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Investigation of Hot Carrier Reliabilities in Strained-Silicon

Nanoscale CMQOS Devices

Student: You-Ren Liu Advisor: Dr. Steve S. Chung

Department of Electronics Engineering
& Institute of Electronics

National Chiao ;Fung University

Abstract

In more recent years, strained-Si device has been evolved as a potential candidate for
high speed and low power logic CMOS technologies as a result of the mobility enhancement
in devices. To explore the advantages or the shortcomings of the strained-Si devices, further
understanding of the reliability is of critically important. However, little study has been paid
on the reliability of these devices. Therefore, the objective of this work is focused on the
reliability characterization of most advanced strained-silicon CMOS devices with sub-100um

feature size.

In order to investigate the interfacial property of strained-silicon MOSFET's, an
advanced charge-pumping measurement, Incremental Frequency Charge-Pumping (IFCP), is

developed from our group. From the experimental data, we found a two-level maximum

il



charge-pumping current for the first time. From this two-level curve, we can separate the
contribution of the generated interface traps coming from different layers underneath the gate,

1.e., gate oxide/silicon and silicon/silicon germanium interfaces.

In the beginning, basic characteristics of the devices were discussed and by applying hot
carrier stress, the electrical reliability of this new generation devices using IFCP method has
been evaluated. From the results, we have been able to identify the enhanced hot carrier
degradation in strained-Si device. According to impact ionization current and effective
mobility, comparing to conventional bulk devices, we reported that the hot carrier degradation
behavior was enhanced by the lateral field and band gap narrowing in strained-Si devices.
Therefore, in strained-Si devices, hot carrier degradation is one of the major concerns for

developing next generation logic devices.

Then, we followed by studying the temperature dependence hot carrier degradation.
Although the degradation of strained-St device is larger than that of bulk devices at the room
temperature, we found that the temperature dependence hot carrier degradation for strained
device is less sensitive to an increase of the'temperature as a result of the influence of high
temperature on the impact ionization is larger in bulk Si devices. Moreover, advanced analysis
for different Ge contents and thickness of strained-Si layer is proposed. Based on the hot
carrier stress, we found that the denser Ge content and deeper thickness strained Si layer
induce much more degradations for the devices. Finally, we used the lateral profiling method
to plot the distribution of interface traps in strained-Si devices and found a larger generated N
since strained-Si device exhibits a much larger strain. The interface traps distribution provides
us important information for the understanding of the device reliabilities of strained-Si

devices.
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Figure Captions

The experimental setup and environment for basic I-V measurement of
MOSFETs.

The experimental setup of charge pumping method.

The schematic of charge pumping (CP) for

(2) nMOSFET measurement.

(b) pMOSFET measurement.

Induced leakage current (Ig) occurs when to,< 20A.

Measurement of Icp at two different frequencies. The low leakage IFCP method is
achieved by subtracting their respective Icp’s at two successive frequencies.
Illustration of AL, extraction from!/CP data.

(a) Parameter definition and extraction method.

(b) Interface traps distribution in short and long channel length devices.
Calculated (a) ALy = 0.03pm for nMOSFET, (b) ALy = 0.05um for pMOSFET in
this work.

Demonstration of the gated-diode measurement.

Schematic cross section of strained devices with SiGe channel.

(a) Pseudomorphic, strained-Si on relaxed SiGe

(b) Energy splitting between the A, (2-fold degenerate) and A4

(4-fold degenerate) conduction bands for strained-Si device and bulk device.

The comparison of electron effective mass in strained-Si device and bulk devices.
The comparison of charge pumping currents in strained-Si and bulk Si devices,
including (a) n- and (b) p-types.

[lustration of two level CP curve in the strained-Si n-MOSFET’s.

The predicted energy band diagram in the strained Si n-MOSFET’s as a function of

bulk depth. The dotted and solid lines show curves at Vg =0V and Vg = Vr.
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The predicted energy band diagram in the strained Si p-MOSFET’s as a function of
bulk depth.

The comparison of Ip-Vp characteristics of strained-Si and bulk Si devices,
including (a) n- and (b) p-types.

The Ip-Vp characteristics of both devices, including strained-Si and bulk Si
devices before and after worst HC stress at Vg = Vp. Worse HC degradation
exhibits in the strained-Si devices.

Transconductance as a function of Vg is plotted. The strained-Si devices shows
higher G, and decay quickly after the HC stress.

The charge pumping characteristics of short channel strained-Si n-MOSFET’s,
compared to the bulk Si devices, after HC stress at Vg = Vp.

The charge pumping charactezistics of short channel strained-Si n-MOSFET’s ,
compared to the bulk Si dévices, after EN sttéss.

The comparison of impact ionization substrate:currents in strained-Si and bulk Si
devices, including n- and p-types.

Gate and substrate current versus gate bias in strained-Si device and bulk devices.
The charge pumping characteristics of short channel strained-Si p-MOSFET’s ,
compared to the bulk Si devices, after HC stress at Vg = Vp. Note the enhancement
of Alcp in the strained-Si p-MOSFET’s is less than that in n-MOSFET’s.

The comparison of transconductance in both devices, including n- and p-types.
Note the enhancement in strained-Si p-MOSFET’s decays severely at high V.
The comparison of mobility in both devices, including n- and p-types. Note the
enhancement in strained-Si p-MOSFET’s decays at high effective field.

The charge pumping characteristics of short channel strained-Si p-MOSFET’s ,
compared to the bulk Si devices, after FN stress.

The comparison of charge pumping characteristics of both devices after hot carrier

stresses under Vg=Vp= -2V at 25 °C and 80°C. Note the enhancement in bulk Si
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devices is larger.

The increase of interface trap density versus stress time. The stress condition is
under Vg=Vp=-2V at 25 °C and 80°C.

Gated-diode measurement for strained and bulk device after Vg=Vp NBTI stress.
The peak in region II represents the localized Nj;, which is localized at the source
and drain junctions.

The values of 2™ peak in Fig 4.3 plotted as a function of stress time.

The charge pumping characteristics of short channel strained-Si p-MOSFET’s ,
compared to the bulk Si devices, after NBTI stress under VG=-3V at 80°C.

The comparison of gated-diode currents of strained-Si devices after NBTI stress
and NBTI-like stress.

The Ip-Vp characteristics of the strained-Si p-MOSFET’s with different Ge
concentration and thickness of Silayer:.

The comparison of impact ionization substrate currents of Sip ;Gey 3 strained-Si
p-MOSFET’s with diffetent thickness of Si layer.

The comparison of transconductance with two thickness of Si layer. The devices
with thick Si layer exhibit higher'Gy, but G,, decays at high V.

The comparison of impact ionization substrate currents of SigpsGeg, 180A and
Sip7Geos 100A strained-Si p-MOSFET’s.

The comparison of charge pumping characteristics of short channel Siy7Geg 3
strained-Si p-MOSFET’s with different thickness of Si layer are compared. Note
the larger Alcp occurs in devices with 180A Si layer.

(a) Charge pumping current with correction for control device (bulk).

(b) Local threshold voltage distribution for control device (bulk).

Measured I, currents for control(bulk)(1), strained-Si device(2), and after
correction(3).

Calculated Si/SiGe interface generated Nj; distribution for both n- and

p-MOSFET’s along the device channel.



