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Abstract

This paper presents a new analytical model to suppress RLC resonance effects which inevitably occur in power/ground
lines due to on-chip decoupling capacitor and-other interconnect circuit parasitics (i.e, package inductance, on-chip
decoupling capacitor, and output drivers, etc.). To characterize the resonance effects, the resonance frequency of the circuit
is accurately estimated in an analytical manner. Thereby, a decoupling capacitor size to suppress the resonance for a
suitable circuit operation is accurately determined by using the estimated resonance frequency. The developed novel design

methodology is verified by using 0.18um process-based-HSPICE simulation.

Keywords : resonance, ground bounce, on-chip decoupling capacitor, signal integrity
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Fig. 2. SSN peak and resonance noise with/without
on—chip decoupling capacitor.
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Fig. 3. Poewr/Ground bounce with on—chip decoupling
capacitor,
W, /W, = 20/44 [um ], L= 1[nH], Cp= 500 [pF],
C,=10[pF|,t,=05[ns],n=16
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(469)

o2 o/t s WEY I 47 &

H>
]
o

7V =9, G T, TR w0lZE exciter]7]E
Alade] F7)elu,

TN wol2E 7,70 FUIHeE NEA 3
B2, 34 xoZE exciteAl7E A2 Ao A
L, 8 FE Y82 ERU(mpulse train) ©.2 7}
A8 & U oAe Fd  ER2F(Fourer
transform) 39, 1/7,,,,.9 A5l d3ste Fos
g 2% za glemz A© galo] 4 wolzg
exciteA17] & A5E $2AFR4(s,) ) eFsg 1
Ao 1Z2HE 25 23 Yo
H‘]"’f}*‘] FAFHr 71 EFgs 52 a9 ax
£ FolA st FAFEF5Y ARt A S F
| wolz2E M¥H oz dafAA, sel/aghe =] v
2 ko|2E fdtA "ok 3, OgAZTH A
o) A7g 2N, FAFATE FLFIFY
EFey 239 1237t ofd ez o FAA

k=
A Fxolz7t FHEE AL B 5 U F,

N

ooHo

N

=
fres :05 fop’ 1.5 fOP’ 2’5fop’ (10)

b9, FR mol2E A4 A & ok

¥ 11(a)o A B ulel o] Ala=l F39 5;5}
Fo(r,)e 7IEFIFTt ““{]—rﬂ}-r(fm)g} Z2A H
9, 33 wolzrt AR fAT 1ol M (inphase) &
o2zt H¥H o2 WA D). ¢, AT
57t HE2 FRFERSE | FAA FY, 9
A7k HolA] NMOS EMAAE7F 29% & of
3 27 wolzsh dAIZE AolAl PMOS E A
2E7F 29 SHEA B T o2 ME A
o] o}3uAl(out-phase) Fol 2Y 11(b)elA BE bt
¢} Zo] X wolzrt Addnt. wakA, I3
7t FAEH e A W] A4 E JHeset & 53
o) /| 8F s 2R BRI} FAF G Y
£ A% J3ES OASY Asrleo] 71%
Fol FAFALE o]FAA Folof Pk §
1A BE miet Zo] OAS ﬂu}waé o}T
AA AN FHRFIFE FAFIHFY 0582 FH
%, IXNFHFI FRAFIHF BHrp FopATE o}‘ﬂ
<fp) BRALo|ZE A AAdL. AR A
%%‘ APAEE =A 9 H(chiphold e gy
£ AAEHA Ho 29 AHPEE Hoxg F glon

2 wo]= vz (noise margin)g T st FH3
ALY AHNANEHE Aslof st

F

Lo

ol}‘ =

b

ol 4o
o

o,
ol

o]z

N
o i i
P

i) _' ._L,.
ol
ol

l'N

UE%

o
\



20061 78 A3 ==X H 43 # SD

V. Qe A5

AAZ A71x e} FFel e YAy, L >%
¥ Fe Zeth ArINE 01 ~1nH] o #E 7
flip-chip bonding®-& 7}43tgch 28 13= 29 12
& AgHOA & Aroln, F 24 wolzE

rlr vl

[)
Asted, Alzbel we} $aF FIALY o] Walmz,
effective Viy(Vig_oy ) 2 FX ko|29] A7]E 3
o3t g,

Via_ess(t) =V, (8) = V, (t) (11)
mEhA, TR 2AF oA wol=d o3 TRAY W
& gs3 2o

AV({E)= V= Vg o (t) (12)

Vdd
vind T\ M
e Vi Vin Co~ Vin Vin .
ICL :ECL :ECL ICL
§‘|-9\-Vg
Gnd
a8 12 AHEY HIAEIL EXse &8 z=2loly
3z
Fig. 12. Output driver circuits with on-chip decoupling
capacitor.

4] 5 10 15 20
time[ns)
jg 13 effectwe I/dd( Vdd—eff)
Fig=13. effective Viy(Vis—oss)-

W,/W, = 20/44 [um |, L = L, = 1 [nH],
Cp=300[pF],n=10,t,=0.5[ns],
For = 200 (MHz], C; = 10 [pF]

(470)

HAT7S 35

E 1 ZZe| o8 o) ES FHajAlEo] olE 3ol
x| &o] ARAV,,, o AlEEolM Z2}
Table 1. Simulation result of the worst/best case AV,
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