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TOM TAT

Hién nay, van dé két noi bén trong chip doi véi cac hé thong két noi truyén thong cé thé sém gap
phdi nhitng giéi han vé vit liéu co ban. Pé viegt qua cdc giéi han nay, hé thong két néi khéng day da
dwoc dé xudt, nham thuc hién viéc két néi bén trong chip thong qua song dién tu bc%ng cach swr dung
hé thong thu phat UWB. Hé thong két néi UWB cé thé dwoc sir dung cho viéc truyén tdi cd hai tin hiéu
xung clockva dir liéu [6]. Trong bai bao nay, chung toi 1ap trung nghién ciru, thiét ké va mé phong hé
thong thu phat UWB, phdn tich cdc yéu té nhw: cong sudt tiéu thu, ty ¢ 16i bit (BER) va dé xudt gidi
phap két néi UWB trong mach tich hop 3-D.

ABSTRACT

Today, traditional wire interconnect systems may soon encounter their fundamental material limits.
To surpass these fundamental limits, wireless interconnect systems have been proposed, which realize
intra-chip interconnection at the speed of light via electromagnetic waves using UWB transceiver.
UWRB interconnect systems can be used for both clock and data signals [6]. In this paper, we focus on
research, design and simulation of UWB transceiver, analyze the factors such as power consumption,
the bit error rate (BER) and propose a solution to UWB connection in the three-dimensional integrated
circuits.

I. GIOT THIEU

Cong nghé truyén thong khong day bang siéu
rong Ultra- Wlde Band (UWB) su dung nhiing tin
hiéu xung c6 tan sb rat cao dé truyén di cac bit
dit liéu qua méi truong khong ddy ma khong can UWE
th@ng qua qua trinh diéu ché cao tan nhu cac hé mm W " Spectrum
thong str dung cong nghé RF (Radio Frequency) " Frequency (Ghz) 100
thong thuong. UWB cho phép truyén va nhén
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cac xung dang co ban duoc nén trong mién thoi
gian khac véi viéc truyén va nhan cdc song hinh
sin lién tuc dugc nén trong m1en tan s6 nhu trong
cac hé thong thu phat truyén thong. UWB sur
dung mot bang cuc rong cua pho tan sd dé truyén
dir ligu.

Hinh 1: Quy dinh ciia FCC doi véi hé thong
UWB (FCC: Federal Communication Community)

Hé théng UWB dugc trinh bay nhu trong hinh
2,16 bao gom cac khoi dién hinh ctia bg thu phat
UWB.
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can thiét va giai diéu ché tin hiéu duoc thyc hién ~ Hinh 3: Mach tao xung UWB [3] va két qua md
trong mién tan s6. Qua phan tich so lugc vé bd phong mach tao xung UWB

thu phat UWB, cho chung ta thay rang d6 phirc
tap chu y€u trong h¢ thong UWB nam & bo thu.

IL. THIET KE HE THONG UWB

2.1 Kién tric b phat UWB

-Tao xung UWB: Hau hét hé thong UWB sir
dung xung Gaussian [2] cho viéc truyén nhan dir
li¢u. Mot mach tao xung dugc thiét ké g6m cac
ham binh phuong, ham mii, va dao ham bac hai.
Céc ham nay dugc thyc hién qua ba giai doan
nhu duoc trinh bay trong so dd khéi ¢ hinh 3.
Chi tiét mach tao xung dugc trinh bay trong hinh
sau:

VDD=1.8V

—> vuu!“]

-Phwong phap diéu ché tin hi¢u: Trong hé
théng UWB, mot xung don ban than no khong
chira thong tin. Chung ta can dua thong tin sd
vao cic xung, bang cac phuong phap diéu ché.
Céac phuong phap diéu ché duoc chia thanh hai
loai co ban dua trén thoi gian va dua trén dang
xung:

Ki thuat dya trén dang xung

Ki thuat dya trén
thoi gian

Diéu ché pha hai
trang thai
(BPSK)

Khod bt tht
(00K)
Diéu ché
dang xung
(PSM)

Diéu ché vi tri xung

Diéu ché bién
d6 xung

(PAM)

(PPM)

Hinh 4: Cdc phwong phdp diéu ché trong
hé thong UWB

Trong d6, phuong phap diéu ché pha hai trang
thai (BPSK) duoc quan tim. Phuong phap diéu
ché BPSK c6 thé dinh nghia nhu 1a mot phuong
phap diéu ché dang xung, phuong phéap nay diéu
ché bang cach dao dang xung ciia mot xung nao
do6, do do c6 cong thirc sau:



s;,=0,p(t) (1),trongd6 o, =1,-1 dugc goi la
tham s6 dang xung.

V1 mot hé théng nhi phén hai dang xung s, s
duogc dinh nghia don gian 1a

s,=p()va  s,=-p().

Dleu ché BPSK trong hé théng UWB ¢6 mot s6
ru diém sau:

- Ti 1& cong suat dinh téi trung binh nhé hon
8dB. Do d6, diéu pha hai trang thai khong can
bat ctr diode tunnel hay mach khuéch dai cong
suit nao. Thay vao do6 no6 co thé hoat dong truc
tiép tir IC CMOS tbc d6 cao cong suét thip.

- Piéu ché pha hai trang thai giam cac yéu cau
vé rung pha. Trong PPM, qua trinh dong bo phai
bao goém cac phan tir diéu khién nhanh va chinh
xac dé phu hop véi cac thoi diém xung dén tuy
y. Nhung h¢ thong diéu pha hai trang thai can
chi mot dong hd 6n dinh, nhiéu pha thap baéi vi
cac xung xudt hién & cac thoi diém cach nhau cb
dinh. Két qua la cong suat thap hon va mach don
gian hon.

Vi du 1: Biéu ché chudi théng tin 1 0 0 1
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Hinh 5: Minh hog phwong phap diéu ché
PPM va BPSK trong truyén thong UWB

\

2.2 Kién triic by thu UWB

Trong thiét ké hé thing UWB, do phtic tap chu
yéu ndm ¢ bd thu. Trong hé théng UWB ngoai
viéc tao dugc tin hiéu véi cac dac tinh phé mong
mudn, con can phai ¢6 hé théng thu toi uu. K¥
thuat thu t6i wu, k¥ thuat thuong duogc st dung
trong UWB 1a b thu tuong quan (correlation
receiver) hay con dugc goi la b loc thich tng.

-B) khuéch dai tap Am thip-LNA (Low Noise
Amplifier): Khdi dau tién trong bd thu 13 bo
khuéch dai tap am thdp (LNA). Trong h1nh 5 cho
thay so d6 mach cua LNA [4], nd bao gom hai
tan khuéch dai: source chung, gate chung. O ngd
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vao bao gém cuon cam L1, tu dién C1 va cudn
cam L3. Trong d6 nhitng cudn cam dugc thay
thé bang viéc két ndi day va diéu nay sé tiét kiém
dién tich chip va gidm bat tin hi¢u doi (signal
ringing) va cai thién dugc thoi gian thiét 1ap &
ngo ra [5]. Kich thudc cua céc transistor da duoc
chon lya dé t6i da hod d¢ lgi trong khi trong khi
duy tri muc tiéu thu dién ning thép.

Antenna
L1

Hinh 5: B¢ khuéch dai tap am thap-LNA

- B§ thu twong quan (B9 loc thich @ng): Bo
loc thich Gmg 1a mé hinh bd thu tdi wu. Bo loc
thich tng c6 thé dugc thuc hién bang cach tuong
quan tin hi¢u dau vao véi tin hidu mong doi.

o (tO ): J‘t::T I"(t )Stemplate (t)i

trong d6 S template(t) 1a xung mau da duoc biét trudc
va r(t) la tin hi€u vao tai bo thu.

()

Output
() il )

hold o

Integrator

Hinh 6: Bé loc thich img trong hé thong UWB

- B) thu Rake: Trong cac hé thong UWB y tudng
két hop bo thu Rake ciling c6 thé duoc sir dung
dé tach tin hiéu trong méi truong da dudng. Viéc
trién khai kién trac bo thu Rake ¢ day cha yéu vi
muc dich thu nang lugng tir tin hi¢u da duong.
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Signal 1

Signal 2

Rake finger 1 Rake finger 2

Signal 3

Rake finger 3

Rake finger 4

|01 outt

Out1

Caorrelator

Hinh 7: Kién triic bé thu Rake (5 fingers) véi mot bg twong quan

So v6i bd thu tuong quan, bg thu Rake thu
dugc tin hiéu tir nhidu dudng va bo xung nang
luong tir cac duong thu dugc d6 nén dat duoc
mot tin hi¢u cé tinh tuong quan trudc (pre-
correlation) t6t hon. Khoang cach vé thoi gian
t6i thiéu gitra cac finger ctia Rake duogc thiét 1ap
14 250ps nhu 13 gidi han vat 1y phi hop cho phan
cing cua bg thu.

II1. Phén tich mdt s6 yéu t6 anh hwéng dén
bo thu phat UWB
3.1 He¢ s6 do loi xir ly

C6 hai hé s6 d6 loi SNR vé cdu tric bo thu
Rake. Mot 1a d6 loi xtr Iy do nhiéu Rake finger
va hé s6 con lai 1a do b loc thich ung. Ta co,
cong thirc d6 loi xtr Iy do nhiéu Rake 1én SNR
nhu sau:

P,
Gaing,, = lOlog(PS’j (3)

nt

Trong d6: P, :nang luong cua xung , P :nang
luong tap am

Vidu 2: Ta ¢c6 nang luong cua xung P_= 25 lan
xung don va nang lugng cua tap &m P =5 lan
xung don. Ta suy ra d¢ 1oi xur Iy nhu sau:

nt

P.
Gain,,,, = lOlog(Pi] = 10log(25/5)=7dB

P.
Gain,, ,, = lOlOg(PSl jz 10log(25/5)=7dB

ni

nt

£
Gainy,,, = IOIOg[PSZ }: 10log(25/5)=7dB

P,
Gainy,,,, = lOlog[P‘“ )= 10log(25/5)=7dB

ni

o
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(=} -- N 12 » o 2] ~N © ©

<)

1 2 3 4 5 6 7 8
Psi/Pni

Hinh 8: D¢ loi xir 1y do nhiéu Rake finger trén
SNR
Do loi xtr 1y cua bd lgc thich tng trén SNR:
Gain, e e =1010g(27.BI) (4)

Trong do, T: 1a chu ky tin hi€u twong quan va
BW: 1a bang tan tap am.

o

Gain (dB)
o - N w B [ (2] ~N o ©
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Hinh 9: D¢ loi xur Iy cua bo loc thich ung trén
SNR (voi T =0.5ns)
3.2 Cong suit tiéu thu
Theo qui dinh cua FCC, gidi han cong suat cho



ving tan s6 tir 3,1 GHz dén 10,6 GHz 13 -41,25
dBm/MHz. Do toan b bang tan lam viéc la 7,5
GHz nén gi6i han t6i da ctia cong suét truyén dan
P, trong hé thong UWB c¢6 thé dugc tinh toan
nhu sau:

P = IOlog( [ sy dr10 10) (3)

Trong d6, S(f) : dudng bao phd.
Dua trén gia tri cong sut phat tbi da P, , ching
ta c6 thé tinh toan cong suit thu toi da P, tai
bd thu UWB (theo dé xuét ctra trung tm nghlen
ctru Philips Research Redhill).
-Dbi v6i méi trudng tim nhin thang (LOS):
P =e -1.9d + Pr

-bbi voi m01 truong tam nhin bi che khut (non-
LOS): P, =e?* +P_
trong do d la khoang cach gitta Tx va Rx tinh
theo don vi mét.
3.3 Hé s6 BER [6]

Hé s6 BER trong hé théng két ndi khong
day UWB str dung diéu ché BPSK duoc trinh
bay boi cong thirc sau:

BER = j: P.(X)p(X)dX (6)

Bit error probability curve for BPSK modulation

| —=— theory
| ——— simulation

—

-1 \Q_

Bit Error Rate

10° \

-10 -8 -6 -4 -2 [¢] 2 4 6 8 10

Eb/No, dB

Hinh 10: BER vdéi sé bit dit lidu 10° bit

IV. KET QUA MO PHONG HE THONG
UWB
Chung t61 da xay dung chuong trinh mo6 phong
hé thong UWB bang phan mém Matlab. Giao
dién chinh cta chuong trinh nhu trinh bay trong
hinh 12.
Giao dién chinh cia chuong trinh gém 3 khdi
chinh:
- Thanh phan thong s6 truyén: tan sd xung
truyén (Frequency), toc do truyén dir lidu
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Trong do: P,(X) xac suat 16i dbi véi didu ché
BPSK tai mot gia tri cu thé ctia h¢ so tin hi¢u
trén nhiéu X.

P.(X) =%erfc(\/§) (7)

erfc: ham 15i bo sung (complementary error

function)

X: hé s6 tin hiéu trén nhidu.
X=ao’E, /(N,+S,)
P(X): 1a ham mat do xac sudt cia X (kénh

fading).

P(X)= HTK exp l:

X(1+K) +KT | [4a+1OKX )| (8)
r ° r

K: 1a ty s6 phan chiéu ngiu nhién trong phan
bo Rician

1,(y) : 1a ham Bessel loai 1

I'= azErb / (N, +S,): la gia tri trung binh
ctia ty so tin hiéu trén nhiéu.

Bit error probability curve for BPSK modulation
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Hinh 11: BER véi sé bit dir liéu 10 bit

(Data rate), cong sudt truyén (Transmit
Power), do loi anten truyén (Transmit
Gain), d0 lgi anten nhan (Receiver Gain),
khoang thoi gian 1dy mau (Sample interval),
chu ki xung truyén (Period), khoang cach
truyén-nhén gitra 2 anten (Distance).

- Thanh phan théng s6 mé hinh
kénh: kénh truyén CMO-CMI, dap tng
xung cta kénh truyén (CIR interval), tin
hiéu nhidu (SNR), ti 18 cluster xuat hién
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(cluster arriver rate), ti 1& ray xuat hién - Thanh phin théng s6 nhan: bo loc twong
(Ray ariver rate), hé sb suy hao cluster thich véi s finger ciia bo thu Rake (Branch
(Cluster decay factor), hé $6 suy hao ray Rake Number) , cong suét nhan (Receiver
(Ray decay factor). Power) va chiéu dai s6 bits chudi u6c luong

kénh truyén (Training Sequency length).

<) UWB =1

Tranmission Sourc Channel Paramester Receiver Paramater

Frequency 2 GHz Chanrel Chl u] Rake Branch Mumber El
Data Rate 100 Mbps IR Interval o0s ns Receiver Power FAGE3 | My
Transmit Power 20 Hint

=il s HE Channel Estimstion
Transmit Gain -15 [=1=] -

Cluster arival rate 0.013 1in= Training Secguency Length
Receiver Gain -5 dB

Ray arrival rate 25 1ins 10 bit=
Sample Interval 005 ns

s n=s
Period 20 he Cluster decay factor
Distance 3 e Ray decay factor 4.3 n=s -
— |LWWE System
—— Transmition Signal
Input Data ]—[ EPSH Modulation ] [ Anten Transmitton ]

[ =» ]

Pulze Shape

I Channel hodel ]

—— Receiver Signal
d Correlation Receiver

Output Dtz Rake Receiver Arten Receiver < am
Channel Estimation

EIF'SK Dremodulation

Hinh 12: Cira s6 giao dién chwong trinh chinh

Thuc hién viéc chay mé phong hé thong UWB véi cac thong sb sau:

Tranmission Source

Channel Parameter

Freguency : Bk Channel CM 0
Data Rate 100 Mbps

CIR Interval 0.3 ns
Trarsmit Povwer 20 i

SMR a dE
Transmit Gain -15 dE

Cluster arival rate 015 1ins
Receiver Gain -3 B

Ray arrival rate 25 1
Sample Intetwal 0.0s ns s
R -0 s Cluster decay factor 5 ns
Distance 3 i Ray decay factor 43 nz

Hinh 13: Cdc théng sé dau vio
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transmit data

Chung t6i thu dugc mot s6 két qua mé phong nhu sau:

-Tao xung UWB

- Piéu ché tin hiéu (BPSK)

amplitude

time(ns)

Hinh 14: Tin hiéu sau khi qua diéu ché BPSK

1.5 T T T T T T T T T
1L a
05| a
o [o] 1 1 1 o o 1 o [o]
o]
0.5 \ \ \ \ r \ \ \ \
o] 100 200 300 400 500 600 700 800 900 1000
time(ns)
Hinh 14: Chudi xung tin hiéu voi 10 bits dir liéu.
Second derivative of Gaussian pulse function
1
0.8
0.6 / \
o 04
E
<E( 0.2 / \
0 / \
-0.2 \/ \/
-0.4
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Hinh 13: Bao ham bdc hai cua xung Gaussian
transmitted signal
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- Pap ng xung kénh truyén

channel model impulse response channel estimation results and the actual channel impulse response
T T T T 0.6 T T
Estimated paths
1 —* Actual paths
0.4
| +
| ool
(0}
°
£ 3
8 1 =
i § 02 +
A 0.4
B *
-0.6
06 L L L L L L 08
0 20 40 60 80 100 120 140 o 10 20 30 40 50 60 70 80
Time(ns) time(ns)

Hinh 15: Pdp vmg xung ciia mé hinh kénh da dé xudt va thiét lap kénh truyén

-Tin hiéu nhan: Tai bo loc twong thich, may thu Rake thu duoc tin hiéu chua loc nhiéu (hinh 16).
Tin hiéu thu dugc 1a tin hiéu truyén cong v&i nhiéu gauss trang.

receiver signal
T

amplitude

-1.5 L

L L L L L L L L
[0} 50 100 150 200 250 300 350 400 450 500
time(ns)

Hinh 16:Tin hiéu nhan tai bo thu Rake

Ta thu duogc tinh hiéu ban dau (hinh 17) sau khi qua giai diéu ché BPSK. O day tin hiéu nhan duoc
ding véi tin hi€u truyén ban dau.

receiver data

0.5f 4

amplitude

0.5 s s s s s s s s s
0 100 200 300 400 500 600 700 800 900 1000

time(ns)

Hinh 17: Tin hiéu nhdn sau khi qua gidi diéu ché BPSK



Nhan xét két qua md phong: Vi s6 luong 10 bit
du heu ban dau duoc truyén di, thong qua xung
truyén (dao ham bac hai ctua xung Gaussian),
diéu ché BPSK va qua md hinh kénh di dé xuat
v6i cac thong sb ciia mo hinh kénh dugc dé nghi
(nhu trinh bay trong hinh 13). O dau thu, véi 4
Rake finger, chung t6i thu dugc chinh xac dir
liéu ban dau va tinh toan duoc cong suét nhan 1a
3.1663mW.

V. Dé XUAT GIAI PHAP KET NOI UWB
TRONG MACH TiCH HQP 3-D

V6i nhitng hé thdng vi mach ngay nay co
mat do tich hop cao va viéc két ndi gitra cac die
(wafer) trong chip cho du da ing dung cong ngh¢
3-D packaging va cac k¥ thuat két nbi trong chip
3-D [7]. Tuy nhién cac ky thuat két ndi nay sir
dung day dé két ndi thi van co nhimg han ché
nhu: hé thong 16n, nhiéu day két ndi phuc tap
(hinh 18), chia sé bus, gi6i han kha ning thiét
1ap két ndi trén dé mong, van dé vé tiéu thy ning
lwong va tdc d6 truyén tai dir liéu 14 nhimg vén
dé can duogc quan tAm nhat trong cac hé thong
16n c6 mat dg tich hop cao.

Trudc nhitng van dé trén, chiing t6i tién hanh
nghién ctru va dé xuit mot giai phap két nbi gitra
cac die (wafer) trong chip bang cach st dung
cong nghé truyén théng vo tuyén bang siéu rong
(Ultra-Wide Band-UWB).

Céc hé thong két n6i vo tuyén UWB bao gdm
cac bd thu va phat véi ang-ten dugc tich hop trén
chip dé giao tiép giita cac die trén ciing mot chip

{face dovwn)
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duy nhit hoic giita nhiéu chip voi téc do cta anh
sang thong qua song dién tu. K&t ndi vo tuyén
UWRB c6 thé cung cap nhiéu loi ich.

. ~Source: ChipPac

«4—Si- Spacer

1 die|

Hinh 18: Cdc die dwoc xép chong 1én nhau va
ket noi voi nhau bang day 8]

Cu thé, do tré trong két ndi vo tuyén UWB
du kién s& nho hon nhiéu so véi cac ky thuat
két ndi bang day dan, boi vi cac tin hiéu co thé
truyén di v6i tde do cua anh sang. Bén canh do,
hé thdng ciing dé dang duogc tich hop trong chip
CMOS. Két ndi vo tuyén UWB co thé dugc sir
dung dé truyén tai cho ca dir liéu va tin hiéu xung
clock. Trong két nbi vo tuyén UWB thi viéc phan
phéi tin hiéu xung clock va viéc truyén dit liéu
thi phuc tap hon nhiéu so véi cac ky thuat két ndi
trugc day, n6 doi hoi phai c6 cac phuong phap
diéu ché tin hiéu phu hop. Cac hinh bén dudi 1a
cac mo hinh dé xuét két néi UWB trong mach
tich hop 3-D.

Test Cuatpant

Test Input

Devices Under Test (DUT)

Hinh 19: M6 hinh két néi khéng day giita 2 die bén trong chip sir dung
UWB [9]
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Hinh 20: Layout hé thong thu phat UWB [9]

IV. KET LUAN

Trong bai bao nay chung t61 da nghién cuu,
thiét ké va mo phong hé théng UWB & khoang
cach ngan. Trong do, bo thu phat UWB duoc quan
tam nghién ctu k¥ va st dung mo hinh kénh da
dé xuét trude day trong thiét ké hé théng UWB,
nhiam tng dung trong truyén théng bén trong
chip. Pong thoi phan tich va tinh toan mot sb
thong s6 anh huong dén bo thu phat UWB nhu:
cong suét tiéu thu, ty 1& 18i bit (BER). Pong thoi,
dé xuét giai phap két ndi UWB trong mach tich
hop 3-D. Ngoai ra, véi chuong trinh mé phdéng
nay c6 thé xem nhu 1 mot cong cu rat hiru ich
cho ngudi thiét ké hé théng UWB. Nhitng ngudi
thiét ké c6 thé dung chuong trinh mé phong nay
dé kiém tra hoat dong cta hé thong thu phat
UWRB, nham Iya chon nhitng thong s6 dau vao
thich hop trudc khi tién hanh thiét ké vat 1y.
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