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"Moore's law" technology shrinkage finished?!
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TSMC chart!

IEEE-ISSC  Taejoong Song et al. Samsung; paper 11.2 !
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TSMC chart!

IEEE-ISSC  Taejoong Song et al. Samsung; paper 11.2 !

Amplex!

LHC-IBM!
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most amazing:  
continued exponential trends, up+downward!

data rates vs time!
!wires!
!wireless LAN!
!mobile !

IEEE-SSC magazine Winter 2018 p.40 !
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SRAM : driver towards smaller technology!

IEEE-SSC magazine Winter 2018 p.43-45 !

in 7nm EUV 0.026 µm2/bit!
!
38.5Mb per mm2  !
!
more details later!
!
!
!
!
in NAND Flash:!
~180Mb per mm2  4b/cell!
!

Flash!

SRAM!
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even towards femto and atto ?!

particle physics in some way!
! !explores atto- and zepto-meter domain!

!
!
Higgs boson with mean lifetime of 10-22s!

! !decays in ~ 30 femtometer  (~diameter of nucleus)!
!
!
how can nanoelectronics be exploited!

! ! to improve particle physics experiments?!



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

There's plenty of room at the bottom 
 
 

Richard P. Feynman 1959, APS at Caltech!
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Overview!
this introduction -->!
the conference!
processors!
memory : SRAM, Flash, (DRAM, others,.)!

! !new lithography: EUV!
the semiconductor industry!
data transmission!
electrical power handling!
imagers!
our future..?!
     ! !do we really know what we will need in 2030?!

!!
!!
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65th ISSCC in San Francisco !

1955!
2nd!

attendance today ~3000!

Philadelphia 1963!
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Si CMOS technology nodes in papers ISSCC 2018!

65 nm!

14 nm!

~300 papers  acceptance <40%!

'SiGe'!
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'Hyperscaling' at Intel!

!
reach  100 Mtrans/mm2!
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FinFET evolution at Intel!

Zheng Guo et al. Intel. paper 11.1 !
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Processors!
Intel   SkyLake  Xeon processors 14nm, 28 cores!
S.M. Tam et al. paper 2.1!

IBM   z14 processor 14nm!
C. Berry et al. paper 2.2!

power (heating) and soft error rate!
!are major issues!

server system has large number of chips!
14nm FinFET in SOI!
17 metals      ( see next slide)!

!GlobalFoundries!
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GlobalFoundries 14nm SOI!

GlobalFoundries 14nm SOI      C.Berry et al. paper 2.2!
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memory as the technology driver !

new lithography now needed:  Extended Ultra Violet EUV !



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

SRAM cell Intel!
10 nm FinFET Intel  23.6 Mb/mm2  paper 11.1   !

more typica photo on next slide!
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SRAM cell Intel!

Zheng Guo et al. Intel. paper 11.1 !
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NEW APPLICATIONS NEED MORE ADVANCED nm CMOS!
 !

Mrs Kelin KUHN, IEEE IEDM 2007!

90 nm! 45 nm!65 nm! NOT TO SCALE!

INTEL : IMPROVED LITHOGRAPHY in 45 nm  !

MINIMAL SRAM CELL!
ALSO, SEVERAL CHARACTERISTICS!
IMPROVED BEYOND EXPECTATIONS!

NOT TO SCALE!

my seminar in 2009!



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

NEW APPLICATIONS NEED MORE ADVANCED nm CMOS!
 !

Mrs Kelin KUHN, IEEE IEDM 2007!

90 nm! 45 nm!65 nm! NOT TO SCALE!

INTEL : IMPROVED LITHOGRAPHY in 45 nm  !

MINIMAL SRAM CELL!
ALSO, SEVERAL CHARACTERISTICS!
IMPROVED BEYOND EXPECTATIONS!

NOT TO SCALE!

my seminar in 2009!



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

NEW APPLICATIONS NEED MORE ADVANCED nm CMOS!
 !

Mrs Kelin KUHN, IEEE IEDM 2007!

90 nm! 45 nm!65 nm!

~ TO SCALE!

INTEL : IMPROVED LITHOGRAPHY in 45 nm  !

MINIMAL SRAM CELL!

500nm!

ALSO, SEVERAL CHARACTERISTICS!
IMPROVED BEYOND EXPECTATIONS!

my seminar in 2009!



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

NEW APPLICATIONS NEED MORE ADVANCED nm CMOS!
 !

Mrs Kelin KUHN, IEEE IEDM 2007!

90 nm! 45 nm!65 nm!

~ TO SCALE!

INTEL : IMPROVED LITHOGRAPHY in 45 nm  !

MINIMAL SRAM CELL!

500nm!

ALSO, SEVERAL CHARACTERISTICS!
IMPROVED BEYOND EXPECTATIONS!

my seminar in 2009!

'10 nm'!
32 nm! ISSCC in 2018!

est. 280 x112 nm!

500nm!

est. 640 x270 nm!

Zheng Guo et al. Intel. paper 11.1 ISSCC 2018 !
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SRAM!

Zheng Guo et al. Intel. paper 11.1 !

several other improvements !
increase density !

& speed!

32 Mb/mm2 !
next paper !!

!38 Mb/mm2 !
!
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SRAM scaling at Samsung : 7nm using EUV!
Taejoong Song et al.Samsung. paper 11.2 !

0.026 µm2 !
38 Mb/mm2 !
!
this test SRAM 256 Mb!
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Samsung SRAM!

Taejoong Song et al.Samsung. paper 11.2 !
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193nm light vs Extreme UV lithography!

first reported EUV SRAM chip!
Taejoong Song et al.Samsung. paper 11.2 !
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Extreme UV lithography at Samsung!
Hwaseong!
new fab  at ~6 B$!
steppers ~0.2B$/unit!
6-10B$ yearly turnover ??!
!
!
reflected light on photoresist:!
mask!
!
!
!
PR!
wafer!

 !

13.5nm source: laser on tin droplets in vacuum   ~1ps at 50kHz!
tin deposit on concentrator mirror, hydrogen/vacuum ambient for cleaning!
all reflective mirror optics, no lenses ; 30-60% loss per reflection: total 96%!
for 240 (>500?)W power on wafer, need to start with >6-15 kW light!

!--> 140 wafers/hour ! !EUV stepper uses several MW!
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Foundry equipment gets similar to particle physics experiment!

!

!

EUVL manufactured  by ASML in NL!
!
estimated cost ~200M$ per stepper!
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NXP assembly lines !
Guandong!
!
!
!
they only use own equipment!
if > 5-10 x109 pieces/year!
!
!
cost reduction e.g.!
by flip-chip bonding!
!
!
 !operators??!

Basics of microelectronics industry: low-cost mass production!
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TSMC double width!

Michael Clinton et al.TSMC. paper 11.3 !
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TSMC double width!

Michael Clinton et al.TSMC. paper 11.3 !

another improvement  to increase speed!
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Si STACK in 3 DIMENSIONS!

Michael Clinton, TSMC, paper 11.3!
!
7nm  !

now close to few 10's of picosec!



13 March 2018   !Erik HEIJNE   IEAP/CTU  &  CERN EP Dep!

flash memory drives 3D stacking !

Toshiba announced at this conference: 96 layers!
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Flash Memory!

Hiroshi Maejima et al.Toshiba. paper 20.1    512 Gb  3b/cell !
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Flash Memory!

Hiroshi Maejima et al.Toshiba. paper 20.1 !
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Toshiba holes!

Hiroshi Maejima et al.Toshiba. paper 20.1 !
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Flash Memory!

Hiroshi Maejima et al.Toshiba. paper 20.1 !
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3D STACKING TECHNOLOGY!
 !

!SAMSUNG at ISSCC 2007!my seminar in 2009!
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data density in NAND-Flash and magnetic HDD!

2018ISSCC!

1 in2 = 655.4mm2 !
  !
2018 ISSCC!
!
Toshiba chip 512 Gb!

!5.95 Gb/mm2  !
!= 3.9Tb / in2 !

paper  20.1!
!
!
Samsung chip 1Tb!

!5.63 Gb/mm2  !

  != 3.7Tb / in2 !
paper 20.3!

consultant!
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data transmission!
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data transmission!

Jihwan Kim et al. Intel; paper 6.1     2.07 pJ/bit !
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data transmission!

Jihwan Kim et al. Intel; paper 6.1     2.07 pJ/bit !

Jihwan Kim et al. Intel; paper 6.1!
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data transmission! Christian Menolfi et al. IBM+ETHZ+EPFL; paper 6.2!
including Thomas Toifl!

!
2.55 pJ/bit !
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power conversion!

GaN or SiC have larger bandgaps!
!
allows higher voltages, larger steps and lower leakage!
!
!
!
!
!
!
D. Risbud/ Dialog Semiconductor   Santa Clara!
mentioned GaN DC-DC  100V --> 1V    also in magn field??!
 !
 !
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Si CMOS imagers!
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Si CMOS imagers!

turnover growing >10% per year since ~2005!
!
more than 4x109 sold in 2015 !
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 !

Wonchul Choi et al.Samsung; paper 5.3 !

Samsung!
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visible imaging with ADC on each pixel!

M. Sakakibara et al.Sony; paper 5.1 !
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M. Sakakibara et al.Sony; paper 5.1 !

14b ADC per pixel in 6.9µm2  !
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Stacked imager!

M. Sakakibara et al.Sony; paper 5.1 !
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Stacked imagers now commonplace  (5 in10 papers)   !

Po-Sheng Chou et al.TSMC; paper 5.5 !

1.1 µm pixels!
motion detection!

Oichi Kumagai et Sony; paper 5.4 !

1.5 µm pixels!
event driven!
10b ADC!
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Samsung submicron imager with deep-etched separation!

'thick' Si :  now 4µm instead 2.7µm to improve signal in red   !
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Teranishi 19!

EP Seminar CERN N. Teranishi, 23 Feb 2018!
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Future particle imagers at colliders!

technical/electronics possibilities!
!smaller/thinner pixels and more layers!

!
!
advantages for the physics?!

!increase number of points along tracks!
!improve precision on momentum measurements 
!disentangle composition of jets!
!more complete image of the interaction products !

!
!+ operational advantages !
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 !

for mip's!
smaller capacitance allows!
larger S/N!

!& lower power!
!
aim at pixel 3x3x3 µm3  !
   voxel!
   even smaller is possible!
!
capacitance ~0.3fF!
noise <15 e- rms  (?)!
mip signal  ~150 e-  !
!
!
 !11 million cells/cm2  !

fundamentals from Walter Snoeys  !
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Future particle imagers at colliders !

advantages for 3µm pixels in multiple layers!
!

!track vector parameters locally available!

!possibility to determine primary vertex at 1st level!
!

!<< ns signal collection improves timing precision!
!

!short signal path improves radiation hardness!
! ! ! !reduced carrier trapping probability!

!
!high field possible even at low voltage!

!
!reduction of coordinate corruptions by delta electrons!
!....!

!
!
!
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ISSCC developments to be exploited in experiments !
Size reduction and 3D stacking!

!lower power  more functionality!
      picosecond domain and faster processing accessible!
!
Data transmission!

!increase speed and data volume, better drivers!
!new ideas ?  use RF besides cables and fibers?!

!
Memory developments    (now main drivers of technology)!

!shift the balance between local or distant processing!
!
GaN and SiC in power conversion circuits!
!
Imagers move to 3D hybrid!

!even in the low-cost, visible applications!
!...!

!
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Progress!
needs!
!

!which performance can more advanced technologies achieve!
!

!good knowledge of their details!
!!
!building up of practical insight and expertise !

!
!cleverness in circuit design!

!
!intensive contacts about commercial practices!

!
!study of our special environment:  radiation and magnetic field!

!
!!
!how to convince our own community of the obvious advantages!
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  Thank You !

 !


