Fall 2009

Due Friday, September 11
5:00 p.m. Room MSEE 180 Drop Box

ELECTRONIC ANALYSISAND DESIGN

ECE 255

SPICE Homework

Based on ECE 208 Lab 3

Most PC based programs already contain the 1N&idednodel; however, if you are using
http://www.nanohub.orgyou will need to input model parameters. Beloe itwe model

parameters used by the Cadence PSpice program.

1. Using any SPICE based simulation system, plot theNaracteristics of a 1N914 diode.
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The V-1 characteristics are obtained by performarg.C. Voltage Sweep using the following

circuit.
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Sweep the D.C. voltage from —-0.2 V to 1.0 V to abtaplot similar to the graph below.
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2. Using the cursor, mark a point at about —0.D ¥stimate the value of (as shown above) and

record the result on the cover sheet.
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Ideality Factor

3.

The dynamic resistancgis the reciprocal of the slope of the diode I-\AGcteristic evaluated at
the operating point, Q.

_ dVD| = NVy = nVy (for forward bias)

digl, lots 1o
wheren is the ideality factor and-Ms the thermal voltage. Since the PSpice simutatissumes a
temperature of 27°C,

'y

kT
V; =— =25.87mV.
q
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4. Modify your plot to provide an estimate of tideality factor. That is, plog = S/ d.
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5. Using the cursor mark a point at about 0.4 ¥dtimate the value of (as shown above) and
record the result on the cover sheet.
NOTE: Our approximation requires that the diodddrward biased but we note that the diode
behavior begins to deviate from that of an ideatldiat both very low and high currents.

Now that we know all about our diode’s charactesstlet’s build something!
How about a variable attenuatoffRis is known as a rhetorical question.)

The attenuator will be based on the following dit:cu

Vcce
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NOTE: The elements in the box at the right are dddesimulate the effect of the oscilloscope set to
A.C. coupling and should not affect (or be includt®dyour hand calculations.

6. Determine the value of at 21A from the diode V-I characteristics.

The plots below suggest how this can be easilgraptished. Using “Add Plot to Window”,
both the V-I characteristics and dynamic resistarazeappear in the same view. Simply place
one cursor on the desired current and the othaeocuat the corresponding voltage on the
dynamic resistance plot to directly read the dymamsistance.
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7. Assuming thatd = 2uA, determine a value forfsuch that the attenuation raﬁ?/— =5
S

You can neglect the effect of the oscilloscopaitipmpedance in this and the following
calculations.

8. Since we want to actually build the attenuatgr,need to select a real resistor value. Thetabl
on page 1164 of the text shows the values of 5&sdate resistors that are available. Select a
single 5% resistor value to use fop.R

9. Since you probably can not use the exact vdli gou calculated in Part 7, you may need to

slightly adjust your operating point to achieveadtenuation ratio of exactlyzt. Assuming that

the value of yousingle 5% resistor is exactly equal to theminal value, calculate the new

: : : . 1
value of the dynamic resistancg,that will produce an attenuation ratlogf.

10. Determine the diode operating point that witiguce this new value of dynamic resistange, r
and record the values of &nd \b on the cover sheet.
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11. Determine the value ofd¥ required to achieve the operating point that pritilduce the value of

. : B
rq required to produce an attenuation ratleéo;ﬁnth the value of Rthat you have selected.

12. Place the computed values ofdRd \c in the attenuator circuit shown above and perfarm
transient simulation (of duration 2ms) to produgqea as shown below.

V{R=scope:2)
Time

NOTE: If your initial output trace is “lumpy” adt themaximum step size to produce a

smooth output trace. You may also notice that yatput plot is not quite symmetric about zero
volts. The reason is that the capacitors areaifyituncharged. You can compensate for this by
either applying an initial charge to the capaci{imsing the IC property) or by simply skipping
the first few milliseconds of the output to alloletcharging transients to die out.

12.5 If your output trace does not have a peakevafnearly 5 mV reexamine your work in Parts
6—11 and determine new values ofdRd ¢ to produce plot shown above in Part 12.

13. Determine the two values of the dynamic rescagg) required to obtain attenuation ratios of

1 andi while keeping Rfixed at the value determined above in Parts Bantist the two
values of g required on the cover sheet.

14. Determine the two values otyrequired to achieve the required operating pdhmas will

produce the two additional attenuation ra{e\é\?—m = %{ andl—loj . List these two values of
S

required \&c (along with the ¥¢ value from Part 11) on the cover sheet.

15. Show the result of the attenuator in operabypoing gparametric sweep in the transient
analysis mode (using thist of the three values ofd¢ you have chosen) to produce a plot like
the one below.
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16. The A.C. model of the diode contains a capawituch will be important at high frequencies.
Investigate the performance of the attenuatorgtt frequencies by creating an A.C. sweep (with
aparametric sweep of théist of values of \¢c). You will need to replace the VSIN source with
a VAC source of amplitude 10 mV. If you sweep friarkHz to 100 MegHz, your output should
appear as shown below.

5. 0mV - : ;
______________ L______________._____________i.______________ Y Sy ____________.J:.______________._____________J.______________.
I L i_ ___________________________ g J:. ____________________________ A
g -------------- e Er --------------------------- e 'i' ---------------------------- B |
6 ______________ 5 :r ___________________________ e 'i' ____________________________ [ e
> 2. 5mv r :
—
>
o
=
>
o
oV L L L L
1.0KHz 10KHz 100KHz 1.0MHz 10MHz 100MHz

v V(C-coupling:2)
Frequency

NOTE: In PSpice, both ‘m’ and ‘M’ are interpretesl milli. ‘Meg’ is used to represent mega.



Below is a list of the material to be turned in fiois assignment:

. REQUIRED: Completed cover page provided as the last patj@néssignment.

. Asingle page containing the plots of the diode V-I chagastics (showing the ‘Mark’ed cursor
designated value of the diode current at —100 amd)the dynamic resistance of the diode. This
page which represents your results from Parts 4n@,3 is to be produced directly from the
probe display (i.e., not cut and pasted to anadpetication).

. A plot showing your determination of the ideaféctor (displaying theMark’ed cursor
designated value of the ideality factor). Thisresents your results from Parts 4 and 5.

The schematic of the attenuator circuit youusiag to perform the transient analysis in Part 12
(including all component values). Enable thas point current display on the schematic to
show that the bias current is approximate[yA2

If your are using the NanoHub, hand draw the sctiem label the nodes with the node
numbers you have assigned and include a listingof source code.

. A plot of the transient response of the completigenuator (similar to that shown in Part 15).

. A plot of the attenuator performance as a famctf frequency (similar to that shown in Part
16).

. REQUIRED: The output file produced when performing the srant analysis of Part 12.
(You may remove page breaks, blank lines, andoeflint size to no smaller than 8 points if
you wish to conserve paper; however, do not afigrtextin the output file)

Although you are encouraged to work with your ataates, each student is
required to create their own simulation and prodte& own plots and other
results from their own unique simulations. Potrganctions are provided on the
course website.
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ECE 255 ELECTRONIC ANALYSISAND DESIGN
Fall 2009 SPICE Homework

My results for the design of an attenuator usingi@4diode:

Measured value of the reverse saturation currerd iocN914

ls=

Measured value of the ideality factor for a 1N914

n:

Dynamic resistance a 1N914 gtd 2uA

q=

Attenuator resistor R(actual 5% value)

R2:

Revised operating point to produce the dynamictasce that will yield an attenuation ratio éf

Mg = ’ D :l: ’ D\#
Dynamic resistance necessary to achieve attenuatims of[VOUt _1 and_lJ
Vs 47710
rqfor 1 = rqfor 1 =
4 10

Values of power supply voltagec¥, used to produce the required attenuation ratios

Veefor 1 = Aforl = Afor L =

2 4 10



