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Studies of THz radiation systems for
next generation wireless
communication

Student : Yi-Cang Cai Advisor : Prof. Chi-Wai Chow

Display Institute
Colleage of Electrical Engineering and Computer Science
National Chiao Tung University

Abstract

We propose and ‘numerically analyze® the feasibility of using
Manchester coding to enhance the reliability of ultra-wideband
(UWB)-impulse radio (IR)transmission system. A specific example of
UWB-IR communication system with optically triggered Terahertz (THz)
pulse will be used in this analysis. Effects of atmospheric turbulence with
long-normal distribution behavior are considered for the transmission
link. Our analysis Manchester coding rather than the conventional

on-off-keying(OOK) coding in the presence of atmospheric turbulence.
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2.2.1 Current-surge model

f§-Maxwell #4120, 21]

VxE=-— (2.1)
(2.2)
VeD=p (2.3)
VeB=0 (2.4)

Ef

p -

(!

R

mj

BT

W

R

B=VxA (25)
28 QDA 5P P T )
VxE--a—B
ot
— 0 .
VxE=-—(VxA)
ot

—~ 0A
Vx(E+E)=O (2.6)

U (2.6) ] 2 VX VV = 0 I BERTE! V b
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E+2%_ vy

ot
E__yy_9A
ot

P (2.5) 120 (2.7) 0 2 2.8) i
%= 0 oA
VxVxA=ul+ue—(-VV -—
S &( 8t)

Tfi?%szVxK:V(Voﬂ)_VZR

0% A

ot?

Vzﬂ—lug

=V(VeA+ ,ugﬂ) T
ot
g = oV
T Lorentz gauge, . V.o A+ ﬂga -0

=~ A <
VZA—ﬂgat2 S

Tfi?%z(ZS)J‘} D= gE }1[[(2_7)
V06=p
V.E:B

&
Ve(ww+ -2

ot &
w0 A p
VV +— (Ve A)=——

ot p

A5 Lorentz gauge Ve A+ ﬂgaé_\t/ -0
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0 oV Yo,
VAV -~ (ue2Y)=-£
a7,

o  p
VAV — =-£
P
-
VAR~ e SR =T FIVA iy Loy AR H
&

5 ISR e -
@@;@i J 4= (continuity equation)

P 1veT=0 (2.12)
at

PR AL F R?%%Ti}:ﬂl It jEJ’t_@Ei Ay = Fiiﬁ F[Hﬂjm T AR LY

%—Ft—f _'\"]

ER et TR A T Eii%ﬂ ELARR LIV E (steady current)

Vel=0 (2.13)
K@ 212

9p _

il (2.14)
FHPTR P L R T RS A e S (P E=-VV _0A

js(r,t—(F—r' /CD
)= 57 a (2.15)
472;:0C2 a F_ﬂ

4EI II[I Erad (I’ t) %/Jﬂj‘wt ﬂﬂrﬁj\j@ﬁj“l L TUELE]!;: FEIfJJJ'fﬁiEIﬁK 'J\

& KB TN H“‘F“fllg\f

CERH [ 1A U

R N e

da : 5T AR e (gl ot e
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Por KFJH?JH%

r-r|j=r—ner +...

r-ri=r (2.16)

IR (P85 5053 ook IR 8 o 0k gt Js )L

g« [0

r—r

D

Erad (r.t)=- oyl - da (2.17)
472'800 ot _r:_r

i (RO

= - 1 Ad=

Erad (r,t) = - ——Jsft ——) (2.18)
47r€0 2 ot

FH A S AR L PR = (X + y2 + 2% T IR

P [ o SRR Z Ty X ALY SR B 0 T T LR s ——) [

ﬁt \]S(t)gweg\\r [ﬂ[[—u[—:h ! iTt [

— — 1 Ao -
Erad (r,t)=— 2——Js(t) (2.19)
47rgoc z ot

Z/[lq\g\l 2-2 fq\ﬁ ;'E;'—_\"REMIEI Jiﬁ”l} [ﬁ%ﬂ ’ 'E[ I: | Vb 55 7‘L ;IE:L—\.R?E,,‘H [IE[ NS 7][1[] E‘J{ R Eb t?’lf/i‘ JJI:[
BT WA 5 9h IR > B (6) $5 70 W B P PO R Brou (915

T A PO PR » Hloan (0 5 7 U 3L AL OB TR (1 ) R



91) » Hiou() 557 SR R CH [ BRI - Jo 00 B 58410
#[fifI6]
{1 Maswell 47H5 F1p: £ BT ) % Stokess ) » 25 I A 53 ]

g

e (220)
HI c MM THE & > EFIJJ‘} I/L‘,E%Tt@

E, in®-E (t):—wg(Hr’in(t)—H ) (2.21)

r,out r,out

fﬁir%g(H O—H, o O FLERERY o T w BRTET 0 RS T

lim (E (t)—E
w—0

(t) =0

r,out
P P20 R S SR A N PR S A [ VIR PR - 4 A
Er,in(t) = Er,out (t) (2.22)
BB TR
n, (Er,out ()~ Er,in (1) =0 (2.23)
FIRLT PS5 Mg VR W VR e Bh-R R & =T
~ Stokess EZE > it I AR TR
qscﬁ-mz—js(m%)-@da (2.24)
TP TERA 2k e A OB
Js(®) =[§I(z.t)dz (2.25)

Y SRl e AT
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Hrmﬂ)+H“wJU:JJO—a+QW§E (t) (2.26)

r,in
iWWﬁﬁJ E, o (8) ERE 3B 2 WITHS 0 0 (i85 A 1

im (H i O H o ©)=30

S
Js(®) = (Hr,in® - Hr,out @) xn,

T TR B 1 AR e

—_ —~ 84
|‘|r,in(t)><nZ =£Er,in(t)
T

_ ~ 01—
Hr, out (t) x n, =-—Er,out (t)
T

Fh e R FE AR

Js(t)=—1+\/zﬁr,in(t) (2.27)
o

A R B

Js(t) = oy (t)(Eb +Er,in(t)) (2.28)

[IO‘ (t)i%?l’%—rt-f} £ %—1 ‘{/D

Lt =01 Oexp( Y

ACE /) (2:29)
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he car
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Hr,out(t)
®_> Er,out(t)

<«—,
<« t)

Vb —

C?Y"nx ®_> Er,m(t)
\ r, ml(t)

[:'raﬂl 2-2 %g—{;g‘?!WUE[ﬁ%I

ﬁ,ﬁ??'?}‘% current surge model <7][ » Iy ['f"i’u‘J s /;Flr%]‘ﬁ Drude-Lorentz model
2.2.2 Drude-Lorentz model

= i X o R R TR

I o R T 1P Lk R R ST

‘_m

T A R %fﬁ]fhﬁﬁﬂ PPFEAUEN - B FoF EIE T Jp[ R sy
RS0 ) sk ARG G S S ORI 2 R S5

3EJEJIF'5F§[]‘— # Drude-Lorentz 517 o &l (% £~ JERS ﬁl[ﬂg ORI AT B

dn®) __n@)

ot . +G(t) (2.34)
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7o SR PR
G(t) EREN~ puik & sk

= HREEL BT A N U TR BRI
AR [T ARG (L A H A - 9
T PEBRRI P o T EIh OB A RS R

A

dve,h(t) _ _Ve,h(t) . q
dt T

e, h E

(2.35)
e, h me,h

HH v p, (1) SERR L S
e 54 (K TP
Mgy E5ES (Y D e T A
Ty B (R F D AV S
E%%ﬁﬁ%ﬁ

7 BV g S A TR T B TR By - R
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=5 (2.36)
P 4% R [ty -

& BV ARG Y /7 B (g

@ RS ARGITET RN RIS AT =3)

T RRIp A [~ 3 S

e (2.37)
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;

A e 1 FA‘ i
3 R A R

J = envh —enve (238)
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G RBRT S PTA AISR fOR o SIS KA

%[FL] VRE pﬂﬁlffﬁﬁﬁ FeA YT
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RO [T R - WS I E ARG P2 i b
il e [ BE(intrinsic potential barrier)q @ ~ i ['T,T]’Ejt Vi, ZEER T 75 (built-in
electric potential) Vi [IURYA o b M v o 07 oF B 2 Fz’-ﬂ%%’!ﬁﬂ o % U
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233 gt
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TRREPUIREESY (2.46) [0 I Fe 1T

G=—"—
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o=q(u, +,up)GrpW (2.48)
(G 2.48)5 (P97 1 I ECE

L hvQL2

PoA an(u, +#,)Py

( 2.49)

FRL BB Bh V=
A L= Bl 2 GBI
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