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ECE 255 ELECTRONIC ANALYSISAND DESIGN Fall 2009

SPICEDESIGNPROJECT#1 Due Friday, October 2, 2009
5:00 p.m. Room MSEE 180 Drop Box

Development of D.C. and Hybridmodels for a 2N3704 Bipolar Transistor.
(Dry lab of ECE 208 Experiments #9A and #11)

This exercise will use the PSpice model MPS3704djwis actually a 2N3704 in a different package).
The model parameters from Cadence PSpice are alew.

. nodel MPS3704 NPN( 1 s=26. 03f Xti=3 Eg=1.11 Vaf=90.7 Bf=736. 1K Ne=1.232

+ | se=26. 03f |1kf=.1983 Xtb=1.5 Br=1.024 Nc=2 Isc=0 I kr=0 Rc=.5
+ G c=11.01p M c=.3763 Vjc=.75 Fc=.5 Ce=24.07p M e=.3641 Vje=.75
+ Tr=233.8n Tf=1.03n Itf=0 Vtf=0 Xtf=0 Rb=10)

1. To verify that your transistor model is correatgt the input characteristics @:-¥= 2 V and the
output characteristics fog F 20, 40, 60, 80, and 1Q@\ for 0 < V¢ <10Vto obtain the plots

shown below.
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2. The model for the forward biased Base-Emittaciion consists of a series D.C. voltage source,

Vo, and series resistorgRconnected between the Base and Emitter terminals.
Using your plot of the transistor input charactes determine and list appropriate values fohbot
Vo and R at operating points characterized By120pA and 50uA.

I Vo Rgs
20 uA
50 uA

NOTE: Remember that the d( ) operator can be tesédd the derivative of a PSpice curve.
Additional copies of the tables appear on thegage for use in your report.



3. Plot the V-I characteristics (using “Add Trac€ in.the plot window) of your models on the input

characteristics as shown below.
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4. The output characteristics are modeled by thallphcombination of an independent current

source, ¢eo, a dependent current sourfg, Is, and a resistor, R In this case, the independent

current sourcecko, can be considered unimportant. Determine ahddisies for the control of

the independent sourdgy., and the parallel resistorgR

Ry

Bdc

ls
20 pA
40 pA
60 A
80 uA
100pA

Byl 8 'V ce/R 4, plot the characteristics of the models you haeated
." in the plot windovgn the output characteristics of the transistastasvn

5. Using the equatiohy

(using “Add Trace ..

below.
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6. On a second plot, extend the sweep to negatifages and show that your model characteristics

=N.

Early Voltage

converge to a single point; then using the cumsark that point, ( —X).
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Determination of the Hybriet-model parameters
In the ECE 208 Laboratory Experiment #11, you willld the following circuit (using a 2N3704 in

place of the MPS3704 shown below):
Vbb

22k

Vcce Rs
i Vbb i Vcce '\é\/\/
— T 5vdc émw
l 1Vac
= =0 _|_

MPS3704

ovdc
: ==

In the lab, you will insert different values ot Rnd adjust W to make \&e = 2 V before each set of
measurements to determine the Hybrichodel parameters. You could perform this samegatore
in PSpice by inserting a particular value @f &d sweeping M to determine the value ofgy that

makes \¢e exactly 2 V. However, PSpice has a variety ofg¢dloat we can use to make this process
much simpler.

For example, we can build the circuit so that it automatically bias itself atd =2 V.

Consider the circuit below, in which the D.C. s@Xgg has been replaced by a voltage-controlled
voltage source, element E in Spice.

Vce Vbb Vbb
A A

i 22k

<
o
o

MPS3704

Vref o . 33k
2vde _T R 5Vvdc 100k
1Vac
— — = Ovdc
0 0 0
—é— =

<
)
I3}

=0
The voltage-controlled voltage source (elementds)dncontrol which is 3 — 2 V and an output
voltage \6g = gain * (Vce— 2 V). If Vceis greater than 2 V, the voltage-controlled vadtagurce will
produce a positive voltage which increasgshd consequently,lwhich increases the voltage drop
across R thereby reducing &. The bigger we make the gain of element E, theeslthe value of
Vcewill be to 2 V. Let’s make the gain at least 1@0kd then e should be within a few micro-volts
of the desired value. Try it out by setting R6 kQ and check the bias pointcd



Now if we could automatically change the value®gfwe could get all of our data in one simulation.

In the following circuit a global parameter R haeb introduced which will be used to set the value
resistor R.

Vce Vbb Vbb Vcce PARAMETERS:
A A R = 100

E R1 Vce
- 22k
1 0
Vcc Rs
E MPS3704
Vref . Vcce l\é\ét'
r— — R2
2vde T z 5Vvdc 100k
Vs
1Vac
=0 =0 =0 ovdc

We can now do a D.C. sweep of the global paranfeigsing the given list of resistor values to
measure the desired quantities.

7. Make the D.C. measurements necessary to conthketable below.

Nominal D.C. Values | D.C. Measurements

Ic Rc VcE Vs Ve I
0.5mA | 60002 20V
1.0mA | 30002 20V
2.0mA | 15002 20V
5.0 mA 600Q 20V
10.0 mA| 300Q 20V
30.0mA| 100Q 20V

The data in the table above can be used to conappi®ximate values of the Hybridmodel
parameters by using the finite difference calcalaidiscussed in ECE 208 Lab Experiment #11.
In fact, we will use these values to check our kydarmodel parameters as the last step of this
exercise.

To directly determine the Hybrigd-model parameters we will make A.C. terminal measants.

Before we begin, we need to consider what effeztiitomatic bias elements we added will have on
our measurements. We introduced a voltage-coattelbltage source and feedback. Even though the
feedback path and voltage-controlled voltage sowe® only intended to provide D.C. voltages to set
the bias point, they will also provide a feedbaakhgfor A.C. signals.

To avoid feedback of the A.C. signals, we could@ymmeturn to the original circuit Vbb
and set ¥g with a D.C. voltage source to the values in thdetabove and run a L-filter
simulation for each value ofR

R-filter

Not wanting to be accused of taking the easy wdylets break the A.C. signal im

feedback path and continue with our auto bias tird¥e need an element that has
zero resistance at D.C. but a large impedance fGr gignals. Anything come to
mind? Try adding the filter shown to the outputtué voltage-controlled voltage source (element E).




There certainly are fancier filters that can be enaith more realistic component values; however, we
need to be careful. We are using an amplifiert@gd-controlled voltage source) with a gain greater
than 16 followed by an attenuator with an attenuationorgtieater than 1D The precision of the
calculations is now becoming very important. Ousvaer (signal) could be lost in round-off errors.
On the Options tab in Simulation Settings, we hdecopportunity to control the accuracy of the
simulation. The simple filter shown will work ugjrthe default settings, some other filters will.not
Remember that simulation programs in general argde@$n particular will not tell you when the
simulation results are nonsense — It is your resipdity to check.

8. Using an A.C. sweep in the range of 1 kHz t&H@ together with the global parameter sweep (or
setting \bg and R if you are not using the auto bias circuit) detewrthe values need to complete
the table below,

Nominal D.C. Values | A.C. Measurements

Ic Rc Ve Vpe i Ve Ic
0.5mA | 60002 20V
1.0mA | 30002 20V
2.0mA | 15002 20V
50mA 600Q 20V
10.0 mA| 300Q 20V
30.0 mA| 100Q 20V

All of the measurements for ECE 208 Lab Expering&rit are now complete. At this point you would
calculate the Hybride model parameters. However, we have assumedsti@aoimt that the output
resistance,qr is infinite. Let’s check to see if that is true.

If we simply try to measure the output impedancddtermine 4, we would find thatgis in parallel
with Rc and that it is very difficult to accurately detenm the value of a large resistor that is in
parallel with a relatively small resistor. We aarercome this limitation by makingdRnuch larger.
The table below shows the new values gf Ro maintain the same operating point, we need to
increase ¥c a bit, to 30 kV (30.002 kV for the perfectionistMarning: Do not try using a 30 kV
source at home.

9. Remove the A.C. source from its present locatidhe bias network and A.C. couple it to the
collector. The output resistance can now be medsas the ratio of the A.C. source voltage to the
source current. You will probably see the effddihe capacitors in the transistor model as well as
the filter in the auto-bias circuit when you do th&. sweep. Try extending the sweep from 100
Hz to 10 kHz and pick the peak values gtiorreport in the table below.

Nominal D.C. Values | A.C.
Ic Rc Ve 4

0.5mA | 60 M2 20V
1.0mA | 30 M2 20V
20mA | 15M) 20V
5.0 mA 6 M 20V
10.0 mA| 3 MQ 20V
30.0mA| 1 MQ 20V




Finish by producing the plots listed below using tfata you have collected in the tables alas/e
specified in the ECE 208 Lab Manual for Experinht. These aneot PSpice plots. You can use
Excel, Matlab, etc. to make these plots.

10. PlotBgc and B, =

i.=(V./r
M vs. k (on the same graph) using linear scales.
i

b

11. Plotr, = v, /iyand=r, = A\I/BE vs. k (on the same graph) using a log-log scale
BE

12. Plot R and g vs. k (on the same graph) using log-log scales.

13. Plotg,,, =B,/r, Vs. k using linear scales.

Minimum report requirements:
1) Completed cover page showing simulation measengsr(cover page is provided below).

2) One input characteristic plot (with model ch&gaistics shown using “Add Trace”) from Part 3,
one output plot (with model characteristics showmg “Add Trace”) from Part 5, and one plot

from Part 6 showing models converging toa-V
All three plots can be on the same page — be batdtlie traces are clearly visible and that yoaimethe trace
definitions that the Probe program generates asylalis below the plots.

3) A PSpice schematic of the complete circuit usethake the measurements in Part 7.
(You may submit a hand drawn schematic if and @r{i§f) you are using the nanohub.)

4) The complete Spice output file correspondim¢he schematic used for Item 3 above (exercse P

7). (You may remove page breaks, blank lines, and eéart size to no smaller than 8 points if you wish
conserve paper; however, do not alter anyiteite output file)

5) Write (or print) the node designations (the endtically generated node numbers) appearing in the
output file (Item 4) on the schematic (Item 3).

6) Provide plots (not PSpice plots) of measuremesults reported in the tables from Parts 10
through 13

NOTE: You will receiveno credit if ltems 3, 4, and 5 are not submitbedhereisevidencethat the
work isnot your own. The use of the auto bias circuit is optionalinParts of this
exercise.

Although you are encouraged to work with your ataates, each student is required to
create their own simulation and produce their oVatspand other results from their own
unique simulations. Potential sanctions are pevion the course website.



Name

ECE 255 ELECTRONIC ANALYSISAND DESIGN
Fall 2009 PSpice Design 1- My Measurement Results
lg Vo Res
20 pA
50 pA
Ig Bdc Ry
20 pA
A0pA Early Voltage
60 pA
V/_\ =
80 pA
100pA
Nominal D.C. Values | D.C. Measurements
lc Rc Ve Vs Ve s
0.5mA | 60002 | 2.0V
1.0mA | 30002 | 2.0V
20mA | 15002 | 2.0V
50mA | 600Q 20V
10.0 mA| 300Q 20V
30.0 mA| 100Q 20V
Nominal D.C. Values | A.C. Measurements
Ic Rc VcE Ve ip Vee ic I
0.5mA | 60002 | 2.0V
1.0mA | 30002 | 2.0V
2.0mA | 150 | 2.0V
50mA | 600Q | 2.0V
10.0mA| 3002 | 2.0V
30.0mA| 102 | 2.0V

* rg was determined using values of fRat are 10,000 times larger than the values stwwthe left.




