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Starting with the Texas Instruments data sheet we find the pin out for this chip.  The 
chip layout looks more complicated than just six MOSFETs.  See next page.
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The CMOS input protection circuitry is shown in the dotted box.  For normal 
operation the input protection does not do much.  It does add additional internal 
capacitance that will affect the speed of operation.  Which will be important for 
circuits such as ring oscillators.  If a voltage is applied to the input higher than the 
supply voltage or more negative than the negative supply value the diodes and 
resistors will safely dissipate the charge keeping the voltage to the gates lower than 
the breakdown voltage of the gate oxide.
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We started with measured ID vs VDS curves for 5, 10 and 20 volt operation.  The data 
sheet indicate that these transistor max voltage is 18 Volts.  They seem to work at 20 
volts but the negative slope in the saturation region of the NMOS device at 20V 
indicates self heating which should be avoided.  Our SPICE models should give 
matching current levels, slope and spacing of these curves.
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Next we wanted to get the actual L and W for the transistors.  We etched off the 
plastic package and made measurements using an optical microscope. The 
measurement tool uses pixel counting to make the measurements.  The 
measurements shown give W values of ~1000 pixel for the PMOSFET and ~500 pixel 
for the NMOSFET. 
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We made similar measurements for devices we designed and fabricated in the RIT 
laboratory.  Since we know the L and W values.  We computed a conversion of 
~0.35um/pixel which we used to get the L and W measurements for the CD4007 
transistors.
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Using the conversion of 0.35 um/pixel we came up with these L and W values.  The 
area, perimeter and number of squares were estimated in a similar way.  This 
measured L is probably not the real channel length depending on the fabrication 
details.  L could be 5um depending the amount of lateral diffusion of the drain and 
source.  Smaller L will give larger current and larger slope in the saturation region 
(smaller ro).  Careful adjustment of SPICE model values and L is needed to match both 
DC current and ro to measured values.  We found that L of 5 um gave better matching 
of ro.
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The MOSFET properties are shown in red.  The SPICE mode is shown below the red 
text.  To check if these models are close to correct we used SPICE to create ID vs VDS 
family of curves and compared the results with measured ID vs VDS family of curves.

Note: our pixel counting method for finding L and W seemed to be slightly off when 
generating SPICE curves and comparing to measured curves.  Changing L to 5um 
seemed to give better results.  The 5um adjustment in L is important.  A similar 5um 
adjustment in W is ~1% … not so important.  L is smaller that we see using the 
microscope due to diffusion under the gate from both sides… can not see without 
removing the gate material.  What is important is to have the measured 
characteristics and SPICE generated characteristics match each other.
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For DC sweeps we need the properties for L, W, NRD AND NRS and the SPICE model 
shown on the previous page.
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For Cadence PSPICE the DC sweeps and SPICE model text file location are set up in 
the simulation profile.
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The red/orange curves are measured.  The green curves are PSPICE simulated.
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The red/orange curves are measured and the different color curves are LTSPICE 
simulated.
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Since all of these overlay well then the SPICE model is close to good for the 0 to 5 volt 
VDS.
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At 10 volts VDS also good overlay
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At 20 volts not so good overlay but the devices have 18 volt maximum according to 
the data sheet.
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All of the above was also done for the PMOSFETs.
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These measured and SPICE simulated curves overlay fairly well.
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If the ring oscillator waveform matches with the simulation then the AC parameters 
such as Cj and Cjsw, etc. must be correct.  SPICE will calculate the internal capacitance 
for each transistor using the properties and the SPICE model. However the 
capacitance of the input ESD protection circuitry needs to be added at each input as a 
separate capacitor to ground.  This is the subject of a lab in Digital Electronics.  That 
lab is posted on Dr. Fullers webpage.
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