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- Subthreshold region

- Above-threshold region



3

1.1. Source-gated Transistors (SGTs)

Radu A. Sporea et al., IEEE Trans. Electron Devices, 2010

 

 

Advantages
● Low saturation voltage

● High intrinsic gain

Applications
● Amplifiers

● Drive circuit for displays

Trade-off
● Lower current output for the same gate bias and 

device dimensions due to the Schottky barrier
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1.2. Low-frequency Noise (LFN) model in conventional transistors

● Carrier Number Fluctuation (CNF) model ● Carrier Mobility Fluctuation (CMF) model

Low-frequency noise (1/f) models for conventional transistors 
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What’s the LFN model for the SGTs?



2.1. Device structure
� Schematic of the measured device and measurement configurations
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Bulk doping dose: 0.5 ×1012 cm-2  & 1.5 ×1012 cm-2

Radu A. Sporea et al., IEEE Trans. Electron Devices, 2010
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2.2. IV measurements of polysilicon TFT and SGT
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� Output curves of SGT and TFT

VGS ranges from 20 to 0 V, -4V per step

● Drain current ID increases by two orders of magnitude in TFT configuration

� Transfer curves of SGT and TFT configurations

Source Length = 4 um  Channel Length = 4 um

Doping Dose = 0.5 ×1012 cm-2

● Typical SGT output curves with smaller saturation voltages and lower output conductance 

compared to the TFT configuration

VGS ranges from 20 to 0 V, -4V per step

measurement bias points @ fixed ID



2.3. LFN in subthreshold region of polysilicon TFT and SGT

● The LFN noise behavior are 

confirmed with the noise curves 

approximately proportional to 1/f
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Source Length = 4 um  Channel Length = 4 
um
N-type Doping Dose = 0.5 ×1012 cm-2

Polysilicon TFT Polysilicon SGT 

f -1

f -1



2.4. Source of LFN in the subthreshold region of polysilicon TFT

● PSD varies as the ID
-1 indicating that the noise in subthreshold region originates from carrier mobility 

fluctuation, as in previous reported polysilicon transistors.

ID
-1

ID
-1
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� Normalized Sid versus ID of TFT configuration � Carrier Mobility Fluctuation (CMF) 
model

G. Ghibaudo et al., Microelectron. Reliab., 2002 

A. Mercha, et al., Journal of Applied Physics, 2001



2.5. Source of LFN in the subthreshold region of polysilicon SGT

● The normalized PSD at high ID are proportional to (gm/ID)2, indicating the domination of CNF model  

VD = 5 V
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� Normalized Sid and (gm/ID)2 versus ID � Carrier Number Fluctuation 
(CNF) model

ID
-1

● The normalized PSD at low ID are proportional to ID
-1, indicating the domination of CMF model  
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2.6. LFN in the above-threshold region of SGT configuration

VGS = 0 
V

VGS = -5 
V

VGS = 5 
V

VGS = 10 
V

1/f

VGS = 0 V

VDS ranging from 0.1 to 
15 V

VTH ≈ -3.6 
V

Low Schottky barrier height

Source Length = 2 um  

Channel Length = 10 um  

measurement bias points @ VGS = 0 V
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Saturatio
n f = 10 Hz



VGS = 0 V
1/f
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2.6. LFN in the above-threshold region of SGT configuration

VGS increases from -2 to 10 V, 2 V per step

VTH ≈ -2.6 V

VDS ranging from 0.1 to 15 V

Linea
r

Saturatio
n

Source Length = 2 um  

Channel Length = 10 um  

High Schottky barrier height

measurement bias points @ VGS = 0 V



2.7. LFN model for Schottky barrier transistors
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with                                              and

Nicolas Clément et al., IEEE Trans. Electron Devices, 2012

� A LFN model for Schottky diodes:

� What are different for SGTs:

ηVd : Voltage across the Schottky barrier

In saturation region

Noise no longer depends on the drain voltage, but exponentially varies with the overdrive voltage!

CNF model

ηVd 

How does LFN vary with a Schottky barrier?

In linear region: CNF model for high ID, CMF model for low ID
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2.8. Dependence of LFN on drain current and gate voltage

� The normalized noise as a function of drain current and gate voltage

● Normalized noise exponentially dependent on 

VGS-VTH,  validating the mentioned 

modification for SGT LFN model 

Source Length = 2 um，  Channel Length = 10 um，  High Schottky barrier heightf = 10 Hz，



3. Conclusions

● The LFN has an exponential dependence on VDS in linear region

● In saturation region, the LFN exponentially dependents on VGS 
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Configuration LFN Model

SGT
CMF for low ID in subthreshold region
CNF for high ID in subthreshold region

� LFN of polysilicon SGT in subthreshold 
region

� LFN of polysilicon SGT in above-threshold 
region

� The SGT LFN model needs to be improved to quantitatively explain dependence of noise on 
device parameters such as source length and temperature.



Thank you !
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