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Woabg e 3) HE wthe w=e)(High Bandwidth Memory; HBM)ol that M2& A v=w 2 & FZ 7)|&S
AREE 1S 2 dux] a8492 3D EJE F EJE(Point-to-Point; P2P) ¥ HE] =F W= AdEH o~
(multi-drop memory interface)ell 33+ ZHo|t}.
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A AL QY.

g <¢lEH ol Z}2ZF 15.8p)/b/pin¥}t 6.6pJ/b/pin®] AF FLE 1.8Gb/s/pin ¥ 2.15Gb/s/pin
}d 3D the W Ee] (High-Bandwidth Memory; HBM)& Al F2AA, g%,
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wx2e] Qo] T2 EEY(P2P, 4 2 8 HH =F)dA HASHNY. 2= 1 6S/s2 AEHE Yol 2E
Ty g s 3D HBM 41719 =21717F 242 1.2mV 2 2. 1nlWE &AMt RS B, dEH EW
A= 0.0l Tho] MAW 2xah 47)e] WEl =8 3D /02 B3] 1.66b/s] £=Z 2°-1 PRBSZ oflg] =

2] &%= (error-free operation)(BER < 10-15)< %/‘35&3}. o]sf, & wgo] AAl o & HEH =HS FHEs
AAIBHA A sy,

H

1> Fef7]sel w2 2D % 3D DRAM 1/0 EZ =X 5 AHsty] e =welnt,
% 1(a)+ 2D P2P(Point-to-Point) % MD(Multi-Drop) "3]S YERH+E =Wola, %= 1(b)E 3D P2P 2 MD I1/0
AEH o)A YEE Edola, & 1(c)E A BE 2D AE5 #§99 wagd WA JehyE o)),

A Zoll A= DRAMe] F1%3] CPU tho] $jo] #o]x|wk 3D Mol A& CPUSF th5 DRAM 719 dlolg] B41& 7}
SatA st 3D AES AFgste]l thE DRAM tholS CPU Yol #=th. a2y 309 82el 2413 3D @741 o
= =2 BA dth, gYF/dux a&A 9 3D o] HAA AT vAE &S a ok ).
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T 2(a) B dHo o Ao wE A EZoA ODT(On-Die-Termination) {lo] 7]& CMOS =ZS Al-g3h
3D P2P[2] 2 M [/0& YEE THolzm, & 2(h)E A mEoA % tho] H ]Lﬂowol & CMOS 234
AE ol ~E YERE EWHola, & 2(c)v AIFSkE 3D RLW P2P 2 MD 1/0 QIE{#o] 25 YEE EHol

515

T 28 7]EY WD ERAAHY et 32 x2S HolFEth. & 2(a)dA B £ glEo], Uukzel 3D pop
92D /05 7Fee OM0S = A (ThA] Zaf, <lvE E%EZ])% Abgghel. o]k 3D CMOS =4 1/09) F& #H
S gy vhe Al wWAelth. ayy a9 doly e AldA o (& 59, Gb/s [2][3]),

MD Akle]l ODT A Al wig- Wzksbeh, webd, HSTLS 283 3D 1/0% o %2 thYE(3D P2P 1/0°1A4 <] Gb/s
[15])S sl o AFEETH HSIL 98 #HE wol= AFAo] e, 29 98 Bifz F2 AMgHT).
HSIL =¥ WHEe 14 g ofZgAloldS 918 1/0 SEdo]zoln F4 BAZ U3 wig Was 7%
= o o)A olth. HSIL 9 WHE 4714 §302 Jdth, dubdoz A8y G383 HSIL 2~ 17} &
wgol] A EE Ak, HSTL Zefls [ A 5 9 338 730 w2 2719 N MOSFETe] &3 & FETE A&+
o, 3RT AMA ZEsrh, T FETY AYEIAE 3|2 Adukd 1 ARE = Az 93] AoH .
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Flo]2= 3D P2peb Mlulste] dE 4w S7F % 0DT S el dig Wzt 22 uR3 dAlE A
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%32 ¥ wygel 9 Axde] e n4% 3 Ul vue AX9e 0d AF A= o §3 3 1/0 A
Mol g M) 1% =wolvh

SEd 45 94 AsdA b AN S5 $4 Ee 49 A% BE EE2A2 /b el9H (repeater)
W9 A1%e FART. AdE 25 45 Ad Ad Aol U@ Ade] 24 @4l 4Y WAE A,
A Q14 AEY FE FAZTN) SIM AF S Seoluzh AHgHTh. $27] SelelMl AY AuE F
o7l A Y ~Yol ArsU. =

A AHE QMOS W ElE 71 2 A8 A3 A9 o]=(largest
small signal voltage gain)< #3387 &2 AHE 7

2Alol= SF7|E AR

L *"\101101] E}% F—*é% 3D athe wiEeE] AlAEE 3D arefe] wEe] BMD 1/0 I ol A (Multi-
gstar, 71 MD 1/0 I8 #o] A= FER-(TA] e, TSV Al TS T3l 4l
A

% 3(a)e B odgel o ANdd thE $ARE Yehe Edeln, E 3(b)E ¥ wde] o ANdd ue
ISV A FEFE el mHela, ® 3(0)E B Wyl o AAdel W $u%E yehit mvely, =
3T & WY A ANl e sol(high) A AE FAL UehlE mwel, % 3(e)E B Uy o
Axlel me 29(lov) 4 A5 F24& tehls =t

=3 2 2He Aol whE 24 3o FAIF7F DRAM T stutE dlolHE Bulvkar 7bg e w) TSV(Through
Silicon Via) dlol8 AEE Fal SAF(TX)7F AR AAE = ARbslE 455 A2 57189 Mdes
L=A)get. BBTX(Baseband TX) %QS BBRX Fwhi-oF wi = oL BBRX 4= CMOS Q1¥{E o] Al At el (ste]/=
)& 22 dAG AR =AY A Aot

FPE

o] AAelo] mE TSV AW FuRE FATAY A 29e AT GE9E 4
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o] AFy AL o5 (Low—Frequency Voltage Gain) % UGBW(Umty Gain Bandwidth)2 A&t Hd &2 d
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2 = 3(e)e FAR(TX) &FHo] TSV A TEFE &3 FAFRX) 98 AgE Aot o] &% kol wat
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= 4(a) WA T 4(c)E AgE 7)F W9 270
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EdaAv o 8E AlEdelAsty] 98 A9 MATLAB-HSPICE & ¥h~(= 5 (a)) EH |27}
. A3stA &1 (evolutionary solver)® 3 @385 (Genetic Algorithm; GA)olth. Z} HSPICE A&
MATLAB> HSPICEE AH&ste] ddt= s mi/f¥sE Hrbstal A= AAE GAell &+ &
F X9 nxkd AA wWg 9E x={x1, ... ,xn}o] FAAU(F, X= AA A ) d5 FHE e

o), TSV 48 FA= K 24 g 26D =2G 0 2ED) o g5e Hasels vy X'g 2= Ao

quo2 32
oo o
2

r\ «{O{I

o

24 B Xe dwbdow j =1, .., om 2 AF W] g3k AAel Wl g(x)=hE FAH 5 Ak =
Al Aol o8] AR, AFA o] A RA TSVl s A (1)o] AtET):

fitness function =
ko xSettling time+k, Xerrorband+k, xOvershoot+k; Xpeak_time

k, xPeak_absolute_value 21(1)
o] ZxE5 At AA Aol W2 EFAL AR AL, oF WY, e¥FE &, Ja A R Y
e 32 Avjgrel Bestc
AL %28 59 ¥4 9%, 3 4942 Fol 272 24se]l BE B IV 2 I 89 25 v W5E
FEsen Ak, o] MFES E 5(b)Sh 2ol FAA L& FHIT. IV ASE s FEY KA 47
Al | A, mAl M gol, FXF IMD xolE WERE hiy, dise, dbumps o, tor, hia®l®H = 5(c)= A

Aleksl= 3D P2P, 4=, 8= EdAAWE HRE HF AxEdA dFEg BaE Adsh7] 98 65m
M0s FHOE AHYom F4S ST, of FHol =W BBIXE £206 A W) A Ao w2
Fubp Wstel] gy ~HEHRS AT vt

P2Pe] A, A& E42 wje- Zom, T JuEx wiFo] gloj® Hu dloly &k & JdFS v A
et SAHE FU dolH £ 8=F9 A 3Gb/s, 4579 A$ 5Gb/s, P2Pel 7§ 10Gb/solt}. TSVE
714 B4 éOl AR AAEAY] wWizel HE T 25 AAT 5 Jon, AnHor &5 Rt Fds v
obth. TS DRAME CMOS W¥ ¢} =7 tho] A% d4L 89S AHeA 75 & vk, PP, 4-=F 8-=5F
3k9] RS BER = 10-o4 Z+z}F 182 ps, 169 ps, 177 ps % wkxlS 7111t}

2po] F Fxek AR wlawsty] flE Al 7kA AbElE wlasklvk. 2D PCB WlE 2kl AlEdlo]de TSV mEl
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<3 1>
CMOS | cMOS
e - wio T w/ T
Max. Data rate 9G 3G 5G
2.Gexs Power 2191m | 3764u | 5288u
consumption
3D Delay 1583ps | 2444ps | 150 2ps
sV Max. Data rate 5G 1G 3G
4-tiers Power 2254m | 4416u | 5552u
consumption
Delay 172ps 261ps 171ps
<3 2>
CMOS | CMOS
Type HSTL wio T w/ T
Max. Data rate 9G 3G 5G
2-tiers Power 2191m | 3764u | 5288u
2D consumpnon
PCB Delay 1583p 244 4p 150.2p
metal Max. Data rate 5G 1G 3G
lne .
4 tiers Fower 2254m | 4416u | 5552u
consumpnon
Delay 1924p | 6073p | 2579p
® 12 ohFE 3D T A An, A 2 A dolE $5E5 BoFrh. & 200 M0S ¥ HSIL 279
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