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GEIR A4 ) ABCY B EAS (i 5%
From Neutrino to Semiconductor -

A journey of Learning and Research
that Started from Physics

IRFfE] 0 2023 56 H 1 H (EHIY) 16 2 17 I 30 77

HuEE - ARBEYIEENTSERT 1 ARG

F2E A : Dr. Keh-Chung Wang ( Emerging Technology Officer, Macronix International )
TR - EFEHRHTER CRBEYERSERT)

TEEAEHE ¢ https://indico.phys.sinica.edu.tw/event/71/page/144-joint-colloquium-dr-k-c-wang
BEE& A ¢ BRESEE » (02) 27896784 » jingxuan@sinica.edu.tw

SPECIAL BERE

IO:UM2023
9 1F Auditorium, Instotute of Physics
B WIRFRFEFR 1F R

\;“ 6 - '.-
‘ /1 @ 16:00
Dr.
2 Dr.

Keh-Chung Wang

Emerging Technology Officer,
Macronix International

From Neutrino to Semiconductor -
A journey of Learning and Research
that Started from Physics

In this talk, the presenter will share his fulfilling journey of learning and research
from neutrino physics to semiconductor devices. He participated in an experiment
on neutrino-electron elastic scattering, and discussed initial concepts of detecting
solar neutrinos with heavy water D20. He will describe the experiment and the
concepts. In addition, the presentation will cover GaAs heterojunction bipolar
transistor (HBT) technology and high-speed HBT ICs, as well as semiconductor
memories. Finally, he will present some recent work on memory-centric
computing based on non-volatile flash memories and potential applications for
processing big data with artificial intelligence.

[Language: English / Ei#58S | /X ]

BRA | EFHEL EEA | BUEHIME 02-2789-6784

Host | Dr. Henry Tsz King Wong Contact | Ms. Jing-Xuan Su
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In this talk, the presenter will share his fulfilling journey of learning and research from neutrino
physics to semiconductor devices. He participated in an experiment on neutrino-electron elastic
scattering and discussed initial concepts of detecting solar neutrinos with heavy water D20. He will
describe the experiment and the concepts. In addition, the presentation will cover GaAs heterojunction
bipolar transistor (HBT ) technology and high-speed HBT ICs, as well as semiconductor memories.
Finally, he will present some recent work on memory-centric computing based on non-volatile flash

memories and potential applications for processing big data with artificial intelligence.

TR

Dr. Keh-Chung Wang received a BS degree in physics from National Taiwan University and a PhD
degree in physics from California Institute of Technology. He is currently the Emerging Technology
Officer of Macronix International Corp., responsible for emerging R&D in memory technologies and
system applications. Before joining Macronix in 2015, he worked at Rockwell, Conexant, OpNext, HRL,
UMC, and ASTRI. He has 38-year experience in electronic device research, IC design, and management.
He and his colleagues at Rockwell pioneered development of GaAs HBT technology and transferred it

to production. The technology has been used broadly for microwave power amplifiers in cell phones.

Dr. Wang is an IEEE Life Fellow. He was a recipient of Rockwell's 1994 Engineer of the Year
Award and 1995 Chairman's Team Award. He was a guest editor of Journal of Solid-State Circuits.
Dr. Wang co-authored more than 200 journals and conference papers in the areas of physics, electronic

devices, circuits, and systems.

Dr. Wang researched experimental nuclear and neutrino physics at Caltech and UC Irvine during
1975-1985. In particular, he was a member of the neutrino experiment group at Irvine in the 1980s
with Prof. Herbert Chen. The team formulated a novel solar neutrino detection concept at its embryonic

stage, which would evolve to become the SNO experiment ( Nobel Prize in Physics, 2015 ) .
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Access Pricing and Investment in Next-Generation
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Dynamic Retirement Patterns and the Duration of
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17=4%+1%~ 29=5>+2% 55 86[R DL 4 YRR B
HAE 3 B3, 7,11, 19, 235586k 4
R 3 HYEH - BUARERZIEIR T -

HEHMTEE S0 - BEATRER L
E R EEBRAYJREE - oG - MR — A
ARG —H AR S

[ B S BN TR » T T L5 ot R 5 s A1
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WHERE (K1) iRl |

A HLEBB TR OEE A, B IR T2
HBHREAERIBRN T E&EVIHNER ) f9RE
(FEMEH T Fermat's theorem on sums of two
squares | FELIRZIIAE ) < @HEIERZAE
ASGEEE (A EBAVES - 1A NS (B
(BERZECHB EH A Dedekind A58 —HZERT) -

SIBC: B HEHB P FERE RS
n’+1 g p R UBIR T 5 ] 5 B B ity ieed ) -
W2 p BrVL 4 ERBASERS 3 -

RITESEEE A « B AIGFE C #ER BERRATHIZE
ST

[ B REGRAHGRE ChF b1 RF9% -
SOEHERH R T ) - AES— Rk
BEF (g 72 0% ~ sROEERE) 4 IARY) PR E
A8 o |

FERGH (WT7ERBEER) o 7 —R51
RATER T - AHE TR RETE o RIRTTE
BHEZBIT - LA - 5 (3 C YRR e 2

D R RE B p Riq- DL F
W e S

[ FAAERE Y n (45 04"+ 1 q IR U8 o
I. q BBl p RIERYOE 1 ©

BN AGE AR R T o B ER
h(u)=u 1:[1 (1-u") (1-u**")
—u (1-u) (1-u?) =+ (1-u®) (1-u®)? (1-u®') -
(1-u®) (1-u'®) 2

3 7

2 3 6 8 13 16 2 24 25 26 2
—u-u-u"+tu +u -u‘"-u +u " -u"+u"+u +u

29 31 39 41 46 47 48 49 50 54 58
-u""'-u"+tu""’-u ' -u -u +u +u -u" -u" +u
59
+2u e

(FEGTRERVES - v DI — ME LT3k
FEAAGE] N —1THYUEEE )

SEBLE @ SR p o UL Wil ferE S

I A E% 0 R n® — 0 — 1 & p M9RTS -

I fEMESSHRI h (u) #E - o REGES - (68
BEEMRRRE R -1)

FEAIESR - AE sk - Bt p=2, 3, 13, 29
LEE O IIREUE -1 - HARERE -1
B (e ARZE 0 BB EIERBIE#X
i o HARE 20”) BE p=5,7,11 %
FRTELEREE n (115 n® — n — 1 2 p BUREEL - L
412° —2 —1=5 2 5 58 > 5° — 5 — 1=119

= THEEES -

ARG AR IR - EE %
< AR RS RTE © 473 - BT EEE u
() 23 R FFWE? 23 B EFH T x* —x — 1
B =R AP K - HE S AHUER
B fFIE L R 23 17 T 0 HBAHIEE B
15 [T RR A S G AR 0T 2

HE R EE R -
h(u)=u 1:11 (1-u™) (1-u**")

2 3,6, 8 13 16, 23 24 25 26, 27 29
—u-u"-utu+u-u"-u +u-uHuTH+u U U

EHERYISEDRITEE - b
I 55 a, b 2 RIE R IERR S - RISl
h (u) #EEAME S
u™ FIFREN = u” BIFRE x u” HOLREL -
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i :

< FIu® BERBIRE -1 T u® BUERBUR AR
E-1x-1=1-¢

- ut BYPREUE 0 - BIATEZTE - o BORRE (1
a1 u'? o, u®) #SE 0 o

o’ BYRREUE -1 o BREIUE 10 1 o™ AYLR
HRRE -1x1=-1-

e — 42 - AT MR B 2R A®kE

1-u®") B8 > FRPE o EREUR & A~ —4%

EEF IR E A GO T -

0. _FHEARERECE -1 iE# (p=2, 3, 13, 29)
LA DIETE 2x +xy+3y” BUBET- - Hirp
X,y B REH -

BIAN: 183 =2x2"+2x-1+3x(-1)%- 5 #

2x*+xy+3y A FIHI A Z 1°- 4 x 2 x 3 = -23

(AR 28 SCHBME | ) - M2 S fEES

WHOBRH R E R E -

Hrp i B FH iR R I - 75 25 R
u AR BAOE - RSB ISR h (W) 17
Au= e Hrh 2 SRR 0 BIREE -

1.75 |
1.5}

1.25 |

AR AT L (2) =h (") « R EBIEBEA

Bt MR - B

a 7E 2z BIREEL RN O I » u| <1 » fERLWTLAGE
WSS A Ol -

b, FHAA €2 ) = s A £ (241) =f (2) ©

AR - HAER -

SEBLF : BHBE (2) =h () Wi ST

f(ﬁ) =(232+1) f(2)
EH F SeEEAHEiE

SEBL G ¢ BT EEEH a, b, ¢, d /€ ad-bc =1
H 23 [ c fl1d-1 - BT -

P50 = () £ ()

(EHF 2%H G 1 a=d=1, b=0, c=23 Iy

Rl )

e B G B RK B Ry — BP0 (modular
form) o HBIEIA ERERTETEN: - JERAR
z (B IE AR - RiEGER
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BUAE B A W] DUBR R R 4 = A # Y
Langlands §il F/2 1 - 38 & B 2k ok i
PR F Iz — o IRA]DAER Langlands i &
BN eFRRE

[0 2 BB FEX - AR I A v B
G ig BRATHE R BB YRR KL - |

FHEAER ARSI - AN TEE 2
JESEEEEERE - DUCERRE AR

IRKEE 5 E LA B ARRIBRL - HSEERA
REJIAE KT 7 RO i R - A2 L Y B O 1

Pl b EEERE B AMUEH D - B8y TR B, IR

HELRE ¢ BREL 4 HUERE > BUEFREL p HUEREL 5

T E BIREEL (2) =h (™) HIAHE W - 53

— i > T ZIE RO ) ARREIRE S AT

DSOS R - 58 e B Bl Al R A8 L i
IR o (field extension) 1 T {IIFELLAE 4
( Galois group ) HyEE -

1F Langlands $iZEA9RF 524 - B4R 3KEF
% S B o ZAE AR RS IR LA A R
ETE . B A A ECH > 2 E4E

IUBSEIHGR « APHER - HE AR S
e

\J

I

[ IEREE n 23 TR a"+b"=c" AFF-AE
IEREUB i o |

SEEAE 1995 FEHH Wiles DU MY EE# Taylor
SERGGE AR E B - HEEHH IE(HE Langlands #
E—HEF IR - MR EHEHEEEE
EREEARER + FAMAT UM Langlands # A0
R A A1 ] BEL O

1. B8 SR EBLAE n=p > 3 Z2{E
%> W H a, b, c HBREE -

2. Bt i H IR - R n T DIE R 5
—{E f7#E= (Frey curve) :

y2:x (x_ap) (x+b")

s fiEl 5 R M B R R A S 0y = — R

X, X —a” fl x + b ZF'HEJEWI?E’\J%E a’, b* il ¢

= fHa E T HA B S R E R -

N SN ES DA

3. Wiles 1 Taylor ZEHA T FLIRFHY Langlands
1 Bl AR AE S A OUERE G AU
|

4. tH Ribet 1 1986 FFEHHRY— R EESHEE - K
AT AHSE AR 2 AT B 55— R B
P - FEEHEHEIEIE UG GRS
flél » AJLAE— %15 - (e —En]
DUEAPER 3 BRI A bATRIRE R o RIEEAA]
BEH y'=x (x-a") (x+b") JEAEAY FiFE -

iR RBATG R AIASEE - BB IR
HEREE - AR/ N T TR T Ml PRt
DAy B S B R - (EBUERAY S iR —
MRS A E AR R (B
4l : Langlands §i%8) - 226820l DI HER
MRy 7= - R — Lt AR (BlanE s
PR EE ~ BEERE BRI ) - Mk
BRI A - IR RIREEARIIT B
DIAER ETaR=R: {5075 = g =$ i

Academia Sinica Newsletter

20




ks Ry

PIE N B —— R B I S
hwtse 5

SR SEB R AR SRAS AFHER220T » 2028 48 1 A RREFERTHEEIIIT

(=3
=

o

S BT AT B I LT IE - SRR B R S AR B ~ AR B BRI - T HBH T
HARB RGN REtnt & -

x PRI x
Q. B T HFFFE LA S B 2

AGER (HfE: HESsTH) M (HIE: 1/4 BAHY) 3 & (KAl (Better Call Saul) )

Q. Exffiip 28 H CiR A — HJRh S — Bl s ?
A. Keep breathing, keep walking!

21 Academia Sinica Newsletter



A

5
\ 1‘:"'
E

2EHF

1. ASCit SRR T O R RS I E BRI 20 L2808 R DA BBIE 112 7 H 4
H#E%E 1157 H3 Hik -

2. i B TR ST R IS i 98 BB IS A B E R A R - BSHIE 112527 H 15
H#E% 11441 H 31 Hik -

3. B 20t ~ VLBt ~ MROTHLSRA: ~ BEBR oA ~ A S A A E T U ER BRI SR T
et E - BBEIE 112 -8 H 1 HlEE 1134 7 H 31 Hik -

4. R EL LHEE R ERBL A T TR & - BE 112 8 H1 HEEE 1134 7 H
31 Hik -

5. BB NS4 E HEMREEM S LEISES - BSEIE 11244 8 H 1 HEEE 115 54 7 A 31
Hil -

6. PR ERABE R e EIsE S - BBHIE 112 7 H 24 HEEE 11797 H 31 Hik -
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