TNU Journal of Science and Technology 225(09): 3-10

THIET KE BQ TRON TAN CHONG NHIEU ANH UNG DUNG
CHO MO-PUN THU PHAT BANG TAN X

Pham Cao Pai”, L& Pai Phong, Pham Vi¢t Anh, Luu Vin Tuin
Truong Pai hoc Ky thudt Lé Quy Dén

TOM TAT

Mot bd tron tan chong nhidu anh (image rejection mixer - IRM) duoc thiét ké ing dung cho thiét
bi v6 tuyén bang tan X dua trén ciu triic Hartley. B tron tan nay sir dung cac b suy hao s6 phan
gidi cao va cac bo chia/cong tin hi¢u dé thuc hién chirc nang xoay pha két hop suy hao phan giai
cao. Do @6, thuc hién viéc hi¢u chuan pha, hé s6 khuéch dai va lam giam mat cén bang tham so
giita hai nhanh I/Q cua bd tron tan. Bo cong lai 90 do (hybrid coupler) cdu tric 2 tang duoc si
dung dé dap ung dai thong va do can bang giita hai nhanh tin hidu. Két qua thiét ké, mé phong bo
tron tin IRM dé xuét ¢ dai tan 9,1-9,7 GHz véi tin s trung tan (intermediate frequency — IF) 90
MHz, bing thong 10 MHz cho ty s6 chdng nhiu anh (image rejection ratio — IRR) c6 thé dat dugc
o muc 16n hon 36 dB.

Tir khéa: Bg trén tan chong nhiéu anh - \IRM; béing tan X; ty s6 chong nhiéu anh - IRR; b6 c¢ong
lai 90 d§ cdu triic 2 tang; bo suy hao sé - DSA
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DESIGN OF IMAGE REJECTION MIXER
FOR APPLICATION IN X-BAND RF TRANSCEIVERS
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ABSTRACT

An image rejection mixer (IRM) based on the Hartley structure is designed for application in X-
band RF transceivers. This mixer includes a high-resolution digital attenuator and coupler to
combine the functionality of phase shifting and attenuating. Hence, it can perform phase and gain
corrections, 1/Q imbalance reduction in the mixer. The 90 degrees 2-section hybrid coupler is used
to meet the requirements of bandwidth and 1/Q signal balance. The simulation results of the
proposed IRM in the frequency band of 9.1+9.7 GHz with the intermediate frequency of 90 MHz,
bandwidth of 10 MHz show that the image rejection ratio (IRR) of more than 36 dB was achieved.
Keywords: Image rejection mixer; X-band frequency; image rejection ratio; 90 degree 2-section
hybrid coupler; digital Step Attenuator
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1. Gi6i thiéu
Sy phat trién cua cac hé thong vo tuyén thuc
day su nghién ciru trong thiét ké mo-dun thu
phat vo tuyén theo cic muc tiéu gidm gia
thanh, giam cong sut, h¢ théng don chip...
Trong d6, c6 su danh doi giita tinh don gian
va tinh phl’Ic tap nhung c6 hiéu suit cao.
Trong nhiéu h¢ thong vo tuyén, tm hi¢u thu
cao tan RF thuong dugc tron xudng tan sd
thap hon trude khi thyc hién cac bude xir ly
tiép theo trong tuyén thu. Do d6, bg tron tan
1a mot thanh phan quan trong trong hé théng
vo tuyén.
Khi thyc hién tron tin hiéu thu cao tan RF voi
tin hiéu dao dong chu (local oscillator — LO),
thu dugc tin hiéu trung tan IF co tan sd bang
hiéu tin sd cua hai tin hiéu. O bd tron tan
thong thuong, khong céd su khac biét giira tin
higu thu cao tan RF va tin hi¢u nhiéu anh
(|mage mterference signal - IM) c6 tan sb
cach tan sO cla LO cung mot lwong bang voi
tan s6 IF mong mu6n nhu trong hinh 1.

Lo

IF RF M

| 1L

Hinh 1. Tin hiéu cao tan RF, nhiéu anh IM
Pé chéng nhiéu anh, phuong phap thuong
duoc ap dung la st dung tron tan 2 lan két
hop voi loc thong dai hodc sir dung b tron tan
IRM. Bb tron tin IRM cho phép lua chon bang
tan trén (upper side band — USB) hodc bing
tan dudi (lower side band — LSB) so véi tin
hi¢u LO, do do giam duoc nhiéu anh khong
mong mubn. Tuy c6 nhiéu ky thuat chéng
nhiéu anh dugc dé xuat nhung ciu trac Hartley
va Weave van 1a hai ciu triic phd bién nht.

V& Iy tudng, bo tron tan IRM ciu trac Hartley
cho phép loai bo hoan toan nhiéu anh. Tuy
nhién, thyc té b tron IRM céu trac Hartley
khé dat duoc hidu qua cao do sw mét can bang
pha va hé sb khuéch dai giira 2 nhanh tin hiéu
IF [1], [2]. Ty s6 chdng nhidu anh IRR ctia bo
tron tan IRM cau tric Hartley thuong khong

cao, trong khoang 15 dén 30 dB [1], [2].

Tuy vay, [3], [4] chi ra ring, cic b tron tan
IRM la cac k¥ thuat thoi dai méi dé chdng
nhidu anh va cai thién hiéu sudt. Trong bai
bao nay, dua trén by tron tan IRM cAu tric
Hartley, cac bd xoay pha, suy hao tin hi€u cé
dd phan giai cao st dung cac bd cong tin hiéu
va suy hao s6 dugc thém vao trén hai nhanh
tin hiéu IF sau tron tin dé diéu chinh, lam
giam do mét can bang cac tham sé pha va hé
s6 khuéch dai cua hai nhanh, qua d6 cai thién
va lam ting hé sd chéng nhidu anh cua bo
tron tin IRM.

2. Pé xuit céu tric b tron tin IRM

2.1. B trén tan IRM cdu tric Hartley

Céu trac Hartley cta bd tron tan IRM duoc
mo ta trong hinh 2.

0@ b

Hinh 2. Bé trén tan IRM cdu tric Hartley[4]
Trong hinh 2, tin hiéu RF diu vao x,(t)
duoc chia thanh hai nhanh va mo6 ta nhu sau:

*in(t) = cos{wgrt) + cos{wpt) 1)
Trong do, cos(wgrt) la thanh phan tin hiéu
cao tan thu mong muon cos(wpyt) 12 thanh
phan tin hiéu cao tdn ctia nhidu anh.

Tin hi€u dao dong LO cé dang:
X0 (t) = cos(w ) )
Xét vé mdi quan hé tan s ta co:

Wgr = Wp — Wip VA Wy = e + @i (3)
O nhanh phia trén, tin hi€u RF dugc tron véi
tin hiéu LO, c6 dang cos(wypt). O nhanh
phia dudi, tin hiéu RF dugc tron véi tin hiéu
LO dugc xoay pha 90 d9, c6 dang sin{ewyqt).
Céc dau ra cua hai b0 tron tan duogc dua qua
bd loc thong thép dé loai bo thanh phén 6 tin
s6 tong cua tin hiéu RF va tin hiéu LO ma chi
giit lai thanh phan hiéu tan s6 ctia hai tin hiéu.
Tin hiéu thu dugc tai cic diém A, B sau khi

4

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

Pham Cao Dai va Prg

Tap chi KHOA HQC & CONG NGHE PHTN

225(09): 3 - 10

trién khai lugng giac thu dwoc nhu sau:
%4(t) = 0,5 x {cos(wgr — wyp)t + cos{wpy — wyo)t}
(4)
xg(t) = —0,5 x {sin(wgr — wyo)t + sin(wyy — wyo)t}
(%)
Sau khi cong bépg b hybrid coupler 90 d6 ¢
dau ra, thanh phén nhiép anh bi loai bé va chi
con thanh phén trung tan IF cua tin hi¢u thu
mong mudn:
xp(t) = coslwgr — twpp )t
= cos(wyp — wgplt = cos(wp)t (6)
Hiéu qua chéng nhiéu anh ctia bd tron tan
IRM duogc danh gia qua ty s6 chong nhidu anh
IRR, tinh bing ty s6 cong suit cua n}li?:u anh
va tin hiéu & dau ra cta bd tron tan IRM.
Cong thuc tinh IRR theo dB dugc cho nhu
sau [4]:
Z+1-2yco=d
IRR s = —10l0g[55000] @)
trong d6, ¥ va @ 1a do mat can bang hé s6
khuéch dai va pha giita hai nhanh.
Trong trudng hop do mat can bang pha va hé
s6 khuéch dai gitra hai nhanh 14 rat nho, cong
thirc 5 ¢6 thé tinh gan ding nhu sau:

IRR 35 = —10log [Ehfz]

(8)
trong do, e =y — 1.

Theo d6, dé tang mirc chdng nhidu anh cta bo
tron tan IRM, can gidm dong thoi ca sai sO vé
pha va hé so khuéch dai giira hai nhanh.

2.2. Ciu trice dé xuit

bé tang hi€u qua chong nhieu anh cia bo tron
tan IRM, bai bao dé xuat by tron tan IRM dua
trén cau truc Hartley c¢6 di€u chinh véi viée
thém céac bd hiéu chuan pha, h¢ s6 khuéch dai
tai hai nhanh tin hiéu sau tron tan nhu mo ta
trong hinh 3.

Hi¢u chuan | A

pha, hé s6

khuéch dai 0° IF
Hiéu chu@n 90°

pha, hé so 50 Q
khuéch dai | B

Hinh 3. Cdu triic dé xudt bé tron tan IRM

Trong d6, bd hiéu chuin pha, hé s6 khuéch
dai dugc su dung 1a cac bd xoay pha két hop
suy hao tin hiéu c6 d phan gidi cao st dung
cac bo suy hao s6 va chia/cong tin hi¢u. Céu
tric clia b xoay pha két hop suy hao tin higu
dung dé hiéu chuan pha, hé s6 khuéch dai ciia
hai nhanh dugc mé ta trong hinh 4.

-y

Input 0° I{SA

X R

90° i
28A

Hinh 4. B xoay pha két hop suy hao sir dung suy

hao so6 va chia/céng tin hiéu [5]
Trong hinh 4, gia thiét tin hi¢u dau vao ctia bo
hi€u chuan pha, hé s0 khuéch dai dugc cho
boi cong thire 9.

5(t) = Asin(wt) 9)

Sau khi bién doi lugng giac, tin hidu dau ra
cua bd hi€u chuan pha, hé so6 khuéch dai duogc
tinh theo cong thac 10.

5,(t) = Aysin(wt + @,) (10)
Trong d6, A,, @, lan luot 1a bién do va pha
dau (gbc xoay pha so vdi tin hi¢u dau vao)
cua tin hiéu dau ra va dugc xac dinh theo cac
cong thic 11, 12.

50 Ohm

A, =VXT+77 (11)
@, = tan” (¥ /X) (12)

O day, X, ¥ dugc cho boi cong thirc 13, 14:

X = AjRcosg; — AgRgsing,  (13)

¥ = A;Rsing; + AgRgcospg  (14)
Trong cac cong thic 13 va 14, 4;, R, @; lan
luot 1a bi€n do dau vao, hé so suy hao va goc
xoay pha theo hé so suy hao ctia nhanh trén;
Ag, Rg, @g lan luot la bién d6 dau vao, hé so
suy hao va goc xoay pha theo hé sé suy hao
cua nhanh dudi trong so do trén hinh 4.

Theo cic cong thirc 10 dén 14, trong truong
hop tin hiéu duoc chia can bang, cac bd suy
hao dugc thiét 1ap & ché d6 khdng suy hao tin
hiéu thi goc xoay pha tin hiéu dau ra 1a 45 do.
Theo [5], khi sir dung cac bd suy hao sé 7 bit
(d0 phan giai 0,25 dB), luon cé kha nang luya
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chon cap gia tri hé sb suy hao trén hai nhanh
dé thiét 1ap cac goc xoay pha va murc suy hao
tin hiéu mong mudn vé6i d6 phan giai cao (1
dd voi goc xoay pha va 0,25 dB voi mirc suy
hao & tan sé 3,4+4,2 GHz). Piéu nay cho
phép tng dung dé hiéu chuan pha va hé s6
khuéch dai trén hai nhénh, nang cao chét
lwong chong nhidu anh ctia bd tron tan IRM.
3. Thiét ké bd tron tin IRM bing X
Ap dung céu triic dé xudt vao thiét ké bo tron
tan IRM bang X véi cac yéu cau tham sb nhu
trong bang 1. Ngoai tror bd trdn tan I/Q, céac
thanh phﬁn khac cua bd tron tan IRM bao
gdm: b loc théng thap LPF, bd chia/cong
cong sudt wilkinson va bo chia/cong cong
sudt hybrid coupler 90 d6 déu lam viéc ¢ tan
sd trung tan fiz = 90 MHz. Do d6, dé giam
kich thuéc ma vin dam bao tham sb, céc
thanh phan nay duoc thiét ké bang cac linh
kién tham s tap trung R, L, C co sai s6 nho
hon 5% va tan s6 lam viéc cao nhat khong
thip hon 300 MHz.

Bang 1. Yéu cdu ctia b trén tan IRM thiét ké

Tén tham so Gia tri yéu cau

Tan s6 RF (fzz) 9,1+9,7 GHz
Tan s6 IF (fz) 90 MHz

Tan s6 LO (fip) fio =far + 5
Bing thong IF (BW) 10 MHz
Hé s6 IRR >36dB

3.1. B§ trén tan 1/Q

Bai bao st dung bo tron tan /Q HMC521LC4
ctia hing Analog Devices hoat dong & dai tin s6
tir 8,5 GHz dén 13,5 GHz dé tron tin hiéu cao
tan RF vé tan sd trung tan 90 MHz. B0 tron tan
HMC521LC4 c6 so db khdi nhu hinh 5.

GND

Hinh 5. So d6 cdu triic b tron tan 1Q
HMC521LC4 cua Analog Devices

Theo tai li€u cua nha san xuat, trong dai tan

sO RF tir 9,1+9,7 GHz, h¢ s6 chdng nhiéu anh
IRR (tuong ung véi dd mét can bang pha,
bién d6 cia hai nhanh I, Q) dugc cong bd
nam trong khoang tir 20 + 30 dB.

3.2. B§ loc thong thip

Tin hiéu sau tron tan duoc dua qua bd loc
thong thap LPF dé loai bo cac thanh phan RF.
Bing thong cta bo loc phai dam bao dai tan
sO IF (tan s6 90 MHz, bang thong 10 MHz) di
qua va dic tuyén bién tin c6 do bang phing
tot nhat c6 thé. St dung ciu tric bd loc
chebyshev bac 5, két qua thiét ké va mo
phéng sau layout trén ADS dugc mo ta trén
hinh 6.

6a) So do thiét ké bg loc LPF

m3
q q
fetol =548y BRRE =852 35?2@:1%228%3#

m1 m2
freq=85.00MHz freq=90.00MHz freq=95.00MHz

dB(S(2,1)
dB(S(1,1))

L7 ™ Y L B L B B B B T
50 100 150 200 250 300 350

Tén s (MHz)
6b) Két qua mé phong bg loc LPF
Hinh 6. So do thiét ké (a) va két qua mé phong
sau layout (b) cia bg loc LPF

Theo hinh 6, trong dai tan hoat dong cua tin hiéu
IF (tr 85+95 MHz), b loc LPF duoc thiét ké
phéi hop tro khang tot va co sai léch vé mirc suy
hao theo tn sb 1 khong qua 0,05 dB.
3.3. Bg chia/cong wilkinson va hybrid 90 do
B6 chia/cong wilkinson dung trong b hiu
chuén pha, hé s6 khuéch dai dé cOng tin hiéu
dau ra. B chia/cong hybrid 90 d6 ding trong
bd hiéu chuédn pha, hé s6 khuéch dai va cong
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tin hiéu IF dau ra cudi cung cua bd tron tan
IRM. Bing théng cua cac bd chia/cong déu
phai dam bao dai tan s6 tir 85+95 MHz va do
cin bang giita hai nhanh 12 t6t nhat c6 thé. Do
tan s6 hoat dong thip nén trong qua trinh thiét
ké, cac doan mach dai A/4 duoc thay thé
bang mach LC tuong duong nhu trong hinh 7.

L1

n c1

4 Fe

=)

Hinh 7. So do twong dwong mach dai [6]
Cac gia tri L, C trong hinh 7 dugc tinh toan,

o s

o W mi
o
=]

8a) So do thiét ké nguyén Iy

ml m2 m3
freq==85.0MHz freq=90.0MHz freq=95.0MHz
dB€S€2,1g§=-3 35 dB§S§2,1§;=-3.35 dB}S}2,ng=-3.37

dB(3(319)=335] |dB(3(31))=335] |dB(5(31})=337
mimin3
3 h ¥
I Al
—— 5
To
Frey
oo .
.
— 1
50 &0 70 20 90 100 110 120 130 140 150
Tén sé (MHz)

8c) Cac hé 56 truyén dat S21 va S31

theo cong thue 15 [6].

L=Z_ fwvaC,=C=1/(wZ,) (15)
O day, Z, 1a tr‘("r kl}éng dac trung cua doan
mach dai; e 12 tan s0 lam viéc trung tam.
Két qua thiét ké va rqé phdng sau layout bd
chia/cong wilkinson bang R, L, C dugc mo ta
trén hinh 8.

Theo do6, trong dai tan hoat dong cua tin hi¢u
IF, suy hao tin hi¢u khi di tir cong P1 dén cac
cong P2 va P3 1a can bang va do suy hao chén
cua bd chia/cong wilkinson chi trong khoang
0,35+0,37 dB. Sai léch pha gita céc tin hiéu
trén 1a rat nho.

P

J

= =8

8b) So do thiet ke layout
mé md m6
freq=85.00MHz freq=80.00MHz freq=85.00MHz
phase_error=0.003| phase_error=0.003| |phase_error=0.004

mdmam6

phase_error

LI L T T T T
50 60 70 80 S5 100 10 120 130 140 150

) Tan Sé (MHz)
8d) Sai léch pha giita hai cong P2, P3

Hinh 8. So do thiét ké va két qua mé phéng sau layout bg chia/cong wilkinson

Pé ting d6 can bang pha va hé sd truyén giira cac cong, bai bao lwa chon sir dung bo chia/cong
hybrid 90 d6 cu trac 2 ting (two-section branch-line hybrid coupler) [7] c6 bang thong va hiéu
suat tot hon so véi bo chia cong hybrid thong thuong. Két qua thiét ké va mo phong sau layout bo
chia/cong hybrid 90 d¢ bang L, C dwgc mo ta trén hinh 9.
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9a) So do thiet ke nguyén ly 9b) So do thiet ke layout
m5 m4 mé m2 m1 m3
freq=850MHz freq=90 0MHz freq=85 0MHz freq=85.0MHz freq=90.0MHz freq=95.0MHz
dB(S(2,1))=-3.96| |dB(S(2,1))=-3.88| [dB(S(2,1))=-4.11 ldeliaPhase=89.46 |deltaPhase=89.95 |deltaPhase=91.26|
dB(S(3,1))=-3.88| |dB(S(3,1))=4.07| [dB(S(3,1))=4.14

m5 m4 mé m2 ml  m3

&1}

ool
@an

deltaPhase
&
1

e

B A LA NMMNEUNI S SN S S ——
S . 70 75 20 a5 50 95 100 105 10
Tan s (MHz)

Tén s (MHz)

9¢) Cdc hé s6 truyén dat S21 va S31 9d) Sai léch pha giita hai cong P2, P3

Hinh 9. So do thiét ké va két qua mé phong sau layout bg chia/cong hybrid 90 do

Xét tin hiéu di tir cong téng P1 t6i cac cong nhanh P2 va P3 ciia bd chia/cong, két qua trén hinh 9
cho théy, sai léch muc suy hao giita hai nhanh 16n nhat 14 0,15 dB tai 90 MHz). Sy bién thién
mirc suy hao tin higu cia trén toan dai tn hoat dong 1a 0,26 dB. Mat can bang pha 16n nhét giita
hai nhanh (so véi do 1éch pha 90 do) trong toan dai tan 1a 1,26 do.
3.4. Thiét ké layout bé trén tin IRR bang X
Két qua thiét ké bo tron tan IRR bang X dugc mod ta trén hinh 10 gém bo mach trén tan
HMC521LC4 va thiét ké layout téng hop phﬁn tin hiéu IF. Trong d0, cac linh kién L, C dugc lya
chon st dung la ciia hang Murata véi d¢ chinh xac t6t hon £5%.

Hinh 10. B¢ tron tan HMCS521LC4 va Bo mach thiét ké phan tin hiéu IF

3.5. Khdo sdt hiéu ning ciia b hi¢u chudin pha, hé sé khuéch dai
Céc tham s tin hiéu qua cac bg chia/cong wilkinson va hybrid coupler dugc sir dung 1am tham
s6 dau vao dé danh gia hiéu niang cua by CPG. B6 suy hao s6 st dung 1a vi mach RFSA3714 cta
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Qorvo véi 7 bit diéu khién va budc thay déi
suy hao 1a 0,25 dB. Véi muc dich hiéu chuin
mat cAn bang giita hai nhanh ctia bo tron tan
IRM nén chi khao sat hiéu nang cua bd hiéu
chuin pha, hé s6 khuéch dai trong pham vi
goc pha tir 35 + 55 36 va d6 suy hao tu -5+-2
dB (twong tmg bu sai léch vé pha trong pham
vi £10 d9, vé hé s6 khuéch dai trong pham vi
+1,5dB).

Hinh 11 cho biét sd luong cac cap hé sb suy
hao ctia hai vi mach RFSA3712 c6 thé lya
chon theo goc xoay pha mong mudn ma dam
bao gidi han vé hé s6 suy hao va do chinh xéac
pha 1 d9. Theo d6, & mdi goc xoay pha trong
pham vi tir 35 + 55 d9, c6 it nhét 24 cip hé sd
¢6 thé lya chon dé ap dung.

35 40 45 50 55
Goc xoay pha (dg)

Hinh 11. Khd nang lua chon theo géc pha

Chi sc‘prcép hé Vsérsu_\' glam
12a) Bién thién goc xoay pha
T T - T 018
D suy hao

e
H

Buire suy hao tin hi¢u (dB)

£

Chiso ciphe 30 suy glam
12b) D¢ suy hao tin hiéu
Hinh 12. Bién thién géc xoay pha (a) va do suy
hao tin hiéu (b) tai goc xoay 43 do
Dé danh gia vé sai s goc xoay pha va kha

nang phan giai theo d6 suy hao, thuc hién
khao sat cu thé v6i goc xoay pha 43 do (c6 s6
luwong cap hé sb lua chon thép nhét 1a 24 cap).
Hinh 12 chi ra két qua mo phong sy thay doi
cua goc xoay pha va murc suy hao tin hi¢u theo
chi s6 cap hé s suy hao c6 thé sir dung da
duoc sip xép theo thir ty mirc suy hao ting dan.

Trén hinh 12a cho thdy, sai s6 vé pha 16n nhat
so véi goc xoay pha mong mudn chi trong
pham vi £0,5 d6 voi tat ca cac cap hé sb suy
hao ¢6 thé lya chon. Hinh 12b thé hién su
thay d6i ciia mirc suy giam tin hiéu va budc
nhay mirc suy giam qua theo chi s6 cip hé sd.
Theo do, trong dai suy hao hi¢u chuén dugc
giéi han tir -5+-2 dB, luén c6 thé tim duoc
cap hé sb suy hao dé dat dugc do suy hao
mong mudn véi sai s6 nho hon 0,15 dB.

Theo cong thirc 8 vé tinh ty s6 IRR, do phan
giai va do chinh xac cua bd xoay pha két hop
suy hao 1a da dé hiéu chuan pha va hé s
khuéch dai gitta hai nhanh, bdo dam cho bd tron
tan IRM dugc thiét ké ¢6 ty s6 IRR 16n hon 38
dB, t6t hon rat nhiéu so véi mirc IRR tir 20 + 30
dB cua bo tron tan I/Q duoc sir dung.

Suy hao tin hiéu ting 1én khi b hiéu chuin pha,
hé sb khuéch dai nam trong dai tir -5+-2 dB, it
anh huong t6i tham s6 SNR ciia tin hiéu.

4. Két luan

Mot giai phap nang cao chit lugng bo tron tin
IRM dua trén cu tric Hartley duogc dé xut.
Két qua thiét k&, mo phong va khao sat hiéu
ning cia cac thanh phan lam viéc & tan sé IF
ciia bd tron tan IRM bang X cho thay gidi
phap cho phép cai thién dang ké ty sb chdng
nhidu anh IRR cta bd tron tin I/Q va hoan
toan dap tmg yéu cau tng dung trong thuc té.
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