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https://12u10.lab.nycu.edu.tw/project/%e3%80%90%e9%87%91%e7%8d%8e%e3%80%91%e8%b7%af%e9%9d%a2%e7%8b%80%e6%b3%81%e5%9b%9e%e5%a0%b1%e8%88%87%e5%88%86%e6%9e%90%e7%b3%bb%e7%b5%b1/
https://12u10.lab.nycu.edu.tw/project/%e3%80%90%e9%87%91%e7%8d%8e%e3%80%91%e8%b7%af%e9%9d%a2%e7%8b%80%e6%b3%81%e5%9b%9e%e5%a0%b1%e8%88%87%e5%88%86%e6%9e%90%e7%b3%bb%e7%b5%b1/
https://12u10.lab.nycu.edu.tw/project/%e3%80%90%e9%87%91%e7%8d%8e%e3%80%91%e8%b7%af%e9%9d%a2%e7%8b%80%e6%b3%81%e5%9b%9e%e5%a0%b1%e8%88%87%e5%88%86%e6%9e%90%e7%b3%bb%e7%b5%b1/
https://www.youtube.com/shorts/6nUNQZIev-k
https://12u10.lab.nycu.edu.tw/portfolio/%e6%9c%9d%e9%99%bd%e7%a7%91%e5%a4%a7%e5%b9%bc%e6%95%99%e6%87%89%e7%94%a8/
https://12u10.lab.nycu.edu.tw/project/%e6%b5%b7%e6%b4%8b%e5%90%b8%e5%a1%b5%e8%88%b9%e3%80%90nctu-auv-%e5%9c%98%e9%9a%8a%e3%80%91/
https://12u10.lab.nycu.edu.tw/project/%e3%80%90%e9%87%91%e7%8d%8e%e3%80%91%e8%88%aa%e6%b5%b7%e5%be%a1%e5%ae%88%e6%b5%b7%e4%b8%8a%e9%98%b2%e6%9a%88%e8%a3%9d%e7%bd%ae/
https://12u10.lab.nycu.edu.tw/project/%e6%a9%9f%e5%99%a8%e4%ba%bademo/
https://12u10.lab.nycu.edu.tw/project/%e3%80%90%e9%87%91%e7%8d%8e%e3%80%91cpr-%e4%bd%a0%e7%9a%84%e7%ac%ac%e4%b8%80%e5%80%8b%e7%b7%b4%e7%bf%92%e5%a5%bd%e5%b9%ab%e6%89%8b/
https://www.youtube.com/watch?v=dwVTIaQ0DGc&t=3s
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https://12u10.lab.nycu.edu.tw/portfolio/%e5%a4%a7%e5%93%a5%e5%93%a5%e5%a4%a7%e5%a7%90%e5%a7%90%e8%ac%9b%e5%8d%8a%e5%b0%8e%e9%ab%94/
https://12u10.lab.nycu.edu.tw/portfolio/%e6%96%b0%e7%ab%b9%e5%a5%b3%e4%b8%ad/
https://12u10.lab.nycu.edu.tw/project/most-sophisticated-sculpture-in-the-world-the-making-of-semiconductor/
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Scratch + Rabboni= Playful Learning

Chair of tsmc charity foundation:
. . https://reurl.cc/kyDijrK
rl_Rabboni book outline to K12 Semiconductor related samples:
Scratch + Rabboni:
1. Catch the semiconductor

Empowering Young Learners: Game-Based Technology

Education for Taiwan’s K12 Students — A Collaboration materials
with NYCU, TSMC, and MIT https://www.youtube.com/watchgv=G
or E7I8KONPNK
A . 2. Electron Racing
Building Future Innovators: Game-Based Learning and https://www.youtube.com/watchgv=n
Technology Education in Taiwan's K12 Schools — A Feg2wqyd3l
NYCU, TSMC, and MIT Collaborative Project 3. Electron find hole
’ ’ J hitps://www.youtube.com/watch2v=A
ZYomvJMt4M

https://reurl.cc/WNIZoL
5. Kits semiconductor camp
https://reurl.cc/QEzkx9

| NYCU USR (University Society Responsibility program) with hundreds of
-A teaching materials to facilitate the Playful teaching

| https://12u10.lab.nycu.edu.tw/poritfolio/



https://reurl.cc/kyDjrK
https://www.youtube.com/watch?v=GE7I8K0NPNk
https://www.youtube.com/watch?v=nFeq2wqyd5I
https://www.youtube.com/watch?v=AZYomvJMt4M
https://reurl.cc/WNlZoL
https://reurl.cc/QEzkx9
https://12u10.lab.nycu.edu.tw/portfolio/mapp/

VA R = 13 A X @ X P

NATIONAL YANG MING CHIAO TUNG UNIVERSITY

From J2ZE 52 to Integrated Circuit: DL Lego S

WE LEG0 Aricks rThebasing

R LRG0 Bricks

—

Lego bricks in making

o AT
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Silicon [Si] and
germanium [Ge]
materials

Materials

Used in more than 95%

of semiconductor

Applications
99% of integrated
circuits.

High-temperature
resistance, high

radiation resistance,

Advantages high purity, good

insulation performance,

high stability and
reliability.

Use in optoelectronic

Disadvantages and high-frequency, high
power devices is limited.

For more information,

please visit www.sputtertargets.net

1st generation
semiconductor

devices and more than

2nd generation
semiconductor

Compound semiconductor
[GaAs, InSh], ternary
compound [GaAsAl, GaAsP],
some solid solution [Ge-5i,
GaAs- GaP]; glass
semiconductor, organic
semiconductors, and etc.

Used in high-speed, high-
frequency, high-power and
light-emitting electronic
devices.

High electron mobility,
higher efficiency, better heat
and moisture resistance,
high breakdown voltages.

GaAs and InP materials are
scarce and therefore
expensive; In addition, they
are toxic and can pollute the
environment.

=1
BeLight”
rved Al Semiconductar

3rd generation
semiconductor

Silicon carbide [SiC], gallium
nitride [GaN], zinc oxide [Zn0],
diamond, and aluminum nitride
[ALN]

Used for making high
temperature, high fregquency,
radiation-resistant and high
power devices.

Wide bandgap, high breakdown
electric field, high thermal
conductivity, high electron
saturation rate and higher
radiation resistance.

Still in their infancy, and did
not replace the former two
generations of semiconductor
materials

STANFORD

ADVANCED MATERIALS
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Potential roadmap extension
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National Yang Ming Chiao Tung University

3rd Generation
Semiconductor
Packaging

This presentation explores advanced packaging technologies
for third-generation semiconductors that are revolutionizing
power electronics.

We'll examine market trends, key materials, innovative
packaging approaches, and real-world applications
transforming multiple industries.



National Yang Ming Chiao Tung University

Traditional Packaging Evolution

; 1970s-80s: DIP/QFP

Through-hole and peripheral leaded packages dominated early electronics.

=
=

¢

& 1990s:BGA

Ball grid arrays enabled higher pin counts in smaller footprints.

& 2000s: CSP/QFN

Chip-scale packages reduced size to near-chip dimensions.

@ 2010s: SiP/3D

System-in-package and 3D integration increased density and functionality.

Traditional silicon packaging reached thermal and electrical limitations. New
materials require new approaches.
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Traditional Packaging Technolo

Dual In-line Package

DIP

Printed Circuit Board

[Bonding wire|

|Mold resin||Leadframe

https://www.tech-sparks.com/dip-package/
MAPBGA Cross-section with 2-layer Substrate

P ee0remernenrneeeeeee
QENOIQIOIOIONONI)
®©

MAPBGA Cross-section with 2-layer Substrate

epoxy mold epoxy die
compound silicon die attach bond wire
ALY

©00OOHOE H 1
RRIL) 1

substrate

S

ball pitch solder mijling
sphere vias

https://madpcb.com/glossary/map-bga/

MAPBGA Cross-section

with 2-layer Substrate 75
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National Yang Ming Chiao Tung University

3rd Gen Semiconductor
Packaging Requirements

Extreme Temperature High Voltage Management

Handling - Breakdown voltage >1200V

* Operating temperatures up
to300° C

+ Thermal cycling resistance

« Enhanced isolation properties
+ Partial discharge resistance

* Low thermal expansion
mismatch

Reliability Requirements

* 15+ year operational lifetime
* Power cycling >100,000 cycles
* High vibration tolerance
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Overview of Advanced Packaging Technology

2.5D Advanced Packaging / 3D IC

@ Micro-bump

T S ST - e L e s W W W e e L e

-y - - W
- - o W W

R N

Package Substrate or PCB Package Substrate or PCB
2.5D IC 3D IC
2.5DiEHE 3DIC:
iEiEEF' R (interposer) i 1R & R I E ST . FEBIDICKHIER R EHIES
« B R(interposen): WER/MMER/BRSSF . @EALl/OHE
. EEUEE/ﬁff'E?Eﬂ%-m - B EMIVEFER
- KRitACEREEE - ex: HBM(S$EE 018 88), tsmc SolC

+ ex: tsmc CoWoS, Intel EMIB......
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2D

Silicon Organic Glass Others

AL
1T 1
“ - m . .‘l. : .
i u;(tl I ‘ede
» Micro-bumps P 2 | 1 ..
| » 4 bumps =i [“l.‘_ w 1 J‘""' o
s TGV i .
e e

2.5D Glass Interposer .“?‘"i l iR I\F
(Chip Last) o o
| 2 B LTCC
Embedded Siicon 2.5D Glass Embedded

Biidge (Chip First)

Wafer/Panel Fanout ST Micromachining
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3D

TSV Based Non-TSV Based

x i
0 > TSV . &
I TSV 3
E > bump Cu pads ‘ ?'1;
3D Stacking with 3D Stacking with 3D Glass Embedding
Microbumps Hybrid Bonding
| J | J
l l
IC Foundry only technologies Package Foundry
2-16 High Stacks F2F through RDL
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Advantages of Advanced Packaging

S EER:

i hwWwhH

HERERRBEN
{EREFEERC delay/y
BRIRE &R R /e
BEARINEZRRA
{£F Chiplet i
(PR{ESTIERZLLHI)

BA52 15 il

1. EEREGERN, WHAES
WZ IR (TSV)
R B

2
3
4.
5

& B & # £ {lf (Wafer thinning)
ga Bl SE & 1% fif(Wafer handling)
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szzard Common joining technologies:

Standard C4 bump
Fine pitch C4 bump
M C4 bump Cu pillar bump Flat Cu pillar

Bump-less

Bump : 100 pm Bump : 50 pm Bump:20~30 um Bump:15~20pm  Bump: 10 ym Bump : 5 pm
Pitch: 150~200 pm Pitch: 100 pm Pitch: 30~60 pm  Pitch: 20~40 pm Pitch: 20 pm Pitch: 10 pm
(XILINX)
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CoWoS process steps:  https://technews.tw/2023/08/09/what-is-cowos-
and-advanced-packaging/

. _,_._-—-"‘__""---.__W‘ H B M

Interposer

Substrate

CoWoS*

Chip-on-Wafer-on-Substrate
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Chip on Wafer on Substrate

RIFTRY &R F R S I01

SfEERBHVTETI R

PRSEETRHY 2.5D BEHE

ERPRNTERSZEA

P

CoWoS BETESHVEMERIIREM - KAWPTERSEEAES
BPIVREHI Y 3D EERVIEERS - QIFfFIERIZEHME -

\-\.
Semiconductor

b—/\

S
N

BEREERHSNEE

E—iIEKM - i1 2.5D Ik

93



CoWoS $z1ii%53

EERAES EEREE
THEEFEARIE - FE  EEPPNERHEST
DEEMEARA—H%  EfKREEEE -

e @ADL Al EEERY

%5 %E |u..\ ?.Ex/a\ I:FI ° EEEE

BEEEES HBM 5 mEERRIWFIEBIRE

ERECISES - SAREEE A HY R SN EETR K ©
B TB/s ° 2

-~
Semiconductor



InFO $21igI T3

Integrated Fan-Out 1228
ToER R LA EEREY - EENTREE &

SR - EEERET SE)SE 0.8mm U T
SEEEER Es, o . BREHEIEER Y
wich . BB R 20-50%

SEER - . NEE RN EEEREN BN AE
RIS E

. BERENE - AHBEENLSS

- BEREER - BLIEE
- OJEIRFEHEERY /0 &

e & Rih
L)
Semiconducio> 9 5




InFO F1igfE
30% 20%

SEETR T EFSiHER

HREHRIEK - ARBEIEE  FTRRIBDK 20% - BFIR
TEIREFEI(L

=ity 30%
15%

DIFERE
EJE N ESE R EEINAERREAY 15%

InFO M2 FEFARIEER A SRIIRESS « 56 F4BRIHFTER
BEIFETTH - RIS BEERUEEEE MBI TENES AL

HYIEBARTEEEEE o

A
1
d |

hle sas Bih
UL |
Semiconductor



SolC £21ig7T#8

=

B fTERE
AR VNS
=ptkichid)
Y
FEZMEH

12 san ma
UL
Semiconductor

System on Integrated Chips
HIF 3D g A EEErii
S18E (TSM()

ORI EEES

VBR 10 K

=EEESE ~ Al NIE=8

97



t

SolC #z1iif

5 BETEES o [ENREE

MR REEE T E 9 il ea B EERHE AR
KEUT - BEREBH iR S SRALERE R B
HREIITHIBRE ° %’f\,'l‘iﬁ%}%ﬂ BE—5
FELEXYFTMNL RKYE - (SRR
BEDER, - EiRAT F50% AL -
FIREBMESE -

RERAES

iR A EZAE « ANEIDEERYaRF - UHEEREASCITAS o
815 [RifikeaRH 1 WMBERER - DEEESERE o

V; y




3D FYERITAYPEE

HEIEERE o fEEE
SR S S0 8 i AER R RRERE
IR 2 BN AR
| -
rommng e o R
s, % SR BRI TS

LY
Semiconductor 99



RABE RO =2

AFREMEHEIL

FHEERSARBHIFTEMH -
R EMEERE o

- FHEMHE (PCM)
- AERHEEMYH

SEMRETE 5-15W/m « K
- BEHRMEHEF 3-518 ©

48
Semiconductor

EE)EENESET
BEMBRERTRIT - BES
EmmARNEEE

- BNiEE nal

. A

- [EFE DalE1ig

AT 5-10 5 © 2
FRIXREERER -

AFEERE
e gl R e
-+ BUEE TSV

- EBERENGE
- BRATVHIFE

RERAEERS | EETIRKE

100



fE D E IR

i MELEEEEE
IR FEEC BB A RS AT AR RO -

2 ioiEaEr S8
'\ ERENEEENELRAHRG -

Bt oth LEREA
BRERTAAERIRE S B aast -

[EDEER 3D HRKZINTIFEMTHIER - NERBRIZEARIRE
ZF0E 10-15ppm/° C- ERERCFELRERET - EEM
£~ iEERIZEE - TRFREEDREE 30-50% -

+Eie
Semiconductor 1 0 1



Vavam
RXRIEF RIS
HIEEIL
EIEIE RS E - IRSZTFH—IEHNEEME -
BV BRIEHNRIERE - BEREB—SBEERERG ET -
R Peatam I £52 il
ERTERIFRIRITRERGE - REBIRBERE -
[FRINREEMER - BF2REMERH X Yotz I F B -
Known Good Die (KGD) Ef&
RAERESEAENEEE - BEREESSERAHEERm
FESE AR mIREIETSE - IRSENEMEFERE o

+Eie
Semiconductor 1 0 2

(e]




3D F3REZ TRV E R

3D HREMERERZERREMEEES - ATESINESS 56 @RI « BEEMRMKRIREERKESFINAHEE - RMEEIF—
B3 EmEIFTHIRIREEIIG -

+Eie
Semiconductor 1 O 3



Y
+Eie
Semiconductor

3D T Al MAHHIFE

SIEREIERERES

Al NEESEE 3D SRR
5 HBM ACHERE -
FCIBRESARTIE 2-3 TB/s -
BRERR Al Sl RAVST e
HASE -

DFERit

EERAES
2255 AlRZID  SRAM ~ 3
B REEERF °

SR RS ESHY
SRS - IBIEEERERNEE

HEAR ISR ISEERRE - KBk Al A IDFE
DFERRIEFATE 40% - AR Al ZEEHREISE -

104



3D FYRRMAIARIRBZR

ERTEED
BEREE—TEIE 5 mKE
™ EEEBIENE 8128 -

4 = S
%EE@E?& =

Al EFEDERET A ZAEIEHlIRA R =R
MEEE o

48
Semiconductor

(W

vt

A REHER

A=  iRNanoBEFH R
HEEANIERIEEE -

EEEAFL
W - B15E  RUBISREE DT

¥ I PaS A - . &y -
BRI EHE—HI5E -

105



3D FIRESRE
SES

g HRY - W - ZFFEF=TEIRES
, RETH

S18E « —EFRHETETIRRIE
- RS

E%Mﬂ M&E - RRET S RRIEH

- PR RS

BLR - ERILBFREFIARIIRMH

48
Semiconductor 106



H@i

S8t 3D FREXAIE

0

in i
SEELE  BNTRES REEAHSIE

weEREt - BEIE 2 ofFEE -~ Tt Eﬁiﬁ 5R « HY5E
L?Uﬂ“ EjnﬁEl'J %*ﬁ%%ﬁﬁ?ﬁﬁ ﬁ%f@ﬁ”ﬁ

BERERIR © ISR AMTbAES o g%ﬁﬁ%ﬂ%ﬁﬁ
HEEREEEs HBEEAEEMNM BEXK - IER
 MEFREMBES BUNER - 5I9E i0EEIL o
SEER o EEEIF -

=

339 packagaing

+Eie
Semiconductor 107




iaam - 3D TUEREATHVEZRE

, ED¥SEERES
RIFEREEER - REIBSHOE
, ERERANEHAE]
X7 Al ~ SRREERFALER
. Ll G
i fie i S PRI TR AT R E R TR

3D FRKMTEMBFERRES N—IEEREREAZINEES] - i¥F858EFEmaE /)AL - B
SIEREFEENRERS R - (EEFEEMEHERIRN - UBEREMRIEE -

e
Semiconductor 108




Score [ BElight Current Round

rrvoy Al Sermiconductor

Rabboni
What is the melting point of Silicon ? INEEIEFR

| 2050°C

& 1420°C

B8, BTHE? EEHS—E:ENKPHKRE KB, HES FHHERTE
ZIEf EB®, ZRAE BFALYEREE, RIFA AoT EEENE, KL !

B R[] LLA Rabboni or - .
B vurR]LLA Scratch or -

X 1o

109



X 10T .
W
UM ERE /MU RAVTER

BGIRARBARBER LIEER FEE

https://www.youtube.com/watch?v=2gtMJ0sSods

110


https://www.youtube.com/watch?v=2gtMJ0sSods

gEEEE « FUHFTFHIEAN

VJEE
WMTEFEIEES
B EER B ER

@®

i

ot
G el

oJ#E S R EARHIVIREEETT

=3

AND (£2) S
OR () P8
NOT () F

111



85 HEEE

SEESRNES
w R iEx
NAND (E23) ~NOR (5(3F) - XOR (EfR8Y)

TEREEHNEELE - SESEER

112



BiE% - #iERHVRASE

RISHZTV

= 2 i A\ T L 0 2 FE RS %

Feaedld

BESFTETRERBEARS

BEERSSR
SEEAESNEHEEE S

&

113



LETPN Bl

[A] [INOT A]
0 1
1 0

8 / 2R: https://www.flaticon.com/ 114



NOT Gate

T{FO

1

— 0




NOT Gate
Voo 1
= O
Jq t oW
A il[ X u___:"
0

116



\I-._-:.‘ -

REF-EZ200 - ERME1050

B A Bl L

[A] [B] [A OR B]
0 0 0
0 1 1
1 0 1
1 1 1

R 2R https://www.flaticon.com/

117



<J

4]

<] .

-

MEE I - FHRT B2IIH

B A Bl L

[A] [B] [A AND B]
0 0 0
0 1 0
1 0 0
1 1 1

& R 2RR: https://www.flaticon.com/ 118



T OBA 4

[A] [B] [A XOR B]
0 0 0
0 1 1
1 0 1
1 1 0

& R 2RR: https://www.flaticon.com/ 119



NAND

IR
T

[A] [B] [A NAND B]
0 0 1
0 1 1
1 0 1
1 1 0

R 3R https://zh.wikipedia.org/zh-tw/ &g R 120



NOR

T :D—
-

B A Bl

[A] [B] [A NOR B]
0 0 1
0 1 0
1 0 0
1 1 0

R 3R https://zh.wikipedia.org/zh-tw/ &g R 121



XNOR

INETR
=D S

[A] [B] [A XNOR B]

R L O O

R OoOlR| o
==

R 3R https://zh.wikipedia.org/zh-tw/ &g R 122



B FERe S

Erib:l IS ER

T iz fEEFAEXENEEERETE

ETIHE AR ST R
JeERUE
iyexa EBLRICE -
FEERmEZERRER -

meEIRIS

ERYCEEDRE LR -
BB R T 2R EIRIEH

Y 2 Al

t)EIRE - SRBER -

E1TIRERIFERGRE -

123



4-bit hﬂ/inn ﬁﬂz



_ERIRYINGE

M/ NEEEREIVINEEA S
00011010 + 00001100 =7

125



EARS 1-bit ZMNiE=3

A B
i-bit A B Cin Cout S
Co= ful =Cn O O | 0|0 O
adder 1 0 0 0 1
é O 1|/0/|0 1
0 1 1, 0 1 0
K " |0 o0]1]0 1
L___}—- 1 o011 o0
—D—_ T 0 1|1 /|1 0
1 1 /(1|1 1

SR BEX

126



. Dl

BRI HE )

_Dt

A —»
B



A 4-bit = NNE=E ?

A3 B3 Az B2 A1 B1 Ao Bo

S T A S A N A

1-bit 1-bit 1-bit 1-bit

<— Full <= Full </ Full [<=— Full [<—

Ca| adder | 3 | Adder | €2 | Adder | ¢! | Adder | ©

' i l l

S3 S2 S1 So

128



—#R 7400 g9 IC

SRR 7400 B9 IC EAIT1E
NAND gates

o] LB BE A 4T v fE # A
K - B RYEE -

F ZE: https://wiki.console5.com/wiki/7400, 129
https://probots.co.in/74hc00-quad-2-input-nand-gate-ic-dip-14-package-7400-ic.html



ARE

S ERAY 1IC — 7483

_[16] [f3 [r4] [13] 12 [11 [0 [9]

i
~01 C]1

S,

jgdsA c4 €O BT Al g
Moy a3 B3 sz gyl

L

[ 2] 3T 14 57 67 [ 8]

7483
4—Bit Full Adder

R 2R https://datasheetspdf.com/datasheet/7483.html,
https://www.amazon.eg/-/en/7483-IC-4-Bit-Binary-ADDER/dp/BOB6WMS76L

130



GND

—

4-bit ZNNEEFIZAR

—

B4 S4 C4 COenp B1 A1 S1
A4 S3 A3 B3 vec S2 B2 A2

+5V

2]
L
—>

[N
=~

ety

E*I

131



4-bit Adder E{EZ (I)

10
L

A, A, A, A, B, BB, B,|C.|S, S, S, S| C,

0
2
4

O 0 0O 000 0O OO|OC|O O OOO

o 001100 0 1 0/0 0100

o 601 00 01 00|01 O0O0|O0

o 0601 1,00 1 1 0/0 1 100

6
3

o10 0/0 1 0O0 0|1 0 O0O0O0

10 1/0 1 0 1 0|1 0100

10
10
2+16

o011 0/01 00 0|1 0100
1 0 0 001 01 0|00 O 1 01

132



4-bit Adder E{EZ ()

4

10
L

4+16
4+16

1 0 0 001 1 0 0|00 1 0 0|1
1 01 01 01 0/0 01 O0O0 1
111 1/]1 0 0 OJ0O|0 1 1 1|1

A, A, A, A, B, BB, B,|C.|S, S, S, S| C,

How about the others?

7+16

111 1|1 1 1 1,01 1 1 0 1) 14+16

3
0+16
0+16
8+16

o 0 o 000 O1 0,1/]0 0110

11 1 10 0 0 01,0 0 0 01
11 0 0,0 01 1/2,0 O 0 01
11 0 1/]1 01 0/1|/1 0 O0 01

133



Score [ BElight Current Round

rrvoy Al Sermiconductor

What is the melting point of Silicon ?

&

B8 2THE? FEM—EESBEBHKK, REMH, E2EER ?
HIEHE EEH, ZRAE RITALFBREE, RITH AoT HEBHE, BhaL!

% B T LLA Rabboni or .
: ® vuR]LLA Scratch or ---

XloT m OR:--

134



Belight Al Semiconductor 1Z5{ALF &
et} N n"

iy @*
.-_'1. P - ;-"_'__.r"

ABREDM :
R ER B R EREHRE




Belight AT'Semiconductor #2 3 Al-+ &

" ey Ry 't
iy

EILEDA : S B IR 1E

17 (5RRA B AR BB %
ME2



Functional
Design

SPEC RTL code

Circuit

chip Design

layout






Belight Al Semiconductor % T"“”AI%%
) B

Bu_lltler_

2 Caam we Fix d?




Functional
Design

SPEC RTL code

Circuit

Al Design

layout



Belight Al Semiconductor A+ %2

o O W
s L
-y \@b

: “ _ P-"E il -




2 {0

=L 7-7

=T EEIC




Belight Al Semiconductor 1Z5{ALF &

SPEC|

Functional
Design

SPEC

chip

Functional
Design

13

layout

RTL
code
Circuit
Desig
n

—_—



Belight Al Semiconductor A+ %2

\ " R
'-i.\ J.:'-. - ___,...-""

Funct_lonal ThaEsRs
Design

. f%
EZHREE - ERE
RS



Belight Al Semiconductor 1Z5{ALF &

—_—

=

G m— ERE
Functional REE Functional

Design Design

------- BRETERE
RTL code SPEC cl':-l;ILe
Pre-sim | EETRIR ’
(=P
Circuit
ig| - P = -

Synthesis ZRHBLER chip Desig

n
layout



E JNEX T

.__',.r

1
=1
- \ ! 'y s
1 "., h b
| Ll gl .
r 1 -
e |

FEI\FE S (Verilog) iR S

Pre-sim . BlEEEGEREM S TEEARY
— (LEUIER : 1+1=2)

Synthesis : BT SREENEIR
(La0sR : TeeEMEIEE « BD)

AR



RTL s mEEEkER

code

Pre-sim : AN ELBHEE
— = }Eﬁaﬁﬂﬁﬁltd\ﬁ’ﬁ'ﬁaﬁ

— Synthesis : ElkeaBEXEHE




Belight AT Semiconductor =% Al-f &4

Circuit X rEEgERE - LTSRS

Design

, ity
TRL ]
£044 [WELIPE FOLOWER | |

Faar wRM B T
,u.ﬂ‘_._,m_l—.f — e ————
=

SIEAT

e 1 = om
A+ F=. o e | =

ZENEETE

Placement : ;RETCIFERH LAVIE
Routing : REJTIHFEIRERTERAF ERUE



Belight Al Semiconductor 1Z5{ALF &

—_—

e
SPEC |- BXE
Functional| BEE _
Design Functional
Design
RTL code | =~ BRETETR
SPEC RTL
) L code
Pre-sim |------- EIN=SEd ! ‘

Synthesis| - *=HikeaxX B _ Circuit
. chip :
Circuit | =IBEHE Design

Design ==

layout
Placement |- Zx ELNIAP 12

Routing - SiREERE




Belight Al Semiconductor 1Z5{ALF &

—_—

i

SPE .
c | ﬁi%
Functional| BEE
Design
RTL code| St ETEE
Pre-sim - AR AT AR
5iE
Synthesis - EEBikeax B
Circuit | R
Placement ------- = E &

Routing - BAR B

SPEC

chip

Functi
onal
Desig
n

\ 4

layout

x h =, =
= Nt 1 -
e T

RTL
code

Circuit
Desig
n



AT

— (B2 5F Al RYICER

layout




Belight Al'Semiconductor #37AI+F, K
o O

iy @*
.-_'1. e - ;-"_'__.r"

layout ~ —fEEFAIRVICERETE

- Verification & Post-sim
: ZREICENAIEHAIIIEE

Tape-out
¥R AREMICE ST (layout)
= R#AICRIE A RIE

Fabrication : BIIR S m H 18

Packaging&Test : @& A 25
O 81T




Sweet Home 3D File Edit  Furmiture  Plan 3D view

sz a1 [E(3D1E

Window Help

15t E)

]

L

& Double Frend

& French wisdow
Opes door
O dosr
Opes dosr

i Door
Sterny dosaes
Fnmd Bt

® Kitchen gl

& Qo

= i
[

T Gk douF cab

" Class door cabi

W | DR
1813 3,

&3 33,
S 627
™S 62
TS 2T ROAS
EDE LLA FOAS
13672 a 250
TLT198.4 n

ZEIIEEEIIILEEIEE;IIIEII R

Wi




Functional
Design
SPEC ;Eg;
chi Circuit
? Design
layout

Layout

Verification
& Post-sim

Tape-out
Fabrication

Packaging
&Test

--------- 3D 1&E#EE

Fom=12 5t ?

7N 4D /\ =] AL
""""" iim WA %E/,

N
v/
i

K
ull
Al

/

--------- T ARES

1o BHfE AEEEBIZE \




Belight Al Semiconductor 237 A

— b
L \%

IF g

Functional
o = [— - Design
chip &eRSEIE ? RTL
SPEC code
chi l Circuit
P Design

layout




Belight Al Semiconductor




Belight Al Semiconductor A+ %2

“ _.J-'::'.-l'-u'- 7

——




Belight Al Semiconductor 3% A

1IC

I+ g8
—— -

'& £ )

—




Belight Al Semiconductor f2sx Al

)

Lavout

Test Pattern Post Simulation

U B R B

x 2 —
% - =1
e L

®
1]
o0
@
Design Format
C ++
Verilog System Design
VHDL
Verilog/VHDL

Schematic Entry

Front-end Design
Hspice

GDSII
DRC/ERC/LVS

Back-end Design
LPE

159

R
%ﬁi
-



Belight Al Semiconductor 1Z5{ALF &

Verilog : f#5

verilog

mutsE = (HDL)

2\ 4518 (half_adder.v)
EX: 3+7=10
—  Sum(Ii#8 - BAFBEAN) =0
0011
+ 0111
—  Carry(#1I) = 1
1010
A B Carry Sum
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

. o y b ‘:
-l o
.‘_!i"'t @\ .

Y - e

2 il



Belight Al Semiconductor 1Z5{ALF &

\ gy i\

verilog E L4518 (half_adder.v)

| » Module &8

half adder (

ports

.l'I 3

-

endmné;ld




Belight Al Semiconductor 1% % a“”AI—‘l’—J%

.._._..-"

=i

verilog #E I\ #5tE(half_adder.v)

input

odule half adder (
input A,

input B, Module
output S, &1 A

output C )

Black box

output

endmodule




verilog #E I\ #5tE(half_adder.v)

half_adder (

input A,
input B,
output S,

output C

. Module
1T A&
pan




Belight AT Semiconductor 1523t Al+4

Virtuoso : layout ~

_THz Layosst _symbeol Laymet = ol

cademce

w e | ¥

=

Disjects

{

ARARRSlp ARRAARARRARRAARARRARARRRRRARLARRR




Belight Al Semiconductor % a“é’AI—‘l'—i%

2e”

DRC/LVS : fgsg T H
DRC Design Rule Check




DRC

Help

File Edit Opbons Windows

=en AL TERE
Expcution Date/Time
Calibse Verason

Fuale File Pathriame

Fule File Title

Layout System

I.\'.'l-'.:' Pa '_':I

Layout Primary Cell
Current Dirsctary

LIETT LT

Harimim Rasults /Fulstheck
Maocimum Result Vertices
Results Database
Layout Depth

Text Depth

Summary Report File
Ceometey Flagying

d Cells
ext Mapping

Kesp Empty Checks

RONTTME WARNINGS

H SUMMARY FEPORT

TES

Eile  Miew Heghlight

. -
& L

Calibre - RVE v2013.3_39.24 : Inv.drc.results

Toots

P

windmyw Setup

P

Design Rule Check

Ralp

Sat Sep 25 15:21:09 2021
wE01l3. 3 30,24 Tha Fep
‘hems Mteain/digital cmos/q

ons

ine. calibee, &

inw

Jhoms Mtrain/digitsl csos/d

inw. dre, results (ASCITY
ALL

ERIMARY

inw dro. summary (REPLACE)
ACUTE = WD SFEW = HO  ANY
HOMEIMPLE POLYGON = HO NG

COMMENT TEXT + RULE FILE }
MEHOEY-BASED

rE

T Enow Al Finv, 4 Resubs (in 4 of 18T Chacls)

i

i

LRSS XXSSNSNX

Check / Cel
Chatk Wall1
Check Well £
Chack Well 4
Chagk Foly.1
Check Paoly 2
Chack Paly.2
Chetk Paly 4
Chack Poly 5
Check Poly.B
Chack Actve.1
Check Active. 2
Chack Actve 3
Check Aclive.d
Chack impdant 1

Thark lmpdant 7

Redu

S oo ocaoooo

2o =a

D uttiple itlems seleciad in the Fee



Belight Al Semiconductor A+ %2

\ e A "
'-i.\ J.:'-. - —

LVS Layout Versus Schematic

Layout oo bue preat e



Belight Al Semiconductor 1% 3% AH’-J%l

HSPICE : =3 E 5

#i 65l : inv_exp.sp
HSPICE N

subckt inv_exp input output vdd gnd
ml output input vdd vdd p_18 1=8.18u w=8.5u
m2 output input gnd gnd n_18 1=8.18u w=8.25u

ends



Belight Al Semiconductor A+ %2

C 52Et Li=6il FERoRE T 1200 =3 EomF 3% Li=60
a1 aR A DD EEERHGHS o BERREETE - e B S EIERFEERDP -
TR ENEFBREENRSABFEEM R L BEENE - fraEHSE IS -



g&% Belight Al Semiconductor 1% “”AI%J—%

= @\

I IEHE B R

BISEIE B
3 BREIIH R AVE(ERE -
IEEREEC S EREARREET] -
R PRI
IR EEE LR ERERER -
FRESCNE L ERYRIFEm
RREES
RSB ERERVEIATRE -
[BEMTEDHERERE -
AR A
PRI IR TEYET] -
SN —EIFTEVLRE -




Belight AT'Semiconductor #2 3 Al-+ &

-
:_jiﬂ_.l.

2

| =
Nty Vo
e

WBHRNIE o BFXRLS

A3

BfTTRRE AR iR E NIRRT -
el B SRS FWRIR -

BB - (e
BRIREE - BEAE

lEg)==)zs
SHEA ST LN BB NIEFE -
ERBERIERIE - RRABIRENS !



Score [ BElight Current Round

rrvoy Al Sermiconductor

What is the melting point of Silicon ?

&

B—HE, BT HE? BEM—EREREEHHkREK, mEMH, EREDA 2
ZIEHE, EEW), ZERAE IR LI BTBREE, RITH AoT HEBNE, BrhL!

k\@ B 7] LLFH Rabboni or .
; m vur] L Scratch or -
X loT B OR -

172



@2 KX B

W &R 3 5 f3- %128 CPU/GPU/NPUSR

173




(R

e 3E 2R

Processor

https://wizardkuo.com/diffference-between-cpu-
gpu-npu-sharing/

174


https://wizardkuo.com/diffference-between-cpu-gpu-npu-sharing/

|/

~

SHAA...

175



B 4SER.

HIRERIEES CPU B EEIERS GPU

GeForce.com Official Site: RTX Graphics Cards, VR, Gaming, Laptops (nvidia.com) 176
Intel computer processor in selective color photography photo - Free Motherboard Image on Unsplash



https://www.nvidia.com/zh-tw/geforce/
https://unsplash.com/photos/intel-computer-processor-in-selective-color-photography-0uXzoEzYZ4I
https://unsplash.com/photos/intel-computer-processor-in-selective-color-photography-0uXzoEzYZ4I

& CPU?

CPU =12 Z+7 %L Central Process Unit ® & i@ % » ki~ 3 % E 1
SEE N S A NI é?w—hwm#ﬂ*f% ¥ooA@RAES HH
1)< 4 - THfeR LB > TR AMARE AT A PER A2 o

S (!\
T+l

GPU =2 Z+1 %L Graphic Process Unit 35532 % > GPU * nji it s er CPU - < &
= CPU ’(ﬁ@uﬁw l[%/?ﬁi:i’ g s 3 omn GPU o B Y e 2R/ - = # %HF’U %zrw
FAL A T oA h o F A Jr’ﬂi » 1l CPU e ay Mw% 20 ¥ R JR BAR R e
[EX5 7

m £G5B 4 GPU> oA TF»’Lﬁs?ﬁfm%/ﬁ\%f\,*

(FHixjx) » B4 GPU » £_5 7 H % 7 %
AL ek A B D k> 3 R E WL T o

= A% NPU 7
B R RE- BRIV R REDAILE NPU » & ¢ Neural Process Unit # £
HE Ao FE? ¥ Kz v H- ﬁﬁ% R % j\f\:vi/;‘}i /f@f‘le’g > 1Y A ’_‘q“_‘%‘ﬁ%é #f#f& Edrig o

% mjj%{? {473 fadfe Al AP i@ & o

177



::.::.1-:1 ALU ALU ALU | Control |
Control e YT ALU ALU [PEHPEHPEHPE]
| PE[H PE}{PE |{PE|
Cache —={ | ALU ALU ALU
ALU || ALU :.’ | [PE[{PE]-{PE|{PE] e
— ALU ALU ALU Frﬂ _,IT_-,E{ ‘FFEHE
ALU ALU Control
sf | ALU | | ALU | | ALU | TS I
BUS BUS | DRAM |
CPU GPU NPU
| x® | CPU
h#E B8 = 1
Az = = K
BhH )33 - =

178



0

72— T LA4

A A REA

7|/
z
_l

Ve >

010 s

o 2T ERVFERIC B B2 E A B
EITER T BE ~ e ~
LIhE
Ref. 179

Microprocessor vs. Integrated Circuit--What' s the Difference? (cadence.com)



https://resources.pcb.cadence.com/blog/2020-microprocessor-vs-integrated-circuit-what-s-the-difference

72— T LAdH

i
|/
L
—>-
B
m

AR T

S5 RIGHIEE T oS MR
eV ES =R gl

180

Microprocessor vs. Integrated Circuit--What' s the Difference? (cadence.com)



https://resources.pcb.cadence.com/blog/2020-microprocessor-vs-integrated-circuit-what-s-the-difference

CPU mziEes

K22 4E

=y

PR R IEES

CPU

A A A A

AR EMBE
System Bus
»>
S BN fss
»> I/0
P>
> N
> s0EAS
> Memory
—>

181



M ERIEEs

B A /8RO

Input/Output

JTFQ W Dﬂ/l_,\
0| RRIETTRVAS

i

oooooooaon
oooooooaon
oocC———10a0

Ref.
Microcontroller 8051 Pinout Diagram and Pin Description - ETechnoG

S?'ﬂ'h ey

—P1.0
P1.1
Pl.2
P13
P1.4
P1.5
P1.6

P17

RAT

— (RXD) P3.0

{TXD) P3.1

{INTD) P3.2

(INT1) P3.3

P3|  (ro)r3.a

{T1) P3.5
(WR] P3.6

L (RD) P3.7

XTALZ

XTALL

GND

P1

W o B W N

TP T

1/0

Vee (+5V)
PO.O{ADO)—
P0.1{AD1)
PO.2(AD2)
P0.3{AD3)
PO.4{AD4)
P0O.5{ADS)
PO.6(ADB)
MC PO.7{AD7)—
EA/VPP

8051 ' ALE/PROG

DIF Pockoge

Microcontroller 8051 Pinout Diagram

PO

P2

182


https://www.etechnog.com/2021/11/microcontroller-8051-pinout-diagram-and.html
https://www.etechnog.com/2021/11/microcontroller-8051-pinout-diagram-and.html

(P
\—AJﬂEE
IZIE/ /0N F_I_\_L

Memory

BEFEE< ~ 8rlE
Afjﬁt Address

A} Data IVEF 7D

B NETMEmE

=N o
)/ Le

sCIEAS

Memory

10010001

01010101

00010001

183



MIERIBSR

ke

System Bus

%%ﬂw\%ﬁ%
LM%%U = BN PR

—p
+>

Ref.
AR PE M HE -

FRRERIEER

CPU

R HAEL
- /O

Control bus

Address bus

v

Data bus

MEE TR

BN EREE (wikipedia.org)

System bus

184


https://zh.wikipedia.org/zh-tw/%E7%B3%BB%E7%B5%B1%E5%8C%AF%E6%B5%81%E6%8E%92
https://zh.wikipedia.org/zh-tw/%E7%B3%BB%E7%B5%B1%E5%8C%AF%E6%B5%81%E6%8E%92
https://zh.wikipedia.org/zh-tw/%E7%B3%BB%E7%B5%B1%E5%8C%AF%E6%B5%81%E6%8E%92
https://zh.wikipedia.org/zh-tw/%E7%B3%BB%E7%B5%B1%E5%8C%AF%E6%B5%81%E6%8E%92

MR IE 2R
R ERIP 23

Central Processing Unit

FEUES  EH

ETES

FR R ERIEER
CPU

| BA/EL

1/0

soIRRE
Memory

Iy
CU

EIEHBES

PC

EvEFe

IR

e
Register

SR EE T

ALU

185



it

%E_i DJF Ez“:& PC

Program Counter

TD%TT ERIE<H
oIRES AL
(D%Lilﬁ\b

FR R ERIEER
CPU

TP il
1/0

| iERE
"1  Memory

FEmlE T
CU

EIEHBES
PC

EvEFe
IR

e
Register

SR EE T
ALU

186



ﬁﬁz?ﬁ

B /_[ hohEiEse

CPU

A /%
1/0

Register
TR EFIE T AER

H“ ‘:Ei'f o s s

i, PC
5o BT

o] e 77 R

U 7788

Register
BT EE T

ALU

187



HAErees
= AEf 000 RRERIEES
s< & 1Fes IR

Instruction Register

A /%
1/0

FEFER TR E Bl
WHITIES FoTt st o
(IRAIZ) *
1SS 877252
o8 5T R
U 775
Register
EEEE T
ALU

188



MERIEEs

Bo#EEEE T ALU

Arithmetic Logic Unit

Y awmald

EEIT
Integer
Operand

v

MERE (+— X +)
dgeEE = (AND, OR, +++)

TR ERIEEE

CPU

TPl
I/0

sCIRAS

Memory

N A

BEIT

Integer
Operand

v

A \/
Status
Opcode v

B
Status

IR EHE *

Integer
Result

BEHAE

& T
CU

EIsTBIEs

PC

=

IR

CH 7S

Register

o

Bl EEes
ALU

7T

Ref.
Arithmetic logic unit - Wikipedia

189


https://en.wikipedia.org/wiki/Arithmetic_logic_unit

= TEes B
EFIEE T CU

Control Unit

%ﬁﬂ’%ﬁﬁﬁ“
BT RVAETE

Wi /ﬂm@]

(FEFERIE)

FR R ERIEER
CPU

TPl
I/0

8T
CU

EIsTBIEs
PC

EvEFe
IR

Tiras
Register

F#ETEEE T
ALU

190



a < & HH

Instruction Cycle



5 EER

|—|/—/—

v

lﬁ/*/—

= _2A_SH BT, BET
H < A= /H\H Operand X _|_ Operator
Instruction Cycle l
B += A0 = A 4477 '_‘/‘_’_
HQ1§E E'T/ }E ~ @426% EET?LETD #ﬂf??t/\ %%@“ =
Instruction Instruction Operand Execute D Result Store
Fetch Decode Fetch

A

B

192



TE<ERA CPU
ESTE I
Instruction Fetch PC
e T \
oy N IR =i
/m: E_u_ Ei%j Hj ? CU %-Fr T? %%
Iff IR Register
STREEHES IT
ALU
NEiE< DS IVEES T ANITIE< (FE1FAE
Instruction Fetch Instmctlon Decode Operand Fetch Execute Result Store

193



=SB
7/
HigE<

Instruction Fetch

R4 PC ,\Eﬁiﬁﬁﬁiﬁ

IEECISREB IS
mf?mﬁﬂ

CPU

FEmE T

CU

25T BEs
PC

5B
IR

#1753

Register

O og —

B EE T

=] \== Ee8
DE ‘%‘\HE‘.

Memory

BVEIE<
Instruction Fetch

e AR

Instruction Decode

1

r—|/*/~

EVSEE T

Operand Fetch

PITIES

Execute

ALU

L [HIFADR

Result Store

194



2B ER

T 2 BENS

Instruction Decode

lcpu

ESEE
PC
FELE e \
e <= I saleee
12| BB ST AR TS S h@?n Memory
i 2% ﬁﬁ)ﬁgﬁuﬂﬁﬁ T ires
Register
STREEHES IT
ALU
NEie< 5 RS BISEETT ANITIE< | (AT AT
Instruction Fetch Instruction Decode Operand Fetch Execute Result Store

195



5 LHH

\|—| S ——

CPU

H 5\— 7%_ /L T2 TN ES
Operand Fetch PC
=z Mq = mm] 5<HY o
fERCIEAE SN e %7;@@ Sllte
B BB LA BT o
e
Register
SNTEEEEE IT ‘I}
ALU <
BEFE< 5 RN S ES T HITI5% ERExES
Instruction Fetch Instruction Decode Operand Fetch Execute Result Store

196



Instruction Fetch

5%

HEES

Instruction Decode

EIVETES
PC

a8 Fe \
IR s0ISRS

e85 oo

Ul et

Register

SR EE T
ALU

/E N

S ES T
Operand Fetch

HiTIE%

Execute

(EXedT=

Result Store



< B ER

CPU

f ==
/TIII% _jF/\\IZI N
Write Back (EEN S
PC
/ AN =] N2z @S =1 B oQ
G S B ES
L EE o R o1
eS| BT Memory
U #7552
Register
STESEE T
ALU
NEie< e RS BISEETT ANITIE< | (FEFAE
Instruction Fetch Instruction Decode Operand Fetch Execute Write Back

198



i
<



R i KE%%
SR SRR L R —

Scratch

Python 2068

Ref. 200

Scratch - Imagine, Program, Share (mit.edu)



https://scratch.mit.edu/

T
|/

72— P Dl B A R

BRI R ET B EINEL D » RIER—E R ©
SRZGESRS o LU TRVEFS ©

S ETIERE Y A BER ET T S R #0 Ry L

MAZT\ a2 5T EME W\ BB RIR(HERY TS X%&ﬁ o

201



i
r
\%l-v
il

m
&
H/

o — N AR

TBETE <5
RISC

ERTE TS
CISC

—EOS ZEEE
NS ABE
T .

—EOS— @1
mENie b
S thgE

MIPS, RISC-V <86

202



==\
—+

Mg
T
SH
&
S
Hl

17— T LA4R

TBETE <5
RISC

—(E0>— (@B
mES=RIE S
S LtaYE

203



B ARR S IREIECEIRZ A AN E

x
mE BRMEEIE<TEEREAITER D LLEIR (pipeline)

Ref, 204
MIPSZEAE - 48 E A H > BB EZE (wikipedia.org)



https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B

A B ARRZEIREMIECEIRZ 5T AN E

mE BRMEEIE<TEEREAITER D LLEIR (pipeline)

Ref. 205
MIPSZEHE - #EE B > BEBAEEE (wikipedia.org)



https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B

Instruction Fetch

Instruction Decode

Register Fetch

Execute
Address Calc.

Memory Access

IF 1D EX MEM
— — _ Mext PC
Mext SEQ PC Mext SEQ PC
: L
R51 =
RS2 Branch
=1 Register Zerorpiaken
- File
- -
5 o =
o = =
IR n u
Sign | Imm
“\Extend

Ref.
MIPSZE45E - #EE B E > ERMNAREE (wikipedia.ore)

amn /3w

Write Back

WB

WEB Data

206


https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B
https://zh.m.wikipedia.org/wiki/MIPS%E6%9E%B6%E6%A7%8B

=.A
SSg- =

jg ZD,I:I—:H—
a0 A0 —

Machine Language

00101000
JIIZA

MIPS32Add Immediate Instruction

A
i

WOR008 00002 00010 0000000202011110

207
IECELUE - HE TN 0 BEENBREE (wikipedia.org)



https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B

T
|/

72— P Dl B A R

a0 © MIPS, RISC-V

ADD A, RO

Equivalent mnemonic: addi

208
IECELUE - HE TN 0 BEENBREE (wikipedia.org)



https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B
https://zh.wikipedia.org/zh-tw/%E6%8C%87%E4%BB%A4%E9%9B%86%E6%9E%B6%E6%A7%8B

{2 — 1 DAdmiA

ASEEES
Assembler

-
—
il
]I[
g&

ADD A, RO 00101000

209



— [EE=FH =
IEBE [ —

High-level programming language

#0 © C/C++, C#, Python, Java

while (1 <= r) {
m= (1 +r) ./ 2;
if (a[m][@] < val)
=m+ 1;
else if (a[m][6] > val)

r=m-1,;
else
return a[m][1];

A=B+1
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Hands ON & Intelligent Time!

What is (are) the feature(s) you can find for the four gestures!
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Random Forest { Random Forest )
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k- AT E B A4 $H (k-Nearest Neighbor Classification)
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Hands ON & Intelligent Time

Use Scratch or python to construct your
decision tree for gesture recognition.
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Support Vector

Machines (SVM)
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Koala Example: https://www.youtube.com/watch?v=ER2It2mlagl|

https://www.youtube.com/watch?v=XxZ0BibMTjw Cancer Example

face s eyes " 0.2 + nose™0.5 + ears* 0.3
¥

309


https://www.youtube.com/watch?v=ER2It2mIagI
https://www.youtube.com/watch?v=XxZ0BibMTjw

1T e }r_’ <
@.. ". r _individu-ally for example jyg

-y

@ o am]
chain can detect tail and they can tell their decision to nidhi v
B :

|

i ond?étofiéc‘zAI:l'—if?

I

[s this Koala?

face™0.6 + body*0.4
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. https://medium.com/@ prabathmail/revolutionizing-api-
AI MOdeIIng API design-with-ai-driven-solutions-d8d7e3a7a7a4

API Governance Team API Review Team

Requirment Gathering APl Design Team API Specification
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API Design
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@ \ 4 Style Guide escriptions

TensorFlow

Fix Rules
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TensorFlow PyTorch Scikit-Learn Transformers
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@ https://www.youtube.com/watch?v=uz7SCnotgNM

https://knowledge.naimei.com.tw/posts/62a9adfef
725b9db5c0cae54

@ https://www.youtube.com/watch?v=3ftsfZYS4xI
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Rabboni vs. Scratch

Rabboni” E®RAMREE - BR "A&l° - ENASESLEENSENSEE BB ENFSRERERTHA
HAE - WIESEAEEAERST MRS - RIREIEAEEETS -

Rabboni (§IHEIERIE) B2021FiERISHERERE - HEIGRZREXBHIUSRETEIRGEERER
EEG1E - WESScratchEFXAIRED - EScratchiEBFmENHIBAIZEP - SEFSEERNETHNRE
RS HIZREL RV R SRS BRERIER T EIEF - [@F - RabboniMScratch#EFREIZEK1 24 GRHE - B8
FERVAIGEA ST SET IR - BT FIRESRRF SREHFNRIS DB - FRK - SR ELMIRESIE
FTSEDFAFSENNE - BABTREEBHES -

ScratchE—{EFimaJRVEIZERE - RRE S EEBINZFFIEESHE - RRIIEISE
MERERERE - ScratchEHMEE T 2R BRERIMitchel Resnick#iR R ERB N7 EE
BX5R2007 585t - ARMEIIETFRIZEIAZE - 20195 + ScratchfEMEIE T2 S —(E
BILHYHER - BRScratchZ2EE -

From https://www.scratchfoundation.org/our-story

%ﬁ BelLight” 331

rved Al Semiconductaor


https://www.scratchfoundation.org/our-story

&

Belight Al Semiconductor 3% Al+ ¥ 52

|OT: Internet of Things/ IMU: Inertial Measurement Unit

IMU:
DR E (Accelerometer) |
BiRE (Gyro) S
B#%7J8t (Magneto) Y,
SENSORS will be everywhere /!
BeLight”

rved Al Semiconductaor

Sensing Parameters & Axis

RO WL EIpRE

Line Axis: X/Y/Z J3EE (Acceleration)
Ring Axis : X/Y/Z B3R E (Gyro)

Gyro Full Gyro Accel Full
Scale Range | Sensitivity | Scale Range
(°/sec) (LSB/*/sec) (g)
+250 65.5 12
+500 32.8 +4
+1000 16.4 +8
+2000 8.2 +16
332
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What is IMU ? Rabboni is an IMU.

Inertial Measurement Unit

E E E ®m 4 1 EH P
IrElIiEI‘J : | | | -
Accelerometer fniE#R Gyroscope PeiZ
Measurement of Motion (Acceleration) Measurement of Rotation (AngUIar VQIOCity)
== - Measurement of the change in ->Measurement of the change in angle over a
velocity over a unit of time. unit of time.

GeoMagnetic % &

Measurement of Earth's Magnetic Direction
and Intensity= = > Can be used for

orientation.

BeLight®
nvcuMSEicmductur 333
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Rabboni is not just a device, It” s a platform

Data Extractor

[ 7 25 8 L 4R R API [FEEIR2 st 1 ]

Hannarann
]

IMU > : Android ° Scratch
BLE =] i0§ « Python
USB IR e Windows App Inventor
« Unity
Al Algorithm [EE%RI 5] AloT [ FEREX] loT [#/Hik/E is 41 H]
e Motion Detection* {TEN{&:l * Sports . Phone -
* Pose Detection | zxge 3 . Health ° Pad 0 &
e Data Analysis EERA ea ~ *NB | '“'f
e Signal Analysis ° SR o th - Gaming . Rasberry Pie Q& Fﬂbjﬁ:;llrar
- FRSEDHh « Education ;

gﬁ BeLight"
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The y abboni is equipped with a built-in six-axis gravity
sensor (IMU: Inertial Measurement Unit), BLE Bluetooth
transmission, and processing components.It can transmit
sensor readings in real-time and provides sampling
frequency and dynamic range.lt is also equipped with an
LED light to indicate the operating status of the rabboni
and display battery level.
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Rabboni-Scratch Connection Ul 1 2 3;
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USB Connection

After decompressing, open the folder and click on the application to launch it

STEP 1 FREMEE - TTHERK - MEBEREIRR

rabboni_SE% SUIEE4F_v0.2.0_Profile Profile 57

STEP 2 Open APP

ADD New Devices
—

Bluetooth can connect up to four|rabbonis
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{& rabboni

Il Attention !!! Only one rabboni|can be cannected via USB.
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( USB Connection

STEP 3
Connect Devices [#E 45 USBEE B8 )
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#21Z Rabboni — USB HID UART Bridge
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zéEEThe bouncing numbers indicate a successful connection.
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Rename Devices for Scratch Coding
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STEP 4 Press and hold the right button for 1 second to start the Bluetooth

connection. The green light will flash until the pairing is successful. If no
device is paired within 30 seconds, it will automatically stop broadcasting.
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After successfully connecting to the mobile phone via Bluetooth, the green
light will flash once every 10 seconds
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STEP 3

Choose Device MAC ID
EIEME #ErabbonifE B RIMACHS

MEREEAR
¢ oce TR

MAC ID Can be found on the devices.
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BLE Connection

§>:EéThe bouncing numbers indicate a successful connection.
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STEP5 Rename Devices for Scratch Coding
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Samples

https://12u10.lab.nycu.edu.tw/portfolio/aiot-6/
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