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No notes



Outline
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Pspice Lite  and LT SPICE are the popular free version of SPICE with schematic 

capture.
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Please Read
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This schematic shows the components in a MOSFET model.  The internal resistors 

and capacitors and the dependent current source ID.



These are the equations for current ID in the saturation and non saturation regions 

of operation.
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These equations are the basic Level 1 models for mobility, threshold voltage and 

gate oxide capacitance per unit area.
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Mobility is shown here as a function of total doping concentration.  Mobility is also a 

function of temperature, electric field, strain and other parameters.  More complex 

mobility models are available for advanced MOSFET SPICE analysis.
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These are the equations for MOSFET threshold voltage.  The flat band voltage 

would be zero if the gate material and the semiconductor material had the same 

work function and the value of Qss (surface state density) was zero and no trapped 

charge in the oxide (Rho(x) ) in the third term.  The work function is a material 

property and in semiconductors also depends on the doping concentration.  If the 

gate was n-type poly and the FET was p-type (n-well) and the doping of the n-type 

poly was equal to the doping at the surface of the n-well was the same then the Phi 

MS would be zero.  Typically Phi MS is not zero.  Qss is always positive because 

that charge comes from surface states created by the loss of electrons from some 

silicon atoms at the surface because silicon dioxide can not covalently bond with all 

the silicon atoms available and thus some electrons migrate away from the surface 

leaving a positive surface charge.  The second term in the equation for threshold 

voltage is 2 Phi which is the semiconductor potential at threshold voltage where the 

surface is inverted to a concentration equal in magnitude to the concentration in the 

bulk.  The last term is a voltage Q over C’ox that depends on the doping 

concentration at the surface, assuming source and substrate are at the same 

voltage.  Similar to the semiconductor built-in voltage plus reverse bias voltage in a 

uniformly doped pn junction (~0.7 + VR).  The body effect comes from this VR.
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Body effect coefficient Gamma  comes from the equations for threshold voltage on 

the previous page.  It is a function of gate oxide thickness TOX and substrate 

doping NSUB. The body effect causes a shift in the threshold voltage for non zero 

voltages from source to substrate.  VSB is positive for NMOSFETs.
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When using ion implant to adjust the threshold voltage of a transistor.  The implant 

needs to be shallow enough so that all the implanted ions are in the depletion region 

under the gate.  The shift is given in the equation in the box.  Boron gives a positive 

shift.  Phosphorous gives a negative shift.  If a threshold adjust implant exists 

SPICE does not calculate the effect on VTO.  (enter VTO as a SPICE model 

parameter rather than letting SPICE calculate VTO from TOX, NSS, NSUB and type 

of gate)
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Channel length modulation is a result of the change in the drain space charge layer 

as a function of the reverse bias voltage of the drain to substrate junction.  As the 

drain voltage increses the space chare layer increases making the effective channel 

length shorter.  Thus the charge transit time is shorter resulting in an increase in 

current.  The parameter Lambda in the (1+ lambda Vds) expression models this 

increase in current.

The (1 + Lambda Vds) term in both equations model the increase in Id as Vds 

increases seen as slope in the saturation region. (but also increases Id in the non 

saturation region)



Properties such as Length, Width, Area of Drain, Area of Source, Perimeter of 

Drain, Perimeter of Source, Number of squares between drain contact and channel, 

number of squares between source contact and channel and other attributes such 

as package type, etc. are also given for each transistor.  These properties are 

combined with SPICE model parameters to give values for internal capacitors, 

internal resistors, etc.
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MOSFET attributes
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Some of the attributes for a MOSFET are shown here.
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MOSFET M1 is defined by the RITSUBN7 SPICE model located as given in the 

.Include statement on the schematic and the attributes (or properties) shown in the 

attribute editor dialog box. 
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This is the attribute editor in PSPICE.  Attributes include L, W, Ad, As, Pd, Ps, etc.  

PSPICE also has attributes such as package type and other properties used with 

other Cadence software such as circuit board layout.
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Attributes can be selected to be displayed on the schematic by clicking on an 

attribute, display and apply in the attribute editor.  Changing the model name should 

change the implementation value otherwise change it in the attribute editor.
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Please Read
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If you want to use your own MOSFET SPICE models just create a text file and store 

it in some location on your computer.  Then link that file (Add to Design) to the 

schematic in the Simulation Settings dialog box as shown.
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This circuit can be used to simulate transistor characteristics including Id-Vds, Id-

Vgs, and LOG Id vs. Vgs.
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MOSFET models used by LTSPICE.

27



These are the spice models used.
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To see the MOSFET SPICE parameters used in a simulation select view output file 

and scroll to the bottom.  Note both level 1 and level 8 show default values of L and 

W at 100um.  These are overridden if L and W are specified by the user.
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This circuit is used to investigate the transistor characteristics for different SPICE 

models.
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This is the simulated Id-Vds family of Vgs curves and the Id-Vgs and gm=d(Id)/dv 

curve.  The three different models give very different results.  
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Comparing the measured results to the simulated results shows which models 

should be used.
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Comparison of sub threshold characteristics using different models.
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This shows simulated results for deep submicron transistors.  We see that the 

EECMOSN model is the best model for L=0.25u transistors.
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Again EECMOSN model best for deep submicron transistors.
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Deep sub-micron transistors are normally operated at 3.3 volts or less.
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LEVEL=1 model Voltage Transfer Curve and Current.
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LEVEL= 8 model Voltage Transfer Curve and Current.
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Measured VTC and ID vs Vin for L=2u and W=40u CMOS Inverter
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Please read.
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A ring oscillator is an odd number of inverters in series with the output 

connected back to the input.  It is used to measure the individual inverter gate 

delay by measuring the oscillator period and dividing by 2 times the number of 

stages in the ring oscillator.  Today's fastest CMOS room temperature ring 

oscillators have gate delay of less than 10 ps.



Picture of a 73 stage ring oscillator and an oscilloscope capture of the output 

voltage.
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To do a SPICE simulation these parameters need to be determined.
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The 73 stage ring oscillator is one of the five different ring oscillators on the CMOS 

test chip.
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Measurements of the NMOS and PMOS transistor layouts can be determined from 

these pictures.
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These dimensions were obtained from measurements made on the layouts given on 

the previous page.
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The transistor attributes were changed to reflect the dimensions found from the 

previous pages.  The simulated oscillator output voltage is measured to get the 

period and the individual gate delay, td.
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Conclusion
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This homework is due one week after this topic is presented in class. 
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