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THIET KE VA TOI UU HOA MACH LOC MICROSTRIP
SONG SONG NGAU HOP DUA TREN ADS

e Trung Uy Tran Van Ha @, ThS. Ha Thai Thay Lam

Tém tit

Bai bdo nay gidi thiéu cdc budc thiét ké' va t6i uu héa mach loc microstrip song song ngdu
hop dua trén phdan mém ADS (Advanced Design System). Sau dé thiét ké'va t6i uu héa mot mach
loc bing thong lam viéc tai tan s 2.45GHz, dé rong bdng thong 200MHz va tién hanh mo
phéng trén ADS, dua ra két qud mé phéng Momentum bo tri mach. Két qud mé phéng dap iing
cdc yéu cdu thiét k& va cho thdy rdng phuong phdp nay la kha thi.

Tir khéa: mach loc microstrip song song ngdu hgp, mach loc bdng thong, ADS.

1. Pit van dé

Mach loc Ia thiét bi ¢6 tic dung tich cdc tin hiéu v6i tin s6 khdc nhau, vai trd chinh 12
ngin chiin céc tin hiéu khong mong mudn, khong cho phép né thong qua, chi cho phép cic tin
hiéu mong mudn thong qua. Trong hé thong mach dién cao tan, tinh ning ctia mach loc ¢6
dnh hudng 16n dén tinh ning clia toan mach, vi vy 1am th&€ ndo d€ thi€t k& ra mot mach loc
c6 tinh ning cao c¢6 mdt ¥ nghia rat quan trong d6i v6i viéc thi€t k€ mach cao tin. Trong nhitng
nim gan day, microstrip dugc ng dung rit rong rdi trong nhi€u linh vuc, trong d6 c6 tng
dung trong thi€t k& mach loc, vi né c6 rat nhiéu vu diém nhu: c6 kich thuéc nhé gon, trong
lugng nhe, bang tan rong... Cau triic mach microstrip song song ngau hdp thudng dugc sit dung
dé€ thié€t k& mach loc bang thong.

ADS 1a phan mém phd bién, dudc st dung rong rii nhit trong linh vuc thi€t k& va mo
phéng mach cao tin. ADS hd trg cdc k¥ su va hé thdng sit dung phat trién tit ca cic loai thiét
k& RF, tir don gidn dé&n phic tap, tir RF (Radio Frequency) séng d&n MMICs (Monolithic Mi-
crowave Integrated Circuit) tich hgp truyén thdng va céc ng dung hang khong, vii tru, qudc
phong. Vi mot bd day dd cdc cong nghé mo phdng khic nhau, tif mién tan s, mién thgi
gian d€ md phdéng trudng dién tir, ADS cung cAp cho nha thi€t k& day di céc tinh ning va c6
thé ti€n hanh t6i uu héa thiét k€.

2. Noi dung nghién ciu
2.1. Ly thuyét co ban
Khi hai dudng truyén microstrip khong dudc boc dit gin nhau, do sy tuong tic clia trudng
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dién tir gifta hai dudng truyén, & giita hai dudng truyén sé& xay ra ngau hgp, két ciu nay dudgc
goi 12 dudng truyén microstrip song song ngiu hop. Cin cit vao ly thuyét dudng truyén din,
mdi doan microstrip song song ngau hgp bing v6i mdt s6 cudn dién cdm ndi ti€p hodc la
tu dién ndi song song. M6i doan microstrip song song ngau hdp ¢6 dic tinh trd khdng 1a Z,
(Z khéng), d6 dai bo phan ngau hgp la L, d6 rdng cia microstrip 1a W, khodng céc gitra hai
dong microstrip 12 S, & ch€ d chiin dic tinh trd khéng 14 Z (Z-even), ché d6 1€ dic tinh trd
khing 1a Z (Z-odd). N&u stt dung mot doan microstrip song song ngiu hgp thi ¢é thé thuc
hién dugc tinh ning loc, nhung khong thé tao ra dd ddc khi chuyén doi tir bang thong sang
bing trd, con néu ding nhiéu doan lién k&t ndi ti€p thi cé thé tao ra mdt mach loc c6 dic
tfnh t6t. (Hinh 1).

Ze Ze, ZO
ZC) ZO
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—— (b)

(a)
Hinh 1. K&t ciu ndi ti€p microstrip song song ngau hgp (a) va mach dién tuong duong (b)

2.2. Cac bude thiét k&
2.2.1. Thiét ké mach loc thong thdp

Cin cif vao cdc yéu cau thi€t k€ tham sd clia mach loc biang thong, bing céch bién doi
tin sO va tra bang, ching toi dua ra cdc tham s6 ctia mach loc thong thip [2]. @ va @, bi€u
thi giéi han tan s6 dudi va giéi han tan s6 trén cha mach loc bing thong, ® 12 tin s8 trung
tam, o 12 tin s& 1am viéc clia mach loc thong thap. Bi€n doi tir mach loc bing thong sang
mach loc thong thap la:

W, O o

— o
oy w0 1)
Tién hanh bing thong quy nhat hda:
_®, _ 0+,
BW = o, Wy = N (2)

Thong tin s liéu dugc tra tif [2] ¢6 th€ dua ra cac tham s§ quy nhat héa: g, g, .8 .,

2.2.2. Tinh todn ddc tinh tré khdng & ché dé chdn va 1é ciia cdc doan microstrip song song
ngdu hop

Dung g, g, &8 y,, V& BW d€ xac dinh cdc thong s§ déc tinh trd khang & ch€ do chén

va 18 clia cadc doan microstrip song song ngAu hdp ciu thanh nén mach loc [1].

30



TRUONG DAI HOC DONG THAP Tap chi Khoa hoc s8 05 (10-2013)

1 B
J = TBW
Zy\2g,8
gL mBW i o3N
ZO 2 g;*lgl
1 nBW
N = S5 A
Zo\28y8na 3)
ZOei = ZO[1+ZOJi +(ZOJ1')2]
Zom = Zo[l_ZoJi + (ZoJi)z]

Z,.. 12 trd khang & ch€ do chdn, Z , 1a tré khang & ché do 18.

2.2.3. Tinh todn kich thuéc ciia mbi doan microstrip song song ngdu hop

Cin cit vao thong s6 dic tinh trd khang & ché€ do chén va 1é clia cac doan microstrip, dya
theo thong s6 clia bAn mach microstrip va st dung chitc ning LineCalc ctia ADS chiing ta sé&
tinh ra kich thudc clia mdi doan microstrip song song ngau hop.

2.2.4. Mo phdng va tién hanh t6i uu héa

K&t n6i mach, nhap cac thong s6 W, S, L, tham s6 quét S(1,1), S(2,1), sau d6 ti€n hanh
md phong. Binh thudng thi k&t qud mo phong clia gia tri 1y thuy€ét so v6i két qua thuc t&€ doi
héi 1a khac nhau, vi vy yéu cau phdi ti€n hanh t8i uu héa. Chiing ta s& diing cong cu Optim
clia ADS dé ti€n hanh t5i wu hda, d€ dat dugc két qua theo yéu cau thiét ké&.

2.3. Vidu

Chiing ta s& thi€t k&€ mot mach loc lam viéc trong hé thdng Wlan, hoat dong tai tan s&
trung tim 12 2.45GHz. Céc thong so k¥ thuat cu thé cia mach loc nhu sau: do rong bing thong
12 200MHz, tai tin s6 f=2.25GHz va f=2.65GHz dd ton hao thap hon 40dB, 46 gdn bang thong
3dB, dic tinh trd khdng dau vao va dau ra déu 1a 50Q.

Céc thong s6 clia bAn mach microstrip nhu sau: hé s& dién moi Er=3.66, dd day cia I6p
moi chat h=0.4mm, dd din tir Mur=1, géc tén hao TanD=0.

Cin cif vao chi so thiét k& va cdng thic (1), ching ta ding mach loc Chebyshev 5 cap
(N=5), @0 gon bang thong 3dB. Thong qua tra bang s6 liéu tir [2], gid tri cac tham s6 quy nhat
héa ctia mach loc thong thap la:

g, =8,=lg=g,=34817,g,=g,=0.7618, g, =4.5381.

Theo cong thitc (3), ta c6:
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Zoo =2y =61.4369,7Z, , = 7, . = 54.2467,7Z,., = Z,., = 53.6860,
Zy =2y =42.2460,7, , =7, . =463732,Z, , = Z,,, = 46.7896.

Thong qua cong cu LineCalc cia ADS (Hinh 2), ching t6i tinh todn ra kich thuGc ctia cac
doan microstrip song song ngiu hgp va dién vao nhu Bang 1.

Component
Type [MCLIN v| D" [MCLIN: MCLIN_DEFAULT B
Substrate Parameters . 5
Physical
ID |[MSUB_DEFAULT || |w GG [ ]
Er [3.660 7R = A £ 0.268383 [mm  ~]
Mur [1.000 [na  ~] L [18515200 frm =] {kweksewd
n [0.400 [m =] |7 [ [Na -]
r 1.0e+33 mm = 8 Synthesize Analyze | Calculated Results
T 000 om < [a] v] KE - 3,016
Cond [41e7 [Ne ] Electrical A e s
IanD [0.000 e <] . zE 674369 [Ohn  +] ?Eiﬁgzpfhﬂ;ﬂg.%m
Companent Parameters 20 [422480 [Ohm  ~|
Fieq 2450 [GHe ] N T O
[ e C_ D8 [-14.652236 [ |
| T E_Eif [30.000 |dea |

Hinh 2. LineCalc

Bang 1. Kich thuéc clia cac doan microstrip song song ngau hgp (don vi: mm)

n \%4 S L

1 0.76 0.27 18.52
2 0.82 0.7 18.27
3 0.82 0.79 18.27
4 0.82 0.7 18.27
5 0.76 0.27 18.52

Chiing t6i ti€n hanh nhap céc thong s6 trén vao ADS, thi€t 1p cic thong sd clia bAn mach
microstrip va pham vi tAn s6 quét cia tham s6 S nhu Hinh 3, sau d6 tién hanh mo phéng.
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Subst="MSub1® ==
Z=50 OhmW=0.84 mm CLint D—:I
L=1825mm  gupst=MSub1" ,—
W=076 mm CLin2 l |
= 5=0.Z7 mm Subst="MSub1" ;- ! 1
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e W=0.82mm

S8=0.7mm CLin3 I I—-—-‘—{ |

Subst="MSub1” ,, ~
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S=0.79 mm CLin4 | ——= — =

Subst="MSub1” , - -
L=18.27 mm MCFIL

W=082mm  ¢|ing TL2
— pE— L=1827mm  \w.p76mm  W=084mm
e —J S=0.27mm L=18.25 mm
MSub1 SP1 L=18.52 mm

H=0.4 mm Start=2 GHz
Er=3.65 Stop=3 GHz
Mur=1 Step=10 MHz
Cond=1.0E+50

Hu=1.0e+033 mm

T=0.03 mm

TanD=0

Rough=0 mm

Hinh 3. So d6 nguyén Iy thi€t k& mach loc song song ngiu hop

m1
0
m1
- freq = 2.450GHz
dB (S (2,1))=-0.038
-20—
& i
@
o -40—]
©
-60—]
SO T T 1 T [ T T T [ T [ T ] T T T 1

freq, GHz

Hinh 4. K&t qua md phong hé sé truyén thong S(2,1) ciia mach loc

0 .
-5i
= -10—
o ]
o -15
o
-20
'25 1 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T

freq, GHz

Hinh 5. K&t qua m6 phéng hé s6 phan xa S(1,1) ctia mach loc

N 414
MSub I@ S-PARAMETERS S=0.7mm  gupst-MSub1® swuuseri]

Tem2
Num=2
Z=50 Ohm
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Thong qua Hinh 4 va 5, ching ta nhan thdy tdn hao trong bing thong 1a tuong d6i 16n
(-3dB), @6 gon séng 16n (khodng 5dB), chua dat dudc yéu cau thi€t k&, vi vay cin ti€n hanh
t01 vu hoa.

Theo nguyén tic t61 wu héa thi kich thuéc W, S, L clia cadc doan microstrip song song ngau
hgp khong dudc 1a cic gid tri cu thé, ma thay vao d6 si dung cic bién, vi cic tham sd nay
chinh 12 muc tiéu ma chidng ta cin ti€n hanh t6i vu héa.

Thong qua cong cu VAR clia ADS d€ thi€t 1ap pham vi gid tri clia c4c tham s6, sau d6
thong qua chiic ning Optim va muc tiéu t6i vu héa Goal ti€n hanh i uu héa. O dy, ching
ta diéu chinh gia tri Maxlters ctia Optim bing 100, muc dich 12 nang cao s 1an t3i wu héa, dé
k&t qué chinh x4c hon. Lan lugt thiét 1ap gid tri clia cAc muc tiéu tdi wvu héa Goal nhu sau: tdi
uu héa bang thong S(2,1) 1a trén 3dB, S(1,1) dudi 10dB, tai bang trd dudi 2.25GHz va bang trd
trén 2.8GHz, S(2,1) dudi 40dB. Néu sau mot 1an ti€n hanh t6i uu héa van chua dat duge yéu
cAu thi€t k& thi phai thay ddi lai pham vi gid tri clia cdc tham s, sau d6 ti€n hanh lai t&i wu
héa cho dén khi nao phil hdp vé6i yéu cau thiét k&.

Hinh 6 1a sd d6 thiét 1ap mach dién ti€n hanh t8i uu héa, Hinh 7 1a k&t qua sau khi ti€n
hanh t8i wu héa ctia hé s6 truyén thong S(2,1) va Hinh 8 1a k&t qua sau khi ti€n hanh t6i vu
héa ctia hé s& phan xa S(1,1). C6 thé thdy cic thong s6 clia mach loc 1a: tai tAn s6 trung tim
f=2.45, hé s6 truyén thong S(2,1)=-0.1dB (rit nhd), hé s6 phan xa S(1,1) déu 16n hon 10dB,
tai bang trd f=2.25 va f=2.65 tdn hao déu 16n hon 40dB, phi hgp v6i yéu cau thiét ké&.

I GOAL l I GOAL l I GOAL l I GOAL I \,m1 @ OPTIM

X=1.0

OptimGoslt OptimGoal2 OptimGoal3 OptimGoald s “Egi Optim1
Expr="dB(S(2,1)F Expr="dB(S(21)F Expr="dB(S(21)F Expr="dB(S(1,1}F “3_0'335?;1 o OptimType=Random
SiminstanceName="SP 1"  SiminstanceName="SP1"  SiminstanceName="SP1"  SiminstanceName="SP 1" [l o} M axiters=100
Min=3 Min= Min= Min= S1=020148240) o sredErmr=00
Max= Max=40 Max=40 Max=20 ;;5‘-35*:%‘5{;;’} StatusLevel=4
Weight=100 Weight=100 Weight=200 Weight=200 112188078 o) FinalAnaysis="one"
Range\af1]="freq" Range\/ar1]="freq" Range\/arf1]}="freq” Range\Var1]="freq" 12=17 8551 fo} NomalizeGoals=no
RangeMin[1]=2.35GHz RangeMin[1]=2.15GHZ RangeMin[1]=2.55GHz RangeMin[1]=2.35GHz I5-1B.63;T SetBest\alues=yes
F{anga{am]-.? S55GHz RangeMax{1]=2.25GHz RangeMax{1}=2.6GHz RangeMax{1]=2.55GHz o fo} SaveSolns=yes
] ]I I SaveGoals=yes
— SaveOptim \ars=no
: UpdateD ataset=yes
T&rm1 TU [ | e | =
Num=1 Subst="MSub1" e g::z‘:lrtllrl?ilc::mo
oo i=0snn oot [ ] UseAlOptarses
L=18.25 mm Subst="MSub1" -_ FIL UseAllGoals=yes
— S=s1 mm

L1 mm Subst- M Sub1”

Wi Smm [ —1]
W1=0.84 mm S=<2 mm CLIﬂ3

W2=wZ mm Subst="MSub1”

L=12 mm

Wiswimm " CLind oL ]

W2=wdmm | 3o Subst="MSub1® | F=e MLIN

09| S-PARAMETERS Wisw2mm g™ CLinS T2

M W2=w2 mm E’_‘li‘n:’mm Subst="MSub1" Subst="MSub1"[ & | 1om>
=T S Parar e W=wimm W=0.84 mm Num=2
Vot ~THE = M 5=s1mm L=18.25 mm b=
MSub1 SP1 L1 mm Z=50 Ohm
H=0.4 mm Start=2 GHz i -
Er=3.66 Stop=3 GHz v
Mur=1 Step=10 MHz W2=0.84 mm .l
Cond=1.0E+50 =
Hu=1.0e+033 mm
T=0.03 mm
TanD=0
Rough=0 mm

Hinh 6. S¢ dé thi€t 1ap ti€n hanh t8i vu héa ctia mach loc
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optliter = 100
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e
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freq, GHz

Hinh 7. K&t qua toi uu héa ciia hé sé truyén thong S(2,1)

(1.,1)

dB (S

Hinh 8. K&t qua t8i wu héa ctia hé so phan xa S(1,1)

Thyc t&, mach loc microstrip s& do badn mach va dong microstrip ciu thanh, tinh ning
mach dién thuc t& s& c6 su khic biét tuong doi 16n v6i két qua md phdng. Vi vy, can phai
ding ADS ti€n hanh Layout md phdng. Sau khi t6i uu héa, hinh thanh ra Layout nhu Hinh 9.

Hinh 9. Layout
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Sau d6, ddi vdi Layout, st dung phuong phdp Momentum d€ ti€n hanh mé phdng,
k€&t qud md phédng nhu hinh 10. T k€t qua hinh 10 ¢é thé nhan thdy md phdng clia Lay-
out 12 phil hgp v6i yéu ciu thi€t k&, c6 thé ti€n hanh gia cong mach loc thuc t& va ti€n
hanh do ludng.

0 ot m1

B freq = 2.45GHz
dB (S(2,1))=-1.97

-20

b m2
= 40 —| freq = 2.25GHz
- dB (S(2,1))=-41.29
o B
%)
5’ 60 — m3
© freq = 2.65GHz
7 dB (S(2,1))=-52.31

-80

-100 T ] I ] L I T

freq, GHz

(a)

(1.1)

dB (S

-
[9)]
L1l ‘ Ll ‘ L1l ‘ Ll ‘ Ll ‘ Ll

freq, GHz
(b)

Hinh 10. K&t qua mé phong cua Layout (a), (b)

3. K&t luan

Trong bai bdo ndy, xuit phat tir 1y thuy€&t cd ban ctia microstrip song song ngau hgp, ching
t6i da trinh bay cu thé phuong phap thiét k€ mach loc microstrip dua trén phan mém ADS va
da thi€t k€ mod phdng ra mot mach loc bing thong c¢6 dai thong mong mudn. St dung phian
mén ADS c¢6 thé 1am gidm rit nhiéu khdi lugng cong viéc thi€t k& clia cic k¥ su, va c6 thé
nang cao hiéu qua, gidm chi phi./.
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Summary

This paper introduces a procedure of designing and optimizing the microstrip band-pass
filter with the aid of ADS (Advanced Design System). Then a band-pass filter with a 2.45GHz
frequency and 200MHz bandwidth is designed, optimized and simulated on ADS, providing
the Momentum simulated results of the circuit layout. The simulated results meet the designed
requirements and show that this approach is feasible.

Key words: parallel coupled microstrip line, band-pass filter, ADS.
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