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A Technique of Large Signal Modeling of PIN Diode through
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Abstract

In this paper, we introduced the large signal model of a PIN diode and presented the measurement methods for
each parameter of the large signal model. The elements of the PIN diode model are classified into the elements with
a constant value and the elements depending on the junction voltage. We implemented the constant elements by lumped
elements and the voltage-dependent elements by a SDD in ADS. The developed large signal model was successfully
worked with various circuit simulations, such as simple DC, AC, S-parameter, Transient, and HB simulations. In order
to verify the developed large signal model, we compared that the measured results of a limiter and a attenuator with
the simulated results using the PIN diode model, which are in good agreement.
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(a) % vololx 57} B2
(a) The equivalent circuit at zero bias
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(b) Photograph of the assembly for 1-port measurement

8 2. GCar3l 1-97 &4
Fig. 2. The 1-port measurement of GC4731.
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Fig. 3. The measured 1-port S-parameter.

¢=—90°+ tan "' wCR pay — tan "' wCpR ppy (4)
o)tk e FAsdlH R,ate] AUALE ol 9
4 st 71d A ke, 714 G

_-CiCr

Cr="CpCx 5)
2 A9sac 4ol AUzt € A8l FA5E o
ojgl JelatH o] FatroA 93 W= 0] §
o, o= 2

r o ClRu
00 | o-0, 1+ (0LCiR )’
_ CeRux
1+(wLCPRmax)2 (6)
wetd @S ohge FAVE A
s _CitCr
LT R CiCr (7)

T3 DC el AT ¢ #A Z0IQ
AR 29 e 2ol A3
Ap= tan_leC]R max — tan "'w;C pR pax  (8)

ojm, o] & 73| s thet 2k

C
tan (4) =T C ¢, 7 Co )

gt &2 Fu4 1-ZE s-uEuE $302
T8 Gt B2 FogeA 78 ol et A4S
|43, C; o Ruw B T F SUTh 224 374
A ol3d FAE BAFA Ak 34 2#



-60

=%
Y
=,

|

= Measurement
- Simulation
=70

AW

¢[Deg]

AdE 266" " .
-80 \' " a

=14 MHz

-90

0 20 40 60 80 100
Frequency [MHz]
18 4. HSMP3810 PIN tho] Q=9 914 24 A3}
Fig. 4. The phase measurement of the HSMP3810 PIN
diode.

& —90°E W7k §igich o142 DC A%
o] & 9 Y9 A3 TR Ho| C=00]
=71 fEoZ AlgHE &, DC Aol A7IHA
A4S W& Y FA L %M 43 HA A7
7t g Eo] 37 Adle 142 Atojo] T
7] jEo g AlgHrh

I8 47 9 49 AL AElA 3RS 2119
o FAE ZE2 9l HSMP38I0[11] PIN tho] S =&

e
&

Ao 2 £ 7)(impedance analyzer)Z 48 A3}
otk I-XE S-stabule SR8 A3} G 022 pF
|, /- 14 MHzA A Hghs 7HA™ g7}
260602 SR webd 9 Aol o3 036
PF, Rnax=523 k Qo] AT 19 404 & 5 9]
%ol &4 Ao} ADSE o] &3 I A EF oA
UAES & F Uk

9 5% I8 ) 1-XE 24 A2 A Wk
ol & AUy S st S4e Aot 37 |
3 2 ol S/t 329 S-steiulE AlEH o]

=

A A7y 7,;5% A 3l optimization) 3o} A& a*}
WHoE 7 A e ol
FapoA ¢ 2 GHz Hgo® 44 O}dhﬂl
< AFFY JFo] FrA HEge] 54
3HAl st7] Sigtolrh 19 5ol H %ol

7} S (turn-on)5 7] A A= AR A 7hS 7}

70001
R
/ max
100 =i
Pd‘ \'\."l
[t |
o \'\_
+
= 10 \I\ -
\\I
1
03 04 05 0s 07 08

vV

J8 5 DC A wE aCAT1 PN EREAE
RrtRs &7

Fig. 5. The measured RRs characteristics of GC4731
PIN diode for the applied DC voltage.

PIN tho] & & R, %kelH, GC47731 PIN tho] =+
%100 QY& & F ATk
ReSH R, BHEE 2L O9 6(a)9t 22 2-XE
S-BEt el $3o) 7hsdith o2 SAH 2%
E S.IL}QU]H ol &3ta] 7,8 AAEIE ol 3k
A8 kol RAR©] BTk ol9} o] Wiy EY
sfolo] a#4E i% SR AAT 9l £ ¢
oo} At T3 v I-XE SHETG FF
3 wlo|t} tho] Q=T EEHW Cpdh Tho] L
HEY G7h T of 8, o] A& g3} 2
A7 Agag
_ ol 1
Go=Zy. = v, Lr (10)
oI
cD:Tta—‘f: T,- Gy, (n

od7)A & o]Atgk(ideality factor), Vr= GAS
(thermal voltage), 7= £ AlZH(transit time)°]th
NTME AT wCp>Gy FAE TEHY, & wl>1
o, G2 FAE & AUtk GC4TT31E F ns T &
3 AE AN EZE | GHz o3l A FA8E Gt
AT £ GC4T3IS T S EY) BEH
9 A & FHER Y 9HdLT Y &
ol FEE =X FulE 5 GHz ©J3l2 31H G 94
FAE &tk wakA GC47731 PIN thol 229 2.
TE $3GHHE 1~4 GHzlA F48AL, oH

15



BREITHARERGE BN E H15% 009518

Wire Bonding

DCblock
‘% Rl + Rs
PIN diode T O

(a) 2-XE §-gtiv|H z;(q EEL
_ (a) The block to measure 2-port S-parameter

13
n  Measwrement
" \ Calculation of fitting result
9
[
R R
5 K,
3 \‘h <
1 L"‘"h---n.n.;
164 1E-3 0.0 0.1

L[A]
(b) ¥ AR w2 A3zt
(b) The resistance for forward currents
J8 6. 3 ARl @& G413l tho]E §A4
Fig. 6. The characteristics of GC4731 diode for for-
ward currents.

ol

7t 22 14 6(a)% 2t SAA vho]oix T}
C £52 WA(calibration)3t ¥ ZFA3stAch 18
6l 4B ol 2= Ad kA B A(fitting) g
ol E A FE Btk 7PEAE R

o

k
k1
#1e) (Ip* (12)

R=R+R; FR“%F-+R (13)
ol ©tk B A3 k=0.011, &=0.782 2 R~=0.88 Q
< 4R, ™ 6(b)s} 2ol ¥ A gho] B dAF
< ¢ F Utk

ol A AY@)el B2 A AR EXL
a9 73 2 ge]2t 9 DC IV é%ﬁgi B3
ARE Y + Qo8Z ol 13 F A3 RE

olgst] t&3t 2ol B AtE T

16

0.01 /
1E-3 ,/
/

/]
= /

/ »  Measurement
1E5 y = Calculation of fitting results

045 050 055 060 065 0.70 075 0.80 0.85 0.90
V}[V]

J8 7. GC4731 To]RE [V 4

Fig. 7. The I-V characteristics of GC4731 diode.

1[A]

V]'ZVd_R TIF (14)
ol o E Het At A A/() e

v
1e=1.{c"" —1) (15)

oltt. 47N L= EaAFOIH, EAF Ve 0.025
VE ARt Adat 2 PR 1V §4E
BRI [=27 p4, n=1388 & A& & 9y 19
< EAAG B A3yt & 9AEE BASTh
A (ADAA BEo] Cp TolLE A AFS §
3 A1) BAC g8 2RIV ol Cp7t
A AR g tholtd A E Astgd
AREE st 53 AT A AR s ot
ol FXE At o AR o3 AR
A E &8 A)7Nrecovery time: 7,)3 A F o)A
m, o]t 3 & A7k 34 % 53 A7 AA o
& A3E Zo o) FAHHI M, 284 Geansi st
Zol wj¢ &2 A3t FH(lifetime: )& 7HA=
o] 259 FAHL A APA 9 HYLE v
WE W37t o] Foj Aok B X7k FHo] M5
o wEM 259 e R & Ak A e g
2HA 7] (function generator)= 4 &3+ 3 & AI7F A
o] golatA] gtk 1 8(b)= ()8 T4 IEAA
A 7oA AR Fatd QvtEE Age 24
223 Z(oscilloscope) 2 4 3 AAZ ADSOl A A}
SEE 292 A4S FF 2] 293 ZoAR
§ 2334t 22 249X SH A2 €A
Rt st e A4 SAHX S ADS transient



Vhigh=16 v Testjig
Delay=0 nsec
Edge=cosine
Rise=5 nsec
Fall=B.5nsec
Width=4 99 usec
Peiod-10 usee

R
R4
R=500hm

@) £3 A7 A48 82

(a) Circuit for the optimization of the transit time

14 .
12 nna i

1‘0 “\_ ®  Measurement]
\‘ Simulation
038

06 \'

04 i
02 \-
00
02

0

v, V]
Py

10 15 20

Time [ns)
(b) 34 A28 2¥HA G2 &9 943
(b) Output waveform without the test jig

05
04 lau x u o o a

os N [ Hewmrmt—
0 \ | Simulation |
=01 \

=700

:02 s

-0.3

0 5 10 15 20

Time [ns]
(© &3 A1E £33 &3 98
(c) Output waveform with the test jig
O 8. GC4T31 tho] .29 F3} A7 &7
Fig. 8. The transit time measurement of GC4731 diode.

dold A7t ZoAEE B3} A7k H A3
é-‘% 2.0 s Wl 29 9(c)9} 7
@91‘:} ol A& oA
% & AdA 4¥E o

10
.

—'\1r3L'°}ﬂi?L

=]

KN
=
A

e

Ry

22 PN CIO|RE [HAlS TE =

ZAE PIN tho] & gu|HE o] &3
HAS 2d FHLE ADS tooldl A A Z3= SDD

iV
ol
tlo
of
e
=
Z
o
o,
to
Iy
=
i)
1
o
e,
-4
o
S
i

X wn [r: AR &) e
Deﬂne voltage  Resistance Model Cpacitance_Model
¥ k1=0011 C_R= 0195 12
vn V2 ke=0782 TE24* e
R_s=0.88 a D(v):l!(v)tl)then TH(I8)) els e 0 endif
R_max=100
RZFCO=ifte=D)thenk 1X(0_F( )Yk 2) else 100F R_max endif

68
|_FQ=if(v>0) then Is™(exp({ n"VD}- 1) ekse O endit

R14
R=R_max O

"'_'\NV_‘_"O

© R e vo«
Numet F & "1
- RERsOhm  home2
D C o Fv)
11.41=0_DOvp
12,0=VAR_F(v))

18 9. SDDE &3 GC4731 PIN Thol 2T tlal
3 29

Fig. 9. Large signal model of the GC1731 PIN diode
using SDD.

(Symbolically Defined Devices)t FJZaAE o] 43}
Atk AHS-® SDDE AHEATE FH02 A%E A
9% 4 A &n, B Ak 78 Thskth
ool A AF3PIN tho] 2= thald el 4A s
#E 7HAE FETE(Ch, Ry Rua) 9 THOIE A Y
Aty mek Wste AR & et
E(D, Cp, R)E ©1FA Ut wets RS s
7 E g HE AFAAR, AR &S
g Ve g2 F 9o SDDE 19 9
of 7o) FEHAT FAF AT HdA F& #He
Z AH, TR T 22 29 FE 7t
AA FEE if T& AHEstd dFAH T

SDDY 4 [[i, ] iR TE o7tE At w
& ARE AYsH, 7HEEr(weighing function)E
AEEA FE W jE 00E, AHEE 9 12 Frh o
71 AMAZE mE ZEA] ¥OoH, THEdre
A7 B8R ZYH, A7 B3 T e
FRgoA jog gusith T3 7 ZEQ] A
Ztzh v 2 2 B, ARe LEY +E &
o7k dgkoltk WA o 2 AAT A
g,

I1,01=A_qul) == d{v)=Av) (16-1)

11,11= G(_ o)== i(v):_aﬂﬂlat (16-2)

A 7t TE ALE Ve vl, V= 202 F st
T A (1)ZFH RFW A 15EF-E [FWE A
At -, [, 0=ld(V) = X8y, I-XE g9 2

17



BEIEHRBERGE B0 B H15% 2009518

2 A Vol WE tol 2= ARACE F3)
™ 12, 01=VRIR F(V)°.2 T&atH [ Fu)ol wal W
st AFo R FaE G F9F 4 (1)EHE
ARAHA Hol&= M

QD=1 LRV = [ "C s

°|EZ I, 1]=0_D()S% Cp7h AT,

. PN CIO|2E CjAIS 29 23

HAS Hdo HETE dolr 7] YA PIN o
°]REE o] &g YHE Y 7‘4171011 &3t €l
P E & 7] PIN Tho] Q5] AFo w2 tho]
2T A fz} HlE ¥ NEE HWS}@I NSE 7
Hahe 5ol ok ErHE 2 RF 98 A

EL w}i} o]l Eo X EA3= DC A Qo] thol
SE Agg wgldhe W 27)E YRdA A7}
E DC Afo] tol 29 Age Waggloln
2H e g 7] S4E& 93 A4Ael PIN tho] &
tE ¥EE dZ4d Ads J¥ 103 2o

1T PIN o] & FulE& 18 11(a)9} 2] 4
Aol HEZ AZH PIN tho] 2=, 2719 DC E2&
AR E 9} dE RF 234 AYEHE ZAHolA
o EvE 48 982 16 GHz RF AN 37} 4 kHz9)
RF(Pulse Repetition Frequency)®} 0.05 %< duty ratio
2 E2 HMZEHYT " A5 YA S 0~45
dBmo 2 WA HE £ Ho) Ag 2
A71Z ZA3A o)} 2 H2AEL2 oF 2000

33 10. GC4731 PIN tho| o 211 A}A
Fig. 10. Photograph of the jig with GC4731 PIN diode.

18

En [-;m
o—j} —o
BiasT 3 block
1a8
de
(@ =4 74
(a) The measurement setup
45
40
35
a  Measurement
30 Simulation
g 25 e
) sasi
i 20 ‘(A_f,_/
L
8l 4 e T
10 P
5
04
-5

0 5 1 15 20 25 30 35 40 45
P, [dBm]

) ¥4 A
(b) Leakage power
J8 11, rE e w4 A9 un
Fig. 11. The comparison of the leakage power for Li-
miter.

9| RF 7] ¥istd] sjgstm, EE9 PIN Tho|2E
7} 100% 9] RF F7] W3} Sl A A A= 52
3t7] wgo] S83 21 AZko|th watA ¥ A3
£ SHF PIN Tho] 2. E 2JHE|7} do] WA skA] g+
O 598 B 48 A9 CW(Continuous Wave)
AMT FUs A &9 Ao FHEE Jv &
. I9 11(b)e 5% 23 dAS PIN to|2E
24 & o]£3 HB(Harmonic Balance) AlE# oA 2 -
HE FUS AHE F= AE ¢ F Uk
dubdel 7lE dEEY 50 Q ARE A3
A NE T8, 78 2 HYA $£3 bridged TE,
bridged H ¥ ¥ Quadrature Hybrid 741717} AM&-H
o, 93714 gAE 2de AFEE $457) ¥
A I 12)3 2] HEZ A4F PIN tho]2E
ol DC ASHe A7ty Age] w3t wE =
< S 9h 1" 1200)9) SHAE vpolo] & T



port 1 port 2
DC block
de
(@) &4 74
(a) The measurement setup
30
J /__
25 = Measurment / .
Simulation /
g
/
£ 15
/
5
04 05 06 07 0% 09
v, V]
(b) ZHF
(b) Attenuation
8 12. SDDE °]§-8 GC4731 PIN thol = ol
3 RY
Fig. 12. Large signal model of the GC1731 PIN diode
using SDD.

DC 252 E@st] ZEE NA 54 Aatoln, A
AB}E 2 32 ADSY §-vheiulE
Algdlold g Axtolty, 19 12l M T At

ojgh e AREL B =RdA AAG AT
| PIN ol o= 54 2 sl 9l &

V.2 &
= e w2 A ouvh §5ie PIN the) 9
EAS SRS AAEAEL, dals 2Yel
7t HEEE SA6E WS ddailt o9

Z£44 23 PIN tho] 9 tAE ¥d 13 7|
F23 geHE 93 42 e a9 JHE
o Aol Hetell oEsh= AR 73, ADS tool

el 9jEshe A SDDE F
THE PIN tho] 2= tiAls R d-E 7+l DC, AC
2 S-gry Al o] AT olYE transient 2
harmonic balance A/ EH AL 718 hAals 1d
272 gt B2 fup, A A8y $49 7
719 =& T, 3 299 S22 YYHE A
23y S48t A AS PIN tho] Q& Rd S o] &
s AlEE o)A Ao N wgo e BN A=
=

[1] J. F. White, Microwave Semiconductor Engineering,
New York NY: Van Nostrand Reinhold Company,
1982.

[2] P. Sahjani, I. F. White, "PIN diode operation and
design trade-offs", Appl. Microwaves Wireless, pp.
68-78, Spr. 1991.

[3] G. Hiller, Design with PIN Diodes, M/A-COM Inc.
Application Note AG312, Available: http://www.
macom.com

[4] R. H. Caverly, G. Hiller, "Distortion in p-i-n diode
control circuits", [EEE Trans. on Microwave Theory
and Tech., vol. 35, no. 5, pp. 492-501, May 1987.

[5] Y. H. Liew, J. Joe, "Large-signal diode modeling an
alternative parameter-extraction technique”, /EEE
Trans. on Microwave Theory and Tech., vol. 53, no.
8, pp. 2633-2638, Aug. 2005.

[6] J. Walston, "Spice circuit yields recipe for PIN
Diode", Microwaves & RF, pp. 78-89, Nov. 1992.

[7] PIN Diode Model Parameter Extraction from Manu-
facturers Data Sheets, Ansoft Corp. Application note,
1997. Available: http://www.ansoft.com

[8] Design with PIN Diode, Alpha Industries Inc. App-
lication Note APN-1002, 1999. Available: http://www.
alphaind.com



BEEHERERGE B0 5 H15% 009F 14

[9] 4 Wideband General Purpose PIN Diode Attenua-
tor, Alpha Industries Inc. Application Note APN-
1003, 1999.

[10] Limiter Diodes, Microsemi-Lowell, MA, 1998. Avail-
able: http://www.microsemi.com

[11] Surface Mount RF PIN low distortion Attenuator
Diodes, Agilent Technology, 2005. Available: http:
/fwww. datasheetcatalog.com

[12] S. H. Gamal, H. Morel, and J. P. Chante, "Carrier
lifetime measurement by ramp recovery of p-i-n
diodes", IEEE Trans. on Electron Devices, vol. 37,
no. 8, pp. 1921-1924, Aug. 1990.

[13] Carrier Lifetime and forward Resistance in RF
PIN Diodes, Siemens AG, Application Note AN
034, Jul. 1997

2003+ 29: FddiEw Aoy g
I+ (384D

2005%1 29 Ui ga Auaet
I (344

2005% 3E ~HA: Sy An
2813 gt

} [ HAEOH 23F 5532

2 Al2" MMIC A A

al

20

[14] R. H. Caverly, "RF technique for determining am-
bipolar carrier life time in pin RF switching dio-
des", Electronics Lett., vol. 34, no. 23, pp. 2277-
2278, Nov. 1998.

[15] Custom Modeling with Symbolically Defined De-
vices, ADS 2006A Manual.

[16] R. Cory, "PIN-limiter diodes effectively protect
receivers”, EDN, pp. 59-64, Dec. 2004. Available:
http//www.edn.com

[17] D. G. Smith, D. D. Heston, J. Heston, B. Heimer,
and K. Decker, "Designing high-power limiter circuit
with GaAs PIN diodes", Microwave Symposium
Digest, IEEE MTT-S International, vol. 1, pp.
329-332, Jun. 1999.

19761 ~1980: A&ujstu A=A
T3 (A

. 19801 ~1982\3: =&
71 8 AR} (T

198213 ~1988'3: 3t=13871&d
71 & Axpg} (FEEAD

19881 34: FAAYN(F) &AFE

=

T Zi

1990 3€: %*3671( ) AAFEATE YA T

1991 39: FAAEF) 7ledTa @ 2

1991 84: (F)LTI

19993 108 ~8A: FEH2
[e]



