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ECE4902     Lab 1   C2013 
 

Determining Capacitance with Risetime Measurement  
Reverse Biased Diode Junction Capacitance 

MOSFET Gate Capacitance 
Simulation: SPICE Parameter Extraction, Transient Analysis 

PURPOSE: 
 
The purpose of this lab is to measure the capacitance of a reverse biased PN junction, and the 
gate capacitance of the MOSFET.  Since these capacitances are small (of the order pF) you will 
also see the measurement effects of parasitic stray capacitances due to the breadboard and scope 
probe.  Upon completion of this lab you should be able to: 

• Recognize the capacitive nature of a reverse biased PN junction 
• Recognize that the gate of a MOSFET looks (mostly) capacitive, and determine the gate 

capacitance per unit area and gate oxide thickness for the CD4007/MC14007 
• Use the rise time = 2.2 τ relationship to determine the RC time constant τ of a network 

from a rise time measurement on an oscilloscope. 
• Use simulation to confirm your value of the gate oxide thickness parameter TOX. 
 

General lab tips: 
a) Keep physical layout neat and organized, similar (if possible) to circuit diagram topology 

to aid in troubleshooting. 
b) Keep leads short (especially on high-impedance nodes) to avoid noise pickup.  Running the 

supplies and ground as shown on the following page simplifies connections on your 
breadboard.  Use bypass capacitors (0.01µF or 0.1µF) between the supply rails and ground. 

 
See suggested breadboard configuration on following page! 

  
c) Measure power supply voltages at the breadboard socket before inserting ICs.  Beware of 

excessive voltage or polarity reversal. 
d) Turn off power supplies before making circuit changes. 
e) Make sure that your oscilloscope is properly configured:  use the calibration signal source 

on the oscilloscope to be sure the scope probe attenuation is correct (10X, not 1X) and the 
probe is properly compensated, etc.  Double-check settings if you see an unexpected 
measurement result.  This is one of the many good reasons to do the prelab: if know what 
to expect, you can catch mistakes early before wasting too much time in lab. 

f) As you know by now, the scopes in AK227 can save screen shots to a memory stick 
using the front panel USB port.  Feel free to use screen shots of the oscilloscope 
waveforms to illustrate your measurements as appropriate. 
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Suggested breadboard configuration (example with op-amp circuit). 
 

+5V -5V 
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Prelab  

 
Calculations for Determining Capacitance with Risetime Measurement  
 

VOUT
R

100kΩ

FUNCTION
GENERATOR

VIN

C
0.01µF

 
 

Figure P1-1. 
 
 In the RC circuit shown in Figure P1-1, the function generator is set to produce a square 

wave at a frequency of 10kHz going from 0V to +5V. 
 
L1-1. Sketch vIN and vOUT for one cycle of the square wave. 
 
L1-2. Calculate the 10%-to-90% rise time tR at the output.  Also determine the 90%-to-10% fall 

time tF.   Indicate these on your sketch. 
 

100pF 
10kHz 

0V ↔ +5V 
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Lab Exercise 
 
Determining Capacitance with Risetime Measurement  
 

VOUT
R
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C
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Figure L1-1. 
 
L1-1. First, to just get a handle on finding capacitance values with a risetime measurement, build 

the RC circuit shown in Figure L1-1.  Measure and record the actual resistor value using 
the DMM on your lab bench.   

 
 Display the input signal from the function generator on oscilloscope CH1, and adjust the 

function generator to produce a square wave  going from 0V to +5V; frequency around 5 
kHz.  The value of the frequency isn’t critical, as long as the waveform period is long 
enough to see the full settling behavior of the exponential response. 

 
 Display vOUT on oscilloscope CH2. 
 
L1-2. Measure the 10%-to-90% rise time tR at the output.  (See the "Risetime Measurement 

Tips" handout).  Also measure the 90%-to-10% fall time tF.  Record: 
• The rising and falling output waveforms 
• Measured rise and fall times. (For a linear capacitor, rise and fall times should be equal). 
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 
• Calculated capacitance using measured R value from L1-1.  Note that capacitors are 

typically specified with a ±10% or even ±20% tolerance, so some deviation from the 
nominal 100pF value (within this range) would be reasonable. 

100pF 
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Reverse Biased Diode Junction Capacitance 
 

VOUT
R

100kΩ

FUNCTION
GENERATOR

VIN

1N4002

 
 

Figure L1-2. 
 
L1-3. Now, replace the capacitor with a 1N4002 (or 1N4004, depending on what's in your lab 

kit) diode to make the circuit shown in Figure L1-2.  Display the input signal from the 
function generator on oscilloscope CH1, and vOUT on oscilloscope CH2.  Keep the function 
generator amplitude for a square wave swing of 0V to +5V.  Since the diode capacitance 
may be less than 100pF, the rise time may be shorter and you may want to increase the 
square wave frequency somewhat (while keeping the period long enough to show the 
entire RC settling waveform). 

 
L1-4. Measure the 10%-to-90% rise time tR at the output. Also measure the 90%-to-10% fall 

time tF.  Record: 
• The rising and falling output waveforms 
• Measured rise and fall times (For a reverse biased junction the rise and fall times may 

not be equal, since the junction capacitance is nonlinear). 
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 
• Calculated junction capacitance using measured R value from L1-1. 
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MOSFET Gate Capacitance 
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Figure L1-3. 

 
L1-5. Now, remove the 1N4002 diode and build the circuit shown in Figure L1-3.  This 

configuration connects the gate capacitances of all six MOSFETs on the CD4007 chip in 
parallel.  BE SURE TO WIRE AROUND THE CHIP SO THAT IT CAN BE REMOVED 
WITHOUT CHANGING THE WIRING CONFIGURATION!!! (See part L1-7 below).   
You will also need to set up a +5V power rail using your lab power supply. 

 
Display the input signal from the function generator on oscilloscope CH1, and vOUT on 
scope CH2.  Adjust the function generator amplitude and offset to produce a square wave 
with a pk-pk amplitude of approximately 1.5V, centered around a DC offset of 
+2.5V.  (This voltage ranges ensures that all MOSFETs are in the inversion region of 
operation, in which the gate capacitance is determined mostly by the oxide thickness.) 

 
L1-6. Measure the 10%-to-90% rise time tR and fall time tF at the output.  Record: 

• The rising and falling output waveforms 
• Measured rise and fall times  
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 

 
Effects of Parasitic Capacitance 
 
One difficulty in measuring small capacitances (such as the MOSFET gate capacitance) is the 
effect of parasitic or stray capacitances from wiring, the proto board, the capacitance of the 
oscilloscope probe, etc.  These additional capacitances appear in parallel with the capacitance we 
want to measure.  Since capacitances in parallel add, the measured capacitance for this circuit 
will be larger than the MOSFET gate capacitances.  To take these effects into account, we will 
repeat the risetime measurement with the MOSFETs removed to measure the total parasitic 
capacitance CPAR, then subtract to get a better estimate of the true MOSFET gate capacitances. 
 
L1-7. Carefully remove the CD4007 chip.  Measure the 10%-to-90% rise time tR at the output. 

Also measure the 90%-to-10% fall time tF.  In your lab notebook, record: 
• Sketch of the rising and falling output waveforms 
• Measured rise and fall times  
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 

0.75V
 1.25 V
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Lab Writeup 
 
Determining Capacitance with Risetime Measurement  
 
W1-1. From your results for part L1-2, report the 

• Rising and falling output waveforms with 100pF capacitor. 
• Measured rise and fall times. For a linear capacitor the rise and fall times should be  

equal -- are they? 
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 
• Calculated capacitance using measured R value from L1-1.  Compare the calculated 

capacitance to the expected result from the component value.   
 
 
Reverse Biased Diode Junction Capacitance 
 
W1-2. From your results for part L1-4, report the 

• Rising and falling output waveforms 
• Measured rise and fall times.  Are they equal?  Explain.  
• Calculated RC time constant (from tr = 2.2 RC for first-order system) 
• Calculated junction capacitance using measured R value from L1-1. 

 
 
 
 
MOSFET Gate Capacitance 
 
W1-3. From your results in parts L1-6 and L1-7, report the 

• Measured rise and fall times, with and without the CD4007 chip. 
• Calculated RC time constant, with and without the CD4007 chip. 

 
W1-4. From the calculated RC time constants, determine (from tr = 2.2 RC for first-order 

system) the capacitance … 
with the chip                   CWITH = Cgs(TOTAL) + CPAR  
and without the chip  CWITHOUT = CPAR 

 
W1-5. From the difference CWITH - CWITHOUT = Cgs(TOTAL) determine the total gate capacitance. 
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SPICE Parameter Extraction: TOX 
W1-6.  Determine the gate oxide capacitance per unit area, Cox, in units of F/m2. 

The total gate capacitance is given by 
Cgs(TOTAL) = 3Cgs(n) + 3Cgs( p)
Cgs(TOTAL) = 3CoxWnLn + 3CoxWpLp

Cgs(TOTAL) = 3WnLn + 3WpLp( )Cox
 

 Since the W and L are known (Wn=350µm, Ln=10µm; Wp=900µm, Lp=10µm) your 
measured value of Cgs(TOTAL) allows you to determine the gate oxide capacitance  
per unit area, Cox.  Be careful with units: 1 µm = 1E-6 m. 
 

W1-7. Determine the gate oxide thickness, tox, in units of m. 

The oxide capacitance per unit area is Cox =
Koxε0
tox

.   

Since 

€ 

Koxε0 = (3.9)(8.85E −12 F /m[ ]) , your calculated value of Cox also allows you to 
determine tox.  This will be used as the SPICE parameter TOX when you begin modeling 
the MOSFET for SPICE simulations. 
 
To check your result for reasonableness, compare with the value in Table 2.1 on  
p. 37 of the Razavi textbook.  Note that your value may be up to 10X or 20X larger: the 
Table 2.1 data is for a 0.5µm CMOS technology, and the CD4007 / MC14007 is 
fabricated in a much older 10µm technology with a thicker gate oxide. 

 
SPICE Simulation: Transient Analysis 
 
W1-8. With help from the Lab 1 simulation page  
 
 http://ece.wpi.edu/~mcneill/4902/labs/lab1/Lab1.html 
 
 perform a transient simulation in the time domain to develop models for NMOS and 

PMOS devices that will give the same rise time in simulation as you measured in the lab.  
Include a plot of the simulation transient waveform in the lab writeup you hand in, and 
compare the simulated rise and fall times to the measurements from the lab. 


