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TOM TAT

Bai bdo nay trinh bay chi tiét viéc phan
tich, thiét ké va mé phéng bo tao xung UWB
(Ultra-wideband) dwa trén mach dao dong vi
sai LC-tank. Mach dao déng vi sai voi cap
transistor NMOS ghép chéo va ngudn dong
& cuc ngudn cua cdp transistor duoc st
dung dé thu duoc dé loi tich cuc va tao ra
tré khang 4m dé dwa dén LC-tank. Bén canh
dé, mach dao ddng nay thich hop cho nhing
umg dung UWB & tdn sé cao va coéng suét
tiéu thu thdp. B6 tao xung UWB duoc két
hop bod diéu ché on-off keying (OOK) don

gian va mach dao déng vi sai LC-tank. B)
tao xung UWB duoc thiét ké va mé phéng
duwa trén céng nghé CMOS 0,13 um. B6 tao
xung nay tao ra xung UWB hoat déng trong
phé tan sé tir 6 — 10 GHz. Két qué mé phéng
cho thdy d6 rong xung béng 586 ps, bién d6
dinh-dinh cda xung la 88,6 mV tir dién ap
cung cép la 1,2V va dién tich chip la 0,22
mm?. Cong sudt tiéu thu trung binh cda bo
tao xung sdp xi 0,55 mW va nédng lwong
xung la 1,1 pJ/pulse & 500 MHz (pulse
repetition rate - PRR).

Twr khoa: Ultra-wideband (UWB), bé tao xung, dao déng vi sai LC-tank.

MO PAU

C6 nhiéu ky thuat mach tao xung UWB, viéc
thuc hién trén mach sé thuong dua vao ky thuat
mach dao dong vong nhiéu pha (multiphase ring
oscillators) va cé thé két hop véi tré duong khac
nhau [1-5] dé tao ra xung mong muédn, tuy nhién
k¥ thuat mach nay twong ddi phuc tap.

Viéc thuc hién trén mach tuong tu dya trén
cac ky thuat mach tao xung nhu mach dao ham
xung Gaussian [6-9] va mach nhan [10-12]. Tuy
nhién, xung Gaussian don va dao ham bac hai
cta xung Gaussian khdng thoa man hoan toan

nhitng quy dinh cia FCC vé& mat do phd cong
suit (PSD) do ching c6 thanh phan DC cao va
thanh phan tan s thap trong phd tan. Théng
thuong, nhimg xung nay doi hoi phai ¢6 b loc dé
phi hop véi quy dinh cua FCC va do d6 ching sé&
lam gia ting d phtc tap trong thiét ké bo phat
UWB va ddng thoi lam ting cong sut tiéu thy.
Hién nay, ky thuat mach tao xung UWB dua trén
mach dao dong LC [13-15] dang duoc quan tam
cua nhidu nhém tac gia vi ddi véi ki thuat nay co
thé tao ra tin hiéu ¢ tan sé cao (GHz) véi nhiéu
pha va bién dong pha thap.
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Trong bai bdo nay, b phat xung UWB duoc
thiét ké duya trén ky thuat mach dao dong LC, cu
thé bo phat xung UWB duogc trinh bay nhu trong
hinh sau.

SR s

| TRANSMITTER

I
| |
Clock —4 Modulator émpulse |

Mo d™ " enerator |
Input Data I |

Hinh 1. So db khéi bd phat xung UWB

Bo phat xung UWB duoc thiét ké gdm hai
khéi chinh:

Khéi diéu ché tin hiéu sir dung phuong phap
diéu ché khoa bat tit (On-off keying-OOK): tin
hiéu xung clock va dit liéu duoc diéu ché théng
qua cong logic AND va mach phat hién canh
xubng cta xung.

Khdi tao xung UWB sir dung mach tao dao
dong LC, day la khdi quan trong trong bo phat
xung UWB.

M1
M1 M2

Ipias

A

K¥ thuiat mach dao ddng vi sai ghép chéo

Cac ky thuat mach dao déng mot transistor
nhu dao dong Colpitts hay Hartley ¢ nhiing han
ché 1am anh huong dén hé sé pham chat trong
mach LC. Ngoai ra, nhitng k§ thuat nay chi cung
cap mot ngd ra (single-ended output), dbi voi
nhiing hé thong thu phéat khong day thi thudng sir
dung nhitng tin hiéu vi sai, do & cac bd thu su
dung cac bo tron (double-balanced mixer). Vi
vay, ky thuat mach vi sai ghép chéo (Cross-
Coupled Differential) dugc sir dung trong viéc
thiét ké bo tao xung UWB. Hinh 2 trinh bay céac
mach dao dong vi sai ghép chéo. Hinh 2A trinh
bay mach dung cap transistor NMOS véi ngudn
dong & cuc ngudn nham cung cip do lgi vong
(loop gain) va lam giam ton hao trong mach LC.
K§ thuat nay thich hop cho nhirng ¢ng dung tan
sb cao. Hinh 2B trinh bay mach dung cip
transistor PMOS véi ngudn dong ¢ cuc ngudn.
K§ thuat nay chi thich hgp cho nhitng tng dung
tan s thap. Hinh 2C twong tu nhu trong Hinh 2
A nhung khong dung ngudn dong.

Vdd

Ibias

M2

C

. Hinh 2. Cac mach dao dong vi sai ghép chéo .
(A) NMOS vaéi nguon dong; (B) PMOS véi nguon dong; (C) NMOS khéng ¢ nguon dong
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Ibias

B

Hinh 3. Mach tuong duong
(A) Mach LC tuong duong (B) Dién tr¢ twong duong nhin tir mach LC

Mach dao déng vi sai ghép chéo NMOS véi
ngudn dong dugc chon cho thiét ké mach tao
xung UWB, mach nay dugc vé lai thanh mach
tuong duong nhu trong Hinh 3.

Trong do: R, la dién tré twong duong cua
dién cam va dién dung trong mdi LC. Ry, 1a dién
tré song song tuong duong vai tré khang ky sinh
trong Ly va Ry la dién tré song song tuong
duong vai tré khang ky sinh trong L. Rjq 1a dién
tré twong duong nhin tr mach LC, ta c6 Rj,= V/i
khi dién ap v duoc ap vao cuc mang cua hai
transistor M1 va M2. Khi d6 V = Vgg - Vgs, do d6
Rin= (Vas1 - Vas2)/ , trong d6 1= -Gi.Vgs1

Khi M1 va M2 két hop nhau thanh cip
(matched) nhu trong Hinh 3B thi ching c6 cung
Vgs nhung nguoe hudng nhau (Vg = - Vgg1), do do

V = Vg1 - (- Vast) = 2Vgst
Suy ra Ry, = -2Vgs1/Om-Vgs1  hodc Ry, = -2/gp,
trong d6 g 1a d6 hd dan cua mdi transistor. Dé

dam bao mach dao dong, thi R, phai thoa diéu
kién R, > -2/g, (Barkhausian criteria).
Phan tich ky sinh

Dbi véi hé thbng UWB hoat dong ¢ dai tan
s6 cao (3,1 - 10,6 GHz), van dé vé ky sinh trong
cac transistor MOS can phai dugc xem xét dén.
Hinh 4 trinh bay dién dung va dién tré ky sinh
trong transistor NMOS. Trong d6 gdm cé céc
dién dung ky sinh Cyq , Cgs va dién tro ky sinh ry.

Ced (“

t Fds
A

Ce

Hinh 4. Ky sinh trong transistor NMOS
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Hinh 5 trinh bay mach dao dong c6 tinh dén
cac dién tré va dién dung ky sinh.

Hinh 5. Mach dao dong vi sai ghép chéo c6 tinh dén
ky sinh

Trong d6, cac dién dung ky sinh cua
transistor NMOS song song véi dién dung C cua
mach LC s& lam giam tan s6 dao dong. Do do,
dién dung C cua mach LC phai duoc giam di dé
tinh dén céc dién dung ky sinh nay. Cac dién tro
ky sinh trong transistor NMOS s& tao ra nhiéu
nhiét lam ting nhiéu pha trong bo dao dong.
Ngoai ra cac dién tro ky sinh ciing lam ting ton
hao trong b6 tao dao ddng, do d6 doi hoi gia tri
do hd dan g, cua transistor NMOS phai 16n hon
S0 v&i do hd dan cua transistor NMOS trong didu
kién 1y tuong.

Céc dién tro ky sinh trong transistor NMOS
sé& tao ra nhiéu nhiét lam tang nhiéu pha trong bo
dao dong. Ngoai ra cac dién tré ky sinh cling lam
tang ton hao trong bo tao dao dong, do d6 doi hoi
gia tri do hd dan gy, cua transistor NMOS phai
I6n hon so v&i d6 hd dan cua transistor NMOS
trong diéu kién ly twong.

bién dung cdng-ngudn va cong-mang cua
transistor NMOS dugc xac dinh nhu sau:

2
Cgs = §CoxWLchannel (1)

ng = CovW
Trong do

Cox la dién dung cua 16p oxit cong trén mot
don vi dién tich.

Cov 12 dién dung cua I6p chong chéo Ién nhau
trén mot don vi chiéu rong.

W 1a chiéu rong cua transistor NMOS

Lenanner 12 chiéu dai cua transistor NMOS

Tong dién dung ky sinh trong mot nhéanh tai
cua LC la:

C ~C, +C,, :vv(gcoxucw) 2

para_total
Tan s6 dao dong dugc trinh bay nhu sau:

a)O — 1 \/1_ RSZ (C + Cparailotal ) (3)
\/L(C +C L

para_total )

Dbi voi mach LC khong tén hao thi tan sb
dao dong dugc xac dinh nhu sau:

1
= 4)
“ Jrc~c

para_total )

Diéu kién dé bat dau dao dong, ddi véi mdi
transistor NMOS phai ¢6 d hd dan gy, téi thiéu
la:

> R(C+Cpara_total) +i (5)

m L Ty

Do loi cua mdi transistor NMOS duoc xac
dinh nhu sau:

AMl = gml(Rpl //rdsl) (6)
A\/IZ = gmz(sz //rdsz)

Trong d6

Fas1 VA Tgep 12 dién tré nguon-méang tuong ang
cda hai transistor M1 va M2.

Om1 VA Omz 12 d6 hd din twong ung cua hai
transistor M1 va M2.

Rp1 va Ry, 1a dién tré song song twong duong
trong mdi mach LC.

Tu d6 d6 lgi vong kin cta mach duoc xac
dinh bai cdng thac sau:

H (@) = Aps-Auz = 9Oz (Ron / IT)R,, 1 11,) (1)
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PHUONG PHAP
Thiét ké bd phat xung UWB

Trong bo phat xung UWB, mach tao xung
(mach LC) 1a mach chu yéu. Do dé trong phan
nay chi tap trung vao viéc tinh toan céc théng sb
cua mach LC.

Thong sé yéu cau cho thiét ké mach nhu sau:
Cong nghé thiét ké CMOS 0,13um
Tan s6 dao dong (w,) 18,0 GHz

Do rong xung tir 300 ps — 1,0 ns

Mat d6 phé cong xuit cua nho hon -41,3
dBm/MHz

Nhiéu pha t6i thiéu
Dién tich chip nho
Cong suat tiéu thy thap

So dd cia mach LC duoc trinh bay nhu trong
Hinh 6.

VOUI

In llbias
Vi
blg M3

Out

Hinh 6. Mach dao dong LC

Trong d6 cac dién cam loai xoan &c
(ch013g8LM_Ind_Spi) dugc chon trong thiét ké
mach dua trén thu vién ch013g_OIF trong céng

nghé thiét ké CMOS 0,13 pm cua Global
Foundries, vi né c6 hé s6 phim chit cao va dién
dung ky sinh thap.

Hinh 7. Dién cam loai xoén ¢
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Sy bién thién cua dién cam, hé sb pham chit
va dién trg noi theo tan sé duogc trinh bay ¢ hinh
Hinh 8A, Hinh 8B va Hinh 8C. Nhan thiy hé sé

pham chit cua dién cam dat cao nhat ¢ tan sb 8,0
GHz va gi4 tri dién cam va dién tré noi € ting
Ién khi tan so tang.
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Hinh 8. Thong sb cua dién cam (A) Su t?ién thién cua dién cam L theo tansé (B) Su biép thién ctia hé s6 pham chat
Q. theo tan so (C) Sy bién thién cta dién tré ndi R, theo tan so

Theo yéu cau tan s6 dao déng (o) 1a 8,0
GHz. Tir Hinh 8 c6 thé x4c dinh duoc gid tri cua
dién cam L, hé sb pham chat Q, va dién tro noi R,
cua dién cam nhu sau:

Q. =12,016
L= 1,2854nH
Ri=54Q

Tuy nhién dé dam bao cho xung UWB c¢6 d6
rong (thoi gian ton tai) nho hon 1,0 ns can phai
tang gia tri dién tro' R, cua mach LC dé dao dong
tat din nhanh hon bang cach méc ndi tiép dién
tré Ry va R, vai dién cam tuong tng Ly va L.
Gia tri cia Ry va R, dugc xac dinh trong qué trinh
thuc hien mo phong (R; = R, = 10Q)). Do d6 gia
tri dién tro ndi tiép véi dién cam trong mach LC
bang 15,4 Q (Rs+ Ry).

Theo so @ mach LC (Hinh 6), dién &p ngd ra
trén tai LC ¢ tan s6 cong huong o, duoc xac
dinh bai cong thuc sau [17]:

Vou = Ibiast = lyias @, LQ ©)

ol

Trong d6 lyiss 12 dong dién bias dugc cung
cap bai transistor M3.

Tu cbng thic (8), suy ra

Ibias = Vout (9)
@, LQ

Trong d6, Vo, la dién 4p ngd ra tdi thiéu.
Thay gia tri cuia L, Q va d vao (9), tinh duoc
dong lyias nhu sau:

Vo, 20x10°

| = =
¥ LQ  8x10°x1,2854x107° x12,016 (10)

=0,16x10°(A) = 0,16(mA)

Xac dinh chiéu rong W cua transistor, theo
mo hinh co ban cua transistor MOS [18]:

dl, W (11)
= =k, —— Vg -V,
gm dVGS P Lchannel (VGS T)
k, W
o=y Ve VeF =St (02
Tu (11), suy ra
— g m Lchannel (13)
k, (Ves —Vr)
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Trong do

Lenanner © Chiéu dai kénh tdi thiéu cua céc
transistor trong mach LC duoc chon ¢b dinh la
0,13um (dwa trén coéng nghé thiét ké CMOS
0,13um) dé c6 dao dong & tan sd cao va giam
dién dung ky sinh.

V7 : dién ap ngudng.

Vs : dién ap cong-ngudn, Vs s& duoc chon
sao cho Vgs — V¢ nam trong khoang tir 0,4 —

0,5V.

Ko = #:Co13 dg linh dong dién ti, Cox 12 dién

dung cuc cong trén mdi don vi dién tich.

Om S& duoc xac dinh béi céng thuce (5) trong
truong hop transistor MOS khong 1y tuong (cé
anh huong ky sinh), trong d6 Cpara_toral dUQC Xac
dinh bai cong thic (2).

Kich thuéc cua cdp transistor M1 va M2
khong lam anh huong dén nhiéu cua dao dong.
Nhiéu ciia dao dong bi anh huang bai kich thude

Vs

(A)
Hinh 9. Tén sb d4p tmg cta transistor NMOS (A) So dd mach (B) Xac dinh tin sb dap tung

Theo Hinh 9 (A) cho thiy cuc méang cua
transistor NMOS 1a AC ground (dwoc néi tit
thdng qua Vps). Do d6 & cuc cong xuat hién cac
dién dung Cgs va Cyq, S CO:

ly

Vo =—————
jo.(Cy,+Cy) (14)

cua transistor nguon dong M3. Kich thuéc cua
M3 bi giéi han boi dién dung ky sinh M3 gép
phan vao nat ngudn cua cap transistor ghép chéo.
Néu kich thuéc M3 qua 16n s& tao ra dién dung
ky sinh tir ndt ngudn cua cap transistor ghép chéo
xudng dat. Lac nay, dong dién chay qua M1 va
M2 khéng con la hang sé khi cap transistor ghép
chéo nay lam viéc trong ving tuyén tinh, diéu
nay lam giam hé sé pham chat tai va gay ra thém
t6n hao trong tank. Do d¢, viéc lya chon kich
thudC cua cac transistor sao cho dam bao dao
dong ¢ tan sé cao va giam thiéu dién dung ky
sinh. Chiéu rong cua transistor ngudn dong M3
dugc chon bang 1,0 um, véi dong bias dugc cung
cap la 0,16 mA. Chiéu rong cua cap transistor
ghép chéo M1 va M2 dugc chon bang 1,0 um, va
chiéu rong cua cac transistor trong M4 va M5 [a
50 um.

Tan sé dap tng cia M3 duoc phan tich dua
trén so d6 mach ¢ Hinh 9 [16].

,dB

A

]
i

g

O fTN ?

(B)

Biét rang iy = g - Vgs, Vi VAy €O thé xac dinh
d6 loi dong cua transistor NMOS nhu sau:

O
27f.(Cx+Cy)

Kl
i

g

(15)
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D6 v6i MOSFETs kénh ngin (short-
channel) thi c6 thé xac dinh tan s dap ung cua
transistor NMOS dua trén cong thuc (16) [16]:

n

TS, L
® (16)
trong d6 Vg, 1a dién &p lai vuot gigi han
(overdrive voltage), Vo = Vs - Vrun » ddi voi
cong nghé thiét ké CMOS 0,13um thi dién é&p
nguong (Vrun) Cla transistor NMOS dugc chon
1a 380 mV. Ddi vai thiét k& mach twong tu néi
chung can dit dién &p Vo, vao khoang 5% cua
Vg, VOI Vg = 1,2 V suy ra Vg, = 60 mV, tir do
tinh duoc Vgs = Voun + Vrpn = 60 mV + 380 mV
=440 mV.

Tir ké qua tinh toan & trén, thuc hién mo
phong dé xac dinh tan sé dap ung cua transistor
NMOS (dwa trén cong nghé thiét ké CMOS
0,13um), véi W/L cua NMOS M3 dugc chon la
1,0 pm/0,13 um (viéc chon WI/L téi thiéu nham

tang do loi & nhitng hé thong c6 toc do xu ly
caon), Vgs = 440 mV, Vps = 120 mV va Vg = 1,2
V,. Két qua md phong duoc trinh bay ¢ Hinh 10.

R
5.0 \

o
i

S

Sr~8GHz

.
109 2x109 1010 2x1010 1011
freq (Hz)

Hinh 10. Két qua mé phéng tin sé déap img

Dua trén viéc xac dinh tan sé dap tng ¢ Hinh
9 (B), tir két qua mé phong & Hinh 10, cé thé xac
dinh duoc tan sé dap tng cua transistor NMOS la
fr~8 GHz

Bang 1. Céc thong s6 cua mach LC

Théng s6 Gia tri Thoéng s6 Gia tri

M. (W/L) 1,0/0,13 um R 10 Q

M,(W/L) 1,0/0,13 pm R, 10 Q

Ma(W/L) 1,0/0,13 um L, 1,2854 nH

M(WI/L) 50/0,13 um L, 1,2854 nH

Ms(W/L) 50/0,13 pm C 3,75 pF
vdd 12V C, 3,75 pF
Vpias 440 mV Ipias 0,16 mA

fr 8 GHz
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M©é phéng bd phat xung UWB

Bo phat xung UWB duoc thiét ké dua trén
hai khdi chinh nhu sau:

Khdi thir nhat 1a khdi diéu ché tin hiéu st
dung phuong phap diéu ché khoé bat tit (On-off

A
Falling Edge Detector
C Impuls

keying-OOK), bao gém: cong logic AND ¢ dau
vao va mach phat hién canh xudng cua xung.
Khdi thir hai 1a khdi tao xung UWB str dung
mach tao dao dong LC.
So d6 mach ciia bo tao xung UWB duoc thiét
ké nhu trong Hinh 9.

DT

"

o

Hinh 11. So' @4 mach cta b6 tao xung UWB

Nguyén ly hoat dgng caa bé tao xung UWB

Trong khéi diéu ché tin hiéu: tin hiéu xung
clock (tin hiéu A) va data (tin hiéu B) dugc dua
vao qua céng AND, lic nay ¢ dau ra cong AND
dix liéu dugc tach ra thanh tung bit dua trén xung
clock (tin hiéu C). Sau d6 cac bit nay dugc dua
vao mach phat hién canh xuéng cua xung theo
hai nhanh: moét nhanh dua truc tiép dén cong
logic NOR, nhanh con lai tao tri hodn tin hiéu
vao (tin hiéu D) bang cach st dung cong logic
NOT, trudc khi NOR tin hiéu tri hodn nay véi tin
hiéu da dua dén truc tiép. O dau ra cia mach phat
hién canh xudng (tin hiéu E) thi thu duoc 1a xung
don (single pulse), tiép d6 tin hiéu E duoc dao
thong qua cong logic NOT va ca hai tin hiéu E va
tin hiéu dao cia E dugc dua vao mach tao dao
dong LC thong qua cac cong tic SW1 va SW2 dé
tao ra xung UWB (tin hiéu F).

Nhu trinh bay trong Hinh 11, tin sb cia xung
UWRB duoc tao ra bai mach LC. Cap NMOS M,
va M, dugc mic chéo nhau duoc kéo xudng véi

dong dién Iy, 16 duoc thuc hien khi NMOS M
nam trong ving bao hoa. Cap NMOS mic chéo
nhau tao ra mot dién tré am -2/g,, dé bu trir su
t6n hao trong LC, trong d6 g, 1a do hd dan
(transconductance) cua hai transistor M; va M,.
C6 hai tin hiéu xung hep (E va dao cua E) dugc
tao ra tir mach phét hién canh xudng, no diéu
khién cac cong tic SW; va SW,. Khi SW, OFF
(twong rng SW, ON), mach LC tao dao dong.
KET QUA

Bo phat xung UWB duoc thiét ké va mo
phong dua trén cdng nghé CMOS 0,13um. Mach
da duoc thyuc hién véi ngudn cung cap 1a 1,2 V,
codng suét tiéu thy trung binh cia bo phat xung
(Pavg) 12 0,55 mW. Thuc hién viéc truyén 25 bit
di liéu gém: 0101011001011010011011101 voi
xung clock bang 500 MHz, téc do truyén dit liéu
1a 500 Mbps (do diéu ché tin hiéu trong wng mot
xung cho mot bit dir liéu).
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Transient Respanse
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Hinh 12. Két qua mé phong b phat xung UWB

Trong dé

A la xung clock (500 MHz)

B la dix liéu vao

C 1a dit liéu vao dugc diéu ché

D Ia tri hodn dix liéu duoc diéu ché thong qua cac cong logic NOT

E 14 tin hiéu xung ra ciia mach phét hién canh xuéng

F la xung UWB

Khéi tha nhat: khéi nay ding dé diéu ché dir liéu vao bang phuong phap OOK. Dau tién dir liéu va
tin hiéu xung clock duoc diéu ché thong qua cong logic AND, dé tao ra céc bit dix liéu.

Transient Response

1.254Clock

0.0+
1,25 Data

1:8: AERIGE MERE

. I 1 o

time (ns)

Hinh 13. Dir liéu dugc didu ché

in

n o

0
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Sau d6 cac bit dir liéu nay dugc dua vao
mach phét hién canh xudng cua xung, trong dé
tin hiéu duoc chia thanh hai nhanh: mot nhanh
dua truc tiép dén cong logic NOR, nhanh con lai
tao tri hodn bang cach sir dung céng logic NOT
trude khi dwa dén cong logic NOR. O day, dic
tinh vé tri hodn truyén trong cong logic NOT
dugc xem xét. C4u tao ciia cng logic ciing chi la
cac linh kién dién tir, transistor ngat dan can phai

c6 thoi gian do d6 néu ngd vao cua cong logic
thay doi trang thai thi chac chin ngd ra khong thé
thay ddi ngay duoc, thoi gian d6 rat nho, duoc
goi la thoi gian chuyén tiép va sai biét vé& thoi
gian gitra sy thay doi logic ngd ra so véi ngd vao
duoc goi 1a thoi gian tri hodn truyén.

Két qua md phong tin hiéu xung dugc tao ra
bai cong logic NOR tir hai nhénh tin hiéu vao.

Transient Respanse

TTock

r(iEEEEN
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> 200

o

i

=200
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tirme (ns)

Hinh 14. Tin hiéu xung (impulse) duoc tao ra

Hinh 15. Tin hiéu xung dugc phong to

Khéi thir hai: ¢6 chire nang tao ra xung UWB
va xung nay dugc dua dén ang-ten va truyén di

dén bo thu. Mach LC s& nhan tin hiéu xung va tin

hiéu dao cta n6 dugc dua vao thong qua hai cong
tic chuyén SW1 va SW2.
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Xung UWB duogc xac dinh trong mién thoi
gian (time domain) va mién tan sé (frequency
domain - normalize PSD) duoc trinh bay trong
Hinh 16 va Hinh 17. Két qua cho thy, tin hiéu
xung UWB ¢c6 bién do dinh-dinh (V,,) 1a 88,6
mV. Di vai truyén thong UWB ¢ khoang céch
ngén, bién d6 xung nay du Ion dé dua dén ang-

— JUWB_PULSE

640

ten va truyén di dén by thu ma khong can su
dung bat ky bo khuéch dai tin hi¢u bang rong
nao. D6 rong xung UWB vao khoang 586 ps véi
bang thong 4,0 GHz (6 — 10 GHz), tan sb f, = 8,0
GHz va mat d6 phé cong xuat caa xung UWB
nhoé hon -41,3 dBm/MHz thoa man yéu cau cua
FCC vé phé tin UWB.

620

3407 537.26mV

520

13.656ns

T T T
13.0 13.25 135
time (ns)

T T T
12.75 14.0 14.25

Hinh 16. Xung UWB trong mién thoi gian

-30,0-4 M JUWE_PUSE" fresult "iran-ramy O 1e-07 4096 'Rectangalar 8 JL—ow

3.1GHz

PSD (dBm/MHz)

20 4.0 6.0
freq (GHz)

Hinh 17. M4t d6 phd cong sut ciia xung UWB

FCC spectral
mask
& 0GHzZ |
10.6GHz

8.0 100 120
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Thuc hién md phong goc xir ly (process
corner): FF, FS, TT, SF, SS ¢ nhiét d6 phong (27
°C) nham xem xét sy sai léch cac théng sb trong
qué trinh ché tao chip. Két qua md phong dugc
trinh bay trong bang sau:

Béng 2. Sy bién thién cua bién d9, do rong xung,
tan so f. theo cac goc xu ly

Géc Bién do Do rong Tan so f;
xu ly dinh-dinh xung (ps) (GHz)
(mV)
FF 98,03 548 8,5
FS 90,96 595 8,0
TT 88,6 586 8,0
SF 77,3 615 8,5
SS 63,8 580 8,0

Nhan xét: Bién d dinh — dinh giam tuong
ng véi cac g xir ly FF, FS, TT, SF, SS, trong
d6 SS c6 bién bo dinh — dinh thip nhat, khi
PMOS la Fast (FF va SF) thi tan s f, tang 1én
500Mhz (f, = 8,5 GHz).

Tinh toan ning lwe'ng xung

Ning lugng ctia xung duge xac dinh boi
cong thuc sau:

E = (Paw)(PRT) 17)

Trong do

Pavg CONY suit tiéu thy trung binh cua bo phét
xung.

PRT (Pulse Repetition Time): chu ky xung.

PRT = 1/PRR (18)

PRR (Pulse Repetition Rate) hodc Pulse
Repeation Frequency (PRF): sé luong xung phat
ra trong mot gidy (tan s6 phat xung).

Tir xung UWB da duoc tao ra & trén, c6 thé
xéc dinh céc théng sb sau:
Chu ky xung (PRT) la 2ns/pulse.
Cong suat tiéu thy trung binh ciia bo phat
Xung (Payg) 12 0,55 mW.
Ap dung cong thire (17) tinh nang luong cua
mot xung nhu sau:
E = 0,55 (mW) x 2 (ns/pulse) = 0,55 x
10 (W) x 2 x 107 (s/pulse)
=1,1x10™ (W.s/pulse)
=1,1 x 10™(/pulse) = 1,1 (pd/pulse)
Ngoai ra, tir cong thuc (18), tan sé phét xung
duoc xac dinh nhu sau:
PRR = 1/PRT (19)
=1/2ns=0,5x10"s=0,5 x 10°Hz = 500 MHz
PRR la thdng sb quan trong. Dya trén thdng
sb nay, tbc do truyén dir liéu (data rate) cua bo
phat xung duoc xac dinh theo cong thirc nhu sau:
f =nf

p d

hay f =—F (20)

Trong d6 f, 12 tan s6 phat xung, s& c6 dugc f,
=500 MHz tir cdng thirc (19), fy 1a toc do truyén
dir liéu, va n 1a sé xung duoc tao ra cho mdi bit
dir liéu. Trong bo phat nay, thi mdi bit dir liéu
duoc tao ra twong tng la ba xung (n = 1), nhu
vay toc do truyén dir liéu dugc xac dinh theo
cdng thace (20) nhu sau:

¢, = f2 =500 Mbps
n
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Thuc hi¢n layout va md phéng sau layout b véi dién tich die do dat dugc vao khoang 0,22
phat xung UWB mm?. Phan chiém dién tich nhiéu nhat trén die
cha yéu 1a dién cam L. Bén canh d6, bo phat
xung UWB dugc thuc hién m6 phong sau layout,
két qua duoc trinh bay trong Hinh 19.

Bo6 phat xung UWB da duoc thiét ké layout
dwa trén cong nghé ché tao CMOS 0,13 um. Hinh
18 trinh bay két qua layout bo phat xung UWB,

vdd

wngzg

574um

Hinh 18. Két qua layout bd phat xung UWB

&0 peiDatar UwWe_FUGE, -30, 04 ANV /UWE_FUSE" fresull “tran-tram) O Ie-07 4036 " Rectangular —
505mv _a0.0]
FCC
spectral
=500+ .
5904
3.1GHz 10,6GH
-60.0
6 GHz
N o
Esaoq a2
= 20.1ns =
29.775ns
5704
565mv
29‘0 29.‘25 29‘.5 29'75 Zd.U 10'?5 Zd 5 X
time (ns) freq (GHz)

Hinh 19. Két qua md phong sau layout by phat xung UWB
(A) xung UWB trong mién thoi gian; (B) mat do pho cong suat ciia xung UWB
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Bang 3 trinh bay két qua md phong sau
layout bo phat xung UWB duogc tom tit va so
sanh voi két qua md phong schematic.

Tu két qua so sanh trén cho thay do anh
huong cua ky sinh nén két qua méd phong sau
layout bo phat xung bi thay déi tiéu cuc so véi
md phong tir schematic, thi du nhu: bién d6 dinh-
dinh cua xung giam 50 mV, d¢ rong xung tang
gan 100ps va cdng suit tiéu thu trung binh ting
gan 0,1 mW. Tuy nhién, d6i véi truyén thong
UWB gitta cac chip (¢ khoang cach vai chuc
mm) thi bién d6 nay du I6n dé truyén dén bo thu
ma khong can sir dung bat ky bo khuéch dai tin
hiéu bang rong nao. B rong xung UWB khoang
675 ps thoa man yéu cau do rong xung cho
truyén thong UWB & khoang cach ngin va bang
thong 4,0 GHz. Ngoai ra, két md phong sau
layout bo phat UWB c6 thé xem 1a co s dé tham

khao va danh gia hoat dong cua chip sau khi ché
tao.
KET LUAN

Bo phat xung UWB di duoc thiét ké sir dung
phuong phap mach tao xung LC dé tao ra xung
UWB. Két qua dat dwoc ciia xung UWB phu hop
V6i nhitng yéu cau da dit ra cua bo phéat xung
UWB, nham ng dung trong viéc truyén thong
tin gitra cac chip voi nhau. Xung UWB duoc tao
ra véi bién do dinh-dinh du I6n va d6 rong xung
du rong dé dap ung cho truyén thong giira céc
chip. Nang luong xung thip va mat d6 phd cong
xuit cua xung UWB nho hon -41,3 dBm/MHz
thoa man yéu cau cua FCC vé phé tin UWB. Téc
d6 truyén dir liéu cua bo phéat xung UWB 1a 500
Mbps. Bo phat xung UWB duoc thiét ké dua trén
cdbng nghé CMOS 0,13 pum, véi dién tich caa
mach duoc tich hop trén die vao khoang 0,22

mm>.

Bang 3. So sanh két qua md phong bo phéat xung UWB sau layout so véi md phong schematic

Théng s6 ky thuit

Két qua mé phong Schematic

Két qua md phéng sau layout

(Specification) (Schematic Simulation) (Post-Layout Simulation)
Cong ngh¢ Technology (um) 0,13um 0,13pum
Béng thong (GHz) 6-10 45-85
Bién d¢ dinh-dinh ctia xung 88,6 30
Vo (MV)
b6 rong xung

. 586 675
Pulse Width (ps)
Nang lugng xung

1,1 1,24

Energy (pJ/pulse) ’ '
Cong suat tiéu thu trung binh 0,55 0,62
Pavg (MW)
Dién tich die i 0,22

Chip area (mm®)
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Design and simulation of pulse
generator for UWB based on LC-tank
differential oscillators topology

e Nguyen Chi Nhan
University of Science, VNU-HCM
e Duong Hoai Nghia
Univrsity of Technology, VNU-HCM
e Dinh Van Anh
University of Saskatchewan, Canada

ABSTRACT

This paper presents a detailed analysis,
design and simulation of pulse generator for
Ultra-Wideband (UWB) based on LC-tank
differential  oscillators  topology. The
differential oscillators with a cross-coupled
NMOS pair and a tail current source are
used to achieve more positive gain and
generate negative resistance to the LC-tank.
Besides, this oscillator is suitable for UWB
high frequency and low power applications.
The UWB pulse generator is composed of a
simple on-off keying (OOK) modulated and

LC-tank differential oscillators. The circuit of
UWB pulse generator designed and
simulated in 0.13 um CMOS technology. The
UWB pulse generator generates a pulse for
the 6 - 10 GHz UWB transmitter. Simulation
results show a pulse width of 586 ps, a peak
to peak amplitude pulse of 88.6 mV from the
1.2 V power supply and the die area of 0.22
mm?® The average power consumption of
approximately 0.55 mwW and an energy
consumption of 1.1 pJ/pulse at 500 MHz
pulse repetition rate (PRR) are observed.

Key words: ultra-wide band (UWB), impulse generator, LC-tank differential oscillators
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