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Fig. 1. Schematic diagram of microwave wireless energy

transmission system.
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Fig. 2. Schematic diagram of GeOl Schottky barrier diode
structure withfolded space charge region.

GeOI FE AR 14 3k B A7 BHAR it i S 1)
F R A, 255 (] L f DX SR )R8 S, >t M 7 5 i FEL
FEREE RIS, hm e 2R 2Z )5, T2 SR
TR L), P KRR RIS R BHAR I
i LR RS, 25 1) B g IX 2 2 T AN R, /N
SEONRIFERY ) Y R Ak 2R3 KA, GhasE 2FE R,
LA T L DX 5 AN AR | 235 () i DX [ 6 ]
FEIS. XSmRS, SR G 1 1) FE S 1 R
WA TR AR FE GeOI SBD. 4 4 5 A A
IR, 4208 5 2 AR fil 5 T2 RS 25 ] B fap IX.
T B O 203k B B A5 4 v SRR R ) SR
BF, RIS He B © 2 i FE A, it fin i e Jm A
BRI, 128 1 L A PR N 2B GeOl
SBD. 5{&4 H Fedk A AN R 0] AR ST
() B R A A 2 ) R ff XA AL 8 S et —

BB AT G i 9 2 [B] R Ay X, T A P 2 ) 2 [ L £
DX A ) 22 i) LAy DX PSR L T, A I
ES N[O R TR ol R =90 W/ 1 i MBS T 2
e s (] ey D PG 1 AR AR TS T e Ay
DX T3 P G i) 5 i) ey DX S 1) 2 ] LA X, BT LA
BN SRS & et s L PSE N TSR 2 |
HUZ, TEAR PFROBCRL A s o B A T A G
Z, TR A BRERARE, SRA RSN,

21 GeOlHIEFHEGXEHBEZRE
EARE ST

R T VR TTIS T B S [a) H g DX RS AR
BN TR, 0l 2 WA T LA 2549 S50 S bt
R PRSE AT A TIESE . H R A R
T FHE BV N
e, B’
2N, (1)

Xt FERATHER ) GeOI H18 53 8] Hi fif X SBD,
Hozs [l faf X4 A BB 43, o i 4 ) Hi Ao X 5 90
) 25 (] L fap X, 4 sz ] B R Vi 50/ NE, 255 (] B i X
Yk J 98, 24 /) i ik 8 — @R, T
SiOy BIAETE, DAy 23 (] HE A X 58 88 190 Ehs iy
it T %) S A FL R A2 SR 2 FL R Ver, FH AR 25
[i) L Ay DX TR B e A, A ) 5 ) R DX 7 A G i)
ZEHLZE COIR IR B B KA Cmax - BE A LR Vi
RN, SBD (473 (8] H fof X i A ) 47 i, p
[i) 225 ] g DX A A ) 25 FEL S SR . TR
H K GeOI 1825 [a] Hi fif X i dk — 45 BT el ar
FA 25 ] B Ay DX A FEL 28RS TR Ay 4 i) 5 9 1) 25 (1] B i
DX 77 e A A ] B2 5 N T v 25 T 5 0 2 B
BRHLZS: By = G/ /Gy

TE/INEELRTTS 25 (8] A ey DX 5 B Ry
2e, (Voi + Vo) ]"/°

qNg } ' @)

R F /N R, GeOl #1845 0] i faf X 1)
H R A R, Heas (] F AT IX A S oy N

2es (Voi + Wk
)= (£WM,VQQWL 3)
Tepis Vr = Vpr.

X, e 48 Ge MR HLF AL, Vii R 1 73k
BaR-L R RS2, Vi A H R
WA LTt e Sl L, g A HL TR D, Ng oA

B Vmax =

WDzl‘n:|:

108401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 10 (2020)

108401

W AT I AME SR AR Vor W M R —
PSR, T 18 GeOT 77825 ] o i X
MR AT I M SRR 2R

FT (3) X, ATLARFE] GeOT M FFAE A /Y
T L T Sy

Co

I
a={ V™! (1)
Es
Tepi’

Co = [qNaes/ (2Vei)] /2 S BEARAR 00T 1 4 —
AT S5 HL 2.

H T B BRI AE, B4
SR LR N, 20 11925 [ HL A IX S 2B R, Ui
Fif 25 61 FhL 7 DX T e B R L TR L S5 4 1) A
[7], 23 (] L 7o DX B A0 2, i) 23 ]
TEX B TERE 2

) VR < ‘/PT7

Ver< V.

O, VR < VPT)
T = _ (5)
2, (Wr Vi’T)7 Ve > Vor.
qNy
H Pt L2 A 3K
€s
AT LIS R ) 25 [] FL AT DX 1) FE AR BNy
07 VR < Vi)T7
Co
C = — Vpr < W&. 7
l E B Vor PT R ( )
Voi  Vai

FEF YN 1] 253 [ FiL AiF X P 2 A % i 4% 1] P
if DXL 25 AL AT LAAS B GeOT 4728 %5 ] HL A X
SBD (&b s 25 i (8) Uiz, Hok 25 [l
i DX 55 1) 2 (] i A DX FRL S Y ER O 20, ZERRAR R
/N R IKIE/N SBD HYZEHLZE.

¥ (4) 5 (7) A (8) 2, ATLIAHH, F#4rFE
SR GeOl & 23 [ HLf7 X, SBD Z5HLA N

L, Vr < Vpr,
VVR/Vhi +1
@= ! Ver< V.
) PTXx R-
Toi v/ (V&/Vei) — (Vo / Vi)
L
Es CO

9)

FEXT 2R K GeOI #1823 [ R A X SBD,
Y 1) 2 [ HL ] DX BEEE 5 1) 2 [R] F £ X9 1
IV

y = TEpia

2e, (VR - VPT)
= 1/ _— Vk = 0. 10
v qu ’ R ( )

H T 2AER 1 GeOl #1825 [H] HLfaf X SBD 7
ANt SN L RS, ) B s AR, BV EL A7 AR R
] B 25 ] LA XL (R E, B GeOl Hr & 25 (Al
fif X SBD WA L2 A

Ci = €5/ Tepi- (11)

M 5 3] 4 R GeOI 47 & 25 [6] Hy, faf X

SBD W EZ5HA N

VR>0a

1

Cy = )
Tepi n VR Vei) — (Ver/ Vi)

(12)

Es CVO

2.2 HYFEEE2E SPICE REISHIER

U GeOI H1 B 25 [A] HL fur X 1 43 3 A
i) SPICE HRIHEATXF LA B AT, DAXT 5 (1 fg
PEATIGIE. MIERATE ADS 5 B4k 1 SPICE
TR AR S b A A R AT 38 UE 3 1 T A 2,
BN AR R T O AT, BT
FH TR JC 4R e A5 i 2R 40 1) A R AR
H) T4 P HSMS-282 X R 51 1 45 5L — 4% . ik
FH HSMS-2820, X HR FH ADS 5 HAKAFH (1) 8%
S L, 5 BURELE QR 3 R, SR AR E
f 100 pF, f#k BN 1000 Q. BEHE5E Bl R 45
AN 4 Fos, AT DOES B Re Ao e m (A
PAERT AT 27.7 dBm &b, S0CRZ1K 68.5%.

< 15 HSMS-2820 1 54 —#l 45 1) SPICE
MERIZ R, ] 5 02K A SPICE R ALY 1 453k —
B A P03 37 P S L TR 6 A IR R SCR i £k
&, R i B AR i R AE R BLAE 23.1 dBm AL,

1 HSMS-2820 H i3k & SPICE S5#

Table 1. The SPICE parameters of HSMS-2820.
ZH0 Sz HSMS2820  BEL MY HSMS2820
By, V 15 Cjo pF 0.7
Ec eV 0.69 Isv A 1 x 10*
Is A 2.2 x 10°% N 1.08
Rs Q 6.0 Py A% 0.65
Pr 2 M 0.5
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Fig. 3. The rectifier circuit simulation diagram of HSMS-2820.
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Fig. 11. C-V curves of partially depleted Schottky diode
with different epitaxial layer thicknesses and different dop-

ing concentrations.
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Fig. 12. C-V curves of fully depleted GeOI folded space
charge region SBD and traditional structure SBD.
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Table 2.  The SPICE parameters of C-V curve of
fully depleted GeOl folded space charge region SBD.
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Ge Schottky diode for improving energy conversion efficiency
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Abstract

Microwave wireless power transfer(MWPT) can break through the restriction of transmission line to
transmit electrical energy, which is conducive to dealing with power supply in complex scenarios, and has a very
large application prospect. Energy conversion efficiency is an important parameter of MWPT. Hence,
researchers are focus on improving the conversion efficiency of MWPT from different ways. Schottky diode is
the core component of the rectifier circuit, which determines the limit of the energy conversion efficiency.
However, the research involving the design of Schottky diode has rarely reported. In this paper, a GeOI folded
space charge region Schottky diode is proposed. The space charge region of the proposed Schottky diode is
composed of two parts: the vertical space charge region and the horizontal space charge region. So the capacitor
is also divided into two parts, namely the vertical capacitor and the lateral capacitor. In the device model, these
two capacitors are in series. So the total capacitance will be reduced. This article establishes its capacitance
model and completes the optimization of device material parameters and structure parameters. The designed
device parameters are as follows: the doping concentration of the heavily doped buffer layer on the left side of
the Ge material is 2 x 10 cm ® to form Ohm contact, the doping concentration of the lightly doped region on
the right side is 3.8 x 10'7 cm 3, the thickness of the folded region is 0.2 um, the Schottky metal is Wu, the
width of metal is 8 pm, and the length of metal is 2 pm. We use the proposed Schottky diode as the core
rectifier to simulate the rectifier circuit by using ADS, in which the SPICE parameters of the proposed Schottky
diode was extract using Cadence Model Editor. When the input energy is 24.5 dBm, the energy conversion
efficiency reached 75.4%. Compared with the conventional schottky diode, the energy conversion efficiency is
significantly improved. The study of the proposed Schottky diodes can provide valuable reference for improving

the energy conversion efficiency of microwave wireless energy transmission.

Keywords: microwave wireless power transmission, GeOI, Schottky diode, conversion efficiency
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