
Professor Chih-Tang Sah started a book 
series on compact modeling, five years 
ago when we first came to this Workshop 
on Compact Modeling. 

The following two slides show the flyers about this book 
series.   

I have twenty copies of these flyers.    Please contact me 
after this session or  go to the publisher’s addresses:
http://www.worldscibooks.com/catalogues/asset.pdf
http://www.worldscibooks.com/catalogues/eui.pdf

http://www.worldscibooks.com/catalogues/asset.pdf�
http://www.worldscibooks.com/catalogues/eui.pdf�


Five published books and several addition books to be published, including the 
BSIM4 by Prof. Chenming Hu of UC Berkeley and Dr. Weidong Liu of Synopsys.



The latest and just published is shown on this slide, on Electromigration, 
written by Prof. Cher Ming Tan of Nanyang Technology University in Singapore.
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Presenter
Presentation Notes
Good Morning, Ladies and Gentlemen.  I am glad to have this opportunity to give this invited presentation.   The presentation title is “Theory of bipolar MOSFET with electrically short channel”.  My name is Bin Jie,  now with Department of Physics, Xiamen University, China.
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OUTLINE
• Bipolar MOSFET (BiFET) with a Pure Base

– Electrically Short Channel

• Two Representations of Transistor Theory
– Bipolar Electrochemical Current Theory
– Bipolar Drift-Diffusion Current Theory

• Long-Channel Current and Short-Channel 
Correction
– Longitudinal Gradient of Longitudinal Electric Field

• Summary

Presenter
Presentation Notes
First, I will introduce you Bipolar MOSFET or BiFET with a pure base.  This transistor is always a transistor  of electrically short channel.
Next, I will review the transistor theory,  especially the bipolar electrochemical current theory and the bipolar drift-diffusion current theory.   
After that, I will derive the long-channel current and short-channel correction for a particular pure-base BiFET, called nMOS-BiFET.  The short-channel correction comes from the longitudinal gradient of longitudinal electric field in the Poisson equation.  Finally, I will give a short summary.
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Pure-Base BiFET

• Elimination of impurity atoms is the best way to suppress the 
impurity concentration fluctuation in the channel, which leads 
to the pure base in the future silicon transistor.  Two-gate pure-
base nanometer MOSFET or FinFET is such a transistor.

• Silicon field-effect transistor is inherently bipolar.  Pure-silicon 
base has both electrons and holes with equal concentration in 
its electrical equilibrium state.  Both carriers give the terminal 
currents and contribute the charge distribution in the transistor.

• Pure-silicon base has a carrier screening characteristics length 
or intrinsic Debye length of about 25 μm.  With the physical 
length of practical transistors,  a pure-base BiFET is always a 
transistor with electrically short channel.

Presenter
Presentation Notes
In June 1960, at the Solid State Device Research Conference, Kahng and Atalla described the first successful operation of the inversion-channel or enhancement-mode silicon field-effect transistor.  They used a thermally grown oxide for the gate insulator, over the n-type surface inversion channel between two n+/p junctions on a p-type silicon substrate.   This transistor is now called the traditional MOSFET or the bulk MOSFET.   More than four decades engineering efforts have been made to scale this Bulk MOSFET into the current dimension in the nanometer range.  Although the impurity concentration in the channel has increased a lot, the total number of impurity atoms in a nanometer transistor is not large enough, so that the statistical fluctuation of the number of impurity atoms is a very serious problem.   In recent years, multi-gate field-effect transistors were proposed to replace the single-gate bulk MOSFET to increase the drain current.    Considering these two points,  we have focused our analytical modeling on the  two-gate pure-base nanometer MOSFET.   By using pure base, we eliminate the impurity atoms in the channel, therefore, the statistical fluctuation of the impurity atoms in the base layer is eliminated. 

It is important to note that silicon field-effect transistor is inherently bipolar.  Especially in the pure silicon base, when it is at the electrical equilibrium state, the electrons and holes have the equal concentrations.   The electron and hole concentrations are also nearly equal when the drain voltage is biased deep into current saturation.  Therefore, both electrons and holes give the terminal currents and contribute to the charge distribution in the pure-base field-effect transistor.

We must call your attention to the fact:  pure-silicon base has a carrier screening characteristic length or intrinsic Debye length of about twenty-five micrometer at the room temperature.  The physical length of a practical transistor is about one hundred nanometer, or 250 times  shorter than the intrinsic Debye length.  So,  a pure-base BiFET is always a transistor with electrically short channel.      
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Pure-Base BiFET

• A  complete semiconductor transistor was proposed 
by Sah-Jie at last-year’s WCM keynote.  It must have 
six terminals in order to input and output both 
electron and hole currents. 

• A BiFET with a pure silicon base and two MOS gates 
has one electron contact and one hole contact at 
each of two ends of the rectangular box of the base.  
Therefore, it has six contacts: two electron contacts, 
two hole contacts and two MOS gate contacts. 

Presenter
Presentation Notes
A complete semiconductor transistor was proposed by Sah and Jie at last year’s WCM keynote presentation.  It must have six terminals in order to input and output both electron and hole currents.  For the signal carried by electrons,  there must be one reference terminal,  one input terminal and one output terminal.  For the signal carried by holes, there must be the other reference terminal, the other input terminal and the other output terminal.  Some of these terminals  can be shared if the contacts can be both electron and hole sources and sinks or drains.

The pure-base BiFET we propose here is a complete semiconductor transistor.   A BiFET with a pure silicon base and two MOS gates does have one electron contact and one hole contact at each of two ends of the rectangular box of the base.  Therefore, it has six contacts: two electron contacts, two hole contacts and two MOS gate contacts.   The three-dimensional view of this pure-base BiFET is shown in next slide.
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Pure-Base BiFET
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Two MOS gates G1 and G2 are always tied together in this presentation.

Presenter
Presentation Notes
This slide shows three views of a Bipolar Field-Effect Transistor with a thin pure silicon base and two MOS gates.   The three dimensional view of this transistor on the left shows one electron contact and one hole contact at each end of the base.   The front view in the middle shows the two electron contacts.  The back view on the right shows the two hole contacts. The electron current and hole current can source and sink simultaneously by applying the proper voltages at these four base contacts.   In our presentation, the two MOS gates are electrically connected and applied with the same gate voltage.
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Presenter
Presentation Notes
This slide shows one bias configuration of the pure-base BiFET.   The two MOS gates are tied and applied with the input voltage.  At one end of the pure base, the electron contact is grounded while the hole contact is applied with the power supply voltage.   At the other end of the pure base, the electron contact and the hole contact are shorted and give the output voltage.    With this bias configuration, the pure-base BiFET provides the CMOS voltage inverter circuit function.  Therefore, we call this configuration the CMOS-BiFET.  

The front view and back view on this slide show that the four terminal voltages of the CMOS-BiFET can be labeled just like the traditional two-transistor CMOS voltage inverter,  the ground GND, the power supply voltage V_sub_SS, the input voltage V_sub_IN, and the output voltage V_sub_OUT.   The output voltage versus input voltage curves and the channel current versus input voltage curves are computed.  They are shown in the left figure.  It is important to note that the electron current is always equal to the hole current in this CMOS-BiFET, regardless of the mobility difference, because the electron and hole channels are in series and it is the channel current in the voltage inverter characteristics.  The mobility difference will change the symmetry of the Vout-Vin and Iout-Vin characteristics.  

The upper figure (a) shows the very sharp voltage transition of output voltage from zero to the power supply voltage.  It is completed when the input voltage is half of the power supply voltage.   The lower figure (b) shows that the maximum channel current is located at this transition voltage.   
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Presenter
Presentation Notes
This slide shows another bias configuration of the pure-base BiFET.  The two MOS gates are tied and applied with a gate voltage like a regular FinFET.   The two hole contacts at the two ends of the pure base are shorted and applied with the reference voltage.  The electron contact at one end of the pure base is applied with the source voltage, and the electron contact at the other end of the pure base is applied with the drain voltage.  This pure-base BiFET works like a bulk nMOS transistor.  Therefore, we call this bias configuration  nMOS-BiFET.

The front and back views show four terminal voltages of the nMOS-BiFET labeled like a bulk MOSFET: the gate voltage V_sub_GB, the reference voltage V_sub_BB, the source voltage V_sub_SB and the drain voltage V_sub_DB.  It is important to note that this nMOS-BiFET does not have the floating body like a regular FinFET, although the hole steady-state current is forced to be zero by short-circuit the two hole contacts to the ground reference which is a hole source.   The drain current is the electron current flowing from one electron contact to the other electron contact.
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The Transistor Theory
• 1949:  Shockley invented p-n junction transistor 

theory.  1-D.  Minority carrier diffusion current.
• 1952:  Shockley invented unipolar junction-gate field-

effect transistor theory. 1-D. Majority carrier drift
current.

• 1966:  Sah-Pao presented MOSFET surface potential 
modeling using electrochemical current. 1-D.
One carrier species current, both drift and diffusion.

• 1996:  Sah obtained MOSFET 2-D exact analytical 
drain current equation with drift and diffusion 
currents of one carrier species only.

• 2007:  Sah-Jie developed bipolar MOSFET theory 
using both electrochemical current and drift-diffusion 
current.  1-D.  Two-carrier drift and diffusion currents. 

Presenter
Presentation Notes
Now, let me review the history of the transistor theory to see how our new bipolar FET theory fits into the history.

In 1949, Shockley invented p-n junction transistor theory.   This is a one-dimensional theory, containing only minority carrier diffusion current.
In 1952, Shockley invented unipolar junction-gate field-effect transistor theory.  This is a one-dimensional theory, containing only majority carrier drift current.
In 1966, Sah and Pao presented the surface potential parameter to model the MOSFET.   They included both electron and hole charges.  But they included the drift and diffusion current of only one carrier species.  They also introduced the electrochemical current or the gradient of the electrochemical potential which was known as the quasi-Fermi-potentials, introduced and first used by Shockley  in his invention of the p/n junction transistor in 1949.  This Sah-Pao 1966 MOSFET theory was still an one-dimensional theory.
In 1996, Sah obtained the exact two-dimensional MOSFET analytical drain current equation with drift and diffusion currents but still limited to one carrier species only.  
In 2007, Sah and Jie developed and computed the analytical bipolar MOSFET theory using both electrochemical current and drift-diffusion current methods.  They did not include the two-dimensional terms of Sah’s 1996 theory.  
Today, June 23, 2010, Jie and Sah present, in this talk, the two-dimensional terms.  This is also published in the July issue of the Journal of Semiconductors.  This completes the general analytical theory for the pure base bipolar MOSFET.  In the next several slides, I will give you a summary on the contributions to the terminal currents of the two dimensional terms. 
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Surface Potential Modeling

• The 2-D transistor theory is decomposed alone the two-
direction (X and Y) in two 1-D equations which are coupled 
through surface potential (or total energy band bending of 
the surface space charge layer).

• The transverse or X equations are derived from the Poisson 
equation with omission of longitudinal gradient of the 
longitudinal electric field and with assumption of X-
independence of electrochemical potentials (valid for thin 
and long channels).

• The longitudinal or Y equations are derived from the 
current continuity equations.  Carrier currents are 
expressed either by gradient of the electrochemical 
potentials or by sum of drift and diffusion components.

Presenter
Presentation Notes
This slide explains the surface potential modeling approach given by Sah and Pao in 1966.

First,  the two-dimensional transistor equations  are decomposed into two one-dimension-equations  in the x-direction and y-direction.  These two equations are coupled through the surface potential.   The surface potential characterizes the total energy band bending of the surface space charge layer.

The second feature of the Sah-Pao analytical theory is that the transverse or X equations are derived from the Poisson equation, with the omission of longitudinal gradient of the longitudinal electric field, and with assumption of X-independence of electrochemical potentials.  These X equations are valid for thin and long channels.

The third feature is that the longitudinal or Y equations are derived from the current continuity equations.  Carrier currents are computed either by gradients of the electrochemical potentials or by sum of drift and diffusion components.  These Y equations will be further illustrated in next two slides.
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Electrochemical Current Theory

• 1966  Sah-Pao Model
• IDN =  −∬JNY∂x∂z = + qDn(∂UN/∂y)∫N∂xW (9A)

= + qDnni(W/L)LD(∂UN/∂Y)exp(−UN)∫exp(+U)∂XU/F(U,UP,UN,U0,PIM,EY,EX1) (9)
• IDN =  −∭JNY∂x∂y∂z/L = + qDn∫(∂UN/∂y)∂y∫N∂x(W/L)                                             (10A)

= + qDnni(W/L)[LD/(Y−Y3)]∫∂YUNexp(−UN)∫exp(+U)∂XU/F(U,UP,UN,U0,PIM ,EY,EX1) (10)

• IDP =  −∬JPY∂x∂z =  + qDp(∂UP/∂y)∫P∂xW (11A)
= + qDpni (W/L)LD(∂UP/∂Y)exp(+UP)∫exp(−U)∂XU/F(U,UP,UN,U0,PIM,EY,EX1) (11)

• IDP =  −∭JPY∂x∂y∂z/L = + qDp∫ (∂UP/∂y)∂y∫P∂x(W/L)                                           (12A)
= + qDpni (W/L)[LD /(Y−Y3) ∫∂YUPexp(+UP)∫exp(−U)∂XU/F(U,UP,UN,U0,PIM,EY,EX1) (12)

JN = − qµnN∇VN , JNX = 0
JP = − qµpP∇VP , JPX = 0

Presenter
Presentation Notes
This slide explains the electrochemical current theory.

The three-dimensional current density is the product of electron charge, mobility, carrier concentration and three-dimensional gradient of electrochemical potential.   We deal with only two-dimensional transistor theory.   With the assumption of the x-independence of the electrochemical potentials,  it is apparent that the x-direction components of both electron and hole currents are zero.  Therefore, the total electron and hole currents are the integration of y-direction components of electron and hole current density over the cross-section of the base.

From the X-equations, the normalized electric field F is obtained.  By using this F function, the integration over the position x is transformed to the integration over the potential U.   In this F function, the longitudinal gradient of the longitudinal electric field could be included.  However, it is usually omitted by limiting the theory to physically and also electrically long channels.
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Drift-Diffusion Current Theory

• 1996 Sah exact equation
• IDN = −kTμn niLD(W/L) × { +∫( PIM −P)/ni (∂U/∂Y)∂X        bulk charge drift term

+ 2(∂U/∂X)S (∂US/∂Y)                 carrier space-charge drift term
+ ∂/∂Y∫(∂U/∂X)2∂X                     transverse electric-field drift term
− (LD/L)2 ∂/∂Y∫(∂U/∂Y)2∂X}       short-channel drift correction

−qDn niLD(W/L) ×{− ∂/∂Y ∫( PIM −P)/ni ∂X                 bulk charge diffusion term 

− 2∂/∂Y[(∂U/∂X)S]                        carrier space-charge diffusion term
+ 2(LD/L)2 ∂/∂Y∫(∂2U/∂Y2)∂X}     short-channel diffusion correction

(65)

• IDP =  similar equation to IDN (66)

JN = + qµnNE + qDn∇N , JNX = 0
JP = + qµpPE − qDp∇P , JPX = 0

Presenter
Presentation Notes
This slide explains the drift-diffusion current theory.

The three-dimensional current density is the sum of the drift component and the diffusion component.  The drift component is  proportional to the product of carrier concentration and three-dimensional electric field.  The diffusion component is proportional to the three-dimensional gradient of the carrier concentration.   The x-direction components of electron and hole currents are assumed to be zero.

Substituting the two-dimensional Poisson equation into the y-direction drift component and y-direction diffusion component,  with the technique of the integration-by-parts,  the 1996 Sah exact equation can be obtained.   As shown in the slide, the drift component is decomposed into four terms:   bulk charge drift term, carrier space-charge drift term, and transverse electric-field drift term, and short-channel drift correction.    Only the short-channel drift correction is from the longitudinal gradient of the longitudinal electric field in the two-dimensional Poisson equation.   The diffusion component is decomposed into three terms:  bulk charge diffusion term, carrier space-charge diffusion term, and short-channel diffusion correction.  Only the short-channel diffusion correction is from the longitudinal gradient of the longitudinal electric field.

The advantage of the 1996 Sah exact equation is that the drain current is decomposed into many terms, which then can be explicitly grouped as the long-channel current and the short-channel correction.  Their origins are also delineated, for example, bulk-charge related.    The long-channel current is the sum of the bulk charge drift and diffusion terms, the transverse electric-field drift term and carrier space-charge drift and diffusion terms.  The short-channel correction is the sum of the short-channel drift and diffusion corrections.
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Long-Channel Current IDL

• The Voltage Equation: (X-equation)
UGB–US = sign(US−U0)×(CDi/CO)×

[exp(US–UN)–exp(U0–UN)+exp(UP–US)–exp(UP–U0)]1/2

• The Thickness Equation: (X-equation)
XB = 2∫sign(U−U0) ∂XU × [exp(U–UN)–exp(U0–UN)+exp(UP–U)–exp(UP–U0)]−1/2

• The electron current Equation: (Y-equation)
IN = 2qDnniLDi (W/L) ×∫exp(−UN) ∂UN × UN = USB to UDB

∫sign(U−U0)exp(+U)∂xU × U = U0 to US

[exp(U−UN)−exp(U0−UN)+exp(UP−U)−exp(UP−U0)]−1/2

• The hole current Equation: (Y-equation)
IP = 0

Pure-Base nMOS-BiFET

Presenter
Presentation Notes
This slide shows the equations to compute the long-channel characteristics of pure base nMOS-BiFET.  Pure base means bulk impurity charge is zero.

It is not difficult to apply the surface potential modeling approach and the electrochemical current theory to the nMOS-BiFET.  Compared with the two simultaneous equations for the bulk nMOSFET in the 1966 Sah-Pao model,  we add two more equations explicitly:  the thickness equation and the hole current equation.

The hole current equation is added because we emphasize the bipolar nature of the pure base nMOS-BiFET, although the hole steady-state current is zero due to the short-circuit between two hole contacts which we have used for this particular transistor configuration.  

The thickness equation is added because the nMOS-BiFET has a thin base.  The bulk nMOSFET is regarded as having a very large or infinite thickness of substrate.   The charge neutrality condition at the far-away boundary of the substrate in the bulk nMOSFET is equivalent to the thickness equation in the nMOS-BiFET.
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Long-Channel Current IDL

From Y=0 to Y=Y1  (Y=y/L)

Y1× IDL =  +2kT μn ni LDi (W/L)× {
(CO/CDi)×[(2UGS×US–US

2)|Y=Y1−(2UGS×US– US
2)|Y= 0]  

+(−1)∫[exp(U−UN)−exp(U0−UN)+exp(UP−U)−exp(UP−U0)]1/2∂U|Y=Y1

−(−1)∫[exp(U−UN)−exp(U0−UN)+exp(UP−U)−exp(UP−U0)]1/2∂U|Y=0}

+ q Dn ni LDi (W/L)× {(CO/CDi) × [2US |Y= Y1 − 2US |Y=0] }

Pure-Base nMOS-BiFET

Presenter
Presentation Notes
This slide shows the long-channel current at any constant Y plane, for example, the capital Y_sub_1 plane.  The parameter capital Y is the spatial position along the channel normalized to the channel length.
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Short-Channel Correction ID-Short

• Electrochemical potential UN as a function of position Y 
from the long-channel electron current equation.

• Surface potential US and mid-plane potential U0 as a 
function of UN from the voltage equation and the 
thickness equation.

• The first and second derivatives of US and U0 with respect 
to Y are obtained numerically.

• Estimate the two integrations in short-channel correction:
∫(∂U/∂Y)2∂X, X=0 to XB, ≈  [(∂US/∂Y)2 + (∂U0/∂Y)2]/2×XB
∫(∂2U/∂Y2)∂X, X=0 to XB, ≈  [∂2US/∂Y2 + ∂2U0/∂Y2]/2×XB

Pure-Base nMOS-BiFET

Presenter
Presentation Notes
This slide discusses how to evaluate the short-channel correction for the long-channel characteristics of pure base nMOS-BiFET.

From the four simultaneous X and Y equations for long-channel characteristics of the pure base nMOS-BiFET, not only the long-channel current as a function of terminal voltages, the gate voltage and the drain-to-source voltage is computed, but also some intermediate functions are obtained. 

The electron electrochemical potential, U_sub_N, as a function of Y can be obtained from the electron current equation.    From the voltage equation and the thickness equation,  the surface potential U_sub_S and the mid-plane potential U_sub_0 can be computed as a function of electron electrochemical potential U_sub_N.    Therefore, the first and second derivatives of U_sub_S and U_sub_0 with respect to the position Y could be obtained numerically.

Since we use the surface potential modeling approach to decompose the 2-dimensional transistor into two one-dimensional problems,  X-direction problem at any Y, and Y-direction problem at the surface X=0 and at the mid-plane of the base, we do not know longitudinal electric field and its longitudinal gradient at any 2-dimensional position (X, Y) analytically.  In other words, the two integrations of longitudinal electric field and its longitudinal gradient need to be approximated to obtain an analytical formula.   By approximating an integration by its integrand at the integration limits,  the analytical forms of the two integrations in the short-channel correction are shown as the two equations in this slide.   
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Short-Channel Correction ID-Short

From Y=0 to Y=Y1

Y1× IDS = +2kT μn ni LDi (W/L)× { 
(LDi/L)2 [∫(∂U/∂Y)2∂X|Y= Y1 − ∫(∂U/∂Y)2∂X|Y=0] }

+ 2q Dn ni LDi (W/L)× { 
2(LDi/L)2 × [∫(∂2U/∂Y2)∂X|Y= Y1 −∫(∂2U/∂Y2)∂X|Y=0]} 

Pure-Base nMOS-BiFET

Presenter
Presentation Notes
This slide shows the analytical formula to compute the short-channel correction of the pure-base nMOS-BiFET at any capital Y_sub_1.

Next four slides will show you the computation results of the long-channel current and short-channel correction of one pure base nMOS-BiFET using the formulas we just derived in the previous four slides.   The gate oxide thickness is 1.5nm, and the pure base thickness is 30 nm.
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Computed ID-VG curves
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• IDL is independent of Y1

• IDS depends on Y1 strongly

• Subthreshold slope of IDS

is about half of that of IDL.

• IDS shifts up vertically  as
L decreases.  Scaled as L-2.

Presenter
Presentation Notes
This slide shows the computed IDVG transfer curves.   Both long-channel current, I_sub_DL, and short-channel correction, I_sub_DS, of the pure-base BiFET versus the gate voltage are plotted, with two channel lengths L = ten thousand nanometer and one hundred nanometer.     I_sub_DL and I_sub_DS are computed at three cross sections or three constant Y planes, given by capital Y_sub_1 values, 0.50, 0.90, and 0.99.    We can observed the following from this figure:

First,  the long-channel current is independent of the captial Y_sub_1.   This is expected from the electron current continuity, since the long-channel current is dominant in the total electron current.

Second, the short-channel correction depends on the captical Y_sub_1.  

Third, the subthreshold slope of the short-channel correction is 30 millivolts per decade of current.  This is about half of the swing or twice the slope of the long-channel current.  That is, it is a much steeper or faster current cut off. 

Fourth, the short-channel correction shifts up vertically as the channel length decreases.  This is expected from the pre-factor the Square of (L_sub_Di) divided by L.     
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Computed ID-VG curves
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• IDL is independent of Y1

• IDS depends on Y1 strongly

• Subthreshold slope of IDS

is half of that of IDL.

• IDS decreases when 
VGB −VDB > 0.4V.

Presenter
Presentation Notes
In the IDVG curves of the previous slide, the drain-to-source voltage is set to be 0.1 V.   In the IDVG curves of this slide, the drain-to-source voltage is 0.5V.    In both figures, the short-channel correction increases first and then decreases with the increasing gate voltage.  The transition voltage occurs at a gate voltage about 400 millivolts higher than the drain voltage.   
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Computed ID-VD curves

• IDL is independent of Y1

• IDS depend on Y1 strongly

• IDS at Y1 = 0.99 is still 
less than IDLat L =100nm

• IDS decreases when 
VGB −VDB >~ 0.4V.
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Presenter
Presentation Notes
This slide and next slide show the computed output characteristics or the  ID VD curves. 

The channel length L = 100nm is used in the figure of this slide.   We can see that even at Y_sub_1 = 0.99, the short-channel correction is still less than the long-channel current.   This means that the long-channel characteristics is still a good approximation to the practical characteristics of the pure base nMOS-BiFET when the physical length of the nMOS-BiFET is larger than 100 nanometer.  But, at 100nm, the short channel correction become quite large and comparable to and within 10% of the long channel current. So, the short channel correction must be taken into account.  
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Computed ID-VD curves

• IDL is independent of Y1

• IDS depend on Y1 strongly

• IDS at Y1 = 0.99 is 10 times
larger than IDL at L =25nm.

• IDS decreases when 
VGB −VDB >~ 0.4V.
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Presenter
Presentation Notes
The channel length L = 25nm is used in the figure of this slide.   We can see that at Y_sub_1 = 0.99, the short-channel correction is almost ten times larger than the long-channel current.   This means that the long-channel characteristics is significantly modified by the longitudinal gradient of the longitudinal electric field, when the physical length of the nMOS-BiFET is about or less than 25 nanometer.   The long-channel characteristics is no longer a self-consistent theoretical result.
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Summary
• The Pure-Base BiFET with electrically short channel is 

introduced.  The structures and biases of CMOS-BiFET and 
nMOS-BiFET are given.

• The transistor theory is reviewed.  Surface potential modeling, 
electrochemical current formula and drift-diffusion current 
formula are described.

• Long-channel current and short-channel correction formula for 
nMOS-BiFET are derived.

• Computed IDVG and IDVD curves of the long-channel current and 
short-channel correction are computed.   When the physical 
channel length L > 100nm, the long-channel current is still a 
good approximation for the nMOS-BiFET.    When the physical 
length <= 25nm, the long-channel current characteristics is 
modified significantly by the short-channel correction from Ey2.

Presenter
Presentation Notes
This slide summarizes this presentation.

We presented the analytical theory of the current-voltage characteristics of the pure-base BiFET with electrically short channel.  

We reviewed the history of the transistor theory to show how our latest and the general theory has evolved in the last 60 years from Shockley’s 1950 one carrier and one current theory to our 2010 complete theory of two carriers and two currents.  

We described the 45-year-old  1965-1966 Sah-Pao surface potential method to solve the two identical theories, the electrochemical current theory and drift-diffusion current theory.

Based on the bipolar MOSFET theory, we derived the long-channel current and short-channel correction formulas for nMOS-BiFET.

We computed the IDVG and IDVD curves of the long-channel current and short-channel correction of nMOS-BiFET.  When the physical channel length L is larger than 100 nanometer, the long-channel current is still a good approximation for the nMOS-BiFET.  When the physical length is not larger than 25 nanometer, the long-channel characteristics is modified significantly by the short-channel correction from the longitudinal gradient of the longitudinal electric field.

Thank you for your attention.
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