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Abstract 
The performance and threshold-voltage variability of 

vertical SOI FinFETs are compared against those of planar fully 
depleted SOI MOSFETs with thin buried oxide, via three-
dimensional device simulation with atomistic doping profiles 
and gate line-edge roughness, for the 22 nm CMOS technology 
node (25 nm gate length).  Compact modeling is then used to 
estimate six-transistor SRAM cell performance metrics.  
Although FinFET technology offers superior performance, it is 
projected to have lower yield for comparable cell area, due to 
higher sensitivity to random and process-induced variations. 

 
Introduction 

Increasing variation in transistor performance with 
miniaturization is a major challenge for continued bulk/PD-SOI 
CMOS technology advancement [1,2].  In particular, random 
variations in threshold voltage (VTH) due to gate line-edge 
roughness (LER) and random dopant fluctuations (RDF) will 
increase significantly as the gate length (LG) is scaled down 
below 30 nm [3].  Increased transistor mismatch results in lower 
SRAM cell yield, and hence threatens to limit cell-area scaling 
and/or operating voltage (VDD) reduction.  Advanced transistor 
structures which suppress short-channel effects more effectively 
than conventional bulk/PD-SOI MOSFET structures, without the 
need for heavy channel doping, likely will be needed to 
overcome this challenge for sub-22 nm CMOS technology nodes. 

The FinFET [4] offers the improved electrostatic integrity of 
a double-gate MOSFET structure and has a process flow and 
layout similar to that of the conventional MOSFET [5].  In order 
to effectively suppress short-channel effects (SCE), the thickness 
of the body (i.e. the fin width) should be no greater than 2/3 
times the gate length (LG) [5].  In order to minimize RDF effects, 
the body should be undoped [6].  Fin LER can be an issue, but 
can be mitigated by using spacer lithography [7].  Six-transistor 
(6-T) SRAM cells fabricated with FinFETs have been reported 
to achieve improved performance for comparable write and 
static noise margins, as compared with cells fabricated with 
planar MOSFETs [6]. 

The planar FD-SOI MOSFET structure with a very thin 
(~10 nm-thick) buried oxide (BOX) layer and a heavily doped 
substrate has been shown to be effective for reducing the impact 
of parameter variations and RDF, due to its excellent 
electrostatic integrity and the elimination of body doping [8].  
Recently, functional SRAM cells were demonstrated using such 
FD-SOI devices, for the 32 nm technology node and beyond [9]. 

In this paper, SOI FinFET and thin-BOX planar FD-SOI 
MOSFET technologies are compared with regard to 6-T SRAM 
cell performance and yield, at the 22 nm technology node, via 
three-dimensional (3D) atomistic process and device simulations 
with advanced physical models [10], and analytical modeling for 
SRAM yield estimation. 

SOI MOSFET Designs 
The transistor designs considered herein have undoped body 

regions and were optimized for a gate length (LG) of 25 nm and 
equivalent gate-oxide thickness (Tox) of 1 nm.  No mobility 
enhancement due to strain engineering is assumed.   

Fig. 1 shows schematic illustrations of the FinFET structure.  
Design parameters are summarized in Table I. The fin width 
(Wfin) is 2/3 times LG in order to suppress SCE, and the fin 
height (Hfin) is 4/3 times LG in order to achieve layout efficiency 
comparable to planar MOSFET technology.  For compact circuit 
layouts such as those used in SRAM cells, it is difficult to 
separately engineer the gate work functions (ΦM) of the pull-
down (PD) and pull-up (PU) devices because the gate layer fills 
the entire region in-between the n-channel and p-channel fins 
[11].  Therefore, a single near-midgap gate work function is 
assumed.  The electrical channel length (Leff) was selected to 
maximize drive current (ION) for an off-state leakage current 
(IOFF) of 3 nA/µm, corresponding to the ITRS specification for 
low-operating-power applications [12]. 

Fig. 2 shows a cross-sectional schematic of the planar FD-
SOI MOSFET structure.  Design parameters were selected 
according to [13] for superior SCE control, and are summarized 
in Table II.  ΦM values were selected for IOFF = 3 nA/µm. 

 
SOI MOSFET Performance 

Figs. 3a and 3b show simulated transfer (ID-VGS) curves for 
the nominal optimized n-channel and p-channel FinFET designs 
with ΦM = 4.6 eV, respectively.  Variation due to RDF and gate-
LER was evaluated using 3D Kinetic Monte Carlo simulations, 
100 cases (Fig. 3c).  The gate LER profiles were obtained using 
100 different gate-line profiles derived from a scanning electron 
microscopy image of photoresist lines processed for the 22 nm 
node.  Note that the transistor current is normalized to the 
channel width, which is 2Hfin [14].  In practice, the circuit 
designer can adjust the effective channel width of a SOI FinFET 
(to adjust its drive strength) only in increments of 2Hfin, by 
increasing/decreasing the number of fins in parallel.  Thus, it is 
not possible to finely adjust the beta (β) ratio of a SOI FinFET-
based SRAM cell. 

Figs. 4a and 4b show simulated transfer curves for the 
nominal optimized n-channel and p-channel planar FD-SOI 
MOSFET designs, respectively.  Note that the ION values are 
slightly lower, but that SCE suppression is superior, for these 
devices in comparison against the FinFETs.  (Steeper sub-
threshold swing, SS, and reduced drain-induced barrier lowering, 
DIBL, are seen in the planar FD-SOI devices vs. the FinFET 
devices.)  Accordingly, less variation in VTH due to RDF is seen 
for the planar FD-SOI MOSFET (Fig. 4c).   

In this work, the standard deviation of variation in saturation 
threshold voltage due to gate work function variation (WFV) 
was estimated based on [15].  The random sources of variation 
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(RDF, gate LER, and WFV) are assumed to be statistically 
independent.  Their additive impacts on the standard deviation of 
saturation threshold voltage variation, σ(VT,SAT), for FinFET and 
planar FD-SOI SRAM pull-down devices are indicated in Table 
III.  Note that the planar FD-SOI structure has smaller σ(VT,SAT) 
due to its superior electrostatic integrity. 

 
6-T SRAM Cell Designs 

A simple analytical model was fit to simulated ID-VGS and 
ID-VD characteristics for each SOI MOSFET design, to allow for 
fast estimation of SRAM metrics such as read static noise 
margin (RSNM) [16] and writeability current (Iw) [17].  

The FinFET SRAM cell dimensions shown in Fig. 5 were 
selected by linearly scaling the FinFET-based SRAM cell in [18].  
The cell β ratio is either 1 if single-fin-PD devices are used or 2 
if dual-fin-PD devices are used.  As a result, there is a trade-off 
in cell area for improved read margin, unless a pitch-halving 
technique such as spacer lithography [19] is used.   

The planar FD-SOI SRAM cell dimensions shown in Fig. 6 
were selected by following the 22 nm design rules in [20].  The 
planar FD-SOI cell (with β ratio = 1.375) is as compact as the 
single-fin-PD FinFET cell and offers a read margin that is 
comparable to that of the dual-fin-PD FinFET cell (Table IV).  
Due to higher ION, Iw is significantly higher for the FinFET cells 
than for the planar FD-SOI cell. 

 
SRAM Yield Estimation 

Cell sigma, defined as the minimum amount of variation for 
DC read/write failure [21], is used herein to assess SRAM yield.  
Random variations due to gate-LER, RDF and WFV, as well as 
process-induced variations (±10%) in LG, Tox, Si fin/channel 
width, and Si height/thickness are considered.  Fig. 7 shows that 
the SOI FinFET SRAM cells as designed cannot to meet the six-
sigma yield requirement, in contrast to the planar FD-SOI 
SRAM cell.  This is due to the larger sensitivities of the FinFET 
to random and process-induced variations, and is consistent with 
the findings in [6] and [18]. 

Fig. 8 shows the effect of fine-tuning ΦM on SOI FinFET 
SRAM yield.  Note that Leff is optimized to maximize ION at each 
value of ΦM (ref. Table IIIa).  When ΦM is increased slightly, 
NMOS |VTH| increases whereas PMOS |VTH| decreases; also, the 
optimal NMOS Leff decreases whereas the optimal PMOS Leff 
increases.  The reduction in NMOS Leff results in worse SCE and 
hence larger σ(VT,SAT), so that RSNM yield is degraded.  The 
reduction in PMOS |VTH| results in degraded writeability.  Thus, 
it will be difficult for FinFET-based SRAM technology to meet 
the six-sigma yield requirement, unless narrower fin widths (less 
than 2/3 times LG) are used to better suppress variation. 

 
 
 
 
 
 
 
 

Conclusion 
FinFETs can have superior performance (ION/IOFF) but 

increased sensitivity to process-induced variations, as compared 
against thin-BOX planar FD-SOI MOSFETs.  The fin width 
must be less than 2/3 times LG in order for SOI FinFET 
technology to meet the six-sigma SRAM yield requirement at 
the 22 nm CMOS technology node.  Thin-BOX planar FD-SOI 
MOSFET technology can meet this requirement with a body 
thickness that is ~1/4 times LG. 
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Fig. 1: Schematic illustrations of the SOI FinFET structure: (a) cross-sectional 
view, (b) plan view.  Ohmic contacts are made to the source/drain top surfaces. 

Fig. 2: Schematic cross-section of the FD-SOI MOSFET structure.   
Ohmic contacts are made to the source/drain top surfaces. 

Table I: SOI FinFET design parameters. 

Table II: FD-SOI MOSFET design parameters. 

(a) (b) 

(a) (b) (c)

Fig. 3: Simulated SOI FinFET IDS-VGS curves: (a) nominal NMOS, (b) nominal PMOS, (c) NMOS with atomistic doping 
profiles and gate line edge roughness (100 cases shown; nominal case shown in black). 

(a) (b) (c)

Fig. 4: Simulated FD-SOI MOSFET IDS-VGS curves: (a) nominal NMOS, (b) nominal PMOS, (c) NMOS with atomistic 
doping profiles and gate line edge roughness (100 cases shown; nominal case shown in black). 
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Fig. 7: Estimated SRAM cell yield for ФM=4.6eV, as a function of cell operating voltage:  
(a) yield of read static noise margin (RSNM), (b) yield of write-ability current (Iw). 

Table III: Simulated transistor performance parameters for VDD=1.0V: (a) SOI FinFET, 
(b) FD-SOI MOSFET. 

Fig. 5: SOI FinFET SRAM cell layouts: (a) single-fin pull-down devices (β ratio = 1), (b) dual-fin pull-down devices (β ratio = 2). 

Fig. 6: FD-SOI SRAM half-cell layout (left) and dimensions (right). 
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Fig. 8: Impact of gate work function on 
estimated FinFET SRAM cell yield.  (a) 
yield of read static noise margin (RSNM), 
(b) yield of write-ability current (Iw).

(a) 

(b) 

0.4 0.6 0.8 1.0 1.2
2

3

4

5

6

7

8

 

 

Yi
el

d Iw
 (C

el
l S

ig
m

a)

VDD (V)

 Dual-fin (4.60eV)
 Dual-fin (4.65eV)
 Single-fin (4.60eV)
 Single-fin (4.65eV)

0.4 0.6 0.8 1.0 1.2
2

3

4

5

6

7

8

 

 

Yi
el

d Iw
 (C

el
l S

ig
m

a)

VDD (V)

 Dual-fin (4.60eV)
 Dual-fin (4.65eV)
 Single-fin (4.60eV)
 Single-fin (4.65eV)

Table IV: Comparison of SRAM 
read/write margins and cell areas, 
for VDD=0.9V. 

26.122.3σVT,SAT (mV)|LER+RDF

28.925.5σVT,SAT (mV)|LER+RDF+WFV

1410σVT,SAT (mV)|LER

NMOS PMOS
ION (µA/µm) 861 518
IOFF (nA/µm) 3 3
|VT,LIN| (mV) 160 182
|VT,SAT| (mV) 114 116
DIBL (mV/V) 51 73
S.S. (mV/dec) 75 78

26.122.3σVT,SAT (mV)|LER+RDF

28.925.5σVT,SAT (mV)|LER+RDF+WFV

1410σVT,SAT (mV)|LER

NMOS PMOS
ION (µA/µm) 861 518
IOFF (nA/µm) 3 3
|VT,LIN| (mV) 160 182
|VT,SAT| (mV) 114 116
DIBL (mV/V) 51 73
S.S. (mV/dec) 75 78 0.0750.0790.075Area [um2]

18.928.433.0Iw [uA]

186190.5142.3RSNM [mV]

FD-SOI
Dual-fin
FinFET

Single-fin 
FinFET

0.0750.0790.075Area [um2]

18.928.433.0Iw [uA]

186190.5142.3RSNM [mV]

FD-SOI
Dual-fin
FinFET

Single-fin 
FinFET


	Session 11: Late News
	1.2  09-INV02.pdf
	Introduction
	Integration challenges
	VT tuning
	Junction formation
	Strain engineering   
	FINFET Variability   

	1.2  09-INV02.pdf
	Introduction
	Integration challenges
	VT tuning
	Junction formation
	Strain engineering   
	FINFET Variability   

	3.6  09-174.pdf
	Introduction
	Device fabrication   
	Discussion
	Conclusions   

	3.7  09-106.pdf
	Abstract - In this paper, the performance of Zero capacitor RAM (Z-RAM() devices, developed in a 45nm SOI CMOS technology, is compared with both symmetric and asymmetric doping schemes. It is shown that the asymmetrically doped Z-RAM (AD) devices offer much better memory performance compared to the symmetrically doped Z-RAM (SD) devices.
	INTRODUCTION
	Among the large variety of eDRAM devices under investigation for cache memory, Z-RAM devices have been recently shown to be excellent candidates [1-3]. Since Z-RAM devices rely on impact ionization (II) for programming, the higher voltages required for operation have to be generated through on-chip charge pump circuits. These circuits increase the area of peripheral circuits and impact the array efficiency. Therefore, the array efficiency can be improved if the Z-RAM operating voltages can be reduced. In this paper, it is shown that by using an additional asymmetric implant, the voltage required to read and program a Z-RAM device can be reduced by 15%. This reduction in voltage also improves the retention time by 3X and significantly improves the array performance.
	RESULTS AND DISCUSSION
	CONCLUSION

	4.7  09-141.pdf
	Introduction
	Results and Discussion
	Acknowledgements
	References

	6.2  09-113.pdf
	C. L. Chen, J. M. Knecht, J. Kedzierski, C. K. Chen, P. M. Gouker, D-R. Yost, 
	P. Healey, P. W. Wyatt, and C. L. Keast

	9.5  09-119.pdf
	1. Introduction
	2. Device Fabrication and Simulation
	3. Process Simulation Results
	4. Device Simulation and Discussion
	5. Characterization of Lateral Dopant Distributions
	6. Conclusions
	References

	4.2



