SOC-PE
SOC PE
Figure 15
PE
Design

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2005




8, 000
7, 000
6, 000 —
5, 000
" 4,000
2 —
&
3,000 17 i
2, 000 1 %
1, 000
0 1 i i
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
EZEEEA Trend: Menory Static Power EZZ=A Trend: Logi c Static Pover
E===Trend: Menory Dynam c Pover C—Trend: Logi c Dynam c Power
——=Requi rement: Dynanic plus Static Pover
Figure 14  SOC-PE Power Consumption Trends
1E+05
# of PrpgessinglEngines; Device Performance /./.
Processing Performance,
(Normalized to 2005)
1E+03

1E+02

1E+01

1E+00
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

* 4of Processing Engines

_a (Normalized to 2005)
evice Performance

Reciprocal of CV/I, Normalized to 2005
- [endp' Processing Performance )
_m (Normalized to 2005)

equirement: Processing Performance
(Normalized to 2005)

Figure 15  SOC-PE Processing Performance Trends
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MPU
NRE
NRE
3 MPU s ( FPGA)
MPU MPU
(
) ( )
MPU -
MPU( )
( )
ITRS  MPU (ISA)
socC
MPU 1)
2)
3) MPU
( GTX MPU
)
1. 3 MPU — 3 MPU 1
(CP) 2 (HP) 3 power-connectivity-cost
PCC) 2001  ITRS ( )
MPU PCC CP
( 1 AC )
CP HP
PCC socC
PCC soC
2. — (CP 140mm? HP 310mm? PCC 70-100mm?)
ITRS

° Memory Is a special class of high-volume custom design because of the very high replication rate of the basic memory cells
and supporting circuits.  Since these cells are repeated millions of times on a chip, and millions of chips are sold, the amount
of custom design for these parts Is extraordinary. This aspect has led to separate fabrication lines for DRAM devices, with
some of the most careful circuit engineering needed to ensure correct operation.
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3. — MPU HP CP 130nm
1) MPU ( ) 2) ISA
)
( x86 multi-media instructions (MMX) explicitly parallel instruction computing
(EPIC)) ISA; 4)
7 soC operating system (OS)
, 5) (
2000 2500 %: 6)
SOC MPU
HP CpP
2
4. — MPU 180nm CP 512K (512x 1024 x 9 )
HP 2M SRAM ( 18
) 2 9 10
5. — MPU
" MPU ORTC
SRAM DRAM A MPU
F

5 Multi-core organization and associated power efficiencies may permit slight growth in die size, but the message is still that
die areas are flattening out.

7" A “helper engine” is a form of “processing core” for graphics, encryption, signal processing, etc.  The trend is toward
architectures that contain more special-purpose, and less general-purpose, logic.

¥ The CP core has 20 million transistors, and the HP core has 25 million transistors.  The difference allows for more
aggressive microarchitectural enhancements (trace caching, various prediction mechanisms, etc.) and other performance
Support.

? The doubling of logic and memory content with each technology generation, rather than with each 18- or 24-month time
interval, is due to essentially constant layout densities for logic and SRAM, as well as conformance with other parts of the ITRS.
Specifically, the ITRS remains planar CMOS-centric, there is evidence that non-planar “emerging research devices” are
moving into development, possibly as early as 45 nm (VLSI Symp'03). Adoption of such novel device architectures would allow
improvements of layout densities beyond what is afforded by scaling alone.

" Deviation firom the given model will likely occur around 90 nm with adoption of denser embedded memories (eDRAM).
Adoption of eDRAM, and integrated on-chip L3 cache, will respectively increase the on-chip memory density and memory
transistor count by factors of approximately 3 from the given values.  While this will significantly boost transistor counts, it is
not projected to significantly affect the chip size or total chip power roadmap. Adoption of eDRAM will also depend strongly
on compatibility with logic processes (notably the limited process window that arises from scaling of oxide thickness), the size
and partitioning of memory within the individual product architecture, and density-performance-cost sensitivities..

" ASIC/SOC and MPU system driver products have access to similar processes, as forecast since the 1999 ITRS.  This
reflects emergence of pure-play foundry models, and means that fabric layout densities (SRAM, logic) are the same for SOC.
and MPU. However, MPUs drive high density and high performance, while SOCs drive high integration, low cost, and low
power.
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320F? "2 65nm
(OPC) (PSM)
65nm 20%
0.7 055 0.6
SRAM
60% MPU (F? = 223.19F(u m)+97.74
)
6 ( ) — MPU OTRC
Interconnect Process Integration, Devices, and Structures (PIDS)
Front End Processes (FEP) Test MPU
2 14
(tox ) 14 ( 180nm 32
(FO4 INV) 5 130nm 24 26 FO4 INV )
1) 6 8 FO4
INV 2) ( ) (
2 3 FO4 INV 1 15 FO4 INV ) 3)
4)
( ) RC
2005 ITRS MPU
( MPU ) 90nm 12 FO4
INV 2001 ITRS 16 FO4 INV
10 12F04
90nm
14
MPU
1) MPU  ( )
2)
(Figurel2 SOC PE ) RF /
SOC
MPU
I/0
— MPU 1

12" 4 2-input NAND gate is assumed to lay out in an 8 4 standard cell, where the dimensions are in units of contacted local
metal pitch (MP = 3.16 x F).  In other words, the average gate occupies 32 (3.16)° = 320F".  For both semi-custom
(ASIC/SOC) and full-custom (MPU) design methodologies, an overhead of 100% is assumed.

3 4 FO4 INV delay is defined to be the delay of an inverter driving a load equal to 4 its own input capacitance (with no
local interconnect).  This is equivalent to roughly 14 % the CV/I device delay metric that is used in the PIDS Chapter to track
device performance. An explanation of the FO4 INV delay model used in the 2005 ITRS is provided as a link.

" Unlike the ITRS clock firequency models used through 2000 (refer to Fisher/Nesbitt 1999), the 2005 model does not have
any local or global interconnect component in its prototypical “critical path”.  This is because local interconnect delays are
negligible, and scale with device performance.  Furthermore, buffered global interconnect does not contribute to the
minimum clock period since long global interconnects are pipelined—i.e., the clock frequency is determined primarily by the
time needed to complete local computation loops, not by the time needed for global communication.  Pipelining of global
interconnects will become standard as the number of clock cycles required to signal cross-chip continues to increase beyond 1.
“Marketing” emphases for MPUs necessarily shift from “frequency” to “throughput” or “utility.”
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SOC

)
— (2005 ITRS
) (
1.4x 2x)"°
MPU
CMOS (
4
GOPS/mwW
4
MPU
— 1 MPU
2)
16 MPU
90nm
(
14 1.6

0.7x
)
MPU
MPU
1)
eDRAM L3

13

200W/cm?
0.85x)
PIDS

MPU

> To maintain reasonable packaging cost, package pin counts and bump pitches for fljp-chip are required to advance at a
Slower rate than integration densities (refer to the Assembly and Packaging chapter).  This increases pressure on design
technology to manage larger wakeup and operational currents and larger supply voltage IR drops, power management
problems are also passed to the architecture, OS, and application levels of the system design.
'S Replication enables power savings through lowering of frequency and V., while maintaining throughput (e.g., two cores
running at half the frequency and half the supply voltage will save a factor of 4 in CVAf dynamic capacitive power, versus the
“equivalent” single core). (Possibly, this replication could allow future increases in chip size.) More generally, overheads of
time-multiplexing of resources can be avoided, and the architecture and design focus can shift to better use of area than
memory.  Redundancy-based yield improvement occurs if, for example, a die with k-1 instead of k functional cores is still

useful.
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110 — MPU I/0

I/0
L2 L3
1/0
Gbit/s
I/0
I/0
( )
PIDS (
)
single event upset(SEU)

( )
1 (O]
2. Silicon-on-insulator(SOI)
3. Vth Vdd
4.
MPU
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AMS RF
- CMOS
RF
AMS SOC
BIST
RF SoC
AMS
4
SoC RF
1. (LNA)
2. (VCO)
3. (PA)
4, (ADC)
FoM

17

RF

7" Certain cases of application are omitted for the sake of simplicity, and arguments are given for the cases selected,
Conslderations focus on CMOS since it is the prime technological driving force and in most cases the most important
technology. Alternative solutions (especially other device families) and their relevance will be discussed for some cases, as well
as at the end of this section.
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RF and
Analog/Mixed-signal Technologies for Wireless Communications
(LNA)
LNA
LNA
LNA (global standard for mobile (GSM, ), code division multiple access (CDMA), wireless local
area network (WLAN), global positioning system (GPS), Bluetooth )
LNA
LNA
3
(OIP3=G > IIP3 G 1IP3 3 ) LNA
NF
(NF'l) Nampltﬁer
]vinput 2
P DC
LNA
f
LNA (FoMy4)
G-1IP3-f
FoM ,,, =——— 1
W = NFDP [
18 fmax MOSFET(gm/gdleimin) RF
LNA RF and
Analog/Mixed-signal Technologies for Wireless Communications
Tablel0 LNA
(VCO)
VCO (PLL)
VCO

'S R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A  mixed-signal design roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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( )
(FoMyco)
A
FoM oo =| =% | ———— 2
OMyco (Afj A} P [2]
Jo Liaf} fo af P
VCO FOMVCO
VCO LC
1/f FoMyco VCO
LC
1t
FOMVCO
(RF and Analog/Mixed-signal Technologies for Wireless Communications )
VCO Table 10
PA
PA
DC
CMOS
SIP
RF and Analog/Mixed-signal Technologies for
Wireless Communication
Pout G f 1IP3 PAE
RF
20dB/ 1 1’ FoM

" Most CMOS PAs are currently operated in this regime.  Using DC-gain for applications far below T would result in a
slightly increased slope.
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FOMPA:B)uz'G'PAE'fZ [3]
A 20
FOM 2
JSimax CMOS FoM
2
RF and Analog/Mixed-signal Technologies for Wireless
Communication Tablel0
FoM
- ADC
ADC
ADC
ADC
ADC
ADC
2" n bit
SNR SNR =n-6.02+1.76 [dB]
n
/
2 Samplezzx BW
ADC FoM
fsample P
SINAD,
dB SINAD, 7 bit
ENOB, = (SINAD, —1.76) / 6.02
2><ERBW
2% )y min ,12x ERBW
FOMADC — ( ) ({fmmple} { }) [4]

P

20" R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A  mixed-signa  design roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.

L' R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A mixed-signal design roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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ADC FoM
ADC
RF
22
ADC
RF and Analog/Mixed-signal Technologies for Wireless Communication
ADC 3 2
CMOS/ CMOS BiCMOS ADC 1600
/ CMOS 800 / ADC
Tablel0 ADC
ADC
Table 10 Projected Mixed-Signal Figures of Merit for Four Circuit Types.
Year of Production 2005 2008 2011 2014 2017 2020 Driver
RF-CMOS % Pitch 90 65 45 32 22 18
FoMy, [GHz] 80 160 | 200-300 | 300-400 | 400-600 | 500-700
FoMyco [1/J] 107 0.9 1.1 L5 2 2.4 3 Refer to the RF and AMS
FoMp, [Wx GH22] 10° 10 20 40 60-80 90-100 110-130 | Technologies for Wireless chapter
FoM,pc [GHz/W]10° 1.2 2 34 4-10 6-20 8-40
Table 10
SoC 5 30
[ ]
ADC

2" R. Brederlow, S. Donnay, J. Sauerer, M. Vertregt, P. Wambacq, and W. Weber, “A Mixed-signal Design Roadmap for the
International Technology Roadmap for Semiconductors (ITRS),” IEEE Design and Test, December 2001.
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SIP SoC
23
Wireless
/
— Figure 16 ADC
X 1
Table 10
ADC 1w 10
ADC SiGe -
1w
2005 GHz/mW
2005: 1GHz/mWatt ==
N
A supe\h 1w
E 22 mwW audio
E 20
of 18F
S| 16 audio GSM | oo
o 14F ~ base- [ ",
e GSM [“station .d high ™
ol 12 W- “\ : data-rate 3
x Cabl e.g. 60GHz,;!
10f ASDA DTVW_Aag gUWB)
= ided >N
8 N ‘k |Storagq
6 Inter-
4F connectivity \
] ] ] ] | ] ]

1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 1GHz 10GHz 100GHz
Signal Bandwidth

Figure 16  Recent ADC Performance Needs for Important Product Classes

5 In analog designs, power consumption is often proportional to area—and since power is included in all four figures of merit,
we have already implicitly considered area and cost criteria. ~ Nonetheless, area requirements should be stated explicitly in a
roadmap.
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bit
ADC
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Si-Ge
CMOS

14bit

CMOS

MOSFET
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GSM
80dB
Table 10
2010
SiGe
bit
HBTs -V
SIP
Figurel6
SoC
SoC
PIDS
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o SoC
PIDS

SOC RAM  Read Only Memory(ROM)

10
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DRAM lon

SRAM DRAM

Table 11a 11b 3

SRAM
DRAM
pMOS
RAM RAM

23

45 nm

SRAM
2
Vth
SER
Design
CMOS
NVM
PIDS
CMOS SRAM
0.7x
PIDS Emerging Research Devices
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Table 11a Embedded Memory Requirements—Near-term

Year of Production 2005 2006 2007 2008 2009 2010
DRAM > Pitch (nm) 80 70 65 55 50 45
CMOS SRAM High-performance, low standby power

(HP/LSTP) 90 90 65 65 65 45
DRAM ¥ pitch (nm), Feature Size — F

6T bit cell size (F) [1] 140F2 140F2 140F2 140F2 140F2 140F2
Array efficiency [2] 0.7 0.7 0.7 0.7 0.7 0.7
Process overhead versus standard CMOS — 1 2 2 2 2 2
number of added mask layers [3]

Operating voltage — Vqq (V) [4] 1112 11112 11 111 111 1
Static power dissipation (mW/Cell) [5] 15E-4/6E-7 | 1.5E-4/6E-7 | 3E-4/1E-6 | 3E-4/1E-6 | 3E-4/1E-6 | 5E-4/1.2E-6
%’C@”&;%"fg consumption per cell - 7E-7/85E-7 | 6E-7/8E-7 | A5E-T/TE-T | 4E-T/65E-7 | AE-T/6E-7 | 3E-T/5E-7
Read cycle time (ns) [7] 0.4/2 0.4/2 0.3/15 0.3/1.5 0.3/1.5 0.2/1.2
Write cycle time (ns) [7] 0.4/2 0.4/2 0.3/15 0.3/1.5 0.3/1.5 0.2/1.2
Percentage of MBU on total SER 8% 8% 16% 16% 16% 32%
Soft error rate (FIT/Mb) [8] 1100 1100 1150 1150 1150 1200
iﬁﬁedded Non-Volatile Memory (code/data), DRAM : pitch 130 130 9% 90 9% 65
ﬁg’;'éigj)o;( INAND FLOTOX [9] 10F%5F% | 10F%sF% | 10F%sF? | 10FY5F? | 10FYSFY | 10F5F
Array efficiency —

NOR FLOTOX/NAND FLOTOX [10] 0.6/0.8 0.6/0.8 0.6/0.8 0.6/0.8 0.6/0.8 0.6/0.8
o el v s s oo | so | sa | sa | eo | o
Read operating voltage (V) 25V 25V 2V 2v 2V 1.8v
\lgvgs,(\ﬁ’fl\lgrg?l/g]rase) on chip maximum voltage (V) - 12VA5V | 12VASV | 12vASV | 12vAsV | 12vAsV | 12visv
Static power dissipation (mW/Cell) [5] 1.E-06 1.E-06 1.E-06 1.E-06 1.E-06 1.E-06
Dynamic power consumption per cell — (mW/MHz) [6] 0.8E-08 0.8E-08 0.6E-08 0.6E-08 0.6E-08 0.6E-08

Read cycle time (ns)

NOR FLOTOX /NAND FLOTOX [7] 14/70 14/70 10/50 10/50 10/50 7/35

Program time per cell (us)

NOR FLOTOX /NAND FLOTOX [13] 1.0/1000.0 | 1.0/1000.0 | 1.0/1000.0 | 1.0/1000.0 | 1.0/1000.0 | 1.0/1000.0

Erase time per cell (ms)

NOR FLOTOX /NAND FLOTOX [13] 10.0/0.1 10.0/0.1 10.0/0.1 10.0/0.1 10.0/0.1 10.0/0.1

Data retention requirement (years) [13] 10 10 10 10 10 10
Endurance requirement [13] 100000 100000 100000 100000 100000 100000
[Embedded DRAM, ¥ pitch (nm) 130 90 90 90 65 65
1T1C bit cell size (F%) [14] 12-30 12-30 12-30 12-30 12-30 12-30
Array efficiency [2] 0.6 0.6 0.6 0.6 0.6 0.6

Process overhead versus standard CMOS —

number of added mask layers [3] &5 &5 5 35 &5 &5
Read operating voltage (V) 25 2 2 2 18 17
Static power dissipation (mW/Cell) [5] 1E-11 1E-11 1E-11 1E-11 1E-11 1E-11
Dynamic power consumption per cell — (mW/MHz) [6] 1.E-07 1.E-07 1.E-07 1.E-07 1.E-07 15E-07
DRAM retention time (ms) [13] 64 64 64 64 64 64
Read/Write cycle time (ns) [7] 1 0.7 0.7 0.7 0.5 04
Soft error rate (FIT/Mb) [8] 60 60 60 60 60 60

FIT—failures in time FLOTOX—Afloating gate tunnel oxide MBU—multiple bit upsets NAND—not an “AND” logic operation
NOR—~not an “OR” logic operation
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Table 116 Embedded Memory Requirements—Long-term ™

Year of Production 2012 2015 2018
DRAM % Pitch (nm) 36 25 18
CMOS SRAM High-performance, low standby power (HP/LSTP) 35 25 18
DRAM 1/2 pitch (nm), Feature Size — F

6T bit cell size (F2) [1] 140F° 140F° 140F?
Array efficiency [2] 0.7 0.7 0.7
Effcess overhead versus standard CMOS — number of mask adders 2 2 2
Operating voltage — Vg (V) 0.9/1 0.8/0.9 0.7/0.8
Static power dissipation (mW/Cell) [5] 1E-3/1.5E-6 2E-3/2E-6 3E-3/2.5E-6
Dynamic power consumption per cell - (mW/MH?z) [6] 2.5E-7/4.5E-7 2E-7T/4E-7 1.5E-7/3E-7
Read cycle time (ns) [7] 0.15/0.8 0.1/0.5 0.07/0.3
Write cycle time (ns) [7] 0.15/0.8 0.1/0.5 0.07/0.3
Percentage of MBU on total SERs 64% 100% 100%
Soft error rate (FIT/Mb) [8] 1250 1300 1350
Embedded Non-Volatile Memory (code/data), DRAM : pitch (nm) 45 35 25
Cell size (F) - NOR FLOTOX/NAND FLOTOX [9] 10F%/5F? 10F%/5F2 10F%/5F?
Array efficiency - NOR FLOTOX/NAND FLOTOX [10] 0.6/0.8 0.6/0.8 0.6/0.8
E’]ocess overhead versus standard CMOS — number of mask adders 6-8 6-8 6-8
Read operating voltage (V) [4] 15V 1.3V 1.2v
\K‘VSF'J,\E‘ A‘,’\%Eﬁ?/ erase) on chip maximum voltage (V) - 12V/15V 12V/15V 12V/15V
Static power dissipation (mW/Cell) [5] 1.E-06 1.E-06 1.E-06
Dynamic power consumption per cell - (mW/MH?z) [6] 0.4E-8 0.35E-8 0.3E-8
Read cycle time (ns) 5/25 35/18 2.5/12
Program time per cell (us) [13] 1.0/1000.0 1.0/1000.0 1.0/1000.0
Erase time per cell (ms) [13] 10.0/0.1 10.0/0.1 10.0/0.1
Data retention requirement (years) [13] 10 10 10
Endurance requirement [13] 100000 100000 100000
Embedded DRAM, Y pitch (nm) 45 35 25
1TIC bit cell size (F%) [14] 12-30 12-30 12-30
Array efficiency [2] 0.6 0.6 0.6
Effcess overhead versus standard CMOS — number of mask adders 36 36 36
Read operating voltage (V) 16 15 15
Static power dissipation (mW/Cell) [5] 1E-11 1E-11 1E-11
Dynamic power consumption per cell — (mW/MH?z) [6] 1.6E-07 1.7E-07 1.7E-07
DRAM retention time (ms) [13] 64 64 64
Read/Write cycle time (ns) [7] 0.3 0.25 0.2
Soft error rate (FIT/Mb) [8] 60 60 60

*Figurel 1b data will be annualized in 2006.  For the 2005 ITRS, long-term years are 2014—2020.

Figurella 11b

[1] 6T CMOS SRAM
[2] ( )
[3] CMOS
SRAM Vth pMOS
Vdd Vth
[4] PIDS logic device requirements table HP LSTP
[5] |_Standby x Vvdd PIDS logic device
requirements table HP LSTP Vdd
[6]
WL  Vdd BL 0.8 Vvdd WL
CWL BL CBL 1MHz Vg X CWL (per cell) x

(Vgq) + Vgax CBL (per cell) x (Vyq) x10°
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[7] read cycle time
write cycle time

[8] 1FIT 10 1

[9] 1T FLOTOX

[10] NOR
[11] CMOS

[12]

table

[13] program time per cell
cell

[14] DRAM
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