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A quantitative analysis of channel-doping-dependent reverse short channel effect in submicron
CMOS technology is reported. The "Decoupled C-V technique" is implemented to measure the intrinsic
channel capacitance (excluding the gate-to-source/drain overlap capacitance) and derive the effective
channel doping concentration. In this paper, by using the Decoupled C-V technique, we report (1) direct
measurement of channel-length-dependent channel doping concentration in submicron CMOS devices, (2)
the dependence of reverse short channel effect on channel doping concentration, and (3) the sensitivity of
reverse short channel effect in n- and p-channel MOSFETs. The channel doping concentration is measured
to increase as the channel length decreases and this behavior is observed to be more significant in the higher
channel doping devices. The apparent threshold channel-doping-concentration for reverse short channel

effect is found to be about 3x1016 and 1017/cm3 for n- and p-channel MOSFETS, respectively.

INTRODUCTION

The anomalous reverse short channel effect, i.e.,
the threshold voltage increases as the channel length
decreases, was recently observed in the submicron
CMOS technology [1-4]. From the measured increased
threshold voltage, the enhanced dopant diffusion during
polysilicon oxidation processing or silicidation
processing is proposed to be the major cause for reverse
short channel effect. The reverse short channel effect
can significantly degrade the performance of CMOS
circuits since the increased threshold voltage will reduce
the overdrive current, particularly in the scaled power
supply technology. In the scaled CMOS devices, there
is a tendency in increasing the channel doping to reduce
the short channel effect (From 0.5 to 0.25um
technologies, the channel doping has increased from

7x1016 to 2x1017/cm3). It is not yet clear that the
dependency of reverse short channel effect on the
channel doping concentration. In this paper, by using the
Decoupled C-V technique, we report (1) direct
measurement of channel-length-dependent channel
doping concentration in submicron CMOS devices, (2)
the dependence of reverse short channel effect on
channel doping concentration, and (3) the sensitivity of
reverse short channel effect in n- and p-channel
MOSFETs.

EXPERIMENTS

The Decoupled C-V technique, developed by Guo
and Hsu [5], is to measure the intrinsic channel
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capacitance and derive the effective channel doping
concentration from the minimum capacitance. As
shown in Fig. 1(a), due to the significant portion of
capacitance contributed from extrinsic  gate-to-
source/drain overlap in the short channel device, the
calculated high frequency C-V which assumes constant
channel doping along the gate covered region is
dramatically deviated from the measured C-V.
However, as the intrinsic channel capacitance is
extracted using the Decoupled C-V method, as shown in
Fig. 1(b). the measured C-V can be very well
characterized by the theoretical C-V. The effective
channel doping concentration, gate oxide thickness, and
threshold voltage can be derived from this intrinsic
channel C-V. To quantitatively measure the channel-
doping-dependent reverse short channel behavior,
devices with different channel implantations are
fabricated. As listed in Table I and II, the channel

implantation ranging from 1011 to 1013/cm? and
resulting channel doping concentration from 1016 to
1018/cm3. The gate oxide thickness is 14.5nm. All the

devices are subjected to the Decoupled C-V
measurement.
RESULTS AND DISCUSSIONS

As shown in Fig. 2, the normalized intrinsic
channel capacitance (normalized to the intrinsic channel
area) of short channel devices has a greater minimum
capacitance than that of long channel devices. The
larger minimum normalized intrinsic channel capacitance
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Fig. 1(a). The measured and calculated high frequency
gate-capacitance vs. voltage (C-V) characteristics
of long and short channel MOSFET devices 05 Llolotd 01 )11,
x10™ S5-4-3-2-1012345
1.0 1 1 T T T T T J T VGS(V)
Fig. 2. The normalized intrinsic channel C-V of long and
= short channel MOSFETs.
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Fig. 1(b). The extracted intrinsic channel C-V and [ . ;
calculated C-V of short channel MOSFETs. 15 ol N
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in short channel devices indicates a higher channel N -3
doping concentration. The enhanced channel doping ' cham{(cm ) o
concentration is observed to increase as the channel  Fig. 3. The enhancement of doping concentration in short
length decreases. For different channel implantations, channel devices (as compared to long channel
devices) as a function of channel doping
{9 concentration of long channel devices.
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Fig.4 The threshold voltage as a function of channel lengths in (a)N- (b)P- channel
MOSEFETs with different channel implant doses
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Table Thesplitof channelimplantation and measured effective channel doping concentration
of long and short (I) N-MOSFET (II) P-MOSFET

Fig. 5. The dependences of the maximum increased
threshold voltage in short n- and p-channel
devices (as compared to long channel devices)
on the channel doping concentration.

the channel doping enhancement in short channel
devices (compared to long channel devices) increases
with the channel implantation doses as listed in Table I
and II for both n- and p-channel devices, respectively.
The dependence of the doping enhancement in short
channel devices on the channel doping concentration is
illustrated in Fig. 3.

The resulting reverse short channel effect due to
the doping enhancement in short channel devices is
demonstrated in Fig. 4. It is obviously observed that (1)
the threshold voltage increases as the channel length
decreases and (2) the reverse short channel effect
increases with the channel doping concentration. As
illustrated in Fig. 5, the reverse short channel effect of n-
channel devices is more sensitive to the channel doping
concentration than that of p-channel devices. The
"apparent threshold channel-doping-concentration" for

observing reverse short channel effect is about 3x1016

and 1017/cm3 for n- and p-channel devices,
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reverse short channel effect, for the first time our study
presents that (1) the direct measurement of the increased
channel doping concentration as the channel length
decreases, (2) the quantitative dependence of the
reverse short channel effect (Vt increase) and channel
doping concentration enhancement in short channel
devices on the channel doping concentration, and (3) the
apparent threshold of channel doping concentration for
reverse short channel effect in n- and p-channel is about

3x1016 and 1017/cm3, respectively. These findings
provide the design guidelines for the control of short
channel effects.
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