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Millimeter wave Schottky diode characterization and on-wafer
measurement
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Abstract: In this paper, the one-port and two-port measurement methods for millimeter wave Schottky diodes are devel-
oped, and the corresponding test structures are designed. The variation of cut-off frequency with parasitic resistance and
zero bias intrinsic capacitance are analyzed. The equivalent circuit models of small signal and large signal are given. A
commercial Schottky diode has been used to extract the small signal model parameters. The experimental results show

that the S-parameters agree well under on and off bias condition.
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Fig. 1 The schematic diagram of GaAs Schottky diode struc-
ture
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SEM image

Surface channel planar diode (a) cross section (b)
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(a) Bk Fig. 6 Simplified equivalent circuit model of Schottky diode
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Fig. 3 Air-bridge planar diode (a) cross section (b) SEM im-
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Fig. 4 Quasi-vertical diode fabricated by University of Vir-
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Fig. 5
Schottky diode

Intrinsic small-signal equivalent circuit model of

under full-conducting biased conduction (a) and zero bias con-
duction (b)
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Fig. 8 Cutoff frequency versus parasitic resistance and zero

bias intrinsic capacitance

JEE R 1 AR A I R I T T T Y
Fi L, (ELAS {3 T 2 S S B0 e o 3 5 el 2k 1 )
255 B A Yy PN SR T E |, W SLOT  TRL Fi LR-
RM A5 %

PO (a) 25T 1 43k 0 A B T It vk I
PRI B A B AE— A — g, It Hems 1
U 2R, R I S R Ok S BT, R
MR R G N Z,, WA BHAL A Z,, W) 355 11
T RBOTLLRR N

— ZD—ZIJ
Si= (5)
A
1+ S5
ZD_Zo-l _S“ (6)

B9 (b) g5t T — 4> S 36 2 i 1 1 e 5k
TR R IR 5 A AR N ) A RS0 AN 1A 10 T
N, H RN L BN R, L R
MR A S AR, RS B G
pi{I

1) I FH N5247 245 43 B T i 45+ R i [ 245
FA IR S S e K 2 L R I 2 PR

2) TEH J M S F A Rk LR i AR A
FREATERS 310 P 265 250

3R G317 i 22 A AR R S50

BULL 45 T 36 9 O 7 a4t B i) 2 4 ol
A AR, R 1A THN AT S, B 124
T AR BRI S SO Ll £k, DA R
Al LUE B Wit B DL AU v & AR 4 (55238
REL KR ZET 2. 5%, B A RS )R Z LT
5%) ; TE 75 GHz LA P AG A BT T B, 3228 I A0 4%
DA M L A 1 A DA B vy i R 5 22 5 R

O——-

S11 > VW o

(© ——

(a)

(b)

P19 B En Ty vk i B P R S PR s 4
Fig. 9 The schematic diagram of the one-port S-parameters

measurement method (a) and on-chip test structure (b)
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Fig. 10 Equivalent circuit model of Schottky diode for one-

port S-parameters measurement
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Fig. 11 Extracted parasitic inductance and capacitance based

on the one-port S-parameters measurement
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Table 1 Extracted model parameter based on the

one—port S—parameters measurement
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L/pH 5 5
R/Q 4 4
C/F 10 -
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Fig. 12 Comparison between modeled and measured S-pa-
rameters of one-port S-parameters measurement (Frequency
range: 1~110 GHz)
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Fig. 13 The schematic diagram of the two-port series S-pa-

rameters measurement method (a) and on-chip test structure (b)
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Fig. 15 Extracted parasitic inductance and capacitance val-

ues based on the two-port S-parameters measurement
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Table 2 Extracted model parameter based on the

two—port S—parameters measurement

S8 100 wA 10 mA
C JfF 35 35
L/pH 75 75
L/pH 45 45
R/Q 4 4
C/fF 25 -
R/Q - 10
4 it

AR 30 B AL B R 2 K B B AR
0 VR AN R B RESR bn , 21 T e PF R AR D7 I AT
A R 47 Ry 1 03X R s 11 00 3 i 1] 35
i, fo e AT S B IS 6 g ) /M5 S AR T 2
AT 7RI, SR A5 R SR WL O e R KT 1~

S“ /@i

(a) FLIt=10 mA

Modeled

(a) HJi=0.1 mA

K16 BAUAIEA S SR 2k (1~75 GHz)

Fig. 16 Comparison between modeled and measured S-pa-
rameters (Frequency range: 1~75 GHz) (a) Current=10 mA (b)
Current=0.1 mA
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