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AQ,raet - A “Wd method for ra*ildrequency (RF, 
modeling of ball grid array (EGA) packages is presented. A 
new analytical method is developed t” extract the inductance 
characteristics ofthe package bond wirer. With the extracted 
bond wire data, a cascaded multi-section coupled 
transmission lie model is setup to describe the physical trace 
~trucfure~ of the BGA packages. The multi-section x model 
representing the coupled trnnsmirsi”” line effect of the signal 
traces is used for the RF modeling of the BGA pa&ages. The 
BGA packages with open-path, short-path, through-path, 
and through-ground test configurations are studied. The 
simulated S parameter results exhibit great agreement with 
the measured ones for the BGA packages. 

I. INTRODUCTlON 

Recently, the integration of multi-function circuits in a 
single integrated system is an emerging technology for 
radio-frequency (RF), digital, and mixed-signal 
applications. The trend of the complex mtegrated circwts 
with increasing input/output (I/O) pins pushes the need for 
the packages with high pin counts. The ball grid array 
(BGA) packages [I]-[21 can provide high pin counts for 
high integration of circuits and systems. In addition, the 
BGA packages have the advantages of easy surface 
mounting and low production costs. 

The BGA packages have a great number of traces wth 
different length and spacing. The electrical characteristics 
of the IC in a BGA package are strongly affected by the 
package. An accurate RF mode, of a package is essential 
for cmxit designers to design a successful IC [3]-(51. 
However, the RF modeling of the BGA packages IS a 
critical challenge because of the parasitic and coupling 
effects of the complex traces of the packages [4]-[Xl. 

Bond Wires 

Fig. I. A par, of trace layout of BGA package for RF 
modeling. 

In this paper, we present a state-of-the-art RF modeling 
method for the BGA packages. The method is based on 
the RF measurement of the BGA packages wth open-path, 
short-path, through-path, and through-ground 
coniigurafions using a vector network analyzer. A 
cascaded multi-section coupled transmission line model 
and a multi-section 6 mode, are used for the modeling of 
the packages. The modeling results show that the 
proposed method is able to provide excellent agreement 
between the simulated and measured S parameters over a 
frequency range up to 6 GHz. 
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FIB. 2. RF modeling schemes assoctated with test 

cantigwat~ons. (a) Open-path. (b) Shon-path. (c) Through-path 
(d) Through-ground. 

The measurement samples for the RF modeling are 
four-layer plastic BGA (PBGA) packages with an array of 
448 balls. The body size of the package is 23 x 23 mm’. 
The ball pitch is I.0 mm. The signal traces of the 
packages are individually connected to the balls through 
different vias. The test traces for the RF measurement are 
AA7 and AB7. Fig. I shows a palt of the trace layout of 
the BGA package for the RF modelmg. 

Ill. METHOD OF MODELING 

For the RF modelmg of the BGA packages, there are 
four test configurations: open-path, short-path, 
through-path. and through-ground. The RF modeling 
schemes associated with the test configurations are shown 
in Fig. 2. The coupled traces of the BGA packages are 
modeled by the cascaded multi-section coupled 
transmission lines. The RF measurement is conducted 

using the vector network analyzer and a pair of 
signal/ground (S/G) microwave probes. In the RF 
measum,,ent, the traces other than the test traces (AA7 and 

AB7) are grounded through gold bond wires. For the 
open-path configuratmn, the test traces under 
measurement are open-ended while the remaining traces 
are shorted to the ground. In the shoe-path configuration, 
all the traces mcluding the test traces under measurement 
are grounded through bond wires, as shown in Fig. I. 
Both the test traces under measurement are connected 
together through bond wires for the through-path 
configuration. The through-ground configuration is similar 
to the through-path configuration but not the same. Not 
only both the test tmces under measurement are connected 
together through bond wires but also one of the test traces 
has a grounded ball. 

The bond wires in the shon-path test configuration is 
extremely longer than the bond wires in the through-path 
and through-ground test configurations. The inductance of 
the bond wire (L,,,,) for the short-path test configuration 
must be taken into accmmt while the inductance of the 
through bond wire (L,,,,,) in the through-path and 
through-ground test configurations is Ignored. On the 
basis of the RF measurement of the BGA test samples, the 
Lhll can be derived analytically at low frequencies. We 
have 

4%,2 1+s,*,, -- 
-(I-s,,,,)(I-s,,,,,) 1-d 

where Z,, is the characteristic impedance (50 n), f is the 
signal frequency, S,,, IS the measured S parameters of the 
package in the short-path configuration, and S,E is the 
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Fig. 4. Mu,,,.scctm nmodol for BGA package. 
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Fig 5. Comparwn of simulated and measwcd Sparameters. (a) Open-path (b) Shon-path. (c)Through-path. (d) Tnrougb-ground. 

measured S parameters of the package in the 
through-ground configuration. Fig, 3 shows the extracted 

Lh,,. The value of the Lh,, at I GHz is I .31 nH. 

The cascaded multi-section coupled transm,ssiml lmes 

representing the coupled traces of the BGA packages are 

characterized by the even-mode and, odd-mode 

characteristxc impedances as well as the even-made and 
odd-mode propagation velocities. The associated 

resistances with the coupled transmission lines are 
cpnsidered m include the frequency-dependent losses 

from skin effects. In conjunction wth the extracted Lb*, 
the even-mode and odd-mode propagation parameters and 

the associated resistances of the multi-section coupled 

transmlssmn lines are optimized for the BGA packages 

with open-path. short-path, through-path, and 

through-ground test configurations In this paper, a 

three-secrmn coupled transm~ssmn lme model is used to 

perform the optimization process. 

The extracted parameters of the multi-section coupled 
transmission lines are then transformed to a multi-sectmn 
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II model according to the theory of the coupled 
transrm~smn lines 191. Fig. 4 shows the multi-section li 
model transformed from the multi-sectlon coupled 
transmission line ‘model. In the i-th section of the 
multi-sectlon II model, C,, is the total capacitance, C,, IS 
the lnutual capaatance, L., IS the Self Inductance, L,, is the 
mutual inductance, and R,,] IS the parallel resistance for 
individual-section coupled transmission lme. The 
elements of the multi-section ?T model are optimized with 
respect to the measured S parameters of the packages I” 
the open-path, short-path, through-path, ad 
through-ground test coniigurat~ons. Fig. 5 shows the 
simulated and measured S parameters of the BCA 
packages. The simulated S parameters based on the 
muk-sect!on A model agree well with the measured S 
oarameters from 0.02 to 6 GHz. 

IV CoNCLVsloN 

A novel RF modeling method has been developed for 
the BGA packages. The RF modeling of the BGA 

packages is based on a new analyttcal approach for the 

extraction of the mductance characteristics of the package 
bond wires. The modeling method involves the even-mode 
and odd-mode propagation effects in the coupled 
transmission lines of the BGA packages. Excellent 
agreement between the simulation and measurement 
results has been demonstrated. The efficient method 
developed provides an accurate RF modelmg technique 
for the vartety of the BGA packages. 

ACKNOWLEDGMENT 

This work was supported m part by the National 
Science Councd of the Republic of China under Contract 
NSCPI-221%E-018.001. 

[l] K. Dota. “Study of moldmg compound for EGA,” in Pmt. 
18,h l3~lec,r,,,n co!“p. Tech” 0,. Conf, I998, pp. 
,120-l 124. 

13, N. Cben, K. Chmg, T. D. Her, Y.-L. hi, and C. Chcn. 
“Elcetdcal characterization and structure mvestigation of 
quad t,at non-lead package for RFtC apphcatmns,” 
S,,hd-S,urr Nrctrm, vol. 47, pp 3 15-322. Feb 2003. 

[4] J. Jeong, S. Nam. Y. S. ShiR Y. S. Kim, and J. Jeang, 
“Elecrical characterization ofball gnd array packages from 
S-pm,,eter mca~urcmenf~ below 500 MHz,” IEEE Trum 
A,,ra”ced PO&“&. part 6, vol. 22, no. 3. pp. 343-347, 
May 2000. 

[5] C. Mattei and A. P. Agrawal. “Electrical chamcterzatmn of 
BGA Packages,” I” Pmc 17,h Nem-on. Cm,, Technol 
C”“fi, 1997, pp 1”87-1093. 

[6] C.-T. Tw and W.-Y. Yip, “An experimental technique for 
full package inductance matrix charactenzmon,” IEEE 
Trims. cm,>., Pmbu&.., Mmflcr Techad, pan B. wt. 19, 
no. 2, pp. 338-343. May 1996. 

[7] B Young and A. K. Sparkman, “Measurement of package 
and capacitance matrices,,, IEEE Trans. Cmp.. Pockog.. 
Mmufud Technol., pan B, vol. 19, no. I, pp. 225.229, 
Feb. 1996. 

[8] J.-M. Jong. L. A. Hayden. and V. K. Tripathl, “T,me 
domam chanctenzauoo of coupled interconnects and 
dwontinuities.” m lEEE MIT--S Inf. Micmwaw S~wzp. Dig., 
1994. pp. ,129-t 132. 

[9] A Tolescu and P. Svasta, “Characterization of diflccrentnl 
L”tCKO”“.XtS from tmlc domam rcflectamerry 
masuremenf.” in Proc. 24th lrtr. Spring Seminw on 
Elrcrron. T~chnol.. 2001, pp. 298.30,. 

354 


	MTT025
	Return to Contents


