C13)

HEX2

==

+ googled A smith chart, SWR & DO}O|3 2Otzst H4
- http://www.rfdh.com

d

- http://www.wikipedia.org



ADAXEE A A=017? Page 1 of 6

Th

ADlA FEUA 014 H22H RFUIA Al M 810 L= 20tR7

2 2A MSHH XM HEHQl 0lsls 01FY 844 ASE UM 2 S20A 2E422/ch 4
2t=lL|CH 2110 RF 2EAS LU CHEE BEAXNR? ADNAXIEE LC D2l sSa HE2
& OIoH5HE U2 #12 HALICH OLEIA ADIAKGEESE FSotXl Z6tAIN Oteldtelstel =

OlzHe, OIHl &2 22 Al2I=E F=Sa=A1D] BtELICH 7

24, 0] HRANME ADIAIEES W MO St=2k0l CHE REHC SS0AM AIEFELICH

e A0IA XIE=E A HASIH?
AQlA HEE ANMZ HBEX LSLICH O o EA SHENR?

ALEE

o
0
Job
ol
]
[af
x
e
by
©
[
[l
]

4

[o}
2

0|20l 24 20lat=Lg, ADAXEE HEH2 0/ES HIZ 22 BHE OE 5
o= HQULICH ORI 22 0|22 HUASSLICH 2120l Botan gt == o =g
LI 0

4 LIEP.C)#EH
S22 90X TR AISHE E Setd HEAH SHIAIE 22 = ASLILL &, Ol 0t SR
ZEC HEQLICH ADNANEE MFECI ZAISO0| HE (A2 AHOL OtLICH HHEH 22 AlA

OF Xl Z2 NUE2 (=22 HE0Ict) H2oteAlR.

SHAIQ XI2S (2R ATEHO OE 80 ALs B2 O/ 4AsAE 22 88 28U,
SR 200 S BOLA H CHEISHOF 2RI Ai2tatat AI2H0l 2IE. EAX4, Agd0lE, o

BYL Y, N, 0IHY, SESA(—_—+), 01717, DA HA=S0| 122 AXsHAl L AL

Lick,

CiDIM B0 AS 0l S0l =MBNZ oiDs 23, 2ao e SHYLICH O E ADAT
E2 {E 7 H25 0 200F X OF2IT2] SAILIDI JRCIE HZHS ASHBLIC ASHS T
55| B0, B0l M6t SLICH 1Ji9 S2ELICH 0l X2 2= ANAKNEER 02222 0

MECHs 2 W2 000} 2D, WA XE 5D ABHOR ME 0loHE 4 UACHE =YL
Ch J2iCHE 0 AD|ARES 03 Halsh S0MEs %8 S22 (12122 20 20 YS AYL
B, = “Tool

http://www.rfdh.com/bas rf/begin/smith].htm 2008-09-23



|>
=
|-
Z—{_I
Im
ir
ia]
(=
rr
J
=

Page 2 of 6
T

RFOIA K= LIREH ZH0LA 2ioior & H 228, = 030 tHE S0 B2 18 &
0] €= HUIDH CHE AHIJIECH, 5t G0i0t20 SHOl.. AMEA B 20 AW F=H 220 &
Ol.. Ol M21 M= OIM HICH2 6t A= HeX 2222 HE UALD. 0leig &S otLiot

Lol 0t 20i0t /Jle = o2l 6t

A, O3 2S0|2tH ool HENGIH ANAXIEE XY £ = ASK 12I6H| DHAEO0I A &,

SR HES ol 222 ANAIEE 2010 JI¥3MHE Of, ure AES0let 21 AHAIol CHoll &

M Ol LGN OloistD BE S & £ USNR? U2 222 AUAUEE HF AIZ26t ZEot
g2 elalED, F EEXH0Z (e HES MTiESA 22 248 2Lt "otat. A0
A TER, HE0I2HAH 0l&F HFLE. ot 20X R

J2l0 A0AXES Js0= Feeto] l=d ote LICH & (matching)2 A0IAXES SHS
IR ZE 0|28 228Eo ot =Lt

= QF SN EEE SoME 2E = UASH ADANRESE=EBE R
ol %’“ob‘\l]l HHZLICH O 2210 sHA= 0laior & 2ot U s G2LILH ORI S
ZHOF Hi2tE 0 & Olaior 2t StAadotAls ES0| BEsU
0] ADIAXIE ZYACIENAM 2E6H= His, 22 = SAHIE OlaiAlIZIedi= 20| OtLl2t, A0I
AXEE Z M) Roll MHECZ EF0H SO0 E PR R4 a8 AYLICH A0 UE
EFMEAS A2 02 S5 Wol0 SHUL=E B! 01F2 FAUNAME A5 = UsE K
gei2 MAIGHA 2 AL

e ADAXIEES ISR 244 FEH|!
oM Has HOUHEY 2 U= A, ANANEES BEH2E BYLICH Bt =2 A4 LYK
3 =2 522 UEUEs =2 HEHALICH

1 1
= X=R+jwl+—=EKE+j| 2 =
g=H+; + Jw +;.imC —|—,;.1( wf L waf_?)

A= HE(R), sl e 200 et G A (L) HHAIEA(C)Z LIEFELICH S44 Z2J0lA
010l 51==2 2l0lofl Chall EM8XIKR? =50l R2 OtFMLE = éi._é% Mgt U2 L Ce =
b0l T2t J0f 218t 5i42 LU A40] Blots, EIAQ EMULICH BtZ Olddst R0 =2

S
=t
== 0tF S88 2820 SLICH

TDEs =8AIZHH IS A AT O, S=4+5 LIEHH=0E Ofci2t &2
0| R (real part), HIZ=0| X (imaginary part)2t1 % = UASLICH

http://www.rfdh.com/bas_rf/begin/smith1.htm 2008-09-23



1>
(=]
>
ol
Im
rr
2
<
rr
U
=

Imaginary
& 1 1 1 1 1
1 1 ] 1 1
1 1 | | 1
" S T S A S B
L o4l
T i N S e
1 I 1 1 1
1 1 I 1 1
Jte————t———t———p——dA————
1 1 1 1 1
! 1 1 1 |
" W I NS =
1 1 1 1 1
1 1 1 1 1
L B R
1 1 1 1 1
1 1 1 1 1
T & ¥ # & » Real

Qo] JalHE AMEAI 2+j4 & R, LR (R)0I 2012 AHEA(LEE
SA RTHWA &0 ES0| obsSLICH D8 &M dndAE OE O 22
EHEHE MX ESLICH HENR?

oM, ool Z4 ASAS O AEALOE logs HE 20 IYFO2 IS 4ES 2T
SISLICH 2 S OFiS 20| SI9 22 NDHEHE log AHY (5 dB scale)2 LIEHY + 2
AE.

Imaginary

ABHD, fee A e

100 f————  I— i———-—ﬁ} -----

SN, -

10 700 1000 —+ Real
Log scake

0|2 log AHL2 LEHHH, $2 TBA= AAMGH, =2 A= EAS4H EE0| Jtsot
O HEZ 2 AIR50(0F M =2 g 2#eL|Ch otXI2 2T EAJL OF= =SOFRICHSH REHIFAS O
SIACIOF & HQLICH D0 X =222 2Ws 201 JASLICH 012 RE CHEDLX sF7 0l

C HBEESE 8 = SENKRT?

http://www.rfdh.com/bas_rf/begin/smith1.htm 2008-09-23

Page 3 of 6

T



A0lA NME HEAE, BAHH+2 SUEAD AE BEEIT=E
Ch. D8Eo=ZM AOIEA 2 & B HelH 2HZ S4Y
2 AN, 902 BHAHAI=E = HO T BIZ S8 FUHAE 2

ADIAXEI HEAN OHE 242X, Oriel BHAAl= A0 SRE AIFBHE
Oteiet 20| BtAl =2t 2& h|E A 22 A A0 LhEUILH Oddld Zo
2

normalizeE &t @EZ I 22 40| ELICH

Zi—8 we=1
 Zr+5y, ap+1

Ol =42 FIECH Otciet 20| & AWE?

UL AL EIALH = 25 ARZE=E S4

SEANTHE log scaleE LHEHHH A, 0 HIAH 8 CHILXIE] =
IH ESE £ Q= J|SA FHEHYLICH AQAXNEIHEAH DA 212X

HU g

vl

AE L0

E.HE? 0 0|NE *SHCOZ A+=22 F+FE 2clotH Otcliet 20! LH=0ELITH

1—d5—I7

L=
(1-I*+ I

http://www.rfdh.com/bas_rf/begin/smith1.htm

Rl Y Y

Page 4 of 6

SAREEES 5

[Ct. Ct OtAICHAI I

2 la
(=
|0
Hu
1Hn
[
I
k-
Bl
ol
Hu
o
ﬂ
Ql
e
(=]
>
I_-|Q
s
S
[n
-
)

2008-09-23

iyl



ADAXEE o A=01? Page 5 0f 6

0l & ol aal2 g, 2215t 5 IS &2 20| SOELICH D2 ot Ot 201 =

2 2 1

Qo] AAl2 W THNCH D2l JUHZ ADAXED LI fI0A 22 242 resistance
circle0] €10, §9 ZAl2 Reactance circle0| ELICH Aasta 22 HS5E Hell & S4lEAl
21 HESFLITE.

GiSHE ZR8F A2, BHARHI(S11, 522 )2 e AT A= ADAKE H0A SLet ot 3
MM ESECHE B0l SRELIC
& 20ATE= S M=

CtAl MI=0| 20lste |ECZ SO0tgSLICH ADA IHEE W MEDIEIH?

P SHLISI & ot0fl OBt AMEHAEE 225 plotg = ASLILHL

P ULEAQ} BEAI 210 ZHE 2HIZ HEE = ASLICH

v
|>
=
[>
_>.;'.!
Im
0z
10

bl

P ADA MHEN AUSTHAE, T LEHS AOHAHO HE R, L, C S2 SEE UHEHUL JA=X
sh=0l &l € += AUsLICH

I, OrElE 0|l2=el 20| 0l SXR?
ZEQF AR, ADNAXEE RF UXILINHES HoHH SISUHF)| figt =
Ch. Ol ZHOIN H2E WEEE & S0I15t22, 0l CHSEH AIFEE &HHF!

gLt

http://www.rfdh.com/bas_rf/begin/smith1.htm 2008-09-23




Page 1 of 7

ADAXIEDN ESRCHH, O|H 1 &3 AISEE JOtEES otAELIL. 248 A0AKES 2=
Q] A0 Ha HS HEN 22 = U= 2AeUX LO0tE2 =5 otAsLICH

@ Normalization (& ﬁﬂ)"

248, A0lA E

>

]

012512 fdl HAH &0toF & 20| UFZ normalizetfl CHer 23 4 LILCH

LICt. 0|01 A0l

ADIARE FEAOLF0L 0I5t 3&% QImE AR 242 010l B 22 AM Y
Bt | HOfl, M O A3 HFHO| St UCHs

AXNEE ABoll24 22 OLAAX
AE JIYotA &7

HIZ S AMEA g2 S4 LIE A (Characteristic Impedance) 2 LI+0F= A 2LICH LEHY
O2 22l 0| SHYMEA AUS 5032 AZ2ote0, 24 ADAXE }}Eéﬂ}ﬂ Zcl|J| 30l 502
Z s LA O 3t2 2el €L o8 S0 70 +j12 0l siEots STEAE A0IAXE 40
HOEHH 5092 Lhz 1.4 +)0.24 0l oSt &EM B2 =5 Hofl SLICH H2NR?77?

ClAJL B 5020/ A= 27| WS LICH &80l et 75801 € =5 AL, &£ 0 E
AZS AI2ER, F= OF0 Yoo mHAgts HE ALSX HUZ 6HI] FolAE
5

O|EE 0lollolD| Aol 24 LO0IF0HOF & 22, *DMJ‘EPEE’J ZAEO| —2— E—.é—s’%ﬁﬁ HAZ ol0|atA
Sl HAULICH ADA XE SAES HHEE
normalizedts HIZ 1+j0LICF.

ADAXIE HEE HEH SHUTEANNE SU3H HEE == A2 H, SAHO0| 50, 66, 759
22 {H SHE 6lLIS QUEHATNEESE XA SEAE. DM A0ALEE 10I2ts ST
CA S J)ECE UEHED, Y LTHAESE 222 A2 AIAE S0l %= SHEL
2 U500 M0 ot 2LICH 23 0l E HotA D Old= HBLICH

http://www.rfdh.com/bas_rf/begin/smith2.htm 2008-09-23

19



AQNATIE = © Page 2 of 7

g0

e AD|A XEO EED|

JZ2H AESI=E OI222., ADlA JME AN 28 ®opdH 28 ADNAXNE HES| X9 S4
SH QIoHGHOIHE. M E4 QANEHAS MOHAM ALTTHC SI=ZEHE OloHoHOF & He L
EF;

Real
E~ 2 ZHEAHDI S 0te| R2IoHH A2 F
AABC ABAS (12 Q2= 20| 28 = Al oz ZAl X 2t
O] Z0OMELICH = 2dU|EA HO| AXot= € FlL= 22 HEQU0] =2 FHHED PEIIIR O‘l—r
Ho| Zor 9E2x Be J=02 BE HAUIIE I2M SA0IH, ABS + 852, OlES -
=250 HE2 Mo|SLICH e

JRIG. JRIE O 2O FLEHS 0l AS0Y S £ US FLICH
"EWOL WASH, A R YUHAS HOB 20[0{7?"
JSUCL SO0 92 ANHAS H0j2e LANR? 012 LTHAL 2 HOB &= 2A4X77
JZe 0lE BER AIAXE
o O 0 AXe HIOHAS R'QE EI_TJ_, 2Hu[ B~ DH’;‘.'
5

DXt 5t= £otk(load) YLEAES
AN OlolE HLICH

2l ADAXELN B2 B2 2, 0 832 dIEHAE LIEE W SAI0 BEALH S LIEHEL
Ch OI® ZUAM EUSO0|, ADIAXE KA BAHH =2 OIS AZAHE Soll S HE HEH 0
Il 20l%. OY HEE ¢1od OH dO|EA E2 QDlstl, O dIEAENA Sa0lM E0HE
HelE & BHAES 2 Lis g0l BHARHIZ=8] magnitudedt &l 1), IIEHA BNHX[S ZEg8tE 812

™ BtAHI4=2] phasedt & LICH

http://www.rfdh.com/bas_rf/begin/smith2.htm 2008-09-23



ADAXE el= © Page 3 of 7

3l

ZL.

Soi2mE A
(AOIAREN &= &)

ADATE HEANA LMEA B2 2 SHAFH2E 2|0/8tCHs A2 0lH M SUHA A0 2
AlEH

XA AEH.. BN B DE H0l ASLICH AMA 2, dIEA F2 OHRAAMN A0 AXE
AE M= F2e ol 21 2= YL HEAHE dA OIOHE} | fIHA ZIE—UH e A
2 AHZE BAIHSE ANAXNEANA JHZ plotstH LIEHAS 20t = LRI

ol SHetileHE J=z 20 20

QiLiotS RFOIA JtE &3l AtE5t=E X 1
POl LEEFLHS O Bt2 siE F ot

S22 QA2 BHAIA= NI EE ADIAXE

g> |IIZI

M= LICH S1101Lt
UOHAE A FLICH

e AQ|A XIE & SHUED]

U2 AL, S110ILL 822 SO BIAIHI+=E2 S#FM=0A2 2K OfLI2t oie! =M= 2H
S 2 HYULICH JehA J2ICH 23 or2Het 22 Al YAl Be| J0l UHI|E &L

http: //WWW rfdh.com/bas_rf/begin/smith2.htm 2008-09-23




| >
=]
>
bl
Im
no
rr
L3

Page 4 of 7
82

ZEAENE AQAKMELN 5HLS HO| BAICZX 210 HEH =£0l HelE 9 UA HA &
Ob. A HALICH. € OlYLICH O FNI+EZ BAI~E2 20 20d&20, 2 0t
L Z=MM20AS BEAFAEQI R MDD XIMEaA & e 2Ll

DO MEA F000 W2t TE2H 2El BSS disote 550l 2RotAUE? A S48
HA 42 MHEAEHEASLICH

1 1
Z=R+iX=R+jwlh+—=R+j| 2nfL — ——=
SR + gwl + P +.j‘( af qufﬁ')

aEol +2¢U2 AHBA(DE, -2 HMAIEA(C)E A2 2, 23 ADAXES] 122 Otel

inductance @< (L)

a;:sa{:itaﬂce AHA (C)

=
=

py

=
’:g_‘n__

o

T2 S110l HEEol EXGteliE 22 0 AHHUSZ 81 Sot LA IHE A
UAeX, HMAEA: EZ2E = =R & & & UASLICH E= SAl HIZHZE 55 20| 2

b

TS 240 EMAE2 LIEFY M, S11 0| S or2iE Z2 X = 22, STtetDIH 254
S 0jE 2EES JINCHE 2012F EUCH &H SeHA S0 WA JtE X LHe JkCHoF St

http://www.rfdh.com/bas_rf/begin/smith2.htm 2008-09-23




Page 5 of 7

83
JIEX| 8t QX EltE 201X, A0lA URES =BHS ENst= BME 212712 20l
Hi3= 20| SLICH Ote) QS EE0HAR.
o
> s S
= A0
3}/ .g;‘“..: —
thind
'?l: G R T | 'l.\l “ i
freq, GHz freq (10.00MH2 to 3.000GHz)
Cal AUMHAR=BIAIH 42 2|0 25 S110| LE+FT (5 BHAL H2a2) ANAIIEAS &
s2 =220 2012, S110| =ES4+=S(ETAIJ 20| = 2)=ZUNM 2D EHELICH
Ot2h= Filtere SIi2HOIEIZ plotdt S 2 M, S1101 BO X = ENHSE =042 IHAESE
AQAKENAN =SZ220 2AXIGD USS & = USLICH SUEHE Ho| BrALHIZS 2= BOlA &
4 Q=0|, SR JINMSEE BHAHHISIF &= 2010122 SASE HOK2
)
<20
@ 0=
5
Bt 1
3 14 12 1 18 L - =
. (2.000GHz 1o 15.006H:z2)
eq, GHz
O|lEt BEYEE DY ADNAXE HEHE ZES| OloiotH THAEN SEC= A0 XS B2
Ao ASHOZ Qf|= BRI H L2 AULICH HUH O|HH £S& X2 Hel J| 0|
Q. A2 olslalEes A ADATEAS B0l 24 20lst=Al S0I SHE AID| HFELICEH,
e AIEHA HEDIEHA
2N UIEHAS BHEAD ADNAIES SHHSLICH D0, A0AKES OFF S25t
BEE oL HIR S A O{S0IEAS SAN HH B8 4 AChs ZALICH
Y (Admitt ) 1
tianecg ) =
Z (Impedance)
M =0|E A (Admittance)= OFAICHAIT OIEA S H~E 20|5HH, oIEHA = HOWL AS2 &
2008-09-23

http://www.rfdh.com/bas_rf/begin/smith2.htm




ADAXIE 2= © Page 6 of 7

84

=S ggliat=Liel JIE0| = 20l 2ol HE0IEAE 0L ASE O & 248 +~ U=Uce
ot HAR. 02N 22 EE 32 LS ol 2 HELLICH HEUAHY Ngs 1 2

=5 Mol SIALH HEA e HEe 942 Holld 02 Al =2 Hol0F &tlis 82 1)

SSHIME HSAR? HIZ ZE5 20 8 HHI2E 24504 & M. SEH0HA =0

Alt= HES A= HatD W10 W A KA L= 0| SRELUICH

ADATKIENA HEDIBHA HEHE NEHA BEHE NS IIEC2 IHZ HEBIAAIZL 2

AMQILICH Deln He B ANAXNEES MAZ L2|ot0] YNHAIERL HEDIEHA RESE S
Ao eIl BE= ZRIt BsLIt

]
2oty ol
X w e ]
o HE
el

iy é >
M
Tan

AT
W

i

P Sl ]
-:-*,l.““'::q. 3 L/ 'l~
ST Rl -

N
i

i
o
BRI
s
Y

OlZH BHU= ADAIEAMNA, Y LTEHASE HEONIEHAZ BHEGHA R (FEUA) HIZ
HEOIEA FHEHZ QA HSE £ A HEW OFF H2SLICLOS & OHEE ZH=2Y
MAS 2 SXlctE & HXHY 220 SMIE0 A2 sHAR. (@.@)

08 9 013 HEDIEAE HE ¢=AHXl.. ot 220l & = US LG 01H2 F2 IIEL
o) =R

HEIOIA ZEst 20|82, LuldA A CHE UM MG GRS o2& LI 2 0l A
ACHE NS ABFAIZ,

& Short2 Open

Short= AlE D &8s EEDH Satg= HRE U510, Open2 ZOUZ 320 ZHHM(EH
M) A&} EN6tK 2ot AEBIE &L

0]HS UNEHAC &2} 0tL| A42)} =2 FEGs SHYULICH LTS AN 00 JNES
= HEA20| QL= 0HDI0I22 ASI A~ S2AH O shortIt ELICH EHH AT EH A} =84
23 Al AlSIF B2X R6H= Open &I S OHHE

2 90 28 ol IR XS lossIt HF &
O X

|HE ADAXENA OFHXE 20ELIC

http://www.rfdh.com/bas_rf/begin/smith2.htm 2008-09-23



AOAXIE = Page 7 of 7
A
A
Short Open
A LIEA B0 2EN JYCH L2 UNBHA, QEEOZ JIH =2 LUHAEE 20|56
SILIC 0|25t RES FEQ S = YOIT HIZ & 4 U= 0122 22X 21 0|aict=S ot
NS MS0 e e A0 X S2tA Ot 21R0|8tete 220 220, LLEAJI 02 #2
short7t El 10, o 01 2 gpenl| EH= HE & SOIGHE AID| HEELICE

@ Ol Al Al
ADIARE 29 Al2IZ= X8l RS HSO0I, AMEL &89 AtdlLt H58l0l= B2 20| 2#2=

0l UM &S LHES XNSLLe M2 ESL AS5S S8 200l THAl 1022 Ofot~ 3t O O
SH LS oHEt LIRS0l Z&LICH £8 MR ANAREE HANH 210 AMEH 2=

GHIIA B2 22 A0l OtL2t O =S tI2 JYLICH AW AIZSHE 2| flol 82X

Smith tool0| 2 & BHet ZIHE AZEY O ol SRHEES otASLICH

Copyright by RF designhouse. All rights reserved.

http://www.rfdh.com/bas_rf/begin/smith2.htm 2008-09-23

35



Smith chart - Wikipedia, the free encyclopedia Page 1 of 9

Smi th ch a r feam more about citing Wikipedia.

From Wikipedia, the free encyclopedia

The Smith Chart, invented by Phillip H. Smith (1905-1987),[12] is a graphical aid or nomogram | TR
designed for electrical and electronics engineers specializing in radio frequency (RF) engineering to assist iR

in solving problems with transmission lines and matching circuits.l’] Use of the Smith Chart utility has A,
grown steadily over the years and it is still widely used today, not only as a problem solving aid, butasa A e ;
graphical demonstrator of how many RF parameters behave at one or more frequencies, an alternative to ’ ety .
using tabular information. The Smith Chart can be used to represent many parameters including

impedances, admittances, reflection coefficients, S,,,, scattering parameters, noise figure circles, constant

gain contours and regions for unconditional stability.[‘t‘I[S] The Smith Chart is most frequently used at or
within the unity radius region. However, the remainder is still mathematically relevant, being used, for

example, in oscillator design and stability a.nalysis.fé1

Contents
- s 1 Overview | An impedance Smith chart (with |
= 2 Mathematical basis 1 no data plotted) |

x 2.1 Actual and normalised impedance and admittance
s 2.2 The normalised impedance Smith Chart
» 2.2.1 The variation of complex reflection coefficient with position along the line
s 2.2.2 The variation of normalised impedance with position along the line
s 2.2.3 Regions of the Z Smith Chart
s 2.2.4 Circles of Constant Normalised Resistance and Constant Normalised Reactance
2.3 The Y Smith Chart
2.4 Practical examples
2.5 Working with both the Z Smith Chart and the Y Smith Charts
s 2.6 Choice of Smith Chart type and component type
3 Using the Smith Chart to solve conjugate matching problems with distributed components
4 Using the Smith Chart to analyze lumped element circuits
5 References
6 External links

Overview

The Smith Chart is plotted on the complex reflection coefficient plane in
two dimensions and is scaled in normalised impedance (the most
common), normalised admittance or both, using different colours to
distinguish between them. These are often known as the Z, Y and YZ
Smith Charts respectively.m Normalised scaling allows the Smith Chart to
be used for problems involving any characteristic impedance or system
impedance, although by far the most commonly used is 50 ohms. With
relatively simple graphical construction it is straighforward to convert
between normalised impedance (or normalised admittance) and the
corresponding complex voltage reflection coefficient.

The Smith Chart has circumferential scaling in wavelengths and degrees.
The wavelengths scale is used in distributed component problems and
represents the distance measured along the transmission line connected
between the generator or source and the load to the point under
consideration. The degrees scale represents the angle of the voltage
reflection coefficient at that point. The Smith Chart may also be used for

lumped element matching and analysis problems. A nelw_o_rE ?._nalyzer (HP 8720A) showing aﬂSm}Fh C_hart.

Use of the Smith Chart and the interpretation of the results obtained using it requires a good understanding of AC circuit theory and
transmission line theory, both of which are pre-requisites for RF engineers.

As impedances and admittances change with frequency, problems using the Smith Chart can only be solved manually using one frequency ata
time, the result being represented by a point. This is often adequate for narrow band applications (typically up to about 5% to 10% bandwidth)
but for wider bandwidths it is usually necessary to apply Smith Chart techniques at more than one frequency across the operating frequency
band. Provided the frequencies are sufficiently close. the resulting Smith Chart points may be joined by straight lines to create a locus.

A locus of points on a Smith Chart covering a range of frequencies can be used to visually represent:
= how capacitive or how inductive a load is across the frequency range
= how difficult matching is likely to be at various frequencies

= how well matched a particular component is.

The accuracy of the Smith Chart is reduced for problems involving a large spread of impedances or admittances, although the scaling can be
magnified for individual areas to accommodate these.
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Mathematical basis
Actual and normalised impedance and admittance

A transmission line with a characteristic impedance of 7 may be universally considered to have a characteristic admittance of ¥ where

il

EU:Z

Any impedance, Z7 expressed in ohms, may be normalised by dividing it by the characteristic impedance, so the normalised impedance
using the lower case z, suffix T is given by

. _Zr

Similarly, for normalised admittance

Yr
= o
}'g
The SIunit of impedance is the ohm with the symbol of the upper case Greek letter Omega (€2) and the SI unit for admittance is the siemens
with the symbol of an upper case letter S. Normalised impedance and normalised admittance are dimensionless. Actual impedances and
admittances must be normalised before using them on a Smith Chart, Once the result is obtained it may be de-normalised to obtain the actual
result.

The normalised impedance Smith Chart
Using transmission line theory, if a transmission line is terminated in an impedance ( Z7) which differs from its characteristic impedance (

Z). a standing wave will be formed on the line comprising the resultant of both the forward (V) and the reflected (15 ) waves. Using
complex exponential notation:

et
byt
\

= Aexp(juwt) exp(—~1)and
Vi = Bexp(jwt) exp(+!)

exp(jwt)is the temporal part of the wave

exp(—l}is the spatial part of the wave and

w = 2% [ where

! is the angular frequency in radians per second (rad/s)

f is the frequency in hertz (Hz)

¢ is the time in seconds (s)

Aand E are constants

| is the distance measured along the transmission line from the generator in metres (m)

Also
~ = o+ 73 is the propagation constant which has units [/m
where

(¥ is the attenuation constant in nepers per metre (Np/m)
/3 is the phase constant in radians per metre (rad/m)

The Smith Chart is used with one frequency at a time so the temporal part of the phase (eX]| wt1)is fixed. All terms are actually multiplied
by this to obtain the instantancous phase, but it is conventional and understood to omit it. Therefore

Ve = Adexp(—~{) and
1% = Bexpinl)
The variation of complex reflection coefficient with position along the line

The complex voltage reflection coefficient # is defined as the ratio of the reflected wave to the incident (or forward) wave. Therefore

Va Bexp(~) o i
p= ‘_YF‘ = Exp”(“;‘y‘:—ﬁ = L EXDL 27 'i

where C is also a constant.
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For a uniform transmission line (in which 7 is constant), the complex reflection coefficient of a standing wave varies according to the position
on the line. If the line is lossy (¢ is finite) this is represented on the Smith Chart by a spiral path. In most Smith Chart problems however,
losses can be assumed negligible (o = 0) and the task of solving them is greatly simplified. For the loss free case therefore, the expression
for complex reflection coefficient becomes

p = ps exp(2730)

The phase constant /3 may also be written as

2

A

where ) is the wavelength within the transmission line at the test frequency.

Therefore
ES Y
p = po G‘Xp(—f\—f?

This equation shows that, for a standing wave, the complex reflection coefficient and impedance repeats every half wavelength along the
transmission line. The complex reflection coefficient is generally simply referred to as reflection coefficient. The outer circumferential scale
of the Smith Chart represents the distance from the generator to the load scaled in wavelengths and is therefore scaled from zero to 0.50.

The variation of normalised impedance with position along the line

1f} and [ are the voltage across and the current entering the termination at the end of the transmission line respectively, then

gives the result:

1+

=

-Q

s

Alternatively. in terms of the reflection coefficient

.':;r—].

p= :
7 -+ 1

These are the equations which are used to construct the Z Smith Chart. Mathematically speaking # and Z7 are related via a Mobius

transformation.

Both /7 and =7 are expressed in complex numbers without any units. They both change with frequency so for any particular measurement, the
frequency at which it was performed must be stated together with the characteristic impedance.

£ may be expressed in magnitude and angle on a polar diagram. Any actual reflection coefficient must have a magnitude of less than or equal
{o unity so, at the test frequency, this may be expressed by a point inside a circle of unity radius. The Smith Chart is actually constructed on
such a polar diagram. The Smith chart scaling is designed in such a way that reflection coefficient can be converted to normalised impedance
or vice versa. Using the Smith Chart, the normalised impedance may be obtained with appreciable accuracy by plotting the point representing
the reflection coefficient treating the Smith Chart as a polar diagram and then reading its value directly using the characteristic Smith Chart
scaling. This technique is a graphical alternative to substituting the values in the equations.

By substituting the expression for how reflection coefficient changes along an unmatched loss free transmission line

Bexp(yl)  Bexp(33l)

P= Aexp(—~l)  Aexp(—jBD

for the loss free case, into the equation for normalised impedance in terms of reflection coefficient
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l+tp
.'_-l_

s

and using Euler's identity
exp(jf) = cosf + jsiné
yields the impedance version transmission line equation for the loss free case:[%]

Zr + 372 tan(31)
Zy 4+ 3Zp tan(30)

Zix = Za

where Zr  is the impedance 'seen’ at the input of a loss free transmission line of length L, terminated with an impedance Zr

Versions of the transmission line equation may be similarly derived for the admittance loss free case and for the impedance and admittance
lossy cases.

The Smith Chart graphical equivalent of using the transmission line equation is to normalise Z 1 . to plot the resulting point on a Z Smith
Chart and to draw a circle through that point centred at the Smith Chart centre. The path along the arc of the circle represents how the
impedance changes whilst moving along the transmission line. In this case the circumferential (wavelength) scaling must be used,
remembering that this is the wavelength within the transmission line and may differ from the free space wavelength.

Regions of the Z Smith Chart

If a polar diagram is mapped on Lo a cartesian coordinate system it is conventional to measure angles relative to the positive x-axis using a
counter-clockwise direction for positive angles. The magnitude of a complex number is the length of a straight line drawn from the origin to
the point representing it. The Smith Chart uses the same convention, noting that, in the normalised impedance plane, the positive x-axis
extends from the center of the Smith Chart at 77 = 1 4= 70 to the point 77 = ©¢ = joo . The region above the x-axis represents
inductive impedances and the region below the x-axis represents capacitive impedances. Inductive impedances have positive imaginary parts
and capacitive impedances have negative imaginary parts.

If the termination is perfectly matched, the reflection coefficient will be zero, represented effectively by a circle of zero radius or in fact a
point at the centre of the Smith Chart. f the termination was a perfect open circuit or short circuit the magnitude of the reflection coefficient
would be unity, all power would be reflected and the point would lie at some point on the unity circumference circle.

Circles of Constant Normalised Resistance and Constant Normalised Reactance

The normalised impedance Smith Chart is composed of two families of circles: circles of constant normalised resistance and circles of
constant normalised reactance. In the complex reflection coefficient plane the Smith Chart occupies a circle of unity radius centred at the
origin. In cartesian coordinates therefore the circle would pass through the points (1,0) and (-1,0) on the x-axis and the points (0,1) and (0,-1)
on the y-axis.

Since both p and 7 are complex numbers, in general they may be expressed by the following generic rectangular complex numbers:

Substituting these into the equation relating normalised impedance and complex reflection coefficient:

z—1
741

F’,l:

gives the following result:

g a4+¥ -1 £ 2b
# 4 fa4+1)2 452 Z (a+ 10724567

This is the equation which describes how the complex reflection coefficient changes with the normalised impedance and may be used to
construet both families of circles.[]

The Y Smith Chart

The Y Smith chart is constructed in a similar way to the Z Smith Chart case but by expressing values of voltage reflection coefficient in terms
of normalised admittance instead of normalised impedance. The normalised admittance y is the reciprocal of the normalised impedance z .
S0

e
g
[

i{"’—'
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Therefore:
I
=10,
and
ges ==
1+ yr

The Y Smith Chart appears like the normalised impedance type but with the graphic scaling rotated through 180°, the numeric scaling
remaining unchanged.

The region above the x-axis represents capacitive admittances and the region below the x-axis represents inductive admittances. Capacitive
admittances have positive imaginary parts and inductive admittances have negative imaginary parts.

Again, if the termination is perfectly matched the reflection coefficient will be zero, represented by a ‘circle' of zero radius or in fact a point at
the centre of the Smith Chart. If the termination was a perfect open or short cireuit the magnitude of the voltage reflection coefficient would
be unity, all power would be reflected and the point would lie at some point on the unity circumference circle of the Smith Chart.

Practical examples

A point with a reflection coefficient magnitude 0.63 and angle G()°, represented in polar form as s = =
0.63.260° . is shown as point P, on the Smith Chart. To plot this, one may use the circumferential i
(reflection coefficient) angle scale to find the £60° graduation and a ruler to draw a line passing through
this and the centre of the Smith Chart, The length of the line would then be scaled to P, assuming the Smith
Chart radius to be unity. For example if the actual radius measured from the paper was 100 mm, the length
OP, would be 63 mm.

The following table gives some similar examples of points which are plotted on the Z Smith Chart. For each,
the reflection coefficient is given in polar form together with the corresponding normalised impedance in
rectangular form. The conversion may be read directly from the Smith Chart or by substitution into the

equation. Example points plotted on the
. i ' normalised impedance Smith
Some examples of points plotted on the normalised impedance Smith Chart Chart |
: . Reflection Coefficient (Polar Normalised Impedance
Foint Identity Form) (Rectangular Form)
[P, (tnducive) |0.63260° [0.80 4 j1.40 |
P, (Inductive) lo.732125° [0.20 + j0.50 [
P, (Capacitive) [o.442 — 116° [0.50 — j0.50 ]

Working with both the Z Smith Chart and the Y Smith Charts

In RF circuit and matching problems sometimes it is more convenient to work with admittances (representing conductances and susceptances)
and sometimes it is more convenient to work with impedances (representing resistances and reactances). Solving a typical matching problem
will often require several changes between both types of Smith Chart, using normalised impedance for series elements and normalised
admittances for parallel elements. For these a dual (normalised) impedance and admittance Smith Chart may be used. Alternatively, one type
may be used and the scaling converted to the other when required. In order to change from normalised impedance to normalised admittance or
vice versa, the point representing the value of reflection coefficient under consideration is moved through exactly 180 degrees at the same
radius. For example the point P1 in the example representing a reflection coefficient of J.632 $0° has a normalised impedance of

sz = 0.80 4+ j1.40. To graphically change this to the equivalent normalised admittance point, say Q1. a line is drawn with a ruler from
P1 through the Smith Chart centre to Q1, an equal radius in the opposite direction. This is equivalent to moving the point through a circular
path of exactly 180 degrees. Reading the value from the Smith Chart for Q1, remembering that the scaling is now in normalised admitfance,
gives yp = .30 — 70.54. Performing the calculation

1

T

¥yr =

&

manually will confirm this.

Once a transformation from impedance to admittance has been performed the scaling changes to normalised admittance until such time that a
later transformation back to normalised impedance is performed.

The table below shows examples of normalised impedances and their equivalent normalised admittances obtained by rotation of the point
through 1807, Again these may either be obtained by calculation or using a Smith Chart as shown. converting between the normalised
impedance and normalised admittances planes.
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Values of reflection coefficient as normalised impedances and
the equivalent normalised admittances

Normalised Impedance
Plane

Normalised Admittance
Plane

P, (z=030+;14D)

Q, (v = 0.30 — j0.54)

Page 6 of 9

P, (= =010+7022) [0, (y= 180 j3.90)

Choice of Smith Chart type and component type

The choice of whether to use the Z Smith Chart or the Y Smith Chart for any particular calculation depends
on which is more convenient. Impedances in series and admittances in parallel add whilst impedances in
parallel and admittances in series are related by a reciprocal equation. If Z is the equivalent impedance of
series impedances and Z;,, is the equivalent impedance of parallel impedances, then

Z"'S = -ZJ. + Z; +Z;—,_+ i

1 1
Z—H:Z+Z+Z+

Values of complex reflection
coefficient plotted on the

normalised impedance Smith

Chart and their equivalents on
the normalised admittance

For admittances the reverse is true, that is

Yorp=V1 4+ ¥ +1¥5+... Smith Chart
| . 1 " 1 + 1 4 o )
s Y1 Yo Yy T

Dealing with the reciprocals, especially in complex numbers, is more time consuming and error-prone than using linear addition. In general
therefore, most RF engineers work in the plane where the circuit topography supports linear addition. The following table gives the complex
expressions for impedance (real and normalised) and admittance (real and normalised) for each of the three basic passive circuit elements:
resistance, inductance and capacitance. Knowing just the characteristic impedance (or characteristic admittance) and test frequency can be
used to find the equivalent circuit from any impedance or admittance, or vice versa.

Expressions for Real and Normalised Impedance and Admittance with Characteristic Impedance Z, or Characteristic Admittance Y,

Impedance (£ or z) or Admittance (Y or y) or
EE;:ment Reactance (X or x) Susceptance (B or b)
YPe  Real () [Normalised (No Unit) Real () [Normalised (No Unit)
: R N 1 1 Z
Resistance _ r= — = RY; Vel s e Y
®) Z=H Zs : "= . RY, R
inductance |7 _ 53, = juL | 2= ez = jon = julVe |V = —jBy= 2|y = —ibr = L= 128
L) = R R Zy = il “  wLYy wl
Y ‘ sX7 Fa]
Capacitance P e A PP S —iY Ve 3B = il i, = 45 =il
(©) Z=—jXe=Cal T T Loz, T Tk fe = |9 8 Tl TR

Using the Smith Chart to solve conjugate matching problems with distributed
components

Usually distributed matching is only feasible at microwave frequencies since, for most components operating at these frequencies, appreciable
transmission line dimensions are available in terms of wavelengths. Also the electrical behavior of many lumped components becomes rather

unpredictable at these frequencies.

For distributed components the effects on reflection coefficient and impedance of moving along the transmission line must be allowed for
using the outer circumferential scale of the Smith Chart which is calibrated in wavelengths.

The following example shows how a transmission line, terminated with an arbitrary load, may be matched at one frequency either with a
series or parallel reactive component in each case connected at precise positions.

Supposing a loss free air-spaced transmission line of characteristic impedance Z; = 50 (), operating at a
frequency of 800 MHz, is terminated with a circuit comprising a 17.5 € resistor in series with a 6.5
nanchenry (6.5 nH) inductor. How may the line be matched?

From the table above, the reactance of the inductor forming part of the termination at 800 MHz is

Zr = jwL = j2xfL = j32.7Q

so the impedance of the combination (Z;) is given by

http://en.wikipedia.org/wiki/Smith_chart 2008-09-23
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Zr =17.543j32.70Q
. Smith Chart construction for
. . . some distributed transmission
and the normalised impedance (zq)is line matching

Zy
= =30 0.65
Zg i 5

This is plotted on the Z Smith Chart at point P,,,. The line OP,, is extended through to the wavelength scale where it intersects at the point
L, = 0.093) . As the transmission line is loss free, a circle centred at the centre of the Smith Chart is drawn through the point P, to

represent the path of the constant magnitude reflection coefficient due to the termination. At point P, the circle intersects with the unity circle
of constant normalised resistance at

Ipa = 100+}152

The extension of the line OP,, intersects the wavelength scale at Lo = 0.177A , therefore the distance from the termination to this point on
the line is given by

Ly— g — B.177A —0.098) —D.079)

Since the transmission line is air-spaced, the wavelength at 800 MHz in the line is the same as that in free space and is given by

A=

] ™

where € is the velocity of electromagnetic radiation in free space and [ is the frequency in hertz. The result gives \ = 375 min, making
the position of the matching component 29.6 mm from the load.

The conjugate match for the impedance at Py (Zmateh ) I8

—i(1.52),

Zmatch ™~
As the Smith Chart is still in the normalised impedance plane, from the table above a series capacitor 'y, is required where
' —=3 "

Tmatch = _.}i‘rj— = - =

u.“(.'Zg fofc'mZ[;

Rearranging, we obtain

wd ~1

Ly = S e

Substitution of known values gives
Cro=26 pF

To match the termination at 800 MHz, a series capacitor of 2.6 pF must be placed in series with the transmission line at a distance of 29.6 mm
from the termination.

An alternative shunt match could be calculated after performing a Smith Chart transformation from normalised impedance to normalised
admittance. Point Q. is the equivalent of P, but expressed as a normalised admittance. Reading from the Smith Chart scaling, remembering
that this is now a normalised admittance gives

(In fact this value is not actually used). However. the extension of the line 0Q,, through to the wavelength scale gives L5 =10.152) . The

earliest point at which a shunt conjugate match could be introduced,moving towards the generator, would be at Q, |, the same position as the
previous P, . but this time representing a normalised admittance given by

Yoo = 1.00 4 j1.52,
The distance along the transmission line is in this case
Lo+ L; = 0.177A + 0.152) = 0.329A
which converts to 123 mm.

The conjugate matching component is required to have a normalised admittance (v, . ..) of

Ymatch = _}l

T

2.
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From the table it can be seen that a negative admittance would require to be an inductor, connected in parallel with the transmission line. If its
value is L,,, then

~i _ =iZ

wL,Ys 27fLm

—j1.52 =

This gives the result
L =86.5nH

A suitable inductive shunt matching would therefore be a 6.5 nH inductor in parallel with the line positioned at 123 mm from the load.

Using the Smith Chart to analyze lumped element circuits

The analysis of lumped element components assumes that the wavelength at the frequency of operation is much greater than the dimensions of
the components themselves. The Smith Chart may be used to analyze such circuits in which case the movements around the chart are
generated by the (normalized) impedances and admittances of the components at the frequency of operation. In this case the wavelength
scaling on the Smith Chart circumference is not used. The following circuit will be analyzed using a Smith Chart at an operating frequency of
100 MHz. At this frequency the free space wavelength is 3 m. The component dimensions themselves will be in the order of millimetres so
the assumption of lumped components will be valid. Despite there being no transmission line as such, a system impedance must still be
defined to enable normalization and de-normalization calculations and &Z; = 50 (2 is a good choice here as Ry = 50 ). If there were
very different values of resistance present a value closer to these might be a better choice.

The analysis starts with a Z Smith Chart looking into R, only with no other components present. As —=3
R, = 50 O is the same as the system impedance, this is represented by a point at the centre of the Smith
Chart. The first transformation is OP; along the line of constant normalized resistance in this case the
addition of a normalized reactance of -70.80, corresponding to a series capacitor of 40 pF. Points with suffix
P are in the Z plane and points with suffix Q are in the ¥ plane. Therefore transformations £, to O and P4 to
Q are from the Z Smith Chart to the Y Smith Chart and transformation Q, to P, is from the Y Smith Chart
to the Z Smith Chart. The following table shows the steps taken to work through the remaining components
and transformations, refurning eventually back to the centre of the Smith Chart and a perfect 50 ochm match.

A lumped element circuit
which may be analysed using
a Smith Chart

Smith Chart steps for analysing a lumped element circuit

xory iy
Transformation| Plane |Normalized ||Capacitance/Inductance|| Formula to Solve Result !
Value "
— ;3;?%;% :
O— B 7 —j0.30  |[Capacitance (Series) —70.80 = —(“'7 1 =40 pF ;‘;%
e s
; g : —J -
Gy — s ¥ —714%  |[Inductance (Shunt) —3149 = T Ly =53 nH : i
wE %5 _ e e !
- == " Smith Chart with graphical
y " i : G g — L. - construction for analysis of a
T 7 —j0.23  ||Capacitance (Series) —30.23 = 0 5 = 138 pF lumped circuit
- o i j;.,‘(:‘g ]
Dy — O Y +31.14  ||Capacitance (Shunt) +71.14 = v 'y = 36 pF
3
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External links

A Collection of Smith Chart Resources Tutorials, graphics and other info on Smith Chart
linSmith Smith charting program for Linux.

Smith Chart Print free Smith Charts from your computer.

Black Magic Smith Chart - Vector-graphic (infinitely scalable) Smith Chart for practical use.
The Java Smith-Chart-Tool - A free Java-Tool to paint s-parameters in a Smith-Chart.
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Smith Chart Applet - a Java applet that simulates operations on a Smith chart

Stub Matching Applet - Java applet that simulates stub matching on a Smith chart

Smith Excel Graph plots reflection coefficient data in real and imaginary formats on a customizable Smith Chart (Microsoft Excel
Spreadsheet 53K)

PostScript functions Functions to plot dots, lines, gamma circle, constant real and imaginary path in PostScript format to make vectorial
images.

An online educational interactive Smith chart. A choice of impedance and admittance charts with a chart marker,

A MATLAB m file to generate a standard color smith chart.

QuickSmith - a rapid and efficient Smith Chart matching tool

Printfreegraphpaper.com Print free Smith Chart Graph Paper.

(Italian)Smith Chart demo 1.0 Interactive Smith Chart using Canvas
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