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K. Matsubara %/, Renesas Electronics Corp.
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C6-3 () =552 §1)g o] ] =), (b) & el W ¥ 41470} 4|5 9) 55 ¢S} o] 7)),
(€) #8F Al 58} ]33] 98 Y ADC 5,

H| YA 7 A8 S CMOS o] 1| x| AlA

HI A7 ATl S (ToF) M A28l 2bs 8, Bz BYEY, HAl H A
Fh el A AFE-E = Sk o EE Aol T stUEMN, 14 2 uE 2=
ME CMOS olu]#] AlA(CIS)e] 2] ToF o S AA 7F&sta At
2 A 2F= 65nm back-side illumination (BSI) &<l 7]4+3F 640x480 7um 2 Al 2]
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N F5(FPPN)S HojmU o) 1 Hholl & o] AlA = ] 400 cm *H Yol A 2H5&
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= C21-3 "4-tap 7-um FEZY AHE T4 ¥ 5179 HE ¥ 75 e HFES X8 640x480
ZF ToF CMOS 9] )R] 4IA7",
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Ferroelectric HfO2

Paraelectric SiO2
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O
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@3V
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€ M=3.9nA
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O
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123465678 32 10 1.2 3
Initial state current (nA) Voltage (V)
T2-4 FTJ &3] 775 & 2 7] 38 37 #2.

g /bt HE J ZE 79 ASAE T 717

A=A HDNN)E 850 et b2 A%, Aste, A8 252 7430 A
7 AT Bxs WAV SR A8 hEr)e pEe A 9
A Z1]-g-0] 3o} &7}5 3tk NVIDIA = ground-reference signaling & Al-&-¢+ HE]
A wEMCM)] #4 W= Ao A4 36709 o FAE 84 7153 DNN
7tE712 wrgsith oA JlEvE "oz AztEe] EzAZ 4 9=
YEYIY A7)7F AL AR, oMo WFEEHE of7|HlA= Hup oA
dlo Bl Al o o] 271742 HR 917 ZRFANA EEHQ] 28 X AT o] wo]
MHEE S LREE) Jh47)E 160m 34 B 3 A28l A 129 TOPS/mm2,
0.11pJ/op, 4.01TOPS ¢ As< Holil, 36 3 A|2=Ho|A 127.8TOPS % 2615
o] 1] %] /s ResNet-50 524 ‘&S H.9It},

Paper C24-1 “4 0.11 pJ/Op, 0.32-128 TOPS, Scalable, Multi-Chip-Module-based Deep Neural
Network Accelerator with Ground-Reference Signaling in 16nm,” 10 B. Zimmer, et al.,
NVIDIA Corp.



47.5mm x 47.5mm Package

4 Datacenter
o 7
J 8 Automotive
T g %
7 2.5mm x 2.4mm Die ™ @ 3 o -
— 55 Mobile
Chip-to-chip e s
interconnect ox
= 2M
Activation storage S 0.5M
Processing elements — . —
with distributed weights 1 Chip 4 Chips 16 Chips 36 Chips
(1x1)  (2x2) (4x4) (6%6)

C24-1 % 2FE MCM 7/ ZFDNN 7}&=7] 2] A<l 7).Q.

2.5D/3D 3t

SolC™(System on Integrated Chips)

TSMC += 7139 FEOL o A89 4 & 414 3D oF 4 71+
SoICTM(System on Integrated Chips)S ¥ 7]gch SolC™ 7]|&S A3 32
2.5D 1} micro-bump/TSV & AF-&3 7]&9] 3D-IC KU} &2 EHOﬂe%t”E?Jr T

49 58S 7R

Paper T2-3 “3D Multi-chip Integration with System on Integrated Chips (SoICTM),” C. C. Hu
et al., TSMC.
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mFAY 78 AP 2T HFE Z2AA

HE A AAE Sal =2 T8F AHIH SR dirE H 15 ZEAA
T3] golslt). 23] TSMC &= CoWoS® 7]4S 283 7Tnm &4 7|9k +
F 2785 HFH(HPC) Z2AM S BEFTh 2 o= H i 4GHz = 21538}
4 7§°] ARM Cortex®-A72 31017} GA=™, 3103t w4 U ES A= 4GHz
ol o=z ZAF3th.  LIPINCON™(Low-Voltage-In-Package-INterCONnect) 2} 12
2= FE A4 g Hlo] 4= 0.56plhit & A2 &3 1.6Thisimm2 o e =
UL, 320GB/s o] &S HRATE ol A& Fall 2 7|9k it 2 145
ZEZANE M ER LT AFE Al 48T = dvt= 3 s & 5 Ak

Paper C3-1 “A 7nm 4GHz Arm-core-based CoWoS Chiplet Design for High Performance
Computing,” M.-S. Lin, et al., TSMC.
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AAAAARE EUV 2 ALE-3 7nm FinFET 8¢ A2 40 i) wxach 442
MOL % BEOL 9] EUV A= HHY 7|HES A& o 24, o] dd A5l HE|
e 71 Hol vlal A S AA FAA Z Tk 3§ SRAM, Logic HTOL, SER 5

S F3 AEF A °‘Z‘°ﬂ Agdt) olgdt Ax= EUV S AFES 7nm
7140] g Ak =dE 1) 7}F H S-S eI

Paper T2-1 “Enhanced Reliability of 7nm Process Technology featuring EUV,” K. Choi et al.,
Samsung Electronics.
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—e— 10nm //
88j — - 7/nM
- 801 ———- 7nm(ArF)
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O 20+
& 1
(2
0.011 i
0.0001 7
208V, . 4_85)/_ ————————————— 0.3ppm

0 2 4 6 8 10 12
Breakdown voltage (V)

T2-1 Ao] E - F=Vramp 222/ VBD €2 Z=EUV 3o = 77 st A Z
H o

nmE 1 0]F FAL 93 RtCoSFB & 0|3t Cu IE| A Y

IBM 2 PVD-RtCoSFB(reflowed through-Co self-forming barrier)E A}F&-3+ 2nm <]
barrier/wetting <°] 4+ Cu QAEAHNES EM % TDDB AlFAS HoFu
RtCoSFB = A}&3F Cu EM 94L& X+ 7] barner/wettlng <ol U= Cu
ANEJAYES] 2000 1] Az, ¥k Co JAEHAYUE] 5153} 5L} RtCoSFB =
AHESE Cu JIHAMVES *}%O}Ud Co IEAYMERT F& 2kl #33} via
Aers e = A, anneal 34 A], dual-damascene line-end via ©] Cu 7}
S H %] via-chain fr%é SEth Cu UHAYEES Tnm FA o5t A
AHE-317] 218l A, o] viafill Al &

= T2-2 "Cu F3FE Tnm =& oJ3f0 Z S36l=rjad Ef T 7}l 22",
T. Nogami </, IBM 2/4] /.
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36nm pitch interconnects

X 100 "
~ 90 *
.-'? 80 ~t - §
= o RiCopFB Cu 4
8 o intergonnect ;
9 50
o {
40 3
.QZ> 30 Ij Co
T 20 { intereonneet
g 10 2
S 0 {
(@)

®  Via Resistance (arb. unit) :
T2-2 RtCoSFB & 3§ ¢/ Cu </ via-R > Co ¢/E/ A Y E 2] 1/3 v E 7*¢ e,

14nm CMOS Z A2+ FA =¥ H ol AES 7147

loT 7ol A el A= 58t 7H457] 9] =24 Bl H k& & 3) SoC oA A &
ARE AT = Aot A, st=9o] Bk IoT oA 7HE a3k &4
3l}o]t}. Side- effect TAL J1E7)9] AY Aulo] digk B4 AL 7yko
A% =, 7 W = shutolt). 28 Q1S o] side-channel 342 ©S 4= 9=
14nm CMOS = A 2t%l Bl AES 7}3'57] £ Wit o] 7}47]+= side-channel
A0 sl 1200 v 7 3t 3] 52 S W oj==t}, o] A A= random heterogeneous
Shoxes shuffling, linear mask MixColumns, dual-rail key addition = A}-&3}o] #-&
st=dlo] gAans ARESHAE dY AR v 7] Alolo] AH AAE
gHHoR 7. 54 AT 1200 TF 39 side-channel &ZAd] Ad¥H o=
wolalolth, shEglo] oHlal == Ae, Wol 9 A A 7t 23%, 28%, 0.7%¢]
=g

=& C20-1 " o] F Shoxes, 47F #L~F MixColumns ¥ F¥ &Y 7] #£7}E A}-£&3F 14nm CMOS Z
A Z-E 4900um?2 839Mbps EAJ Y 324 *] & AES-128",

R. Kumar ¢/, /¢
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< b < plaintext
key i_ 16 I sa nextdata
v 1
31 firstround X 2:1 / |key D_D’ 21
: T :
T 16 16
Map to
it wapto | data ) D>
— | — Ifsr[15:0] T
L. | k¢ N \> -1 4
4 5 5 3o 16 &
— o — | = ccc : 2
6 & 7 8 503 2:1 o
4 5|3 gee S| pE
B =~ % |e||y 529 [ Mask S s
10 ¥ 11 Sl = & — | Register o =
— —_— © T
EEERER 32} 3
14 15 | [[sboxi | [ sbox, | comwpl)aesnksate
wn
&
MixColumns I
t

nextdata

C20-1 Ay 34 #] 3} AES-128 F=/.

ag ERAX2H 7|E

Ge nFIinFET oA 7|53 ZAX] A5 2 A 73
imec < SiO. DGO(dummy gate oxide) 314 R A7 g o] Ge nFinFET & 54<

FFA7IE H ot 988 shohs AS BolFth DGO A Al Ge Ald 1WA
AstE AAISHHE fin UHlE o] dAAF o] 5ol EIL, DGO AlA HHE&
AgstH PBTI A2, F44 fine] Di 2 A=} o] o] 4= o] 73nm Lgoll A
5.4 9] =& Gm/SS = H.¢lt},

= T9-1 " G3FH AoJE 28 FH FHZ Si BEES] Ge nFInFET </ 5+ Gmsat/SSsat & PBTI
REy gy

H. Arimura £/, imec.
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10-3
Extended in-situ clean
10 | V5=0.05,0.5V
~ 105 Win=35nm  J e
g_ Lg =73 nm
<\( 10-6 Hfin = 36 nm
\g
o 107
o
- [ Gmgar = 388 puS/pm
§ SSsar = 72 mV/dec
a 10° 1SSy =71 mV/dec
-‘~\\\ 'I Q (GmSAT/SSSAT) = 54
|Q-10 ‘s\__/ DIBL = 69 mV/V
PBTIVov =0.13V
IO.l | I T TR NN N SN T TR N T | R S N TR T S |
-1.0 -0.5 0.0 0.5 1.0
Vg (V)

T9-1 35nm 75/ Ge nFinFET 9/ 4/ &+ ID-VG =47

GaN-on-Insulator(GNOI)-on-Si ]| ¥ 2 T+dE ¥ &5 A GaN HEMT
GaN-on-Si 7|52 AAId A= A} &8 okl #93 Vs 5 Shpelth
SMART(Singapore-MIT Alliance for Research and Technology)<= epitaxial layer
transfer 7]™H-& AF-&3F 200-mm GaN-on-Insulator (GNOI)-on-Si ¢l o] ¥ & v 3% 3},
A2l HEMT & 2 o) 2200 V 9] off-state 35 <2} 2 v 1.87 GWicm2 9] =&
BVoff2/Ron,sp /d &S .o Ft}.

= T19-1 ""200 mm GaN-on-Insulator(GNOI)-on-Si #J¢/¥2 7&H & Z¢F 2200 V < GaN
HEMT",
Z. Liu, €/, SMART(Singapore-MIT Alliance for Research and Technology).
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AlGaN barrier 2DEG

GaN buffer

GaN transition layer

Sio,

p-Si substrate

T19-1 #J¢FE GaN HEMT +2%&

Siox/Si 7] ol A& A &= Channel Area-Selective CVD & AF-£3F WS, Channel
pFET

2D A =.9] selective-area growth 7] #|%¥ 2D-21d E @] 2~F short channel
effect FAA17]17] At 5 Q3 7]& o]t} TSMC(Taiwan Semiconductor Research
Institute)+= selective-area CVD 3 &= AF&-&F SiOx/Si 7]l A2k A |4 top-
gate WS, p-channel FET & 3£ 3kt}, o] WS, FET < 40-nm Alo]E o] & 7}A] a1,
108 2] on/off ] &, 97 mV/dec 2] subthreashold 7]1-87], 0 o] 7}7} DIBL < H.2lt},

oy 1

= T19-2 "SiOX/Si 7/ &< FF §3d Y <Y {8 CVD & AFE¢ 40-nm FH Y Z 9] top-gate
WS2 pFET <f X HA A/ ",
C.-C. Cheng ¥/, TSMC.
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T19-2 #J 9} WS2 pFET </ ©+iH o] 1] %],

Normally-Off HF8& 9138 1GZ0-7]1% MCU

Normally-Off AFE S ¢8] A7A1¥ 1620-718F MCU &= &3 A27ie a7 <l
AAE 714 5 dfolt) o] MCU = 60-nm IGZO &3l Ta=E e, 39
Aolelo] Eldals PE 9 vl Za]o]A] HolE2 4xste] 1 2=(21ns) Alo] 2
E3gk M) AJ7H 4.49us ©f wHE B AZFS ZE=TH IGZ0 = A AR stol
880nw o] =4 ti7] A& 7t gt o] A7 AdE B omE fojAgio]
Fash loT 2 edge Al © HHASE FF7|e d 1620 7%0] & J&L &
NeS HolFt)

=# C5-1 "48 MHz 880-nW f7] H &7 1 5 &F Y  4.69-us Fo]Z YL 7 3}= 60-nm

Crystalline In-Ga-Zn Oxide .7/ #F Normally-Off MCU",
T. Ishizu %/, Semiconductor Energy Laboratory Co., Ltd.
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Tek Prevu

., POWER_EN

) _123ps > wio IGZO
: -t analog memory
e \ _
_)( IVR_ OUT 1wl IGZO
4. 7“3 analpg memory
(@ _s.00v 2 i S00mv . ][z—a.ous ] ze0Gsss [_i T 1.60\']

C5-11GZ0 o} Y27 ml i 2] SHoj uhZ FE3F ] oF 75 7] 0] = ZF 2] 7]

ololojEldl & HolE ABEH 3=

2 2} QI E|2H| o] R] ARl 22} 40|58 & AFH&-%F 75.8dB-SNDR o] Z 2141l SAR ADC
1 o Fg Aol el e AME-H = Tho] k]l SAR ADC & (1 2=H| o] X A}l
@ xfofl HIzFsioh, AL il QA" A A= dho]iZglel SAR ADC ol A
A A 2=Eol#] ARl Qi}% AAsk= AHEe A A 43 (GES)
7S UET Wr o] 7I'HE& HAY F= L WY FZ JAY=HoA FFH
RO A} Aoty 2“d order GES ]H S AF&3 40nm CMOS = A 2H¥
vfo] g}l SAR ADC + 125MHz ¥ ZoA 758dB SNDR & ©Asta
100MS/s & 253 1.54mW & AR 3t GES 3 dt=¢lo]= o] 9o 2%
v wh& xFA| gk

-

t

]

i

ﬂm

=i C7-1""2 X} QIE| 2B o] x| A Q] QA #]0]F & A}-& ##75.8dB-SNDR 0/ Z 2} 9] SAR ADC",
C-K. Hsu 9, 8k}~ gj et @ ¥ FHp A~
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1st Stage :4x Residue Gain: 2"¢Stage
o :
Vinc . 4
7-bit | | 7-bit : :
ADC I DAC : i 7-bit
DS :§ § | sAR
............ VNP, : | Apc
“iSARDACT:  IGES DACH * - D '
T e ER R e I : 2
Dl TN GES | 5 14
: 1716 is realized by A}i|DAC1: y
.‘\.. 16C ses110=Csars,cor v é : : Hees(2)
@, :1*-stage sampling ; ®, :Amplification X5 :||2z7-22

1%t Stage COOX o X SAR A/D X o, X > :Xooo

2 Stage so0 X SAR A/D M sampie X SARA/D eee

C7-1 2"-order GES & A}-& 3+ ADC <] E= &l Elo]n] rjojo] 72

50Gb/s 3to] B = 53 Si-FA F H3

AYE FAE A7) A2d"rt 58 oux] 583 QI des 9As ¢
J= F L 71Eo|th 23 Xilinx £ 50Gb/s 3Fo] B.E] = Si-#x} 4 7= wE 3
= O

16nm CMOS 2 A 25 Tx &} Rx = T-Z U & AF&35lo] AA-SF HE7|9 a8
FFA 7| ER A QI A FE7) 9] wo| 25 THAA 7Y | 3 =& BER<10
2o A 3 Wz 21Zo0] -10.9dBm ©]aL, #lo] A A& A] 50Gb/s o A 4.31pJ/bit =
AR3IT}

= C16-1 "16nm FIinFET 2.2 #& & 50Gb/s &f0]H 2= E§}Si-FA}F F g7,
M. Raj %/, Xilinx Inc.

Fiber Array

¥820n

Data Gen/
Checker

Wirebond

Sl Array
e
Si-Pho Devices HE : N D"V+T|A
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