The engine of ICT

Nanotransitors are
smaller than a virus

High-K/Metal-Gate Transistor .
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Atari PONG (1976)




Why do we need all these
transistors?

Atari PONG (1976) FIFA 14 (2013)

Why do we need all these
transistors?

Main SoC

FIFA 14 (2013)
XBox one — PSP 4
5 Billion transistors
8 Jaguar cores

Atari PONG (1976)
Atari 3659-1C
3000 transistors

http://www.pong-story.com




Point-contact Transistor —
Bardeen, Brattain, Schockley — 1948

http://history-computer.com/ModernComputer/Basis/transistor.html
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First transistor applications
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TR52 Transistor Radio, 1955

Hearing aid 1952



Integrated Circuit— 1958
J. Kilby (Nobel 2000), R. Noyce

http://history-computer.com/ModernComputer/Basis/IC.html

MOSFET demonstrated 1960,

Atalla & Kahng

g 27, 1963 DAWON KANNG 3022
BRICTRIC FIELD CONTMLLED SIMICOSDUCTER DEVICE
Piled Wy 31, 1960




Moore’s law, 1965
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COMPONENTS PER INTEGRATED FUNCTION

4004 Microprocessor — 1970 — Intel
(Hoff, Faggin, Mazor)

2300 PMOS — 10 pum process
108 KHz
3mmx4 mm

http://history-computer.com/ModernComputer/Basis/microprocessor.html



4004 Microprocessor — 1970 — Intel
(Hoff, Faggin, Mazor)

4004

2300 PMOS — 10 pum process
108 KHz

3mmx4 mm

http://www.intel4004.com/sign.htm

Busicom 141-PF calculator (NCR 18-36)

209 Ngel Teut

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html



Busicom 141-PF board

4 x 4001

(2048-bit ROM,
mask
programmable)

2 x 4002 (320-bit
RAM).

3 x 4003, 10-bit
shift register

4004, 4-bit CPU

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html

Busicom LE-120A “Handy” (1971)

Chip: Mostek MK6010 (2100 transistors)

http://www.vintagecalculators.com/html/busicom_141-pf_and_intel_4004.html



Scaling

* Larger chips and smaller transistors
e Why?
* Smaller transistor are faster
* Shorter time per operation (higher clock freq.)
* Better microarchitectures (more instructions
per cycle)
Dennard’s scaling rules
Parameter Sensitivity Dennard Scaling
L: Length 1/S
W: Width 1/S
t..: gate oxide thickness 1/S
Vpp: supply voltage 1/S
V;: threshold voltage 1/S
NA: substrate doping S
p W/ (Ltoy) S
lon: ON current B(Vpp-Vy)? 1/S
R: effective resistance Voo/lon 1
C: gate capacitance WL/, 1/S
1. gate delay RC 1/S
f: clock frequency 1/t S
E: switching energy / gate CVpp? 1/S3
P: switching power / gate Ef 1/S2
A: area per gate WL 1/82
Switching power density P/A 1
Switching current density lon/A S




“Impossible!

1980 = diminishing returns below'0.5 micron

1990 — not convenient beyond Q.25 micron,
impossible below 0.1 micgon &

2000 — not below' 50

2010 — not below 10 nm" '

’
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Moore’s Law - 2005
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Intel, presentation from 2001
The incredible shrinking transistor

1.00 - 0.5um
C 0.35um
Technology
0.18;um
g 0.13um Node
e 0.2um 80nm
0 +© 65nm
.9 0 0 ! ' 130nm N 45nm
= - Transistor 70nm A 30nm
- Physical Gate 5°"'“3;)“.. "
= nm .
Length 20nm A 15nm
0.01 1 ! i ! i i 1 1 ; : ! : L ; L 1 : -

1990 1995 2000 2005 2010

Year

0.13um Transistor

_ ‘ 0.07um
por NMOS

0.07 um L. Transistors
intgl. Still a “standard” transistor




“New” scaling
Not your dad’s transistor

Transistor Innovations Enable Technology Cadence

2003 2005 2007 2009 2011
S0 nm 65 nm . 45nm 32 nm 22 nm

SiGe % 51Ge u

¥ J-.L Wxﬂ

invented 2™ Gen Invented “ Gen. First to
SiGe SiGe Gate-Last C.ate Last implement
Strained Silicon Strained Silicon High-k Metal Gate  High-k Metal Gate Tri-Gate

Strained Silicon

High k Metal gate

Strained silicon

NMOSFET tensile uniaxial pMOSFET compressive uniaxial

4

NiSi Formation N




High-k Dielectric reduces leakage
substantially
W T

Silicon substrate | Silicon substrate
e,
Benefits compared to current process technologies

High-k vs. SiO, Benefit

Much faster

M L)
Capacitance 60% greater drarictos e

Gate dielectric

leakage > 100x reduction | Far cooler




4th Generation Intel® Core™ Processor Die Map
22nm Tri-Gate 3-D Transistors

Engine &
Memory
Controller

Inchudin
IS8 T EE BRIV R S Display, PCle

Shared L3 Cache** ﬂ
BIEmIEIEmIN

- 488 Memory Controller VO Sl ) et | S B

1.4 B transistors - die size 177 mm?2

Market data 2014

Global Gross D Product: 76.5 ST
Global Production electronic systems: 1.49 ST
Global Semiconductor Market: 353 SB
Semiconductor Capital Spending: 65 SB

Semiconductor Materials Spending: 44.8 SB
Fab cost (22 nm): ~10 BS
Intel revenue 2013 (2016): 53.3 BS

(55,3 BS)

Source: IC Insights, Intel



Global Electronics Systems market: 1.3 ST (year
2012)

End-Use Systems Markets ($SB) and Growth Rates

Standacd s 3 Colphores
$208.3 ‘ 2472
d.u 14" AutomoTve
$1630 Talsiets

. $1170
v "®

¥

3

g

Share of 2013 Systamas Sakes (Est)
-
=

™ ssno. Game o
Console S Ulectronics Wireiess Networks
% $5% 0 “”, 222
a% % % 1% 1% 1%
Source: K nwights 2012-2017 CAGR

Compound annual growth rate

Global Integrated Circuits market: 292 SB (year 2012)

IC End-Use Markets ($B) and Growth Rates
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1.5 B smartphone sold in 2015
Smartphone Marketshare Trends
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The smartphone is the reference
electronic system

The smartphone industry dwarfs PCs

4bn people buying phones every 2 years instead of 1.6bn buying PCs every 5 years

Quarterly unit shipments (m)

=105 & Android 400
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Source: Benedict Evans



Smartphones are eroding the camera market

Digital gives and it takes away

Digital's convenience led to a surge in camera sales, but then smarnphones took over

Japanese camera unit sales (m)
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the iPhone 6 is the most sold smartphone

Global Smartphone Shipments Q1 2015

{Figures in ASlbon Unts)
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Mix of iPhone models (estimate)

Q1S
G414
Qe
Q4
Ql1e
13
Q13
i3
Q113
atl2
QN2
Qn
Q112
Q411
QL
Qs
Qi)
Q410
380
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Source: Asymco.com

iPhone is most of Apple’s revenues

;



iPhone 6 tear down

Source: ifixit

Display

Front facing
CMOS camera

Battery (1800 mAh)

Main board



WiFi Antenna

Rear facing
Camera (iSight)

Source: ifixit

Board: front side
1/2

® Apple ABAPL1011 SoC + SK Hynix RAM as denoted by
the markings HHCKNNNSKTMRWR-NTH (we presume
itis 1 GB LPDDR3 RAM, the same as in the iPhone 6
Plus)

20 nm CMQOS i
TSMC 2 BT SoC

® Qualcomm MDM9625M LTE Modem
Skyworks 77802-23 Low Band LTE PAD
Avago A8020 High Band PAD

® AvagoA8010 Ultra High Band PA + FBARs

® SkyWorks 77803-20 Mid Band LTE PAD

® InvenSense MP&67B 6-axis Gyroscope and
Accelerometer Combo

LTE:
Multiband in the

Range 700-2600 MHz Source: ifixit



Board: front side
2/2

® Qualcomm QFE1000 Envelope Tracking IC
® RF Micro Devices RF5159 Antenna Switch Module
SkyWorks 77356-8 Mid Band PAD

® BoschSensortec BMA280

Source: ifixit

Board: back side
1/2

® SanDisk SDMFLBCB2 128 Gb (16 GB)
NAND Flash

® Murata 33950228 Wi-Fi Module

Apple/Dialog 33851251-AZ Power
Management IC

D

Broadcom BCM5976 Touchscreen
Controller

® NXPLPC18B1UKARM Cortex-M3
Microcontroller {also known as the M8
motion coprocessor)

® NXP65V10NFC module + Secure
Element (likely contains an NXP
PN544 NFC controller inside)

Source: ifixit
® Qualcomm WTR1625L RF Transceiver



= ™) Board: back side

® Qualcomm WFR1620 receive-only
companion chip. Qualcomm states that the
WFR1620 is "required for implementation of
carrier aggregation with WTR1625L."

® Qualcomm PM8019 Power Management IC

Texas Instruments 34350694 Touch
Transmitter

® AMS AS3923 NFC Booster IC designed to
"improve performance of existing NFC
controllers for challenging environments
such as mobile and wearables" and also
delivers "less restrictive antenna design
requirements”.

® We believe this chipis an NFC frontend
to improve performance in noisy
environments using 'active peer to peer
bit rates [up to] 212kb/s.'

Source: ifixit ‘ : ;
@® Cirrus Logic 33851201 Audio Codec

Component cost
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A8 package on package

Nageon) T

Top: 1GB
DRAM

Bottom:
processor

, 20 nm CMOQOS
| process by
TMSC

A8 die

89 mm?

(8.5 mm x 10.5 mm)
TSMC 20 nm CMOS
2 Billion transistors

10 level metal

Dual-core CPU
(Cyclone ARMvS - 64 bit)

Quad-core GPU
(PowerVR 6xT GX6450)

Common Level 3 Cache




A9 preview
(iPhone 65)

Two providers:
e TSMC 16 nm FINFET

* Samsung 14 nm
FINFET

e 2-core CPU
* 6-core GPU

* M9 Motion
coprocessor
integrated

Source:chipworks.com

Historical evolution of feature size, supply
voltage, power
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Clock period decreases faster than

propagatlon delay (circuit improvement)
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