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TOM TAT

Ky thudt két néi ba chiéu (3-D) da dwoc dé xudt dé giam di nhitng thach thire ddt ra boi nhitng
mach tich hop cao nhu SoC. Bc%ng viéc cung ccfp nhiéu lop trong mach tich hop cung voi mdt do két
néi cao giita cdc I6p nay, cong nghé tich hop 3-D cung cdp cho nhitng nha thiét ké mach sé mét gidi
phap tot trong viéc giai quyét nhitng van dé ma ho gdp phdi ngdy cang gia tang két noi trong mach
tich hop cao dé la van dé vé cong sudt tiéu thu va dg tré. Trong bai bdo nay, chiing téi sé thao ludn
16ng thé vé lwu trinh tich hop 3-D, phdn tich mach tich hop 3-D, hiéu sudt chiéu dai ddy két noi trong
mach tich hop 3-D, nhitng ddc diém vé thoi gian va nang luong cua mach tich hop 3-D.

ABSTRACT

Three-dimensional interconnect technologies have been proposed in order to mitigate design
challenges posed by VLSI such as SoC. By providing multiple layers in integrated circuits together
with high-density local interconnects between these layers, 3-D technologies give digital-circuit
designers greater freedom in meeting power and delay budgets that are increasingly interconnect-
dominated. In this paper, we will discuss the overall 3-D integration process flow, analysis of 3-D
integrated circuits, wire-length performance of 3-D integrated circuits, timing characteristics and
energy characteristics of 3-D ICs.
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K¥ thuat két n61 3-D gitta cac die bén trong i
chip 1a mdt k¥ thuat dang dugc quan tam cua -
nhiéu nha nghién ctru trong viéc thiét ké mach N ‘_ﬁ:‘
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tich hop cao. N6 cho phép thiét ké cac hé thong Pt fc |
tich hop cao boi viée xép chong cac die (wafer) )& ,/ / f/ J/ [ Coung \\Qom

theo chiéu thing dimg va viéc két n01 gitra cac Q&w
die lai v6i nhau. Nhiing loi ich tiém ning cua

mach tich hop 3-D c¢6 thé khac nhau tiy thudc
vao céach tiép can, ching bao gdbm nhiing loi ich
sau: gia tang mat do két ndi, tang hi¢u suét, giam
cong suét tiéu thu, giam d tré trong mach, giam
chi phi dong goi, gia ting nang suét va do tin cay,
t6i thiéu hoa chi phi san xut.

Bottom Die

Hinh 1: Ky thudt két néi 3-D giita cdc die bén
trong chip
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II. PHAN TiCH MACH TiCH HQP 3-D

Két ndi 2-D bén trong chip nhu hinh 2 ¢6
nhitng nhugce diém nhu sau: hé thong 16n, day
két ndi dai dan dén do tré 16n, kich thude die 16n,
cac die chia sé bus v6i nhau.

Hinh 2: Két néi 2-D bén trong chip
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Hinh 3: B¢ tré trong mach [c]

Trong hinh 4, trinh bay mé hinh két ni 3-D
giita cac die bén trong chip, véi k¥ thuat két ndi
nay c6 nhimng wu diém nhu sau: giam kich thudc
hé théng, day két nbi ngin dan dén giam do tré,
va tiéu thu cong sudt thap, kich thudc die nho.

Hinh 4: Két néi 3-D bén trong chip

Nhin chung, mdt mach tich hop 2-D duoc
chia thanh cac khéi logic duoc két ndi bang cach
str dung day két ndi dai, do d6 lam ting do tré.
Mach tich hop 3-D gdém nhiéu 16p Si duoc két
ndi lai v6i nhau theo chidu thiang dimg (vertical
inter-layer interconnects -VILIC) [1]

Kién trac 3-D cung cap thém tinh linh hoat
trong thiét ke hé thong nhu viée sap xép va dinh
tuyén két ndi trong mach (placement and routing).
Vi dy, nhiing cong logic trén mot dudong quan
trong (on acritical path) c6 thé dugc dat rat gan
nhau bang cach sir dung nhiéu 16p khac nhau.
Diéu nay c6 kha niang lam giam dién tich chip
thong qua do 1am tdng mat do tich hop transistor
va giam két ndi day. Dong thoi s& lam giam dang

ké do tré trong mach RC va 1am nang cao hiéu
suit ctia cac mach logic. Cong nghé nay co thé
dugc khai thac dé xdy dung cac hé thong-trén-
chip (SoC) bang cach dat cac mach co6 dién 4p
khac nhau va yéu cau thyc hién trong cac 16p
khac nhau.

/ Silicon thin layer

Conventional via

Conventional Silicon Substrate

2D Chip

3D Chip

Hinh 5: So sanh giita két 2-D va 3-D trong chip

Phin b6 chiéu dai diy trong két ndi 3-D:
Vén dé phan bé chiéu dai day két ndi trong mach
tich hop 13 mot van dé quan trong vi n6 1am anh
huodng dén hiéu suét cua hé théng, va do tré. Dbi
v6i nhitng mach c6 mat do tich hop cao nhu SoC
thi cong nghé mach tich hop 2-D no6 gap phai
nhitng van dé vé day két nbi dai gitra cac die
trong chip. Do d6, viéc nghién ctru 1am sao giam
thiéu duogc chiéu dai day két ndi trong mach tich
hop, cong nghé mach tich hop 3-D né c6 thé giai
quyét dugc van dé trén. Hinh bén dudi cho thay
su khac nhau trong viéc phan bd chiéu dai day
trong mach tich hop 2-D va 3-D.
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Hinh 6: So sanh viéc phdn bé chiéu dai ddy
trong mach tich hop 2-D va 3-D [2]
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III. KY THUAT KET NOI GIUA CAC DIE
TRONG MACH TiCH HQP 3-D

Cong nghé thiét ké mach tich hop 3-D con
dugce goi la cong nghé két ndi thang dung, vé co
ban trong thiét ké 13 khai thac theo chiéu thang
dung cua chip dé giam chiéu dai day két ndi va
dé dat duoc hiéu qua mat do tich hop cao.

Vertical Device
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Hinh 7: Céng nghé két noi thang ding

Nhimng k¥ thuat két nbi 3-D bao gdm:
e Wire-bonding
e Micro-bumps
e Through-vias
o Contact less interconnect

Mobi kS/ thuat két ndi 3-D déu c6 uu va khuyét diém riéng. Tuy nhién, tit ca ching déu cung cip
cach két ndi & khoang cach nhé (micron) va do tré thip. Viéc so sanh cac phU:O’ng phap nay dua trén
cac tleu chi nhu: kha nang tich hop (6 quy mo dle hodc wafer), s6 lwong t6i da ciia cac tang, pham vi
két n6i theo chiéu thang dimg va sb lugng ngudn tai nguyén dugc tleu thu trong chip.

Bang 1: So sanh giita cdc ky thudt két noi

Tier Vertical ~ Chip Layer
Assembly limit Pitch Resources
Wire-bonded Die ~b 35-100um Al
Micro-bump 3D Package Die heat 25-50pum Top 1-2
Face-to-face Die 2 10-100um  Top 1-2
Contactless  Capacitive Die 2 50-200um Top

Inductive Die heat 50-150um  Top 1-2
Through-\ia Bulk Wafer  heat, yield 50um All + Top
S01 Wafer  heat, yield Sum All + Top

3.1. Wire-bonded

K¥ thuat két ndi pho bién nhat do 1a wire-
bonded, trong d6 sir dung day dé két ndi cac die
trong mot stack. Nhin chung, két ndi gitta cac
chip thong qua cac board hodc chip va nbi tro lai
véi céac chip khac trong stack, tuy nhién, né cé

thé két ndi day tir chip dén chip trong stack. K§
thudt nay bi han ché boi chiéu dai day tir 35um
dén 100pum va ngay cang trd nén kho khin khi s6
luong 1/0 trong céac chip tang 1én va mat do tich
hop trong chip ngay cang cao.



Nghién Ciru K3 Thudt Két Noi Giita Cac Die Trong Mach Tich Hop 3-D

Wire-bonded

Hinh 8: Ky thudt Wire-bonded

3.2. Micro-bump

Ky thuat két ndi nay dugc thuc hién bang cach
sir dung hop kim hodc vang dé han 1én bé mat
ctia cac die. Pham vi cho két ndi nay khoang tir
25-100 um. Tang Epoxy di dugc két nbi bang k§
thuat micro bump va diéu nay lam cho tin hiéu
duoc truyén dén cac canh cua hinh khéi 3-D, cac
tang khac nhau sau d6 dugc xép chong 1én nhau.
O day, cac die dugc xép chong 1én nhau thanh
hinh khdi nhu trong hinh sau:

Micro-Bump —
3D Package

Micro-Bump —
Face-to-Face

So véi ky thuat wire-bonded thi k§ thuat micro-
bump cho phép két ndi véi mat do 16n hon. Khi
tin hiéu duoc chuyén dén ving ngoai bién cua
chip khong lam giam dang ké dién dung ky sinh.
Nhiét sinh ra bén trong ch1p lam gi6i han s
luong cac die co thé duogc xép chong 1én nhau.
Theo két qua cua tac gia [b] voi vi tri thich hop
cta cac khéi trong kién tric 3D, viéc st dung
nang lugng cuia cac mach logic, cac bo lap, ky
thuat pipeline trong viéc dinh tuyén duong dan
c6 thé 1am giam tiéu thu cong suat khoang 15%
va dong thoi lam tang hiéu suat 1én 15%.
3.3. Through-Via

Co6 2 phuong phap két ndi theo ky thuat
through-via do 1a: through-via bulk and through-
via Silicon on Insulator (SOI). Ca hai phu’orng
phap nay déu c6 kha ning cung cap mat do ket
noi lon nhung bét loi 1a do chi phi cao. Cac tAm
wafer dau tién va thir hai duoc dat dbi dién va
cac 16p cao hon dugc dat theo huéng mat quay
1én. Két n6i nay dugc cung cap bang cach 1ap kin
vonfram trong nhing tdm wafer da dugc khic.
Céc chip tiép theo nam trén bé mat di dugc danh
bong cua cac chip dugc khic trude do. Cac két
ndi power, ground, va I/O dugc cung cap baéi
cac tang trén ciing. S6 luong ting phu thudc chu
yéu vao gidi han boi nhiét sinh ra bén trong cac
stack.

Through-Via — SOI

Hinh 10: Ky thuat Through-via

3.4. Contactless

Contactless hodc két n6i-AC st dung ket nbi
dién dung hodc ty cam dé giao tiép gitra cac tang
Phuong phap nay gitip loai bo cac tin hiéu ket
no6i ngoai vi cua IC ciing nhu viée dinh tuyén
gilra cac tang. Cac tu dién duoc hinh thanh béi
16p kim loai trén cung dugc su dung trong két
n6i dién dung. Khoang cach gilra cac tang va
hang s6 dién moi quyét dinh mat do cua cac ket
n6i nay. Phuong phap str dung dién dung yéu cau

cac tang dugc dat déi dién nhau (face to- face)
Piéu ndy han ché s6 tang - chi c6 hai tang. Ngudn
cung cap gitra cac chip dugc hd trg boi ki thuat
Micro-bump. Két ndi su dung tu cam thi thuan
loi hon trong d6 thyc hién viéc tach roi cac phan
tir két ndi, ma né duoc xac dinh bai bé day cua
chip. Pay 1a phuong phap cho phép két ndi nhiéu
die hon thong qua viéc xép chong die.
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Contactless — Capacitive with buried bumps

Contactless — Inductive

Hinh 11: Ky thudt Contactless

Céc han ché ctia k¥ thuat két néi truyén thong
6 thé duge xem xét tir bon khia canh nhu sau: trd
khang, dién dung, dién cam, va toc do bit trong
cac két ndi [3-5]. Bdi voi trd khang, nd dugce tinh
nhu Sau Rmterumnect wire contact via

S6 luong cac tiép xuc (contact) khong d6i va
s6 lugng duong két ndi (via) co xu hudng ting
voi cac 16p kim loai trong cac mach phue tap. Tur
ly thuyét truyén dan, chung ta thay rang ddi véi
mot dién dung C va trinh diéu khién ctia n6, phai
c6 mot gia tri cua tr¢ khang R. Vi tro khang
trong két ndi ngay cang ting, hang sé do tré RC
¢6 thé dugc tinh nhu

sau. Tdelay mterconnect interconnect

Tiép theo, ddi v6i dién dung, thanh phan dién
dung bén trong cac lop kim loai dang tang 1én.
Ty 1€ gitta dién dung bén trong 16p kim loai
(intra-metal capacitance) va di¢n dung gitra 16p
kim loai (inter-metal capacitance) co li€én quan
dén mat do tich hop ngay cang cao. Tuy nhién,
dé tin hiéu c6 su 6n dinh tét, ching ta phai duy
tri mot ty 1& nho (mién 1a ty 1& nay nho hon 1).
Do do, mat d¢ tich hop khong duoc qua cao, do
cac dién dung bén trong kim loai s& ting. Dbi
véi cac két ndi dién cam, thi nd xdy ra cac hién
tuong nhu: phan xa tin hiéu va nhiéu xuyén kénh
ddi voi nhirng tin hi€u ngd vao cua mach hoat
dong & tan sd cao. Khi mot mach c6 tan sb trén
500MHz, thi két ndi dién cam trong chip phai
duoc xem xét.

Cudi cung, dbi véi tde do bit, cac két ndi day
truyén théng phai déi mat voi mot sé gidi han
nhat dinh. Mot khi téc do bit vugt qua ~10'°4/ 2
hodc ~10'74/ I? (trong d6 A 1a dién tich mat cat
ngang cuia diy két ndi va / 1a chiéu dai cua day)

béi viée diéu chinh bién d6 kénh thi két ndi day
trd nén kho khan hon.

IV. KET LUAN

Qua bai bao nay chung t6i di nghién ciru vé
k¥ thuat két ni giira cac die trong mach tich hop
3-D va cho thay dugc nhing dic diém thuan loi
cia viéc ung dung k¥ thudt nay trong thiét ké
nhitng vi mach c6 mat do tich hop cao nhu SoC.
O day, chung t6i ciing da phan tich mot sd dic
tinh cua mach tich hop 3-D nhu: hiéu suat chiéu
dai day két ndi, do tré va cong suit tiéu thu trong
mach tich hop 3-D. Trong d6, chung t61 dac biét
quan tam dén cac k¥ thuat két ndi giira cac die
(wafer) bén trong chip 3-D va phéan tich nhiing
mit thuan loi va han ché cua céac ky thuat két ndi
nay.
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