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TOM TAT
Bai bdo trinh bay mét phwong phdp tinh todn tham sé va gidi phdp thiét ké b trén tan sé tin
hiéu theo cau tric GilbertCell bang cong nghé CMOS sir dung quy trinh thiét ké che tao Skywater
130nm. B¢ tron duoc tinh toan thiet ké nguyén ly va layout dé lam viéc ¢ dai tan so 8 + 30
MHz, tur ddy co thé danh gid dwoc cdc tham so lam viéc, han ché dwoc rui ro trong qud trinh che

tao va dp dung vao thirc té trong linh v thiét ké chip RF chuyén dung cho cdc mdy thong tin vé
tuyén bang céng nghé CMOS.

Tur khoa: Bo tron tin hiéu Mixer; CMOS Gilbert Cell Mixer; PDK Skywater 130nm.
1. MO PAU

Viéc chuyén ddi tan sb tin hiéu trong cac hé théng thong tin vo tuyén duoc thuc hién bdi bd
tron tin hiéu - Mixer. B tron 1a mot mach ba cdng sir dung cac phan tir phi tuyén nhu diode, FET,
BJT hodc CMOS dé nhan céc tin hiéu véi nhau nhim bién d6i tan sb 1én hodc xuéng thanh cac tan
s6 mong muén [1, 6]. Ngoai ra, bo tron duoc dung trong cac hé thong truy nhap vo tuyén tan sb
cao, pham vi hep, bang thong rong - WB, wireless LAN,...
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Hinh 1. Chirc néng co ban va vai tré b tron trong hé thong théng tin [6].
Céc b tron dugc thiét ké thuong sir dung cac cong nghé 180 nm [3, 5], 130 nm [6], 65 nm [7]

do dap tmg dugc chi phi thip va cong nghé pho bién. Cac cong nghé nay dap tng tot duoc véi
nhung cau trac vi mach phure tap doi hoi hé so6 pham cht cao.

“  Ban vé thiét ké chip
clia nguoi dung

ot 347
Tierssroanil.
Nén tang san xuét chip clia Efabless San phdm chip sau ché tao

Hlnh 2 Thzet ké ché tao chip trén céng nghé CMOS 130 nm [15].
Cong nghé CMOS130 nm 1a mot cong nghé chi phi thdp cua hing Skywater phat trién do
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Google bao trg [12] dugc hd trg dong chip trén nén tang cua Efabless (hinh 2), pht hop voi muc
dich hoc tap nghién ctru, san xudt s lwong it, phtt hop véi cac phong Lab ¢6 quy mé nho, cac vién
nghién cuu.

2. CAU TRUC VA TiNH TOAN THIET KE

2.1. Céu tric bd tron

~ Gilbert 1a b6 tron can bang (double-balanced mixers) dugc tich hop thém ngudn dong bén ngoai
dé 6n dinh di€ém lam viéc va kiém soat cac tham so thiét k&, thuong dugc st dung trong may thu
phat thong tin RF véi hé so pham chat cao [1].
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Hinh 3. Bg trén Gilbert Cell va cau triic dé xudt.

Tin hiéu cao tan RF duoc dua vao cuc Gate cia M0, M5 lam nhiém vu nhu mot bd khuéch dai.
M1, M2, M3, M4 nhan tin hiéu RF v&i tin hiéu LO d& tao ra mdt tin hiéu c6 thanh phan tong/hiéu
clia tan s, chirc nang nhu mot chuyén mach déng mé céc tin hiéu RF dé dwa ra cong diu ra trung
tﬁn IF. Ngudn dong M6 va M7 céu trac mach theo mach guong dong dién voi gia tri dong dién
nam trong khoang tr 0,1 mA dén 1 mA. Co the cung cap thién ap tir bén ngoai (DC Offset) dé
giam sy phirc tap cdu tric cling nhu giam hé s6 tap NF ctia mach tron (hinh 3).

2.2. Tinh toan tham s
Hé s6 khuéch dai (Conversion Gain - A,) dugc tinh 1a ti s6 bién d6 tin hiéu d4u ra trung tin IF
v6i tin hiéu cao tan RF dugc biéu thi nhu sau [6]:
2 2 W
1)

Av = EngD = E #ncoxTRD

Tuong tu nhu vay, d§ méo hai bac ba (third order harmonic distortion) dugc dinh nghia 1a ty
s0 gilra bién do ctia hai bac ba vdi bién do ctuia thanh phan dau ra co ban, dugc bi€u thi nhu sau:
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w
Hp3 = Lnbor D g 2)
32 I °F
Trong do, lssla dong thién ap.
Do méo didu ché béc ba duoc dinh nghia la t}”/vsé giita bién d6 cua san pham didu ché bac ba
v6i bién d6 cua thanh phan dau ra co ban, dugc biéu thi nhu sau:

C -
M3=—"""1Ly2 (3)
32 g Vir

1a nang luong dau vao RF tai d6 cac mirc cong sudt dau ra ctia cc thanh phan trung tan IF xuyén
diéu ché khong mong mudn va mong mudn bang nhau. Sau tron s& sinh ra cac blen thé hai bac
cao, nguy hiém nhat 1a cac hai bac 1&, & day n6 gan nhu nim trong dai thong va giéng véi tin hiéu
mong mudn. Tin hiéu c6 bién do 16n ‘nhat d6 14 san pham hai bac ba. Pho bién nhat l1a méo xuyén
nhiéu (IMD - Inter Modulation Distortion), dudng chin bac ba (TOI — Third Order Intercept),
duong nay cat dic tuyén cong suét 1y tuong tai diém chin bac ba. Piém chin bac ba duge tinh boi:

32 g 2
Apps = ?—W: §(Vg _Vth) (4)

UnCox T
Trong d6, Vg dién ap gitra cuc G-S va Vi, la dién ap ngudng cia MOSFET.
Diém nén 1-dB (power compression point P_1dB)

Sy_gp =4 /0 145a—3 (5)

Xac dinh dugc mot diém ma ¢ d6 hé s6 khuyéch dai bi giam di 1 dB. Dy la diém nén 1-dB,
tham so quan trong danh gia kha nang khuéch dai cia bg tron.
Puong cong ciia tin hiéu dugc biéu dién boi da thirc.
So = 151 + ayS? + ags? + -+ (6)
Trong do, si 1a tin hi€u dau vao co dang:
s; = S;cos (wyt) @)

Va ¢ dang bac 3 khai trién luong giac ta co:

1
S3cos3(w,t) = Sicos(w,t) 3 (1 + cosw,t))

1 2 (8)
=53 Ecos(wlt) + Zcos(wlt)cos(Zwlt)
tir cong thirc lugng giac
2cosa.cosb = cos(a + b) + cos (a — b)
Thay vao ta co:
L (1 3 1
=5; Ecos(wlt) + - (cos(wlt) + cos(3w;t)) (4 cos(wqt) + Zcos(3wﬂ)>
Va do d6, hé s khuyéch dai duoc tinh:
3 3
SO wl alsl + Za351 3 3 as
G =221 = =a, +-a;52 = (1+——52)=65 ©)
Sion ) aq 2 azoq = aq 4a, 1 (S1)
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Ao Qa A A A - 7 7 A A L~
Néu a—3 < 0 h¢ s0 khuyéch dai nén véi bién do tang.
1

Tinh mirc dau vao & vi tri ma hé s6 khuyéch dai giam 1 dB
3a
20log ( + Z_Sl> —1dB

Nhu vy,
3a
Z2352=-011
4aq

Do do,

a;

S = 0.11 = IM; — 9.6dB 10
1 3la 3 (10)

3

Hé sb tap NF, 1a chi s6 tap nhidu cong téng cac thanh phan tap &m vbn ¢co trong bd trén, mo ta
murc d6 nhiéu bén trong ctia thanh phan linh kién lam giam ti s6 SNR va dugc biéu thi nhu sau
m?(y 2
NEF=1+—|—+— (11)
4 \gm gmRp
Trong do6, v 14 hé s6 nhidu va gm 1a dién dan cia MOSFET.
2.3. Thiét ké trén cong nghé CMOS 130 nm
Xac dinh qua ap (over voltage) cho cic tang RF va LO, do do, thiét 1ap Vre op Va Vio_op: Céc

cong thire sau duoc sir dung dé dua ra céc s6 liéu t6i thidu gin ding cta cac thong s thiét ké dé
cai thién thiét ké t6i uru ctia bo tron [2, 6].

2 gAL 21ps
Ay % = GmRp; Ips = 5~ gm = 75— 12
v T[gm D, DS Z.UncoxW Im (V;]s _ Vth) ( )
Tham s trong bang 1 dugc chon sao cho cac bong ban dan hoat dong trong vung béo hoa va
dién ap qua tai 1a gia tri thap nhat, cac diém hoat dong cua bong ban dan chinh xdc phia trén diém
g01 noi bat ~dﬁu ‘ché do lgéo hoa. Do d6, luon khuyén nghi chi dinh dién ap qua tai du déu cho cac
bong ban dan dau vao tang RF va LO.

Bing 1. Thiét ldp cdc tham s6 linh kién CMOS trén PDK 130 nm.

hli%'{, Mb ta tham sé thiét ké W(um) | L(um) | CAu tric hinh hoc /Gia tri
L Do dai cong Gate cia Cmos 1.2 1.2 um
Rp bién tro tai R1, R2 5.73 16.73 1x5.73/16.73 R = 1014 ohm
Whre bo rong cua RF CMOS MO, 60 1.2 1x60/1.2 nf = 10
M5
W | DorongcuaLOCMOS 44 12 1x44/1.2 nf = 10
M1, M2, M3, M4
1x72/1.2 nf = 2,
W, sias | Ngudn dong thién ap M6, M7 72 1.2 1x72/1.2 nf = 12, Ibias 0.8
mA
Vre oo | Dién &p qua tai tang RF 60 mV
Vio oo | Pién &p qua tai ting LO 120 mV
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3. MO PHONG VA THAO LUAN

3.1. Thiét ké va mé phong nguyén ly
_ Sir dung linh ki¢n CMOS trong thw vién PDK Sky30 nm [12] dé thiét ké so d nguyén 1y theo
cau trac dé xuat hinh 3. Thiét ké nguyén 1y trén phan mém Xschem [8], m6 phong nguyén 1y va

mo phong mach layout trén phin mém Ngspice [10].

Thiét 1ap tham s mo phong:

Bing 2. Thiét ldp tham s6 mé phong.

Hinh 4. So do cau hinh testbench mé phong nguyén 1y.

Mo phéng .OP xac dinh diém 1am viéc cua bo tron:
Bing 3. Tong hop diém lam viéc cia cdc linh kién CMOS bé trén.

Tham s Gia tri Tham s Gia tri
R1, R2 1014 Ohm Tan s6 RF 8 + 30 MHz
C1,C2 200 f Bién d6 Vp +10 mV
M1, M2, M3, M4 Gain=0dB Tan s6 LO 18.7 + 40.7 MHz
| bias 0.8 mA Bién do +120 mV
LO bias 16V Tan s IF dau ra 10.7 MHz
RF bias 05V Dang tin hiéu Sin
3.3V Trans. 0.0005u 1u 100n
Gain=0dB FFT 0.0001 10u 100n
52 oo
= E]
RF_in- LO_osc+ LO_osc- L L 1
SRR )N - e r— - ﬂ“
LO_osc- LO_ost:-GND ch‘ ch\

Ky higu| Mo ti tham s§ CMOS T@'giﬁg \ 1,T|\ilzljg|\ﬁ§), \a Tﬁl\'/'lgG,Iﬁ;as
ly Dong cuc mang (nA) 108.5 434, 800
Om |Pién din (1/ohm) 0.00209 0.00132 0.00110, 0.00311
Vin  |Pién ap ngudng (V) 0.07973 0.25523 0.04742,0.04879
Visat  |Pién ap bao hoa cuc mang (V)| 0.26284 0.22699 0.44282, 0.43679
Vg |Pién ap cuc G-S (V) 0.35324 V 0.48688 V 0.51404, 0.51404
Vgs  |DPién ap cuc D-S (V) 0.96637 V 1.9655 V 0.14676, 0.51404
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Mo phong AC, Trans. so dd nguyén 1y bd tron:
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Hinh 5. M6 phong véi tin hiéu RF = 8 MHz, LO = 18.7 MHz, thu dwoc IF = 10.7 MHz.
Mb phong tin hiéu cao tan RF dbi v6i cac tan s6 8 MHz, 19 MHz va 30 MHz, tan s ngoai sai
LO = 18.7 MHz, 29.7 MHZ, Vf}l 4Q.7 MHz dugc cac cap tan so trung tan IF 10.7 MHz theo tinh
toan. Nhu vay, cac tham so thiét ké trén cong nghé CMOS 130 nm dugc tinh toan va chon hop ly.

v — v(if_out+) — v(if_out-) dB — db(v(if_out+))
3.100 ! ! : ! : 20.0
3.000 R vt VU O i O S 1 200
3.085
-10.0
3.080 I
-60.0 [V e d g g g g
3.075
-80.0 |-l ¥
3.070
3.065 [-HE-HETE-IAHIE BT U I ~100.0 e ] ’ |
3.060 [-F-{ LI I lg-4 boEd L | 1200
3'0550.0 0.2 0.4 0.6 0.8 1.0 _140'00.0 20.0 40.0 60.0 80.0
time us frequency MHz

Hinh 6. M6 phong vai tin hiéu RF = 30 MHz, LO = 40.7 MHz, thu duoc IF = 10.7 MHz.
3.2. Thiét ké va mé phéng layout

Tir so d6 nguyén 1y xuit cac mé hinh linh kién tir thu vién PDK Sky30 nm [12] dé thiét ké
layout. D¢ thiét ké layout va tapeout stir dung phan mém Magic VLSI [9], KLayout, kiém tra su
tuwong thich gitta mach nguyén 1y va mach layout dung phan mém Netgen [11], m6 phong layout
trén phan mém Ngspice [10].

- Mo phong so d6 layout.

Vi thiét ké layout, can dinh nghia cac cong vao ra va gan nhan tén tin hiéu, tir day tao file mo
hinh .spice d¢ tién hanh md phong, thiét lap cac testbench cung cap nguon va cac tin hi¢u dau vao.
Két qua tir hinh 8 cho thay tin hi¢u trung tan 10.7 MHz dugc tao ra phi hop véi tham s tinh toém
ban \G layout c6 két qua tin hiéu dau ra kém hon so véi mé phong nguyén ly, dé g1a1 quyét vin dé
nay can chinh stra mach layout va mé phong nhiéu lan dé xac dinh dugc thiét ké t&i uu.
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Hinh 7. Ban vé thiét ké layout va ban vé tapeout GDS.
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Hinh 8. Thiét ldp va mé phéng layout.
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Hlnh 9. Thiét ké hoan thién va so do chan
4. KET LUAN

Bai béo da dua ra co so tinh toan va giai phap thiét ké vi mach chirc ning tron tan sb trén cong
nghé CMOS 130 nm, c6 thé ké thira nhitng két qua nay phat trién trén cac cong nghé PDK thuong
mai 90 nm, 65 nm. Pay 1a nén tang cua nhitng giai phap thiét ké chip mdi vai chi phi thdp, phu
hop vé6i didu kién Viét Nam, c6 thé (mg dung dé thiét ké cac vi mach CMOS Analog chirc nang
khac nhau va cac vi mach s6 VLSI trong hé thong dién tir. Trén co so nhing két qua nay, huéng
nghién ctru tlep theo cua bai bao 1a tinh toan thiét ké cdc vi mach chtre néng siéu cao tan va co
cong suét 16n ¢ thé tng dung trong nhiéu linh vuc qudc phong an ninh va nghién ctru khoa hoc.
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ABSTRACT

Designing and calculating of wide-band mixer semiconductor on 130 nm CMOS technology

The article introduces a method of calculating and designing the parameters of the
GilbertCell Mixer, which is made of CMOS components using the PDK Skywater 130nm
process. The mixer is calculated, designed the schematic and layout to work in the frequency
range of 8 MHz + 30 MHz, from which it is possible to evaluate the working parameters,
limit the risks in the manufacturing process and apply them in practice in the field of
designing specialized RF chips for radio communication devices using CMOS technology.

Keywords: Mixer; CMOS Gilbert Cell Mixer; PDK Skywater 130nm.
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