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1839 3iB(K (Michael Faraday) BR1LER(AeS)DE DIREERZR MO KR
1904 EZEE(J.A.Fleming) Radio, Radar

1947 kS>3 AF—(Brattin, Barden, Schockley) Bell Lab. Radar
1958 IC(Jack Kilby) Texas Instruments

Microprocessor
1

910 1kbit DRAM
1980 LSI (~100k Tr)
1990 VLSI (~1M Tr)
1996 ULSI >10M Tr)
l >10 GIPS Processor

2016 >4Gbit DRAM

? >64Gbit Flash Mem
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First Integrated Circuit

Nobel Prize in Physics (2000), Jack Kilby,
the invention of the integrated circuit.

A transistor and other components on a slice of germanium,
7/16-by-1/16-inches in size. (1958)

LM=8h, — ATEELTULV!
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B1 JHXFILE—-HFEBELLIC 195926 BICKE HM & 1 £ 558F “Miniaturized
Electronic Circuits” (U.S.P.3,138,743) O LY, ANABITINF N1 TL -2,
1964 F6R823BICHIL TV 3, BEAOHMIZI1960F256H, BXBHOBMHI
MRl (4520861-55256)
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o Qrine [ns/iatroN ~

First Planar IC (1959 R. Noyce)
Fairchild Semiconductor

B2 R/ 1 Ar%3
LZ2IC PAE
BREE@®-LICTS
P, KETI31059%F"
B30BicHM&Eh T
WwWd, BHEB
U.S.P.2,981.87
(“Semiconducto
Device-and-Lea¢
Structure™) . 1961%.
B2sBicRIL L 1
AuERm, A&, E
BTH»3. BFICH
BREn8FQ (¥
P
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o UNITED STATES PATENT
HlSTOI"ICC(' FET March 7, 1933, J. E. LILIENFELD 1,500,018

P (1928) DEVICE FOR CONTROLLING ELECTRIC CURRENT
GTenT Filed March 28, 1828 3 Sheets~Sheet 1

J. E. Lilienfeld
(Poland, 1882-1963)

Transistor is built on a i Copper Sulflde 5
o . . / -~ D

thin Si Film supported by ~— /_/ .

an Insulating Substrate.

/ st |
Alimy' m Qxide
G _ Aluminum T

a
s 1if1f
23 QUQVOU,

Unfortunately, No Evidence that this device was build and worked.
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Images:
Computer history museum

1958 Fairchild 1968 Fairchild
2kT SRAM chip

First planar transistor

1962 RCA
16T logic chip

1961 Fairchild
4T5R flip-flop
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Moore's Law:
X E{RF v T DPoweréComplexitylX 1845 B EIZ{E(Z,
(1965, Gordon Moore, Fairchild —> Intel)
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<0 4k & tanium* 2 Processor
o E 3: Z .0~ anium® Processor
38 2| : |
& ol ; L 100,000,000
5 2 e 10 e o 10 gy
o @  NUMBER OF COMPONENTS PER INTEGRATED ocessor
CIRCUIT
Fig. 2 Number of components per Integrated or 1 0,0 00,000
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8008, -
4004 &
1,000
1970 1975 1980 1985 1990 1995 2000 2005 2010



Instrumentation

Type 551 dual beam 2,6005

30 Mc scope

Preamplifier 4005

Total 2 ch scope 3,400S 21,6205

TDS2001C quad-ch

A. Marchioro / VCI 2016

~1,0005
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Intel 4004

19714 :
10 um Process,
2300 Transistors,
741 kHz Clock Speed,
4bit CPU

3mm x 4mm
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1990: TMC1004
(Time Memory Cell)

NTT CMOS 0.8 um
Process

Smmx 5.6mm
~100,000 Transistors

Designed by Y.Arai
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f

Pentium 4

o a—_——

20004F:
42 M transistors,

sEmmmamEc s Es R, —

;

0.18 um process,
1.5 GHz clock,
64 bit CPU




Intel EP80579 System—On—Chip

2008
< 45nm, high—k
> 100M Tr

]

Block Diagram for the Intel® EP80S7S Integrated Processoc and Intel® EPB0ST7S Integrated Processor
with Intel* QuickAssist Technology

L G
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FSU D RA—H A X DiE/INMore Moor)IZIZR R,
-7 E D AR (More Than Moor)W RSN TLNVS,

More than Moore: Diversification

Q . HV Sensors
2 AnelogiT /. FasSES - power ./ mEms ./ “TPNTE
- ,
CE;‘ 130nm Interacting with p_et_)ple and environment
£ Non-digital content
% 90nm System-in-package
65nm

Information
= 45nm Processing

%¥111118 W Digital content
ystem-on-chip
22nm (SoC)
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Baseline CMOS: CPU

-
»
=

https://blogs.synopsys.com/theeyeshaveit/2012/03/03/the-role-of-ip-in-more-moore-and-more-than-moore/
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LSI Foundry Services

U

- . User ‘?r
YAV ELDT, ZLDA—HF—TUVE&ED N ,
DIRY EHRAT 5, User LL“]

Multi Project Wafer (MPW) Services:

e TSMC (Taiwan Semiconductor
Manufacturing Company)

« VDEC: ER KFEXRIRIEER AT LEK
RE R A
« KEK SOI MPWS>/

g Multi Project Wafer
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SILION WAFER

E

Photoresist

SILION WAFER

bbby —2

4—— Si0; ~1um

(3E$P1E >10' Ohm=cm)

UV Light
_—~Glass Mask

< ~—Mask Pattern

<
<

~_Photoresist

SILION WAFER

TSi0,
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kEETOER (HKE)

—&

Patterning
SiO, Layer

p-substrate

—i

Gate
Oxidation

p-substrate

a—

Patterning
Polysilicon

p-substrate

B

Implant or
Diffusion

Thin Oxide
&

Contact
Cuts

Polysilicon

Patterning
Al Layer

~ Implant of
p-substrate .
Impurities
\ -
deposition
p-substrate

(gAI contacts

p-substrate
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CMP: Chemical Mechanical Polishing
(LRI MR B EE )
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__Metali
Contact

v

Buned Oxide

silicon Substrate

SRERHNTREICTE T !
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DRTE: Deep Reactive Ion Etching (Bosch Process, 1992)

SF ¢ plasma

thin fluoro-carbon
polymer film (passivation)

C,Fg plasma

9.8 kV x1.30K

SE plasma
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Bump : 3D P-TYPE Detector

papis ajqnoq

g
€

P-diffusion

250pm
holes

O

X-ray photon ?

CDKIEFEE LA REIS,
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InGrid: a radiation imaging detector

S£RBMEER EICHRIEBIFBRAAYS 2FMEMS (Micro Electro
Mechanical Systems) ¥ T C{ERK,
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SU-8 post

Standard CMOS

Images: Nikhef
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Silicon—On-Insulator (SOI) Wafer

ERERTHEATIDIESIVIN—DREIUMLLTD
i

SID T ZIEFIFICTHET, STERelk,

Oxygen Ion Implantation SIMOX
120-200 keV, 4-20x10'” cm (Separation by Implanted Oxygen)

T wememmanten

Si Overlayer
annealing Buried Oxide Layer
3-6 hours
e ~1300 °C < Substrat
i Substrate > i Substrate
— (Handle Wafer) — — (Handle Wafer) B
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SmartCut (1991 : Michel. Bruel of Leti({h) )

Hr/\—A Y r/\—B

v
smeme [ A ]

HAA 2 A

Layer Transfer

B CMOS
(K1)

v/

#MLLWDIN=A LW N—B SOl /\— 4——‘(2%/*&'”'&';
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Bulk CMQOS vs. SOI CMOS

NMOS  Gate Electrode PMOS  solation Oxide NMOS Gate Electrode PMOS Body

P-well N-well Buried Oxide
P-Sub
P-Sub
Bulk CMOS SOl CMOS

Aluminum Interconnect

In SOI, Each Device is
completely isolated by
Oxide.

Channel Oxide Insulator
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SOl Value Adders

= Superior Isolation

— No Well Taps required
— Smaller circuit foot-print
— Latch-up free operation

Floating Body

SOl CMOS (NFET)

- = High Speed Switching

— 2X lower junction perimeter capacitance
— Improved Short-Channel Effects

Gnd

C,b. T Buried oxide J!z Caa

SOl CMOS (PFET)

= |ess susceptibility to soft errors
— SER reduced by 5-7X
— Low power high reliability

Memory Cell

i &

. Buried oxide

=
* SOl CMOS T

= Reduced Variation within Die
— Short-channel Vt roll-off suppression
— Less variation in Vt vs Lgate.
— No Well-Proximity Effects (no deep wells in SOI)

high energy ions

bl

photoresist
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From Planar FET to FinFET (3D ET)

High-k

Planar FET FinFET (3D FET)

Conducting channels on three sides of a vertical "fin" structure, providing "fully
depleted" operation - introduced in late '90s

~ = ‘ * Combine 20nm-Planar FETs and sub-20nm

Plahar™_ e FInFETs
~.FETs e &

\ * 55% drop in power dissipation or 35% boost in

\\ speed compared to 28nm-Planar

\\\\\‘“
.
e

7
PSS
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going 3D

p-BiCS (Toshiba)

TCAT (Samsung)

3D FG (Hynix)

Micron

Source Line

Structure
o
Tanaka. H, VLSIT 2007 J. Jang, VLSIT 2009 S. Whang, IEDM 2010 G. Hawk, EMS 2011
Key :
= e g . o
Ecatires P+ SONOS Cell TANOS Cell Floating Gate :
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Transistor

CMOS
Complementary MOS
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MOS (Metal-Oxide-Si) Transistor Structure

N-channel MOS (NMOS)

Drain
Source

—

Source T Drain l

Body (Substrate)
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CMOS (ComplementaryMetal-Oxide-Silicon)

Inverter

contact cut polysilicon metal gate oxide field oxide in

|
L1

out

Vdd Vss
p-substrate
PMOS NMOS L

i - = (==
H BN . N i

S e— R

In Out T —

(@) 1 Vdd T NSS
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in(nA)

1000.0

100.0

10.0

1.0

MOS Transistor Characteristic

(V,-V,)
gs — th)
/| 1 ds /3
/o 2
/ |
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|
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Weak |
| inversion l 2
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B % I Strong _ . C W G 5 F
» *EI?(& } inversion [)’ =u OX T --- ain Factor
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|
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i | u --- Carrier mobility
|
|
! u, =3xu
1 Von YGs " &
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Power Consumption

Vsigna]

P = CV2F

C: Load Capacitance
V: Power Supply Voltage
F : Switching Frequency

CMOSTIXRAYF T D
RIZERNDRENDDH T,

EIREETIEERI TN
LY,
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BaRE ) ot —
A[tRIE(~2 eV)

— 1 2 f
i : S Si
3um ! i ~300um
\ 4
~18EF/1%F ~ 3000 &B¥F / 10 keV

BT AL X —HERT R (>20keV), y-ray

+ / 4
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L B R R I B B O N N B I N RS RIS S R |
. 120 - —
Photon Interaction i _
100 - Photoelectric effect Pair production —
- - dominant dominant =
3 80 - -
o) | -
a
o 60 -
) - -
N 40 Compton effect =
= dominant -
20 [ —— S| ______ o _:
0 ST AT N N RNl L1 ] ;
0.01 0.05 0.1 0.5 "1 5 10 50 100

. . Photon energy/MeV
Compton effect is dominant at 9

E =60 keV ~ 10MeV in Si.

K .
Incident ¥ Recoil electron

gamma ray V4

Scattering angle ¢

o E, =K, +E,
EV
Scattered cos¢=1-m.c* 1 1
amma ra =1-m, -
5 Y E, K +E
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IRTE D xS imPixel I ST #R#% i 85 (Hybrid Pixel)

semiconductor *I J , I#\ _

sensor chip :
oY —IZSiKYERFE
FDRENEHLD(CdTe,
— CdZnTe) NMEAHES,

flip-chip
bump bonding ;:
connections !

--
0

electronics chip

0.1 mm

single pixel

CMOS pixel
read-out cell

read-out chip

BRHEELEW U TL RO REM LY . e
EREN\VTIZEYEST S,

o (&S ARREICHIR,
s ROGEMENKEIZHD.
s FEREICKDHIRAE-FDET,

§==4 )—\

—n particle track
=l
* = ﬁﬁ

sensor

Bias voltage electrode
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SOl Pixel 8 HH£5

8um
40nm +
T—=
- BOX(E:AERIER)
200nm ot /
BPW
(IEHApfE)
50~700um
Si o H—
(GEREER)
Y — /, :
EERE m o
(X%, BT 7L T7R HEAT. K., PHETHR.) KEK AlE &35
JAarzok
e SttIRInSiEREE LIS EREiFEAEN LU TREDHOHE,

o S EEIEINEBIZP—n junctionZ£

o ¥R

= (BOX: Buried Oxide)IC/NZRITtz b —&[B

ERkL., B —LET 5,

2R .
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SOl Pixel #2828
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Integration Type Pixel (INTPIX)

Vdd
READ_x z

LOAD—(| P2 STORE Cods P4

OHI—HM

(Jstore

Vsense

Size : 14 um x 14 um
with CDS circuit

S0
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B EIPI xe | [3] &5
6 5 3 0 1545 D VERA—FRRAVFE TS
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\II

E 4 FIP | xe | [B] & 451

nJLHII:I:II LADODAAYF
S LB R D {00 P \ - RowSelect
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Pixel Layoutfsl

RowSelect

Reset ColumnData

VLOAD
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Pixel Layoutfsl
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