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Abstract

This paper presents a new model that can precisely simulate the attenuation characteristics of the
voltage-controlled PIN diode attenuators. After carefully investigating the problems in the conventional PIN diode
models, a new PIN diode model was proposed and verified with experimental data. The proposed model is well
operated when it is used in the voltage-controlled mode as well as current-controlled mode, and is simple and
straightforward model, since the PN junction diode of this model has the same curve as that of the PIN diode.
This model is very effective to design voltage-controlled attenuator and its implementation in commercial

simulators is simple and accurate. This model will allow RF and Microwave designers to better use the PIN diodes
in various circuits.
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Fig. 1. (a) Schematic diagram of a PIN Diode
attenuator
(b) Conventional PIN diode model.
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Fig. 3. Proposed PIN diode model.

&ote 228 7R 4A 78] 7 29 of
Yet vy YA 2 ¢ Qe FEHEAY A
AT AR Y FAME HEST YA gt o
Bl Algtd Zds AF) 98 247
AASE, E3E RdE 29 RdF E =
A A Bl olgsie] uiagdogs & =
9 fr8de dotEth

0 2 Mt do

o. 2470 €4 & 21

E =RA4 Aokl RdE AZFsr] ity
Alphat}e] APD-0805-000 PIN tho]2E & o] &
st AGA oy #AZE AZegich 4A, AR
2 HY By e AT Ay 7 B [4)
st [10]9) M3 ekt sick 3T FE (4] 7]
£ FdS A3l AAENLH, 71E9 RYd S
AHEE A9 md g uhygol AAE vehd gich
F2 3 [10]& 2 =FolA Az 72479 2
2 thin-film Slo]HFE 2 E AZFsl= YutE
Wyo] 7lesol Sk

23 7)1%= 15 mil 749 Alumina (ALOs) 7] 8-S
o] &3l A ztE g on, AAFHFE 12.5 GHz o
dolM AE 5 GHz AT} 52 AAHYh
I9 4= AAE 2719 JEEE YeRdh
APD-0805-000 PIN t}o] Q=% F7]%: 13x13 mil’
o] 8ume} I-g9 T 0.05 pfe] 7148 S5 Al
H2g et

A E# o] -2 Harmonic Balance A|E# °]E<)
Libra™ 234 Zefo] wdz AEA Ae 29
< 7439 1 4 A3E A A9 v as s

129



SEBHEREWNE £ 145 5 25% 20035 2R
Matching
Section Bonding
v « wire
w\ T i e 2
RF _._—l—m'ﬂ—o -

short T V¢

= / / 1
. 1 e

- (APD-0805)

RF OUT

J8 4. A PIN HolLE 74719 AxE
Fig. 4. Voltage-controlled PIN diode attenuator
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Table 1. PIN diode RF parameters for APD-
0805 in Libra’™ simulator.

Parameter Description Unit Default
IS Saturation current (Not used) A 1.9E-9
Vi I region forward bias voltage drop V 0.0016
UN  Electron Mobility (Not used) cm’/V*S 900
WL 1 region width (Not used) M 1.2E-4
Re | region reverse bias resistance 4E5
Cviv PIN punch through capacitance ~ F 0

TAU Ambipolar lifetime within I region S 1E-12

(Not used)
Rs  Ohmic resistance 0 2

Cyo Zero-bias junction capacitance F 1.5E-13
y, Junction potential \Y, 1
M Grading coefficient - 1.01

LY
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Table 2. PIN diode DC parameters for APD-
0805 in Libra™ simulator.

Parameter Description Unit Default

IS Saturation current A 12E-11

Rs Series resistance £2 10

N Emission coefficient - 17

TT  Transit time (Not used) S 50E9

Cio  Zero-bias junction capactitance F  0.13E-12
(Not used)

\Y Junction potential (Not used) vV 1

M Grading coeffcient (Not used) 0.50
Ec  Energy gab ev L1l
XTl  Saturation current temperature - 3

exponent

Tnom  Nominal ambient temperature c 27
at which these model parameters
were derived

APD-0805-000
D(from Alpha Dota Sheet)

DTOGEM
SioiMt
15=1.20e-11  EG=1.11 ISR=0  TNOM=27
RS=1 XT1=3 NR-0  FFE=l
N=1.70 KF =0 IXF=0
TT=5.00e-08  AF=1 NBY=1
CJO=1.30e-13 FC=0.50 1BVL=0
Vi1 BY=100 NBVL=1
M=0.50 IBV=1.00e-05 TBVi=0
APD~-0805-000

D (curve fitting)
NLP TNM
[AEeieh
15=1.90e-09 RS=2 FFE=1

Vi=1.60e-03 Cy0=1.50e-13

UN=900 vo=1
Wi=1.20e-04 M=1.01 DATA
RR=400000 KF=0

CMIN=0 AF=1 TEwP
TAU=1,00e-12 FC=0 50

TEMR
TEMP=25

Ag PIN tholO= B9

Fig. 5. Proposed PIN Diode model for Libra™ simulator.
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Fig. 6. I-V characteristics simulated by the propo-
sed model and the conventional model as
a function of input voltage with measured
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Fig. 7. Attenuation characteristics simulated by the
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del as a function of input voltage with
measured values.
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