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Design and Specification of MOSFET Devices

Digital circuits are comprised of million of transistors. Transistors are made of MOSFET, the metal-
oxide semiconductor field-effect transistor. Thisis aparticular kind of FET, field-effect transistor. MOSFET
is extremely popular in the industry. Compared to BJTs or other devices, MOSET transistors are small and
can be well packed together on the high density chip. MOSFET manufacturing processis relatively simple.
Digital logic and functional block can be implemented with MOSFETS exclusively. (no resistors or capaci-

tors are needed)

In thislab, you will do the schematic capture
and simulate the MOSFET as a switch. The enhance-
ment-type MOSFETSs are used. Observe how the
properties of the MOSFET makes the switch less
than ideal.

Transistors as Switches
Digital gates are made from switches. FIGURE 2.1
shows four types of switch connections. We will look
at how to use MOS transistors in each type of con-
nection.

a) PMOSand NMOS as pull down switches.

b) PMOSand NMOS as pull up switches.

¢) Placing PMOS and NMOS in complimentary sym-

metry (CMOS) gates.
d) Thetransmission gate, or pass gate.
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Transistor Pulling Down

To use transistors in digital circuits
one must know how to connect them
to get the full OV to 5V output swing

Here, with the gate at 5V, the transis-
tor is on (conducting), so one would
expect Vot to be close enough to OV
to be auseful digital signal. (Unlessa
poor designer made R too low, say
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Carleton University 97.350, Lab1:MOSFET Devices & CMOS InverterNMOStransistors., Transistor at Top End (V ppEnd)

Ql. UseSPICE tofind the range of R over which the circuit of FIGURE 2.2 can deliver a digitally useful
low VoyT, say lessthan 0.5 V. Plot the graph Vout min versus R.
The 0.1pF capacitor is stray circuit capacitance. Many MOS circuits have only stray capacitance (no re-
sistors) in them, particularly if they feed only other MOS circuits.

Q2.  Using simulations plot «/Ei versus Vgg and from that find the threshold voltage of the NMOStran-
sistor.

122 Transistor at Top End (VppEnd) Of Circuit.

Now consider the transistor connected at the top of instead of the bottom (FIGURE 2.4). With the gate at
5V, the transistor is turned on, so one would expect V1 to becloseto 5V. But isit really that close?

The Threshold Voltage

The MOS transistors used in gates have a minimum V gg to turn on called V1 (threshold voltage). Typ-
icaly V1 is0.5to 1.5V. Evenat Vgg = V14 conduction is poor. One needs a voltage many times higher
to give alow channel resistance. FIGURE 2.3 shows how even with V=5V, V gg can be much smaller.
Further the pull-up connection can never have an output above Vpp-Vy.
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Q3. UseSPICE tofind Vg for arange of R. Especially find out how close the output can get to 5V.
Plot the graph Vout max versus R.

You should find the output
(Source) can never rise
closer than VTHRES—|OLD to
the gate, and then only
when R is megohms.

NMOS, transistor at top Vour(MAX)
5V

Q4.  Comment: Would you output 2.5
think digital circuits
would perform better
when NMOStransistors
were connected to pull
the output up or down?
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Q5.  Plot 1y for NMOStransistor widths ranging from 20y mto 100y min 10 mintervals. Justify your
observation intuitively. (Keep the length at 5p m)

Q6. Plot 14 for NMOStransistor lengths ranging from 5p mto 30p mat 5u mintervals. Justify your ob-
servation. (Keep the width at 30p m)
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PMOS transistors, Transistor At Ground End

1.3 PMOStransistors PMOS; transistor pullsdown. v (MiN)
. +5V
131 Transistor At Ground End
Q7. UseSPICEtofind Vgt for arange
of R. Plot the graph Vout min versus output 25
R. How close can Vo1 get to 0V?
. . sy | Vour
1.3.2  Transistor Pulling Up > ) =IVosl
Q8. UseSPICEtoplot Vot mex Vs R, O ricure2s 0@ 1@ 107 1 10° 107
particularly find the maximum -
Vour-
Q9.  Using simulations plot JTd versus Vgg and fromthat find the threshold voltage of the PMOStransis-
tor.
Q10. Comment: Would you think digital circuits would perform better when PMOS transi stors were con-
nected to pull the output up or down?
20p mto 100p mat 10p mintervals. 5V
How does PMOS current level com- +5V
pare to NMOS ones? Why?.
[Vpsl
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2. Design of the CMOS I nverter
CMOSinverters are made of PMOS and NMOS. PMOS and NMOS are complementary with each
other. PMOS transistor is conducted with logic zero applied to the its gate terminal. Otherwise, PMOS s
off. The performance of NMOS is complementary with that of PMOS. Also, the sizes and position of
transistor have big impacts on its performances.
In this part of the lab, you will do the schematic capture and simulate the CMOS inverters.
21 CMOSInverter

There were two problems with making logic gates with atransistor and a resistor:

i) Getting afull 0-5V output swing. This was solved by choosing correctly between NMOS and PMOS.
ii) When the transistor was off there was along slow RC time constant while the capacitor discharged
through the resistor.
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CMOS Inverter, Transistor Pulling Up

In CMOS logic gates two transistors are +5V

used and no resistors. One transistor pulls J_

the output up and another to pulls it down. Otodv .. OtV .
Thereis no large time constant. '

Q12. Classify theinverter circuits of FIGURE : o Vout
2.8 as“ won't work," “will work with = / —
poor output swing,” and “ will work FIGURE 2.7 — —
well” . Explain which one does not have
the inverting structure.

Q13. Using simulations sketch the output waveform from circuits (A) and (B). Use the knowledge you
gained from Section 1.3 to explain.

(A) (B) © (D)
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Q14. Adda0.5 pF capacitor to the output of the CMOS inverter and measure the falling and rising times
(10% - 90% swing), and measure the falling and rising delays (50% input swing to 50% output
swing).

Q15. Which delay islarger? Why? (Hint: look into PMOS and NMOS transistors relative sizes.)

Q16. For what size ratio you expect a symmetric output (i.e. almost equal rising and falling times, and al-
most equal rising and falling delays.) Prove your suggestion by simulation results. You may want to
try a number of cases such that the rising and falling delays differ by less than 1%.

Q17. Now set the width of PMOSto 40 microns and the width of NMOSto 20 microns. Plot VTC of the in-
verter by sweeping the input from OV to 5V at 0.2V intervals and measuring the output. On the graph
show and measure the Switching Threshold, the input and output high and low voltage levels, and the
high and low noise margins.

Q18. Try Q17 with the width values used in Q16. What difference do you realize? Explain.

Width/Length
An important factor when building MOS transistors is W/L . Just as along thin wire has more resistance
than a short thick one, atransistor with a small W/L has more resistance than one with alarge W/L.
In thislab the default size for transistorsis W=30u, L=5u. (u or 1 means micron =10°® of ameter. Vis-
iblelight is0.4to 0.7.) In 1998 a minimum W of 0.5u (wavelength of green light) is common. Next
year it will be 0.35. A large W is used for transistors that need to deliver power like bus drivers.
Substrate Bias
In MOS transistors, the substrate is always made a reversed biased diode with the channel. In PMOS
this means connecting the substrate to VDD. In NMOS it is connected to ground. In SPICE it will be
necessary to use the 4-terminal transistors for transmission gates The substrate in the 3-terminal ones
are connected to the source, which is correct only for conventional gates.

Deliverables:

» Fill out acover sheet
e Demo your work to a TA
e Answer al questions
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