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A New PIN Diode Model for Voltage-Controlled PIN Diode
Attenuator Design
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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. 2. Voltage drop due to R, in DC I-V cha-
racteristic.
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Fig. 3. Proposed PIN diode model.
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circuit diagram.
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Table 1. PIN diode RF parameters for APD-
0805 in Libra™ simulator.

Parameter Description Unit Default
IS Saturation cument (Not used) A 1.9E-9
Vi 1 region forward bias voltage drop V' 0.0016
UN " Electron Mobility (Not used) cm /=S 900
WL 1 region width (Not used) M 1.2E4

Rg T region reverse bias resistance  Q 4E5
Cyviv  PIN punch through capacitince  F 0
TAU Ambipolar lifetime within | region S 1E-12
(Not. used)

Rs  Ohmic resistance 0 2

Cjo  Zero-bias junction capacitance F 1.5E-13
y, Junction potential \Y 1

= 1.01

M Grading coefficient

Libra™ Al Edc]E]2 735 APD-0805
PIN t}e]2E=9] DC vl

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

E2:

Parameter Description Unit Default
IS Saturation current A 12BN
Rs  Series resistance Q10
N Emission coefficient ST
TT  Transit time (Not used) S 50E9
Cio Zero-bias junction capactitance F  0.13E-12

(Not used)
Vi Junction potential (Not used) Ve w1l
M Grading coeffcient (Not used) - 050
Ec  Energy gab ev LI
XTI Saturation current temperature =5
exponent
Tvom  Nominal ambient temperature G2
at which these model parameters
were derived
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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
values.
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del as a function of input voltage with
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