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Abstract: T he resistivity instability of the boron—doped polysilicon resistors being a line resistance element of ICs is
within the range of several kQ’s. especially when our running the underneath metal interconnects. Polysilicon resis—
tors have been fabricated under various processing conditions as well as some electrical and erystallographic charac—
teristics have been obtained. It is shown the resistivity instability mainly results from the variational carrier mobili-
ty. By analyzing the Seto’s model, the barrier height and trapped charge density are observed reducing under the
Al over layer. Therefore, the resistance instability is also caused by both the charge trapping/detrapping occurring
at polysilicon grain boundaries and the resultant variation in the potential barrier height. T he formation of high-sta—
bility polysilicon resistors in the range of several kQ’s has been decided by compensating the ion implantation,

which makes the charge trapping/detrapping at the grain boundary less susceptible to the hydrogen annealing.
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1 Introduction

A line resistance element is an integrant part
of analog integrated circuits, which also plays an
important role in the very large scale digital inte-
grated circuits, including SRAM cell, PROM s,
ECL and different types of logic circuits. Polysili—
con resistors apply to above usage because of some
of its characteristics, such as parasitic capacitance,
no substrate-bias dependence, significantly reduc-
ing the die area and excellent compatibility with
the existing device processing modules'' . How -

ever, it is known that the resistance of polysilicon
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changesdrastically in the doping range of 10"—10"
em . while it is quite difficult to obtain a stable re—
sistance value in the range of several kQ’s. The re—
sistivity instability becomes more striking when
our running the underneath metal interconnects. In
order to develop high performance LSI, the wring
of gate area is demanded to be arbitrary and the
polysilicon resistance to be as stable as possible.
Therefore, it is very important to stabilize the
polysilicon resistance and adjust the resistor values
in IC’s after fabrication'". In this paper, a peculiar
phenomenon of resistivity instability is introduced
for the first time, which occurs only in polysilicon

huge resistors when we are running the underneath
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aluminum interconnects. It is demonstrated that
such instability can be well suppressed by compen-
sating the ion implantation. For a better under—
standing of the phenomenon, the polysilicon resis—
tors have been fabricated under various processing
conditions, at the same time, the electrical and the
crystallographic characteristics are also concluded.

A's a matter of fact, the charge trapping/detrapping
at polysilicon grain boundaries and the resultant
variation in the potential barrier height will result
in the resistivity instability. It is also shown that
the acceptor/donor compensating doping can stabi-
lize the grain-boundary charge, thus the instability

is suppressed.
2 Experimental Procedures

The polysilicon resistors were fabricated ac—

cording to the following procedures: First, 100nm-
thick SiO2 was thermally grown on p-type( 100) sil-
icon wafers. Then, 300nm-thick polysilicon films
were deposited on the thermal oxide by low-pres—
sure chemical-vapor deposition (LPCVD) of SiHs
pyrolysis in N2 atmosphere at 550°C and annealed
at 1100°C for lh for grain growth. Then the films
were doped by implantation, which was followed
by the post-implantation that had been annealed at
1150C for 20s. After the 300nm-thick CVD SiO:
was deposited, Al electrode was formed and PSG
was deposited. Finally, a layer of aluminum was de-
posited. The resistivity was measured in the strue-
ture, with or without an Al overlayer, as is shown
in Fig. 1. For the samples without the Al overlay-
er, the aluminum was etched immediately after the
Al deposition, while for those with the Al overlay-
er, it had to be annealed at 450°C for 30min.

FIG. 1

Structures of Polysilicon Resistors

connect Running over Poly Resistor

3 Experimental Results

The variations in the polysilicon resistor with
a boron dose of 1X10"em™ * are shown in Fig. 2 as
a function of the annealing temperature. The sam-
ples were annealed in N2 atmosphere for 30min.
More than a factor of two difference is seen be-
tween the samples with and without an Al overlay—
er at temperatures above 430°C(typical post-metal—
lization annealing temperature) . It is seen that the
polysilicon resistance is influenced by Al wiring.

It is well known that the resistance of polysili—

con is related to the grain size, Hall mobility, carri-

(a) Without and (b) with Aluminum Inter—

er concentration and other factors. In order to find
out the cause of resistivity instability in polysilicon
resistors under metal interconnects, all the poly
film resistivity, Hall mobility, carrier concentration
and grain size are observed. Fig. 3(a) and (b)
demonstrate the TEM photomicrographs of 1X10"
em ’ boron implanted polysilicon films with and
without Al overlayer. An average grain size mea-
sured from TME is 0.127um. No remarkable dif-
ference is observed between two types of samples.

the

grains is expected to be the reason for the resis-

T herefore, the carrier deactivation within
tance difference. The boron-dose dependence of

poly film resistivity, Hall mobility and carrier con-
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centrations are shown in Table 1. Under the same
implantation condition, it is noted that though the

carrier concentrations are the same, there exists
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FIG.2 Sheet Resistance of Polysilicon Resistor

Implanted with 1X10"em™* of Boron as Function

of Post-M etallization Annealing Temperature

greal difference in the mobility between two sam-

ples.

Xom

FIG.3 TEM Photomicrographs of 1X10"em™ * Boron
Implanted Polysilicon Films(a) with and (b) Without

Al Overlayer

Table 1 Resistivity, Carrier Density, Hall Mobility, Barrier Height and Trapped Charge of Different Samples
., Resistivity Carrier Density Hall Mobility Barrier Height Trapped Charge
Boron Dose/em™ * Al 1% 2 | . 12 N
/(@ em) S10%em” Slem® = V- 'es™h JeV Density/10em ™ *
without 0.2070 3.06 9.91 0. 0808 3.61
1.0x10"
with 0. 1070 3.03 10. 94 0. 0539 2.93
without 0. 0299 10.7 19. 60 0.0386 4. 66
3.0x10™
with 0.0224 11.3 24,70 0.0249 3.84
without 0.0112 23.2 24,00 0.0250 5.52
6.0X 10" _
with 0.0108 23.4 24,90 0.0170 4.57

In order to investigate the reason for the dif-
ference in mobility, the temperature dependence of
resistivity has been measured and the height of the
potential barrier on the grain boundaries obtained.
According to Seto’s model'”, the height of the po-
tential barrier on the grain boundary Es is ex-—
pressed as

o= 1/p
= L¢’p(1/2mm X kT)Pexp(= qVs/kT) (1)

where L is the grain size, p is the carrier concentra—

tion.
So,
p o T exp(qVu) /kT) (2)
Ex= qVg (3
And
Ve = qQi/8¢ (4)

where Q:is the trapped charge density.

The barrier height and the trapped change
density can be calculated from the temperature
characteristic of resistivity and Eqgs. (3) and (4), as
shown in Table 1. Obviously, they are both reduced
under the Al overlayer, which might be due to the
increase of mobility under the Al overlayer.

Therefore, the resistivity instability in boron-
doped polysilicon high resistors has been observed
in the range of several kQ’s when our running the
underneath metal interconnects. In order to im-
prove the situation, the technology of boron/phos—
phorus compensating the ion implantation has been
developed in this paper. The dotted lines in Fig. 4
denote that the sheet resistance of the polysilicon
samples versus the single boron dose after anneal-
ing at 450°C. The solid curves show the results af-

ter compensating implantation where the abscissa
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represents the net acceptor dose that is compensat—
ed by the background donor ( phosphorus) doping
of 5X10"em™* at 75keV. In the case of compensat—
ing implantation, the boron dose of the cross axis
shows excessive boron dose. There is much differ—
ence between the samples with and without Al
overlayer under the single boron implanted condi-
tion. In contrast, the sheet resistance of these two
samples is similar for the purpose of compensating
implantation. The resistivity instability occurred
underneath the Al overlayer can be suppressed by

the compensation ion implantation.
10°

10
Single (Net) Boron Implant Dose/cm ™2

101 10%

FIG. 4 Sheet Resistance of Polysilicon Resistor

After 450°C Post-Metallization Annealing as

Function of Net Acceptor (Boron) Dose

4 Discussion

We tentatively interpret the phenomena in

terms of the enhanced hydrogen annealing effect
occurring in the presence of aluminum. Presum-
ably, the OH groups and/or H20 molecules ad-
sorbed on the surface of CVD SiO2 would be re-
duced by the Al, with hydrogen released to passi—
vate the boundary traps. The grain boundaries of
both boron and phosphorus (or arsenic) implanted
polysilicon have proved very stable against hydro-
gen annealing. Impurity segregation at the grain
boundary may change the chemical structure of the

boundary but the details are not known at present.

S Conclusion

In conclusion, the formation of high-stability
polysilicon resistors in the range of several kQ’s
has been established by compensating the ion im-
plantation, which makes the charge trapping/de-
trapping at the grain boundary less susceptible to

the hydrogen annealing.
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