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BO TRON HA TAN CONG SUAT THAP, '
UNG DUNG TRONG BQ THU PHAT TAI TAN SO VO TUYEN

A LOW-POWER DOWN-CONVERTER
MIXER APPLIED TO THE UHF TRANSCEIVERS

Nguyén Hoang Pirc, H6 Quang Tay
Trung Tam Nghién Curu va Pao Tao Thiet Ke Vi Mach

TOM TAT
Bo tron tan la mot thlet bi phi tuyen duoc sur dung voi muyc dich chuyen doi tan so 1én hodc
xuong trong cdc hé thong truyén nhdn RF. B¢ tron co kién truc can bang doi dwoc sur dung
phé bién nhdt trong thiét ké vi mach cao tan Mot bo tron ha thap tan 50 dang Gllbert Cell sur

dung trong bo thu phat khong day tai tan s6 433 MHz duoc thiét ké t6i wu hoa vé cong sudt,
do tuyén tinh, hé so nhiéu va do cach ly sé duoc gioi thiéu trong bai bao nay.

Két qua dat dwoc cia bo tron tan nay la cong sudt tiéu thu 5.18 mW, dzem nén bdc 3 dat duoc
tai -2.43 dBm va hé so nhiéu dat dwoc la 8.9 dBm. D6 cach Iy véi tan sé dao dong ndi va tan
s6 ddu vao lan lwot la 147 dB va 109 dB.

Tir khéa: Bo tron, hé sé tap am, do tuyen tinh, do cach ly.

ABSTRACT

Frequency translation in a system is performed by a non-linear device known as a mixer. The
most popular double-balanced mixer used in RFIC designs is the Gilbert Cell mixer. This
mixer is an individual block of a 433 MHz transceiver. The proposed mixer requires a 1.8V
supply voltage and consumed a 2.88mA current. The third-order intercept point and noise
figure are-2.43 dBm and 8.9 dB. The excellent LO/RF and RF/IF isolations are also up to
147 dB and 109dB, respectively.

Key words: mixer, noise figure, linearity, isolation.

I. GIOI THIEU

B tron la mot thanh phan quan trong
trong cac h¢ thong tmyen nhan tin hiéu. N6
duoc su dung dé chuyen do6i tan sd 1én cao
& thiét bi truyén hodc xudng thap & thiét bi
nhan. Nguyen ly hoat dong ctia bd tron 1a
dung tan so dao dong noi (local oscﬂlatlon
LO) dong ngat tan sO0 voO tuyén (radlo
frequency, RF) dé chuyén d6i thanh tin hiéu
trung tan (intermediate frequency, IF), [1-6].

Phép nhan dugc thuc hién véi hai tin hi¢u
tai ngd vao, tuong ung vdi viéc dong ngat &
mach nguyén 1y, c6 phuong trinh tuong ting
la:

a=Asin(ot+¢) (1)
b= Bsin(w, +¢,) (2
Két qua ctia phép nhan hai tin hiéu trén 1a:

a.b = ABsin(ot + @,).sin(o,t + ¢,) 3)

Biang cac phép bién ddi lugng giac, ta
duoc:
AB
ab= —T[COS((a)l +

)i+ (4 +4,)
)i+ (¢ =) )

- cos((a) -o

Dé thuc hién viéc chuyén d01 tan s6 1én
cao trong bd phat thi thanh phan phé trong
cong thirc (5) duoc chon.

o, =cos((w, + o )t + (o to,) (5)

Nguoc lai, dé chuyén doi tan s6 xubng
thap trong b thu, thi thanh phan pho trong
cong thirc (6) dugc chon.

o, =cos((®, - ® )t + (v -m,) (6)
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1. MO TA BO TRON GILBERT CELL

B0 tron Gilbert Cell c6 hai dang la tich
cuc va thu dong. Thong thuong dang thu
dong dugc st dung trong cac h¢ thong doi
hoi cong suat tiéu thy siéu thap vi no co do
tuyén tinh cao va khong tiéu thu cong suat.
Tuy nhién, n6 bi hao ton khi chuyén doi tin
hiéu va co6 h¢ so nhiéu cao hon dang tich cuc.
Viéc st dung bd tron thu dong con dugc ng
dung trong cac thiét ké siéu cao tan khi ma
cac transistor khong con dap g dugc.

Bo tron tich cuc thuong dugc sur dung co
hai loai 1a can bang don va can bang d6i. Cau
trac loai can bang don thi don gian hon loai
can bang ddi va cong suit tiéu thu ciing thap
hon. Thé nhung, nhiéu ¢ ngd ra lai rat 1on do
d6 cach ly gitra tin hiéu trung tan véi tin hiéu
v tuyén va tan s6 dao dong ndi rat thap.

Vé uu diém, bo tron cén bang d6i co do
cach ly rat tot. Do tan s6 dao dong nodi va
tan sb vo tuyen déu can bang nén nhiéu bj
loai bo gan nhu hoan toan tai ngd ra. Tuy
nhién, diéu nay con phu thudc rat nhiéu vao
qué trinh thiét ké mach vat ly. Bén canh,
dang bo tron nay con cung cp do loi tuong
dbi cao v6i hé s6 nhidu trong khoang tir 6dB
dén 12dB. Cong suat cta tin sd nodi vira phai,
trong khoang tir -3 dBm dén 3 dBm, ciing 1a
mot vu diém khién bo tron dang nay co thé
tich hop hoan toan vao hé thong mot cach
dé dang.

Vé nhuoc diém, vi bd tron can bang doi
thuong duoc két ndi véi mot bo khuyéch dai
nhiéu thap tai thiét bi thu nén né yéu cau bd
chuyén d6i tir don cuc sang vi sai. Piéu nay
lam cho dién tich cua toan b thiét ké ting
1én.

Sau day, chiing ta hay xem xét nguyén ly
hoat dong cua mdt b tron Gilbert Cell nhu
minh hoa trong hinh 1. Tin hiéu v6 tuyén
dugc ap vao hai transistor T5 va T6 nham
chuyén doi tin hiéu tir dién thé sang dong
dién. O day, chung ta can chi y dén gi tri
dién thé mot chiéu cua tin hiéu dau vao. Dién
thé nay phai 16n hon tong gié tri cua dién ap
ngu:ong cua hai tran51stor TS5, T6 va dlen thé
nguon-mang cua ngudn dong cung cap. Tuy
nhién, dé dam bao do tuyen tinh cua mach,hai

transistor TS5, T6 phai hoat dong trong ving
tuyén tinh (V, < ¥, -V,,). Viéc thém dién tro
vao hai cyc ngudn cua hai transistor TS, T6
dé tang do tuyén tinh cho mach ciing dong
nghia voi viée lam giam di d6 loi cia mach.

T3 T4

T6

21T
=GND

Hinh 1. Cdu triic thuong gdp cia bé tron tan
Gilbert cell.

Céc transistor (T1, T4) va (T2, T3) tao
thanh nhiing cdp lam nhiém vy dong ngat
khi dugc ap vao tan s6 dao dong noi nghich
pha. Hai transistor T5, T6 cung cap tin hi¢u
vO tuyen ¢ dang dong dién nghich pha, T1va
T3 sé dong ngat gitta ching dé tao ra song
trung tan tai dau ra tai phia bén trai. Nguoc
lai T2, T4 s€ dong ngat gitta chuing d€ tao ra
song trung tan tai dau ra tai phia bén phai.
Hai dién tr¢ tai chuyen dong dién sang dién
thé song trung tan dang vi sai tai ngd ra.

III. THU'C HIEN MACH NGUYEN LY
A. P lgi chuyén déi (CG), diém nén bic
3(1IP3)

Hinh 2. Céu triic thwong gdp ciia b trén tan
Gilbert cell.
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Theo nhu trinh bay trong [3], tuan tu cac
bude thiét ké bd tron can béng d61 co ban
nhu sau:

1.Luya chon gia tri L phu hop VO’l tro
khang dau vao cua thiét ke va giam t6i da
nhiéu do dién tré ky sinh gy ra.

2.5 dung phuong trinh (7) dén (9) dé
tinh do dan (g,) cua hai transistor T5, T6 két
h0’p voi dién tro tai (R) dé tinh do loi yéu
cau cua hé thong.

3.Str dung phuong trinh (10) dén (16) dé
tinh todn gia tri IM3. Tur do, ta suy ra duoc
gia tri dién thé 1ai bao hoa (V,-V,) cua hai
transistor T5,T6.

4. Pinh hinh kich thudc cac cong tic dong
ngat dé dién thé 1ai bio hoa roi trong khoang
0.2V dén 0.4V.

Chung ta nhan thay ¢ ddy gia trj dién thé
14i bdo hoa déu lién quan dén do loi chuyén
ddi va diém 1IP3. Do d6, mot su thoa hiép
giita hai tham s nay 14 can thiét dé chon ra
gié tri dién thé 14i bao hoa.

cg=2| R i (7)
T Ry +—
am
4
gm=k', T(VGS VTH[W] ) (8)
K = “eﬁ‘[mp]'t_m )

ox

Piém nén 1 dB va IIP3 duoc tinh toan
dua vao cac phuong trinh tir (10) dén (14).

2
IDSAT = wvsat'cox' Vod +og,m[ L (10)
B, =a (1)
ueﬁ’
Ko
=0 12
He 1+¢V, (12
2
P, =029.2 VL V|14 W 14+ B Vaa
l’ll 'RS 4Vsat L 2Vsat L

(13)

8V L
P, — =<V |1+
IIP3—3 HI.RS od(

2
Vo 14+ Vo
Vel )\ 2V L) (14)
Vé6i chuyén doi gia tri cong suat sang
thang do dBm va d¢ linh dong hiéu dung
lan lugt duoc xac dinh boi cong thic (15)
va (16)
dBm =10 log (1000*P1dB) (15)

Ly :Mo+2ngtL (16)

B. Nhitng phin tich wéc lwong cdc yéu to
gdy nén tap dm trong mach

Mot cach rd rang la khi hoat dong trong
vung tuyén tinh thi transistor MOS s& sinh
ra mot lugng nhiéu nhiét nhat dinh. Luc nay,
transistor MOS 1a mét dién tré c6 thé kiém
soat dugc gia tri. Dong nhiéu mang dugc
tinh boi cong thirc cua A van der Ziel dua ra
trong phuong trinh (17).

E =4kTy g, Af (17)

O day g, la d6 din ngudn-méang khi dién
thé nguon-mang (V) bang khong. Tham s

ybang 1 khi ¥, bang 0. Di véi linh kién
c¢6 kénh dan dai, gia tri nay s& giam xudng
2/3 khi transistor MOS & trang thai bao hoa.
Tuy nhién, véi transistor MOS c¢6 kénh dan
ngén, hiéu Gmg nhiét cta hat tai 16n dang ké
do dién truong cao trong kénh dan. Do d6, ¥
c6 thé c6 gia tri 2, 3 hodc 16n hon. Khi dién
truong trong kénh dan ctia mét linh kién phy

thudc vao ¥V, thi diéu quan trong 1a chung

ta nén gitt cho ¥, cang nhé cang tot. Néu
khongnhit thiét vi yéu cau dap tmg tan sd thi
khong nén dung transistor MOS c6 kénh dan
nho nhit co thé ciia mot quy trinh ché tao.
Nhiéu xuét hién trong kénh din con giy
ra nhitng hiéu tung di kém trong dé c6 nhiéu
do cam tng cta cuc cong transistor MOS.

il = 4kTSg , vos N (18)
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Trong do,

(19)

Véi nhiing transistor MOS cé kénh dan
dai thi gia tri & la 4/3, gia tri 6 =2* y . Khi
cac hat tdi mang nang luong cuc cao lam cho
nhiéu trong kénh dan ting 1én, do do, lam
ting nhiéu cam ung trong kénh dan. Hiéu
g nay van dung cho céc transistor c6 kénh
dan ngan.

2
8o nps =W Cgsrg,NQS

Nhiéu kénh cam mg c6 mdi lién hé rd
rang v&i dién trd cong khong ghép tinh.
Trong thuc té, ta ¢6 thé xem 1a nhiéu nhiét
cta dién tro nay. Két qua cua dién thé nhiéu

la v,fg dugc dua ra dudi dang nhu trong
phuong trinh 20 [6].

vfg =4kT 5rg’ NQSAf (20)
A.Thiét ké mach nguyén Iy siv dung cuén
cam han ché viéc lam suy giam do loi

Khi str dung dién tré R trong thiét ké s&
lam ting d6 tuyén tinh cta toan mach nhung
mit khac lai xudt hién nhidu nhuoc diém.
Thir nhét 1a lam giam dién ap 1ai bao hoa
trén cAc transistor nén 1am anh hudng dén do

loi cua toan mach. Thur hai la 1am tang thém
nhiéu nhiét cho toan mach.

Do do, thay vi str dung di¢n tro, ta co thé
thay thé bang cudn cam dé ting do tuyén
tinh ctia mach. Tai mét tin s6 nhat dinh cudn
cam c6 mot tré khang duoc tinh theo cong
thue 21.

Z.=2xf, 1)

Chung ta cling can thuc hién mé phong
tham s6 S dé dwa ra gid tri chinh xac cho
cudn cam st dung trong thiét ké. Diéu nay
quyét dinh dén van dé phdi hop tré khang
dau vao cho bd tron. Déng thoi can dam bao
tré khang dau vao ctia mach khong 4m nham
duy tri tinh 6n dinh cua thiét ké.

Cubi cung, khi sir dung cudn cam can chi
y dén dién tro ky sinh nbi tiép. Dién tré nay
anh huong dén tro khang cia cudn day va
ciing dugc xem nhu 13 thanh phan ky sinh
nhiéu trong toan mach. Trong quy trinh ché
tao duogc st dung dé thiét ké cac cudn cam
c6 hé sb chat luong tir 4 dén 12.3, tuong ting
véi cac gia tri cudn day ta c6 dién trd ky sinh
tir 1.3 Ohm dén 62 Ohm.

_ o.L

O=7R

(22)

I. KET QUA MO PHONG VA THIET KE VAT LY

A.Két qua mé phong bé tron tin Gilbert cell siv dung cuén cam lam ting dé tuyén tinh
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Hinh 3. Mach nguyén ly bo tron
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Hinh 4. Mo phong do cach ly giita tan sé vo
tuyén, tan sé dao dong ngi va tin hiéu trung tan
tai cdc cong

Bang 1. Dj cach ly giita tan so vo tuyén,
tan so dao dong ngi va tin hiéu trung tin
tai cdc cong

LO-to-IF feedthrough -147dB
LO-to-RF feedthrough -190dB
RF-to-LO feedthrough -154dB
RF-to-IF feedthrough -110dB

. Trong bang 1 trinh bay mat cach rd rang
veé do cach ly gilra cdc cong vao ra cua bo
tron. Két qua cho thay dugc wu diém cua
thiét ké trong viéc loai bo gan nhu hoan toan
tap s0 dao dong ndi va tan s6 vO tuyen tai
cong ra tan s trung tan.

Expressions

— % (/IFp /IFN) h=-1; hbac dBZ0{vpeak)

1
/\‘V_/’\-\_\
12
10 M1(5 083, 13. 4608
&
=
=
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plo O

Hinh 5.D¢ loi chuyén doi
Expressions
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Hinh 6.H¢ so tap am va nhiéu tai dau ra
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Hinh 7. Biém nén bdc 1 va IIP3

Hinh 8. Téng hop cdc nhan té chinh gdy danh
hwong dén hé so tap am

Trong hinh 5, su thay ddi do loi chuyén
dbi theo cong suit tan s6 dao dong nodi (pLO)
thé hién mot cach ré rang. Véi pLO bién
thién trong khoang tir -5 dén 5 dBm d6 loi
chuyén doi thay d6i tir 9.8 dB dén 13.5 dB va
khi pLO c6 tang thém thi dg loi c6 xu hudng
giam cham. Do d6, dé chon gia tri pLO phu
hop ta can thém mot dir liéu d6 chinh 1a hé
s6 nhiéu ctia mach duoc thé hién trong hinh
6. Twong tmg v&i gid tri pLO thay d6i trong
khoang -5dBm dén 5 dBmthi hé s6 nhiéu
thay d6i tir 27 dB dén 12.2 dB.

Khi pLO thap thi céc transistor dong vai
trd switches (hinh 2) khong con dong ngit
giao hoan nhau trong chu ky cua tan sé dao
dong ndi ma chung hoat dong dong thoi.
Luc nay, cac cdp switches bén nhanh trai va
nhéanh phai hoat dong nhu mot bd dém do do
cung mot lic ca bbn transistor nay cung giy
nén nhiéu trong toan hé théng. Mat khac, khi
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LO & dang song sin, chinh do déc lai 1ai
cua song sin s€ 1a tac nhan chinh gay nén cac
ngudn nhidu khac nhu nhiéu flicker va cac
tap 4m bac chan cua tan s6 dao dong noi bat
dau 16n dan trong hé thong.

Bdng 2.Cdac thong $é ddc tinh ciia bé tron

Tham sb Giatri | Donvi
Dién thé cung cip 1.8 \%
Do loi chuyén d6i | 9.8-13.5 dB
Cong Asuat t?p sO 5.5 IBm
dao dong noi
Hé s6 tap am 27-12.2 dB
Dong tiéu thu 2.89 mA
11P3 -0.2 dBm
Diém nén 1 dB -10.2 dBm
Tanﬂr sO song vo 433 MHz
tuyen
Cong nghé chétao | GP0.13 pum

A Danh gm két qua mo phong tap am va
101 wu hé s6 nhiéu

Duya trén cac két qua mo phong ta nhan
thay, hai transistor ngd vao RF va nguon tin
hiéu 1a céc linh kién gay nén tap am chu yeu.

Céc thanh phan nhidu dugc trinh bay mot
cach 13 rang trong hinh 8. Ngudn nhiéu dau
tién phai ké dén 1a dién tro cta port2 (ngudn
cung cip tin hiéu RF ngd vao) va dién tro
R2 (dlen tr¢d dugce thém vao nhu la troy khang
phdi hop véi port2). Hai ngudn nay chii yéu
gay ra nhiéu nhiét chiém 14,75% va 14,25%
trong tong ngudén nhiéu. Nguén nhiéu thir
hai phai ké dén 14 hai transistor nMOS 14,15

dong vai tro 1a ngd vao tin hiéu RF. Cac loai
nhiéu hai linh kién trén gay ra gom 3 loai
sau day:

- Nhiéu do hat tai mang ning luong cao di
chuyén trong kénh chiém 13.35%.

- Nhiéu do cac hai sinh ra vi ban chat phi
tuyén cuia linh kién chiém 7,41%.

- Nhiéu do hién tugng cuc cong cam tng
v6i kénh dan chiém 5.68%.

Néu tinh tong toan bo cac thanh phan
nhiéu trén thi mdi transistor nMOS 14,15
gy nén xap xi 27% trong tong ngudn nhidu
toan mach.

Thanh phan nhidu do cic hai bac nhat
dugc tao boi cac linh kién phi tuyén. Trong
phép do ta nhan thiy, hai transistor tal ngo
vao cta tan sd RF 14 thanh phan chi yéu tao
nén gia tri hai bac nhat. Do d6, dé giam thiéu
ngudn nhifu nay, cip vi sai ddu vao tan sd
RF can dugc gii trong ving hoat dong tuyén
tinh.

Thanh phan nhiéu thir hai duoc tao thanh
boi twong tac gitra cuc cong va kénh dan
trong transistor MOS. Nhiu xuat hién trong
kénh dan ciing gop phan tao nén nhiu tai
cuc cong. Khi nhidu trong kénh dan ting s&
khién cho nhiéu tai cyc cong cling tang. Vi
thé, dé glam thiéu ngudn nhidu nay ta can
han ché tbi da nhiéu trong kénh dan.

Expressions

ke, 125460

J3(12HHz, 10.4208)

A TG, VT Sa<T> oo, VTSl

P

g T I B34BnVsqt(i)
£

e o

—_ MI(12MHz, 8.056V/sar(Hz)

e S B

80 100 120 no
freg M)

Hinh 9.Két qua mé phong hé sé tap am sau khi
da toi uu.
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Hinh 10.Két qud mo phong thoi gian thuc cua bg tron.

Bdng 3.Cac thong s6 dic tinh ciia bg trén
sau khi toi wu cdc thong so ddc tinh.

Tham s6 Giatri |Donvi
Pién thé cung cap 1.8 \Y%
Do loi chuyén d6i 12.5-15 dB
Cong suat tan so
dao géng noi 0-3 dBm
Hé sb tap am 11.2-8.9 dB
Dong ti€u thu 2.81 mA
1IP3 2.4 dBm
Piém nén 1 dB -12.8 dBm
a0 song VO 83| Miz
Cong nghé ché tao GPO0.13 um

B. Thiét ké vit Iy va tong hop két qui

Bdng 4.Di¢n tich ciia hai thiét ké vat 1y bé
tron tan

Thiét ké Diéntich | Ponvi
vat ly
Bo tron st 720x 315 5
dung cudn um
day
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PINH NGHIA CAC THAM SO VA KY HIEU SU DUNG TRONG CONG THUC
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