
    Modeling and Performance evaluation of UTB SGOI Devices 
scalable to 22 nm Technology node 

KIRAN BAILEY1   K.S. GURUMURTHY2  
1 Department of ECE, BMS college of Engineering, Bangalore, INDIA 

Email: kiranbailey@gmail.com 
2 Department of ECE , UVCE, Bangalore University Bangalore, INDIA 

Email: drksgurumurthy@gmail.com 
 
Abstract 
There is a limit for classical CMOS  devices’ scaling. So to keep the Moore’s law in force,attempts 
are being made to explore the possibility of designing newer devices. These attempts are in the 
direction of optimizing the design for high performance and low power applications. Silicon- 
Germanium on Insulator (SGOI) MOSFET is one such device which has got a bright future. An
 Attempt has been made in this paper to design 2D SGOI MOSFET using a commercial Technology 
CAD (TCAD) tool. Development of SGOI based Ultra thin Body (UTB) MOSFETs are proposed in 
this work. Device Simulations were performed for various Gate lengths, Body thicknesses, Anti 
punch doping and Si cap layer doping. It was found that, for a given body thickness and gate length, 
increasing the Silicon cap doping and anti-punch doping, the transconductance remains unchanged 
while Ioff, Drain Induced Barrier lowering (DIBL), Subthreshold slope and threshold voltages show 
improvement. Also, the devices with gate lengths 45nm, 32nm and 22nm demonstrate very good 
performance such as low leakage currents and good on current that are comparable to ITRS and hence 
can be implemented for sub-30 nm gate length devices. Device doping profiles have been optimized 
for the 22nm gate length CMOS devices to obtain minimum leakage and minimum static power 
dissipation. The performance of these devices has been evaluated by incorporating them in a Ring 
Oscillator and analyzing the circuit for static power dissipation and delay. The Ring oscillator consists 
of 3 inverter stages and with each inverter stage having a lumped capacitance of 6 MOSFETs. 
 
Key-words: UTB MOSFETs, SGOI, Leakage currents, DIBL, Subthreshold Slope, Ring Oscillator 
(RO), TCAD. 
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1. Introduction 
Scaling of Bulk CMOS is approaching 
Technological limits [1] and hence the need 
for new device architectures is growing [2] 
in order to continue Moore’s law. Bulk 
CMOS scaling will face significant 
challenges below the 45 nm regime due to 
high channel doping required, band-to-band 
tunneling across the junction and gate 
induced drain leakage (GIDL), gate leakage, 
random doping variations and short channel 
effects (SCEs). Hence, high permittivity 
(high-k) gate dielectrics and metal gate 
electrodes as well as low resistance ultra 
shallow junctions are required in order to 
meet the requirements of the International 
Technology Roadmap for Semiconductors 
(ITRS). Advanced MOSFET structures such 
as Ultra Thin Body (UTB) Silicon-On-

Insulator single gate transistors, Double   
Gate FETs (DGFETs) and FinFETs can be 
scaled more aggressively than the classic 
bulk-Si structure and hence may be adopted 
for IC production in the 25-nm physical gate 
length range. Metal gate electrodes will be 
necessary for these devices in order to 
provide maximum performance benefits 
over the bulk-Si CMOS since poly depletion 
effects in poly silicon gates degrade the 
MOS capacitance.  
 

2. New Device structures: 
2.1: Limitations to scaling: The 

scaling of MOSFETs is driving the industry 
towards major technological innovations, 
including material and process changes such 
as Metal gates and High- k dielectrics [3] 
and also new structures such as Ultra-Thin 
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Body SOI MOSFETs and FinFETs. With 
Scaling of planar Bulk MOSFETs, 
Significant challenges such as high channel 
doping, Junction leakage due to band-to-
band tunneling and various Short channel 
effects (SCE) need to be addressed. Also, 
random doping variations [4] in the channel 
in extremely small MOSFETs lead to 
variability of threshold voltages. Gate oxide 
thickness cannot be scaled below a limit due 
to increased gate tunneling leakage current 
[5]. Also, Vt cannot be scaled to a large 
extent as off currents increase exponentially. 
While it may be possible to scale the 
traditional bulk MOSFET structure down to 
25-nm channel length, a heavily doped 
channel will be required to control short 
channel effects. This impacts mobility of 
charge carriers in the channel leading to 
significant degradation in device drive 
current. Also with the resultant increase in 
electric fields in the device, reliability issues 
will pose a challenge. Heavy doping of the 
channel would also enhance the band-to-
band tunneling leakage current between the 
drain and the body.  
Abrupt halo doping profiles are desirable in 
the channel to localize the heavy channel 
doping whereas abrupt drain doping profiles 
are desirable for the reduction of series 
resistance. Together, these effects will 
enhance the band-to-band tunneling which 
would increase the off-state leakage 
mechanism in the transistor. However, thin 
body devices can control short channel 
effects with only the intrinsic doping in the 
channel. Thus, these tradeoffs can be 
avoided and a significant improvement in 
the performance can be expected. 

 In the UTB and Double Gate (DG) devices 
[6]-[9], short channel effects can be 
controlled by a thin silicon film, thus 
allowing for gate length scaling down to the 
10 nm without the use of channel dopants. 
With a lightly doped channel, DG and Ultra 
Thin Body devices have negligible depletion 
charge and capacitance, which yield a steep 
subthreshold slope. Lower transverse 

electric field and negligible impurity 
scattering contribute to increased mobility 
that further improves the drive current in 
both the devices. Also, the enhancement in 
drive current at a given off state current 
specification leads directly to an 
improvement in the gate delay. Therefore, 
below the 45 nm technology node, the novel 
devices such as DGFETs and FinFETs have 
to be considered as alternative devices. 
In the Nanoscale CMOS devices, Short 
Channel effects (SCE) have to be addressed. 
To counter the SCEs, a high doping of the 
channel is employed which degrades the 
mobility of the carriers in the channel due to 
scattering. The reduced mobility affects the 
drive current thus taking away the advantage 
of scaling. Biaxially strained Silicon by the 
growth of Silicon on Silicon Germanium 
(SiGe) [10] results in improved mobility and 
the use of Silicon Germanium on Insulator 
(SGOI) reduces SCEs. A possible alternative 
to continued scaling of planar MOSFETs is 
the fully depleted Ultra-thin body (UTB) 
Silicon-on Insulator (SOI) devices [11]-[13] 
with Silicon-Germanium (SiGe) Channel for 
improved mobility. Ultra Thin body (UTB) 
SOI devices have very thin body thickness 
so the gate control of the channel may be 
good, but the source/drain series resistance 
increases, leading to reduced drive currents 
[14]-[15]. The Si0.7Ge0.3 channel for the 
UTB devices improves mobility of the 
carriers and thereby addresses this problem. 
In comparison with the Standard SOI 
MOSFETS, the structure of the SiGe 
channel SGOI devices has a Silicon Cap on 
either side of the channel to provide better 
interface with the oxide [16] as shown in 
Fig.1.  
The excellent performance characteristics of 
the SGOI MOSFETs with scaling have been 
reported in this paper.  The SGOI devices 
are Modeled using Synopsys Technology 
CAD (TCAD) tool within the context of 
optimizing for device design. Different gate 
length devices at 45 nm, 32 nm and 22nm 
are reported.  
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Fig 1.  UTB SGOI devices with LG=22 nm and 
Si Cap   layers 2nm thick. 
 

3. SGOI structure and Device 
Design   

Synopsys Sentaurus structure and device 
simulators have been used in this work since 
the mainstream 2D TCAD tool [17]-[19] has 
been well calibrated to all advanced CMOS 
logic technologies. The critical steps in the 
device design are i)the formation of SiGe 
channel of 15-30 nm over a buried oxide 
approximately of 150 nm thick; ii) Thin 
Silicon cap layers on either side of the 
channel (approximately 2-4 nm thick) 
provides for better interface properties with 
the oxide layer; iii) An anti-punch doping in 
the Source/ Drain extension regions give 
excellent immunity to Short Channel 
effects(SCEs); iv) Lightly Doped 
Drain(LDD) implants and Nitride Spacer 
formation; v) PolySilicon gate formation 
with a thin layer of gate oxide (0.9-1 nm) 
and vii) Source/ Drain Implants. 
Device simulations have been performed 
using the Hydrodynamic model taking into 
account the Ge mole fraction, Bandgap 
narrowing effects, Schokley-Read-Hall 
(SRH) recombination and Auger 
recombination processes. Off current Ioff was 
defined at Vgs = 0.0V and Vds=1.0 V and 
Ion was defined at Vgs=Vds=1.0V. 
 

 Circuit Realization: 
The performance of the UTB SGOI devices 
has been evaluated by implementing the 

devices in the basic inverter circuit 
comprising of a PMOS and an NMOS 
device with 22 nm gate length. 
The NMOS transistor is optimized by 
varying the source drain extension Anti 
punch (AP) doping for minimum sub 
threshold leakage current. The aim is to 
control SCEs and thereby control leakage 
currents thus optimizing for minimum static 
power dissipation. The Saturation drain 
current for both NMOS and PMOS reduces 
linearly due to the increase in threshold 
voltage, but at the same time the Leakage 
current reduces exponentially with the 
increase in AP doping concentration. Thus, 
the AP doping is limited by the power 
supply-to-threshold voltage ratio (Vdd/Vt). 
The optimal values of source and drain 
extension AP doping are 1018/cm3 for both 
source and drain sides. A similar design 
approach has been adopted for the PMOS 
transistor. The V-I characteristics for the 22 
nm gate length NMOS and PMOS devices is 
shown in Fig.2. 

 
Fig 2. V-I characteristics of NMOS and PMOS 
devices with 22 nm gate length 
 
4. Results and Discussion 

 Transfer characteristics for different gate 
lengths are shown in Fig.3 with body thickness 
as a parameter. The curves show excellent 
control of short channel effects due to the Anti-
punch implants and high doping in the Silicon 
cap layers as compared to devices that do not 
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have doping in these regions. The SGOI body is 
moderately doped (1e +16/cm3) with body 
thicknesses of 30nm, 20nm and 15nm for 45nm, 
32nm and 22nm gate length devices 
respectively. Gate oxide thickness varies 
between 1.0 and 0.9 nm for these devices. 
The use of undoped or moderately doped 
channel is advantageous to avoid Vt variations 
due to random doping fluctuations in the channel 

region and mobility degradation in a heavily 
doped channel due to Coulomb scattering. 
However, in undoped channels, Vth has to be 
controlled by other means, like modulating 
metal gate work function. In this work, Vt can 
be varied by varying the doping concentration 
(NE) of the anti-punch implant in the Source/ 
drain extension regions.  
 

 
   (a)      (b)    
              
Fig. 3(a) and 3(b) Transfer characteristics for various gate length  UTB SGOI devices. 
 

Fig 4a and 4b show the variation of threshold 
voltage Vt with various levels of doping (NE) 
and different gate lengths. Drain Induced barrier 
lowering (DIBL) and Subthreshold slope (SS) 
also varies with Doping concentration and Gate 
lengths as shown in Fig 5 and Fig.6. The 
variation of off current with the anti punch 
doping in the source/drain extension regions is 
shown in Fig 7. A high doping of the Silicon cap 
layers was found to improve leakage current 
effectively as seen in Fig.8. The 
transconductance (gm) was observed to remain 
quiet immune to variations in doping profile in 
the Source/drain extension regions and various 
gate lengths as seen in Fig.9. 
Table 1 gives a comparative analysis of the UTB 
SGOI devices with ITRS [20] and other 
references. 
 

Threshold Voltage Vs Doping 
Concentration Ne

0.5

0.55

0.6

0.65

0.7

0.75

1.00E+17 5.00E+17 1.00E+18

Doping Concentration Ne(/cm3)

V
t(
V
)

22nm

32nm

45nm

 
Fig. 4(a) Variation of threshold voltage with anti 
punch doping in the source /drain extension regions. 
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Fig.4(b) Variation of Threshold voltage with gate 
length. 
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Fig.5 variation of DIBL with gate length for UTB 
SGOI devices. 
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Fig. 6 Variations in Subthreshold slope for various 
gate length devices with doping concentration Ne. 
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Fig. 7 The variation of Ioff with Anti punch doping in 
the Source/Drain extension regions. 
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Fig.8 The doping in the Silicon cap layer 
effectively reduces leakage current. 
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         Fig. 9 Tranconductance Vs doping concentration 
‘Ne’   for various gate lengths.

 
 
 
 
 
 
 
 
 
 
 

WSEAS TRANSACTIONS on CIRCUITS and SYSTEMS Kiran Bailey, K. S. Gurumurthy

ISSN: 1109-2734 611 Issue 10, Volume 9, October 2010



Table1 Summary of transistor parameters of this work compared with the works  
 

Transistor 
parameter 

This 
work 

This 
Work 

This 
Work 

ITRS 
HP 

ITRS 
HP 

ITRS 
LSTP 

Ref[18] 
FinFET 

Ref[19] Ref[20] 
IEDM’01 

Lg(nm) 22 32 45 22 32 45 30 35 20 
Vdd(V) 1.0 1.2 1.5 1.0 1.1 1.1 1.5 1 1 
Tox(nm) 0.9 0.9 0.9 0.9 1.2 1.9 2 2.4 2.1 
Gate 
Electrode 

PolySi PolySi PolySi n.a n.a n.a PolySi N+ Poly N+SiGe 

Ion (uA/um) 2328 2000 1300 1513 1020 465 187.4 1240 n.a 
Ioff(A/um) 26p 3p 0.3p 0.71u 0.06u 30p 3.1u 200 n n.a 
DIBL(mV/V
) 

60 30 30 n.a n.a n.a 324.34 n.a 75 

SS(mV/dec) 77 72 70 n.a n.a n.a 121 78 100 

 
 
 

 
 
 

4.1 Performance and Power 
 
The performance of the UTB SGOI devices has 
been evaluated by implementing the devices in 
the basic inverter circuit comprising of a PMOS 
and an NMOS device with 22 nm gate length.  
 
Performance and Power consumption is 
analyzed for a 3 stage Ring Oscillator (RO) 

circuit using the 22 nm gate length UTB SGOI 
NMOS and PMOS devices. Each stage of the 
RO is a CMOS inverter. The width ratio of 
PMOS to NMOS is 2:1 to obtain symmetrical 
characteristics. The voltage transfer 
characteristics along with the short circuit 
currents for the designed MOSFETs are shown  
in Fig.10.

.  
 

                
 

(a) (b) 
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   (c) 

Fig 10. (a) Voltage transfer characteristics of CMOS inverter, (b) Short circuit current Vs input voltage in 
inverter. (c) Input and Output waveforms of a single stage of Inverter of RO. 

 
 

A. Performance Analysis: 
The Gate input capacitance calculated using C-V 
curves is 1.2fF. Therefore, a constant lumped 
capacitance of 7.2fF (for 3 stage RO) is 
connected to the output of each stage. The stage 
delay for RO is 5ps and 10ps for output rising 
edge and falling edge respectively simulated at a 
frequency of 500 MHz.  

 
B. Power Dissipation: 
The main leakage components in a transistor 
when it is off are the sub threshold leakage Isub, 
Gate leakage Igd, and the band-to-band tunneling 
leakage Ibtbt. When the transistor is on, is main 
leakage component is Igd. The Static power 
dissipation is given by  
Pstatic= (Isub + Igd + Ibtbt) Vdd. 

Table II gives the leakage current components 
and total static power dissipation for the 
inverters in the RO.  
 
 
 
 
C. Noise Margin: 
 
The Noise Margins for the inverter are obtained 
from the voltage transfer curves and are given 
by 
NMH=VOH-VSx 
NML=VSy-VOL 

The values of the NMH are 0.5 and NML are 0.5 
respectively for the devices. 
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Table II. Static Power dissipation in an inverter of RO 
 
 

 
 
5. Conclusion: 
New devices keeping the power dissipation and 
performance parameters in mind, have been 
proposed in this paper. Various process 
parameters such as anti-punch doping, gate 
oxide thickness, Silicon cap doping have been 
used judiciously to design the proposed devices. 
The proposed devices have been simulated using 
commercial 2D TCAD tool. The modified 
device structure for SGOI UTB MOSFET has 
also been implemented with the similar 
motivation. For a given body thickness and gate 
length, increasing the Silicon cap doping and 

anti-punch doping, the transconductance remains 
unchanged while off current, DIBL, 
Subthreshold slope and threshold voltages show 
improvement. The 22 nm gate length devices 
have been used to implement the 3 stage Ring 
Oscillator (RO). The static power dissipation 
and delay have been calculated for the RO. We 
found out that the Anti-punch doping and Si cap 
doping are crucial to improve the SCEs. Thus, 
these structures show that they are highly 
scalable and it is expected that focus would shift 
towards these devices in the near future. 
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