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Integrating Recent Advances into Semiconductor Physics Education: A Case
Study of Strong Coupling in Graphene/2D-hBN Heterostructures

Huang Jiayao, Huang Chunxu, Xie Jianing”
School of Physics and Optoelectronic Engineering, Foshan University, Foshan, Guangdong 528225

Abstract : Semiconductor Physics is a core course in the undergraduate training of majors such as Light Sources
and lllumination and Optoelectronic Information Science and Engineering. It plays an essential role
in helping students establish fundamental theoretical frameworks, including semiconductor band
structures, carrier transport mechanisms, and interface physics. However, in actual teaching practice,
there are still several common problems, such as the abstract nature of theoretical content, the scope
of the knowledge system, and the insufficient integration of classroom teaching with frontier scientific
research. To address these issues, this paper takes the strong coupling mechanism in graphene/two-
dimensional hBN heterostructures as an entry point and explores a reform pathway for integrating
frontier research achievements into the teaching of Semiconductor Physics. Based on relevant
research progress, an integrated teaching content system combining theoretical instruction, numerical
calculation, and simulation practice was constructed. MATLAB—based numerical computation and the
rigorous coupled—wave analysis (RCWA) method were introduced into the course, thereby forming
a teaching implementation model of "fundamental theory - frontier cases - simulation analysis -
competency improvement." Meanwhile, with the aid of learning analytics methods, the effectiveness of
the teaching reform was systematically evaluated. The results show that this teaching practice helps
enhance students' engineering practice ability, scientific research literacy, and innovation awareness,
and provides useful ideas and references for the reform of Semiconductor Physics teaching..

Keywords : Semiconductor physics; 2D-hBN heterostructure; strong coupling mechanism; rigorous
coupled wave analysis method
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FEL BRI T H A WM 5 T, B L BN E SR A BRI OO, BRSO i, BEE T ERHEEs1
IR, FEAERSST SEH LRI R KR, 51K T @b St Ak B R AU B R AR RE T Y G
o EMTTSTY, At HIRY RO, SR LR S, AL TR + W+ SCEk + R MO R
HiikzR, SEHRIIAARFRR, SR ERE AR A RFR R T R U, S SRR 1 SARET A5 |
HIFHNIZ . pn GRS, RIS PORERAI S IR BRI AT, TR AR S . it SR, &
G ARIHR SRR E, shZ LB S s, UHRAE LTI N BN A RGRIISL T, RGP
Bi: DRSS R GHERNEEE, SCEARBATIH R A TR SCEAf . Jvilt, 2T “DiAyrul . BIHCRSE” (OBE) HL&R
HEBHART MBS, WANFERRRNTR I, W “HIR—R8—F3" RRBNTEHEA AR Y, T8IG / AR
AL (2D-hBN) SRREHTENITAFAM BR ARG, RHADET . M7, SHEEOCHEMAPIHE Ta e IEaemg iz T4
AMMERSTIR . AT R LAR o TR RS AT P, A SR /2D-hBN S5 RS SRR S AR SRR, ARG R

R, WA B TR SRR S ARG [

BT kA, ASURIMEL A8 /2D-hBN RGBS PLE" AHEARG]. A L, IRIT MATLAB P16,

EES

Az ST IR A2 R R A . TR STk (Rigorous Coupled—Wave Analysis, RCWA ) 575 3k TZLAMAUH A ) FLAZE T

FETH ST ASCHIBTTE HAREALT .
B BRI R Z A
TR RS S RHITERTR

(1) TSR 5 AT / — 2 hBN
(2) B4t MATLAB BB SP R A AHT (RCWA ) JIEABIUMFEEAEIRTY, $EA2AE
(3) MWIEE 2D-hBN JFFEH, 319 EITRSHIRESERMT, SRSt SRIHRZRES .

SR PHER GG, R

—. B=EF /2D-+1BN REERYIEEM SRS HE

BRI SRR B R R S R T 25 32 e Y,
SR R S B T A R R S R AT 1,
AR ICH KA 1/100 LU, A RUSEBE G - R G AT SR
PELo X L7 e 4 5 R s R e T R 21NN
Frfh . JCRHIE IO L A RE AT SR O ERE FE (3 1 s T
8771 I R Al A= 2 i) o SO GF 7 3 S e | VARIB b OB 8
T HL SRR . 16dl Kubo AU, A M SEEH “Drude
TR CEANKIEI M, SRR TR SRR
FRETIOIIE: o TSI N SRR G N2, TR SR A A
MR 251 562N 58 R BV BEAE, SRl S iR 2 SRR
PR A TREA S S ERE S 1Y,

2D-hBN & —FHA W | mAE R A i —
HEAELAR, HATHRLAMRUBE RS RGOS, Rl Xy
R RHRBAE L R E A m U il i iz T Loh ok
FezE M, 2D-hBN (45 Al A R 2 S SR B A2 NE S
1 (KA Reststrahlen 47 ) P53 H B 05070, 431
H4JEE (Re(e)<0) 5458 (Re(e)>0), X3 hBN
KM R FIRoTE, AR DI HUREE T A RUE &
TIPS, AT SR e SRR VR M s R
H5 I 2D-hBN SR ] S AR R S OB (i T
HIFHIC AT, FIb— PR e A A B L BB R A7 Hp
WA S TR RGeS ",

NI # /2D-hBN S REH P EoT 55 ot
TRH ST M B DR SR AT, T AL A v i P
KA PR Ty kI R . TR G AT (RCWA)
VER—ZRZ MM T S0:, R R A 45 4 F ) R

TR IAVEHR L T A SR s /2 ™ B R A
TR ACK R Maxwell 778, & FH TR Z5H 0 R 3 =8
SR M EA TR A FEACAS B Zhuomin Zhang 2
A BAFF % (http://zhang—nano.gatech.edu/) , HAF BIFHTE
VETFRCE:, S b it gt HoM i e a2, T
Bett: “BITH” HRE T

—. SREKPIR—ABE /2D-hBN RREDE
BIRt03E

NT BRGS0 /2D-hBN FREHAE R 2LANE B
BACRTTHAEITR, ASTIRFE RCWA BB B EN S ()
FMIOO T . BRGETHRAMESEL, seul —4eb R s
P HL RS R SRR 8 BEAS S & RCWA XS24
HUREAT RS RISR R RE T, ML 22 2 S U S P i 42 4514
ZHAT ISR, BN, FATE MATLAB P& E5gk
MPTBERNRE . SSRGS B R R S 2l R AR AL, R
HEE s oS A TR EOC 2 R AR AR S HUH) 5 IR 7R A,
IR T RIS SA R RS, BT
AERERE SRR R, 2E IR s TR
A S TT O E B B AR

ARGV — R A& S A S AL A AR R, B
LT RS R BT A BREE, AR 2N B
B R MSR R CAMNAT N . GEGSIEAR, fRmres
PEBOFANR F FARBUR L, T HHAE RS o (o)
P, %G R T AR A S HR T8 AT Z 1A
WELE, AEFAIS: Drude I (R E HERFHR) 5
BANT GEIRMNITFESWIGE ) , BAFEEZEE Kubo A ™
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GG (w) = o—irllra (w) + oin[er (w)
; ek,
h? (a) + ir")

u, —h(a}+ir“)}

6‘2 2
i—In| ————— 2
anh | 20u|+h(o+ic)

]HH (1)

Y7
+21In| exp| ——=
H. [ P( kT

FF e, 24 MATLAB HUZHE T=300K . 7ikAE
P4 p=0.28 eV HHFHIINE o= 107 s S oyt SRR
TEFPLLANKIR T AT L SR B AR (L M 22 PRE— 3 AT
SR A AL

£ =1+i706(w) (2)
£,0t

gra

FLR T B SRR P UA t~ 0.34 nm , RS LR
SR R A RS, i i o R, SRR AN AR P A
JEAERLIAVE A TR RELE], AT R 58 R SR TR
WA S EL

IRARIREN T 7 59 K Z, 2D-hBN HFE247 7 1] 70 h
Wi, 45 PR AE2 7 7 (Transverse Optical phonons, TO
phonons ) T4 [A] Y62 7 F ( Longitudinal Optical phonons, LO
phonons ) , 2D—hBN EATMLTH BN EREH, XSG 7
A3y 1] 7 PSR A A AR 1 TN AR R
2D-hBN JZFH A #BHI RS, EERET 2D-hBN EHJE T
FISRIIRY , PRI R Z R . 7% 2D-hBN
PR R A I SR TR, BT S R A I AP ALsb
Reststrahlen 3B Lorentz BB HA g s ™ 17,
dw_@@’j (3)

£ =g 1+
BNy~ Coy 7 _ 2
[ @, —1Y,0—©

w =l LR PR SN A, Fa i Dk
PIAITESMAIN AR EL, 6, =2.95 T &, | =4.87 AT P TR
TN TR RN B EL =4 om™ Fl y, =5 om™ S
FREIANE AR R, B S AR L S
A AT AR B 43 BN R A AR R e

PR, L o, =780 em™ Fl @y, =830 em™ {RFETH PIZAIT]
JEEFEFE TR PR A5 T BRI, T @y, =1370 em™ il
o, =1610 cm™ NETESM DG FRIESME D EA S T
SRR, AT AR MBS o B A oL R B S R
B, TR | RS RE

SER HIA S 2D-hBN SRR RS, SRR A 1A
PR R, SERR RS RS S I M. e 1
FIR, S REE R PR ALk T SR Ak, Hah
JRFEHhBN WK, FEEEN 14 wm EH MgF, (AR
SNEEEMRL) |, AR AT R Ag BRI ", Hr o S )R
Et,=34A , hBNEFt,.=34A , o ()i Kubo Azt
VHEE, HIEHKEE . BATIERSR u SFKEE v FESHL, H
R R B R R KRR =028V . LT E R R
P10 em® (Vs BORiERE v F=10°m/s e 4iHI R

VT, A ER 0.1 wm, MK W, ¢E0.02-
0.06 m RIS SR, hBN SN 761 - 92/
IS, TSR TR RO A SHECI 0, i
SHETEUT S, 2 A0 & T AP R A 2 5O T S
HINGICHETRE, SR DR SR AR, WA
TR, S EUOTRRECE ST SO ) SR
B2 RITAER,

Periodicity: A

1. A% /2D-hBN SEEERE

R AT MATLAB P M ET 80% /2D-hBN &
JRASH BB ATV, BUNER AR P R G an rl A i
i RCWA Hdm 585 Iy, HAWE 2 s, S0E
ERBO S DT IO ER R (1) JURSEE: S50
TEER T HYCHIA&HE 55 B2 Width_dd(L) #2EX, Z5HitE s =120
Bl B BT RO A%, hBN 5 MaF,, 450 E 5% —% %
F0.1 pme (2) JEMHEMME: width F TR ES M7
B, HiE— 2N ENSH, FNERNTEEER. FEET
PR LS AT 7 R B B (0 — A L Bl Bt i AT A
BIAAED 0, At NIHFEH -, SEHUE S R 25k
(3) WESHESHIAN: ORI FORE A — 2, Al
0 &, MBI IEHIETRFHI0E L, SN TSEE e d,
NP e d MIAG X e S BRI WA T A0 RO 3R 5 1%
SFRAIZSAERE Ref Al Tran, (4) RCWA ZERECGHN: HRFE
I TM BB, A2 E RCWA T8, KRS
KGRI R AT E B E 1% SR P RIR ST ol il B A
PR, TR DU G (AL B S FATAE M RSR AR, DASRIS e 34110
TR AR, (6) REPRIFESEM. iRsErEARK, ik
TOWACECHIE 100RE , AR AT Emissivity_N(L, :) = 1 - Ref 75
Hr, FIFEAR NIRRT, TR 428 - WA EnE . ek,
KOS Emissivity N FERN 4O 20150, EWRRE
TASHOS N RS RAE R AR

Num_ord = 50; % & & RCWA i B (1 RATI AL

=1

plot_num=100;% HA#HAL, AIRIRZHESHE R REE
Emissivity_N = zeros(plot_num + 1, length(lambda));

% WA FCRSTHRANE, T AR 2 R

P WEATHSEEER : FAMIEE H M 0.0 wm F348%E 0.05 pm
Width_start=0.0;

Width_end=0.05;

Width_dd=Width_start: (Width_end—Width_start)/plot_num: Width_end;
Po A S LY S5 P UL A

% JRBIFHATIRIN, WA e

parfor L=1:1:plot_num+1

L % %t Gans Ay, Tl St s
width_dd=Width_dd(L); % H4ETIEH FREHEE S5

d1 =[0.34e-3 3*%0.34e-3 1.4]; % & LM PR EEE (7 wm)

N =length(dl); % EX N, HTZ 24l
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Period = [0.1,0.1,0.11; % &J245H0 M E (B0
width = [Width_dd(L) Period(1) Period(1)];

% BEA MO (B pm)

psi = width/Period(1); % P2 HAF
f1=[000]; % ¥EEREAZmA—RIBAE

12 = [psil; % K EEEFAmIA— A ILAE

Ref = zeros(size(lambda)); % WA IR SFZREE R ( 5P KAEF—5)
Tran = zeros(size(lambda)); % HIUAIIEGIRAETELE (HPARAEE—F)
% VA RCWA R, HEATTRIC FRIREGPR GBS (TE/TM #)
[Ref(ind), Tran(ind)] = RCWA_Multi_TM(N, e_m, e_d, f1, f2, Period,
dl, e, lambda(ind), theta, Num_ord);

end
Emissivity_N(L, :)=1-Ref;% W4 TIB5 FHR %
End

E2. AEIF /2D-hBN FRAZIESERT

=, IRAKERRES T —AEK /2D-hBN &
BRESRES
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ZIEAERNZS ] A R RS " IR AR R .
RN Z NI, R R ERERERS, e IEN A R SRR
I NSRRI FIEE s AEP 3G) Hh, SEETET hBN 2
BRI, (UREASGN, TR s S Hok
TR ELETR . IR R RO B — AR A S 0
SETNT SR IR SR R EE Gl X T S80S0 SPPs
1. B 30) R TIZAM T AR AE, Hoh—R e
T R SR A BRI L = 7.3 o m T 18] 3(c) R 7
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FINF SIGHEBIE A e, BRI SEBIRE BT B0
AP, HOTREERIE 3@ . EFEaR, BEEAFHM 0.1
eV IHIMNZE 0.7 eV, A1E=MB R SPPs A AZHT R AT e
BER Y. NHEEMIERE, AU ERA T BB R 24
MRAHTCE AT MR P&, SATHEE "R
- AR - AR AR R
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Wavelength, A (um)

02

0001 002 003 004 005
Graphene Width, W (um)

B o
0 001 002 003 004 005
Graphene Width, W (um)

102 03 04 05 08 07
Chemical Potentiel (eV)
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