Common-emitter Amplifier with Resistor-capacitor Load

Schematic
voo L
{V—CC} - DOT-MODEL:
R1 -
1 . RO} B_dc = 100
=0 V_af =100
I_s = 10fA
c PARAMETERS:
V_CC =3V
Q1 l c1 -
Voac AW B[ an l V_S = 500mV
—%¥ ) R3 {R.in} - 1 {cL RC=1
1V =0 .
R_in=1E-9
V_SIN 55 * I_C=10mA
{V_in} HZ@ C_L = 100pF
{freq} freq = 1kHz
FB PARAMETERS:
V_in = {600mV/A_v}
A v = 69.4489V/V
o L model Q_n NPN (Bf={B_dc},Vaf={V_af},Is={I_s})
"0 model Q_p PNP (Bf={B_dc},Vaf={V_af},Is={l_s})
FIGURE 1
Common emitter amplifier with resistor —capacitor load
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FIGURE 2

Feedback network to establish Q-point voltage Vcg = Vs

Specifications

Suppose that the maximum swing and the collector current are specified.
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Example spreadsheet

Beta -] = =B dc*1+v_SM af)
E [ F G ] H |

5 | Common-Emitter Amplifier Design

E

7

5]

g (Design variables Collector current (m&)  1C(mA&) 0.1
10 Output swwing WSy 0s
11

12 |[Enter Data Here pi 4] 31415926
13 Supply vaoltage WOCC 3
14 Load C C_L 1.00E-10
15 Source R F_IrM 0.00E+00
16 hax forward % _CHB Y _=zat ]
17

15 DC beta B_dc 100
19 Thermal voltage W _th 0025564
20 Scale current | = 1.00E-14
| Early woltage W _af 100
22

23 (Calculated Cutput side W _CH Wos 0.s
21 Output zide beta Beta I 1I:II:I.5.|
25 I_Cra) I_C 0.0o0q
26 MPM W_BE 0595411611
27 Collector resistor F_C 19045 2835589
26 r_pi MPR r_pi 2599332
29 r_ MPH r_Cn 1005000
30 F_Chir O RC_roM 16691 65592
]l o_m MPM g_mh 0003866378
32 Small-zignal gain A T2 269006552
33 Corner freguency i _3dB 35147 53016
34 Gain bandwvidth product GEWY E153531 774
l4| 4 [p [ M Charts & IC_varies £ wow_varies /|4

FIGURE 3
DESIGN POINT on CHARTS worksheet
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100 ‘
80 - -‘N*Dii
s s
E E 60 4 Nﬂ“ﬂ
% % 40
0 0 20 ,
0 :
0.01 0.1 1 10 0 0.2 0.4 0.6 0.8 1
I_C (mA) ——=Av V_SW (V) Ay
V_SW=05V o Design Point ILC=0.1mA o Design Point
1.E+07 1.20E+05 8.51E+04
§ 8E+06 /’ ) 1.00E+05 4
< 6E+06 T 8.00E+04
C ~ T 6.00E+04 |
S 4.E+06 / 5
£ 8.51E+04 £ 4.00E+04 |
8 2E+06 8 2.00E+04 |
0.E+00 ; ; 0.00E+00 ; ; ; ;
0 2 4 6 8 10 12 0 0.2 0.4 0.6 0.8 1
I_C (mA) —¢—f_3dB V_SW (V) —¢—f_3dB
V_SW =05V O Design Point LC=0.1mA 0O Design Point
1.E+06 | 25000
1.E+05 $ 20000 4 N\N
g E:gg 7 19045.9 & 15000 { 19045.0 | T ¢ —-0—s
o 1 1 %)
m| 1.E+02 | m| 10000 -
1.E+01 1 5000 +
1.E+00 | 0 ; :
0.01 0.1 1 10 0 0.2 0.4 0.6 0.8 1
1_C (mA) ——RC V_SW (V) ——R C
V_SW =05V O Design Point IL.C=0.1mA O Design Point
FIGURE 4
Charts on the worksheet CHARTS; the DESIGN POINT is labeled and the value of the variable
that is held fixed is labeled (for example, swing Vsw on the charts where I¢ varies)
IC_md = = 0.01
p | E Il B [ s [ 1 | W [ % | w [ x | v [ z | Aa | A [ AC
| 7 |Label WOSWY =10
8
IER =T Y 8 Beta L C v BE RC b pi r 0N RC ION g mM Ay f3dE  GEW
10 0.01 05 045 100.5| 0.00001 0535858 196414.2 259933.2 10050000 1926492 0.000357 74.48545 8261.385 6153532
11 0.02 0.5 1005 000002 0553785 97310.74 1299666 5025000 9546209 0.000773 73.8185 1667205 1230706
12 0.03 045 100.5| 0.00003 0564272 B4524.26) 866444 33500000 B3304.95 000116 73.42826 25141 1846060
13 0.04 0.5 1005 000004 0571713 48207.18 649833 2512500 47299065 0001547 7315133 3364823 2461413
18 0.09 045 1005 0.00009 0592687 21192.37 28881.47 1116667 2079767 000348 7237048 7652538 5535179
19 0.1 0.5 100.5 0.0001 0595412 1904583 2599332 1005000| 18691.66 0.003866 7226901 8514753 6153532
20 02 0.4 1005 0.0002 0B13339 9433304 1299566 A02500 9259478 0.007733 71.60129 171883.3 12307064
21 0.3 0.0003 0623826 6253913 8664.44 335000| 6139302 0.011599 71.21059 2592395 18460595
L [p Dlnac v |« B8 | I
FIGURE 5
Segment of IC_VARIES worksheet showing IC_mA is column variable
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FIGURE 6

Segment of VSW_VARIES worksheet showing construction of chart label using

CONCATENATE function

PSPICE results
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FIGURE 7
Gain vs. frequency showing faqs
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FIGURE 8

Transient output analysis for input voltage 500mV/A,
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Label - = =COMCATENATE("_C="IC_mA," m&"

D E R | s | 1 | U W Wy " ¥ z BA AB AC |
| 7 [Lahel [ C=0.1mA
8
|9 icimay v sw v 5 Beta L C v BE RC v pi r_ON RC_rOM g_mhN A v f3dE  |GBw
| 10| 10 0595515 23044.85 250889.86 1001000 22526.26 0.003866 57.09502 70653.08 6153532
11| 0505489 2204511 2591573 1002000 21570.53 0.003866 5339954 73783.49 G153532
12 | 0.595463 2104537 2594169 1003000 20612.86 0.003866 7369711 77211.48 6153532
13| 0505437 2004563 2595746 1004000 19653.23 0.003866 75099683 8099155 G153532
14 0595412 1904588 2599332 1005000 18691.66  0.003866 7226901 BA147.59 G153532).
17 ] 0596336 1B046.85 2607091 1008000 1579521 0.003886 5107024 1007616 B153532
18 | 0595324 1564676 26081.26 1008400 15407.63 0.003866 59.57194) 1032955 H153532
19 | 0535309 15046.91) 28096.73 1003000 1482552 0.003%66 57.32222) 1073499 F153532
T el vew varl 4 B - Il



V_cC
{v_cc}

1F—

- DOT-MODEL:
B_dc = 100
V_af =100

I_s =10fA
............. 11.095V _

Cc PARAMETERS:
V_CC=3V

J‘ V_S =500mV
I

.||
o

'B }/ Q1

V_ac } W

©) R3 {R_in}

v & {C_L} R_C = 19045.88389

H R_in=1E-9
v SIN 595.4mVll595.4mV | C = 10mA

{V_in} C_L =100pF

{freq} freq = 1kHz

—FBM PARAMETERS:
MoV V_in = {500mV/A_v}
A v =722497VIV

+

Transient
Analysis

o

—L .model Q_n NPN (Bf={B_dc},Vaf={V_af},Is={l_s})

o

FIGURE 9
Q-point simulation for case corresponding to spreadsheet

-601.0fV] 595.4mV]
DIF RF EF FB
H ‘Nv\+ m H
| |
1T 1 CF J__
T GAIN = -1T =
1T 0

GAIN = -1 J?—
0

FIGURE 10
Feedback loop at Q-point for design of Figure 3.

The PSPICE results agree with the spreadsheet, showing that the design tool is working.
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