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for High-Frequency 1/O Circuits in
CMOS Technology

Ming-Dou Ker, Hsin-Chin Jiang, and Chyh-Yih Chang

P-sub

Abstract—A new structure design of bond pad is proposed to reduce —L—
its parasitic capacitance in general CMOS processes without extra process (b)
modification. The proposed bond pad is constructed by connecting multi-
layer metals and inserting additional diffusion layers into the substrate

below the metal layers. The metal layers except top metal layer are designed rig 1. parasitic capacitance in (a) an 1/0 pad with ESD protection devices and
with special patterns, which have smaller area than that in the traditional (b) a traditional bond pad.

bond pad. Both the additional diffusion layers and patterned metal layers
are used to reduce the parasitic capacitance of bond pad. An experimental

test chip has been designed and fabricated to investigate the reduction of . -, .
parasitic capacitance of the bond pad. The bonding reliability tests on the whereC',.q is the parasitic capacitance of bond pad, &hd andC',.,

fabricated bond pad, including the ball-shear and wire-pull tests, are also are the parasitic capacitance of ESD protection deviégsandM,, 1,
used to verify the bonding adhesion. The experimental results show that respectively. Although the progress of deep-submicron CMOS tech-
”}ehproPO?]ed '03{‘_‘3396"%‘3”(109 de”_I‘}'hpad has a cap?jc;)tange 'edss than |50%nology enables the dimension of devices dramatically shrunk, the di-
of that in the traditional bond pad. € new propose ona pads can also . f P f
keep the same good bonding reliability as that of a traditional bond pad. mens!on of bond pad is not reduced due to the I|m|tat.|on of bonding
machines. The area of bond pad metal overlapped with the substrate
is sizable, which results in a large parasitic capacitance. Moreover, the
input pad must be drawn with the on-chip ESD protection devices to
protect the internal circuits against ESD damages. To sustain a desired
|. INTRODUCTION high ESD robustness, the ESD protection devices often have larger de-
The large input capacitance generated from the bond pad and inpﬁ'fE dimensions, Whlc.h also contribute large pgra5|t|01ungt|on capacl-
o . i L ance (2-8 pF) to the input pad [3]. The large input capacitance limits
electrostatic discharge (ESD) protection devices often limit the fre- . .
: : o Cpr operating frequency of the 1/0O signals.
guency performance of high-speed integrated circuits such as the GHz ) S )
RF IC [1]-[4]. The parasitic input capacitance of an I/O pad with ESD Rec.ently, anew on-chip ESD prof[ectllon circuit with a very low input
protection devices),; andM,.1, is illustrated in Fig. 1(a). The tradi- ¢apacitance for analog or RF applications had been reported [5], [6],
tional bond pad structure with four metal layers is shown in Fig. 1(pj¥here the ESD protection devices connected to the bond pad have a

The total input capacitand€.,) looking into the bond pad can be ex-device dimensioniV/L) of only 50.:m/0.5.m but it can sustain the
pressed as human-body-model (HBM) ESD level of 6 kV in a 0.38a CMOS
process. With such small ESD protection devices, the total input junc-
Cin = Cpaa + Cp1 + Ch, (1) tion capacitance generated from the ESD protection devices is only
0.37 pF. The layout size of the metal bond pad for wire bonding in
: . o 9 .
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Fig. 3. Photographs of the fabricated bond pads, which are photographed
without the top-layer-metal cover to show the different bond pad patterns.
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The cross sectional view of a traditional bond pad structure realized
in a 0.35xm CMOS process with four metal layers has been shown in
Fig. 1(b). All metal layers (M1, M2, M3, and M4) are constructed in the
same square shape. These metal layers are connected by the via plugs
which are indicated as Vial-2, Via2-3, and Via3-4 in Fig. 1(b). Vial-2
is the via plug which connects the metal layers M1 and M2. Similarly,
Via2-3 and Via3-4 connect the corresponding metal layers. The bond
pad parasitic capacitanc€.q-., IS contributed by the metal layer
nearest to the grounded substrate. In theory, increasing the distance be-
tween the nearest parallel plate of the capacitor can reduce the bond

(d) pattern 3 (¢) pattern 4 pad parasitic capacitance. For this reason, using only top metal layer,

M4, to construct the bond pad can lower the capacitance without any

) ) ] ) process modification. But, the method of using only top metal layer to

Fig. 2. (a) Cross-sectional view of the proposed bond pad. Schematic Ia3’8F5'nstruct the bond pad structure for getting lower parasitic capacitance
top views of_the new proposed low-capacitance bond pgds in (b) cross-bar StYees'ults in the worse bonding adhesi dth l-off bh

(c) square-ring style, (d) slash style, and (e) octagon-ring style. g adhesion an e peel-off phenomena [8].

The top metal layer has no connection to deeper material and only ad-

hered to the top dielectric layer. When a bonding machine is performing

In this brief, a new bond pad structure is proposed to reduce its ptre wire bond on such a bond pad, the bond pad suffers a pressing force
asitic capacitance in general CMOS processes without extra procasd then a pulling force. If the bond pad does not adhere reliably to
maodification [7]. The test chips with the designed bond pad have besemiconductor die, the peel-off phenomena often occur [8]. To avoid
fabricated and measured to demonstrate the reduction of parasitictba- peel-off problem, several forms and materials of via plugs which
pacitance. The proposed new bond pad structure has a parasitic capaenect the multimetal layers had been reported to increase the adhe-
itance less than 50% of that in the traditional bond pad structure. dion of the metal layers on the dielectric layers during wire bonding
addition to reducing the parasitic capacitance, this new bond pad str[8}—[10].
ture also provides better bonding adhesion of 10% improvement tharBoth to reduce the parasitic capacitance and to overcome the
the traditional bond pad. peel-off issue, the new proposed bond pad structure is consisted
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e TABLE |
cuicr | WIRE PULL TESTRESULTS ON THEEXPERIMENTAL BOND PADS
-Traditional pad | o0 s
L1395 Traditional | pattern 1 | pattern2 | pattern3 | pattern 4
[ ] pad
— W e Wire pull 84208 | 8406 | 88209 | 94409 | 83+04
— - force (gf)
] B vou
w i Seat chip _— than the traditional bond pad. Besides, the broken shapes of the under-
1 lying metal layers can make the surface of the top metal layer irregular
2 to provide a better adhesion between the bond wire and the top metal
MA0. 36 & CHE 5 BN |
ayer.
fiier 1.00 ¥ an.ops (il 1L To verify the performance of the new bond pad structure, several
ib) kinds of bond pads are designed and fabricated in a Pr85tP4M

standard CMOS process. There are four different layout patterns de-

Fig. 4. Measured results on the fabricated bond pads. (a) Comparison amSI pedfor ref:iucmg the. areaof un_derlylng metal layers. Fig. 2(b) shows
the capacitance of each bond pad. (b) Comparison on the step transient resplsechematic layout view of the first de§|gned pattern callgd as pattern
between pattern 2 and the traditional bond pad. 1. The metal layers M1 and M2 are designed as bars, which are paral-
leled in the column direction, when the metal layer M3 is designed as
. . rs aligned in the row direction. Top metal layer M4; Bnd N-well
of the connected multi-metal layers. Besides, the shape of the P%}S alg edint ero direction. Top et_a ayer M4; Bnd € .
(?l usions are designed as whole plates without broken shapes. The via

metal layer is still designed with a whole plate for wire bonding, bu . . :
. . lugs are placed in the proper location where the corresponding metal
the underlying metal layers close to the substrate are designed_in

broken shapes with smaller areas to reduce the overlapped area t %grs have overlapping and different kinds of via plugs are not stacked.

substrate. Fig. 2(a) shows the cross sectional view of the propo%é 2(c) shows the schematic layout view of the second designed pat-

low-capacitance bond pad in a CMOS process with four metal Iayer%rn caIIe_d as pat_tern 2. Allthe metal layers exc_ept top meta_l layer M4
were designed with the same pattern style that is a square ring. To fur-

The top metal layer, M4, is a plate to carry the bond wire. The thr ) k .
underlying metal layers (M3, M2, and M1) are designed in broksrl?eer reduce the area of underlying metal layers, the third design pattern

shapes to reduce the metal-induced parasitic capacitai called as pattern 3, is designed and shown in Fig. 2(d). All the metal
pes | . p paclanGe, .. layers except M4 are patterned as parallel bars and arranged in slash
Thus, thisCheq-» is much smaller tha@hieq-- shown in Fig. 1(b).

Moreover, the additional diffusion layerstPand N-well are inserted style. The smallest area of underlying metal layers is designed in the

below the multi-metal layers to form the serial junction capacitangeattern4and illustrated in Fig. 2(e). In the pattern 4, the metal layers ex-

Cp andCx under the pad, respectively. Therefore, the total parasit(l:ce ptM4 are designed as connected octangle-ring style and the stacked

capacitance of the pronosed bond pad can be expressed as Via plugs Vial-2 and Via3-4 are alternated with Via2-3 like the pat-
P prop P P tern 2 and the pattern 3. In all patterns, the layout area of the top metal

1 @) layer for wire bonding is fixed as 96 96 pm? in this study. The rela-
tion among the areas of the underlying metal layers overlapping with
the substrate is traditional pae pattern 1> pattern 2> pattern 3>
Because the area of capacitor constructed by the metal layer overjagitern 4. The designed bond pad having smaller areas of the under-
ping on the substrate is reduced and the junction capacitors are inselyatdy metal layers overlapping with the substrate should have smaller
in serial, the proposed bond pad has a much lower parasitic capacitanmed pad parasitic capacitance.
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Ill. EXPERIMENTAL RESULTS which results in the maximum adhesion between the pad and wire ball
not able to obtain. But, at least, it has proven that no peel-off problem
occurs on the proposed bond pads in the test chip under such wire pull

To verify the performance of the designed bond pad structure, the tisit.
chip had been fabricated in a 0.3B1 1P4M standard CMOS process.
Fig. 3 shows the photographs of the fabricated bond pads in the exper- IV. CONCLUSION
imental test chip, including the traditional pad shown in Fig. 3(a). In

rticular. to clearl the desianed patterns of pattern 1.t Hemn y using broken shape metal layer and additional diffusion layers,
particular, to clearly see Ihe designed patterns o patte 0 patterg oOw-capacitance bond pad structure has been designed and experi-

tl}fe tfagrlcart]e(tzl bondhpzds_l_'r? a tES: chip vxerefsttkzlped ttthe tolptmetzﬂ Ia}ﬁintally verified. The broken shape metal layer reduces the overlapped
off to be photographed. The photograpns of the pattem L 1o patterft g, i, 1o substrate, therefore to reduce the parasitic capacitance. The

are shown in Fig. 3(b)—(e), respectively, which are corresponding o P . :
the layout in Fig. 2(b)—(e). For each type of the bond pads, ten paé Sdltlonal diffusion layers inserted under the pad generate the capac

. . . Itor connected in serial to further reduce the total parasitic capacitance
are connected together in parallel in the test chip to measure the P p

: . : . Sfihe bond pad. From the measurement results, it has confirmed that
pacitance per pad for_ more accuracy co_nS|derat|on. Fig. 4(2) compgfgs proposed design on the bond pads provides a low cost solution
:he mez;stlrj]re? c;gacn?r;ce gf ths .epre rlrr:((a)n;zd bgnd pad(sj. Th(? t(;]aq?)ur;lfeducing parasitic capacitance on the 1/O pads of chips, whereas
tﬁnce N edrg : |donad _or; pao ;5’41 0512' E P perdpa:t an b ah% bonding reliability can be still maintained good enough. The pro-

€ proposed bond pad 1S from .24 10 £1.12 pr= per pad. 1t can be sﬁ%@ed bond pad design is achieved by only layout pattern modifica-
that the smaller areas of the underlying metal layers give the smalle

arasitic capacitance indeed. and the inserted serial iunction capaci |0;r;s on the metal layers of the bond pad, therefore this design is fully
p n r”vid F\)Nitll’l m ”' F bar ' it ' itance f rtlh :UC rln rinp wl %ocess-compatible to general CMOS processes. With a significantly
can provide smalier parasilic capacitance Iurther. .omparing e(éuced parasitic capacitance, the proposed bond pads can be widely
the traditional pad, the parasitic capacitance of the new proposed bon

pad can be reduced to only about 50% from that of the traditional boueasesolgsrggh-frequency or GHzintegrated circuits to improve frequency
pad. For the pattern 4 with thetPand N-well diffusions, the parasitic '
capacitance per pad can be reduced to only 0.12-0.15 pF, which is only

~35% of that in the traditional pad.
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ion| h horter rise ti f about 11.6% reduction that ][6] ——, “ESD protection design on analog pin with very low input ca-
sion ay(.a.rs asashorter rlse_ ime o E_a out 11.6%re UC_'_On rom . ato pacitance for high-frequency or current-mode applicatiofSEE J.
the traditional bond pad. This value includes the parasitic capacitance  solid-State Circuitsvol. 35, pp. 1194-1199, Aug. 2000.
effect of the voltage probe, but it still has successfully verified that the [7] M.-D. Ker, H.-C. Jiang, and C.-Y. Chang, “Design of low-capacitance

new bond pad provides quicker step transient response than the tradi- bond pad for high-frequency 1/0 applications in CMOS integrated cir-
tional pad cuits,” in Proc. IEEE Int. ASIC/SOC Conf000, pp. 293-296.

. . . 8] C. C. Hsue and S. C. Chien, “Polycide bonding pad structure,” U.S.
A practical bond pad design must be reliable enough to be used.[ ] Patent 5734 200, Mar. 1998. Y 9P

Therefore, the reliability test was also performed to investigate bonding[9] R. Y. Shiue, W. T. Wu, P. C. Shieh, and C. K. Liu, “Method of forming
reliability on the fabricated bond pads. In MIL-STD-883E bondability bond pad structure for the via plug process,” U.S. Patent 5700 735, Dec.
test standard [11], ball shear test and wire pull test had been standard- 1997. ) . . o,
ized. For both, ball shear test and wire pull test, there are five sampl %O] D. A. Heim, “Composite bond pad for semiconductor devices,” U.S.
o ) b § ; ; Patent 5248903, Sept. 1993.
of each fabricated bond pad for testing to investigate its bonding relif11] “Bond strength (destructive bond pull test),” U.S. Military,
ability. The measurement result of the ball shear test on the fabricated MIL-STD-883E Method 2011.7, 1989.
bond pads is shown in Fig. 5. All the testing bond pads can sustain ball
shear force greater than 30 g-force, which is the minimum industrial
specification suggested by the MIL-STD-883E standard. As shown in
Fig. 5, the pattern 2 and pattern 3 provide better bonding reliability than
that of the traditional bond pad structure. The improvement is about
10%. In MIL-STD-883E bondability test standard, the minimum sus-
tained wire pull force is specified as 5 gram-force. The test results of
wire pull test on the fabricated bond pads are listed in Table I. All the
test results are greater than the standard specification of 5 gf. Pattern 2
and pattern 3 also provide better bonding reliability than the traditional
bond pad structure in the wire pull test. The failure location for all ex-
perimental pads under the wire-pull test is all of bond ball neck broken
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