Name Solution

ECE 255 ELECTRONIC ANALYSISAND DESIGN
Fall 2009 PSpice Design 2— Preliminary and Final Design Resu

Hand-drawn schematic:
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Intended operating point for preliminary design:  lc=__ 1.14 mA ., &¥=_ 32V

Explanation of why this operating point was chosen:

We would like to have &1.5 V output voltage swing about the operating p@n

Therefore, ¥ < 4.5V = Ic>.7 mA. Also we need to havee¥> 1.5V + \p to ensure that the
transistor remains in the active region. If weetddg = .85 V as the maximum from the data sheet we
have e > 2.35 V. That leaves about 2.1 V fog. RFrom the gain equation, we see thaidnot

going to be bigger than 2@, so the voltage drop across R only going to be about .2 V.
Consequently, we have about 2 V of uncommittedagatwhich we can distribute betweegdtd

VCE.

Component values from preliminary design:

Rc= 2.2k JR= 1800 R 150K R 39K ()=

Comments on the success (or failure) of your piekny bias point calculations.

The circuit, as designed, was expected to have lpasrstability since Ris too small to provide much
negative feedback and the bias curregt,is not much larger thag.|
Decrease Ra bit to increase the gain.

Whether or not redesign is required, list the fivellues used in your simulation

Re=_ 22k ,R=_1800Q R _ 1300, R 3910 ()=
Component values for external capacitors used: | Rl frequency voltage gain {4
Ci= 1pF , &= 1uF , ()= 2N3993¢ 2N3904 10.2¢

(from transient output; AC simulation meets specs.)



PSpice Design 2 Solution — without bias point stabilization

Preliminary Design

Vout _ Zin x Om (RC” RLoad)

Gain equation: Ay = = =10+0.5
Vo Rg+Zy n+g,LRe+Re
Constraints: Z, >10kQ Rs=1 k2 Rioad = 100 2
Zoi = 2.2KQ = Rc=221KQ
r(2.1
Substituting known values Ay 10, 9n (219 =10+0.5

*T1+10 L+(g L+ R

From the data shed}; is expected to be between 50 and 2004a+ 1 mA.
Takepo ~ 75 (to be on the safe side)

0 On (219 = 1% [+( g 1+ } B]
or 161= 1 [+( 7§ R |

Input impedance equation: Z,, = R,||Ry|[ r,(1+ g, Re) | > 10K

Considerations:

We would like to have &1.5 V output voltage swing about the operating p&n

Therefore, <45V = Ic>.7 mA. Also we need to haveey> 1.5V + \4 to ensure that the
transistor remains in the active region. If weetddg = .85 V as the maximum from the data sheet we
have \&e > 2.35 V. That leaves about 2.1 V fog. RFrom the gain equation, we see thaisnot

going to be bigger than 2@, so the voltage drop across R only going to be about .2 V.
Consequently, we have about 2 V of uncommittedagatwhich we can distribute betweendhd

VCE.

Let's try making \6 = 3.5V and = 3.2 V.

Thenl, = Yee Ve 280735 1 14 o g =9« = 3856 14= 36.73m:
R. 2.2k kT 1.2
rn:&zzm for B,= 75
m
. . 161- 22
From the gain equatioid6l= 1| r+( 7 = Rg= =.166 K2
gain eq [r+(7§ R] e =TI 76

Try Re = 180Q



SinceZ, =Ry|Ry[r.(1+ g, Re)|= R| R 15R > 1086 =  R,|R,> 30k

Since R will be much larger than Rtry R, = 39 KQ

0.9V

Vg =Ve+Vo =] (R 407V =09V = I =———
B E 0 |E| E R, 39kO

=.023mA

5.1V
.034 mA

andlp =1 +l 5 =0.023+.011= .034mA 0 R, = = 150kQ, use 150 R

Comments:

The circuit, as designed, is expected to have p@sr stability since Ris too small to provide much
negative feedback and the bias curregt,is not much larger thag.l

Initial simulation results show {Amin = 9.26. Let's decrease;R bit to increase the gain,
try R; = 130 K.

Simulation results:

VCE |C Rin |AVs|
2N3903 3.23V 1.16 mA 10.3k 9.53
2N3904 1.70V 1.81 mA 15.1¢k 10.26

Capacitor selection:

The minimum impedance that the input coupling cdapasees is

Rc = Rs+ R, = 1KQ+ 1010 = 11K = C, >;
" 21mx30x 11k

The minimum impedance that the output coupling capasees is

1
= + = 2. + = > - 00000
Re,, = Rot Riggg= 220+ 1000 = 1020 = Cyy > oo

Since the low frequency cut-off (-3 dB pointlax{ ®'s} < o, <X 'S,
set G, = 1uF and G, = 100 nF. (Larger values will also work.)

= 490nF

= 52nF

Circuits used in simulations
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A.C. Simulation
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Transient Simulation (withg= 0.2 \kp)
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For the 2N3903, Mi_pp= 1.896 V=> |Avs| = 9.48 and for the 2N3904 ) pp= 2.048 V=> |Avs| = 10.24

Transient Simulation (witha= 0.3 \kp)
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For the 2N3903, V—pp= 2.825 V= |Ays| = 9.42 and for the 2N3904 ,)}_pp= 2.975 V= |Ays| = 9.92

Note the distortion at the bottom of the waveform.



