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L Frequency Response ﬁ

INTRODUCTION

We will be interested in the voltage gain of an electronic circuit as a
function of frequency.

Vin | Ay =\Vout/Vin | Vout

Decibel: the gain of some network can be expressed in logarithmic
units. When this is done the overall gain of cascaded networks can
be found by simple addition of the individual network gains.

The decibel is defined as:
Ap =10 log (Po/Pin) dB
where Ap Is the power gain in decibels
Po is the power out and Pin Is the power in

The decibel has also been used as a unit for voltage gain.

Po = Vout?/RL and Pin = Vin4/Rin
ﬂ and If Rin=RL
Ap 20 log (Vout/Vin) dB )

S d
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L Frequency Response /=N

INTRODUCTION
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Thus the decibel is often used to express voltage gains. (Really only
correct if RL=Rin but many people are not precise about this point)

If R1=2K and R2=47K

Vo/Vin = - 47K/2K = -23.5
|Vo/Vin  23.5 or 27.4 dB

Gain vs Freqguency

1 10 100 1k 10K 100k

~ 0
\
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L Frequency Response ﬁ

THE GAIN FUNCTION

The gain function, A(s): an expression for Vo/Vin which is found in a
straight forward manor from the ac equivalent circuit.

Vo/Vin = A(s) or in particular s=jm thus A(jo)
a0+als+a2s>+a3sd....

AS)= bo+bls+b2s?+b3se....
_ K (s-21)(s-22)(s-Z3)...
AB= T (sp1)(s-p2)(s-p3)...
Where z1, z2, z3 are zeros, pl, p2, p3 are poles
Aljo) = K (jo-z1)(jo-22)(jo-z3)...

(o-pl)(Jo-p2)(jo-p3)...

™ Alico) = A0 (jJo/o1)N(jo/®3+1)(jo/w5+1)...
% (o) = (Jo/®w2+1)(jo/wd+1)(Jo/wb6+1)...

© September 25, 2014 Dr. Lynn Fuller, Professor |= Page 5
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GOALS

1. Obtain the gain function from the ac equivalent circuit.

2. Predict the frequency response of the gain function.

3. Use graphical technigues to sketch the frequency response
3. Introduce a new model for transistors at high frequencies.

5. Analyze and predict the frequency response of a common
emitter amplifier stage

Rochester Institute of Technology

Microelectronic Engineering /
| /
i 3
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GRAPHICAL TECHNIQUES AND BODE PLOTS

Gain Function: 1/sC

Vo = VIn R

R+ 1/sC Vin ——\out

. ljeC 1 1
Vo/Vin = R+1joC = joRC+1 = jo/ol+1l

Where 1 =1/RCandfl=1/2 r RC

Bode Plot: a plot of the gain function versus frequency (w or f).
Note: both magnitude and phase are a function of frequency. The
Bode Plot plots this information separately.

> @

/

Log,, scale

\Vo/Vs (dB)
Phase (Degrees)

Log,, scale -0

I
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CONTINUE PREVIOUS EXAMPLE 1

Note: at ® = 10 ol

Note: at ® = 100 ol

Av = \o/Vin =

1

jo/lol +1

\Vo/Vin

\Vo/Vin

\Vo/Vin

At low o VoVin=1 A° ; ‘Vo/Vin \dB =0dBand ©=0°

Athighe  Vo/Vin = (jolel) A0°

dB=wl/odBand ® =-90°
dB =-20dB
dB =-40 dB

] Thus we see at high frequencies the gain
decreases by -20 dB / decade /
: © September 25, 2014 Dr. Lynn Fuller, Professor |=
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CONTINUE EXAMPLE 1

—

A

0dB -
o -3dB
g -20dB
g |
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EXAMPLE 2

L Frequency Response

Obtain the gain function for the network
shown. Sketch the magnitude part of the

Rochester Institute of Technology
Microelectronic Engineering

Bode Plot. \Vin

O——

R \Vout
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POLES AND ZEROS

Poles and Zeros: the complex frequency at which the gain function
goes to Infinity In the case of poles or to zero in the case of zeros.

o
Example 1. : 1
\Vo/Vin SCR+1 9 o
Poleat s1=-1/RC
Example 2: _ sCR J® s-plane
\Vo/Vin SCR + 1

X—C > O
Which has a Zero at zero and a Poleat s1=-1/RC | S2

N\

Rochester Institute of Technology

Microelectronic Engineering /
| /
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CORNER FREQUENCY

Corner frequencies: that frequency (f or w) at which the real and
Imaginary parts of one term of the gain function are equal/

Example 1: .1
Has a cornerat ol =1/RCorf=1/2rRC
Example 2: . _ joCR

Has a corner o1 = 1/RC

™\
\
Rochester Institute of Technology
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EXAMPLE 3

—

network shown, sketch the Bode plot.

Find the gain function, poles, zeros and corner frequencies for the

NN\~
+ R1 +
Vin R2$ \Vout
Rochester Institute of Technology
Microelectronic Engineering /
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LOW FREQUENCY MODEL OF CE AMPLIFIER

Effect of the Coupling Capacitor, Cc \cc
assume Ce, and Cc2 act like a short.
Obtain the gain function from the ac R1§ Re Cc2
equivalent circuit: RS |'_ .
vo = -gm vbe Ry C(I:I l\I RL§ VO
vbe = VS RX VS o
(Rs+1/sCc + RX) Re Ce | -
_ _-gmRXRy = -
Volvs (Rs+1/sCc + RX)
| RXx = Rth//rnt Ry =ro//Rc//RL
S=Jo WA+ gmvbe[ [ |+

= vs()RS Ce SupeSrn{Nor S VO
Rt Rc RL
| A/ -
| -

i © September 25, 2014 Dr. Lynn Fuller, Professor




Manipulate the gain function until we have a form from which we

can easily obtain the bode plot. 1

\Vo/Vs (dB)

L Frequency Response /=N

EFFECT OF COUPLING CAPACITOR Cc

vo/vs = -gm RyRx s CC 20L0g,, |Avmid|
(sCc(Rs+Rx)+1)
s Cc (Rs+RX)

vo/vs =-gm RyRx
(sCc(Rs+Rx)+1)(Rs+RXx)

-gM RYRX s Cc (Rs+Rx)

vo/vs =

(Rs+Rx) (SCc(Rs+Rx)+1) 0dB -
. -3dB 7]
J (D/(Dl -20dB/Dec

VOIS = Avmid (j o/wl+l)

Where o1 = 1/Cc(Rs+RX)

Rochester Institute of Technology

Microelectronic Engineering

ol

Log,, scale
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SUMMARY FOR EFFECT OF Cc

1. At low frequencies the coupling capacitor “opens” up and the
voltage gain drops as the frequency decreases.

2. The corner frequency w1 equals the inverse of the product RegCc
where Req 1s the resistance “seen” looking from the capacitor
terminals with Vin = zero in the ac equivalent circuit.

3. At mid frequencies the voltage gain is the expected gain.

-gm RyRX -5 RyRX

AVMId = “pRY)  r(Rs+RX)

4. Summary 1, 2, and 3 above are true but the results are slightly
different if the emitter bypass capacitor acts like an open near where
Cc begins to open. (start with new ac equivalent circuit)

Rochester Institute of Technology

Microelectronic Engineering /
| /
i 3
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EFFECT OF Ce ON FREQUENCY RESPONSE

L Frequency Response /:\

like an open rather than a short)

LetRs=0and RL=ro = |nf|n|ty to S|mpI|fy the algebra

gmvbe +
o
Rt vbe rn r VO
RL
;I \\
Rochester Institute of Technology
Microelectronic Engineering

Ce

Re
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The ac equivalent circuit of the CE amplifier on page 14 above is
shown. Here we assume Cc Is a short (note: it is possible that Cc acts




Frequency Response /=N

EFFECT OF Ce ON FREQUENCY RESPONSE

The gain function:

vo=-[1b Rc
vs = ib rr + (B+1) ib Re//(1/sCe)
volvs = -B Rc L

ret + (B+1) Re//(1/sCe)

Manipulate the gain function:.

1
= -B RC =-BRc
voivs = -p rt + (B+1) Re/sCe P rm + (B+1) Re
Re + 1/sCe sCeRe + 1

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
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EFECT OF Ce ON FREQUENCY RESPONSE

volvs = -p Rc___SCeRe +1
(sCeRe + 1) It + (B+1) Re
- B Rc__ SCeRe +1 _ -BRc sCeRe +1
sCeRern+rmn+ (p+1)Re rn+(B+l)Re _sCeRern .
rm + (B+1) Re
_ -BRc (jo/we + 1)
VONS = L (B+D Re (jo/wels 1)
~— Where: we = 1/Ce Re
k=Avlow wel = 1/(Ce Re//(rrn/(B+1)))

Note: wel is always > we

m Note: Avmid = Avlow wel/we
Rochester Institute of Technology
Microelectronic Engineering /
| -
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EFFECT OF Ce ON FREQUENCY RESPONSE

Avmid -

Aviow..

Vo/\{s (dB)

Log,, scale

Rochester Institute of Technology

Microelectronic Engineering

| !
we=/CeRe wel=1/CeRe

> ®

4
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SUMMARY FOR EFFECT OF Ce

1. At low frequencies the bypass capacitor, Ce, opens up and the
voltage gain becomes that of an unbypassed CE amplifier, Avliow

2. At high frequencies the gain is Avmid

3. Because of 1 and 2 we see that there are two corner frequencies.

They are:
we = 1/ReCe
and wel = 1/ReqCe where Req is the
resistance seen from the
terminals of Ce

Req = Re//rn/(B+1) if Rs =0 and Cc “short”
Req = Re//(rn+ R1//R2//Rs )/(B+1) if Rs not 0 and Cc ““short”

% Req = Re//(rm+ RL/R2 )/(B+1)  if Cc “open” /
I H

© September 25, 2014 Dr. Lynn Fuller, Professor Page 21
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COMPLETE CE AMPLIFIER LOW FREQUENCY RESPONSE

Rs = 2K B =100 \ee
R1=40K Vcc=20
R2=10K Cc=Ce=Cc2=10uf ng Rc Cc2
RC =4K RS
Re = 1K }} +
RL = 2K

Cc }\‘l RL VO

VS
RZ% reS T | -

Find k, o1, ®2, ®3, o4 =

K (jo/ol) (o/o2) (Jo/on3+l)
(Jo/wl+l) (Jo/n2+l) (Jo/od+l)

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
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EXAMPLE: SOLUTION

Frequency Response /=N

DC analysis:

Avmid = Voltage gain including RS and RL assume all C’s shorts

Rochester Institute of Technology
Microelectronic Engineering

v
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EXAMPLE: SOLUTION

»l = 1/Req Ccl

®2 = 1/Req Cc2

®3 = 1/ReCe

»4 =1/ReqCe

-
K =Avlow =

assume Ce is open unless Ce iIs 10X Ccl

© September 25, 2014 Dr. Lynn Fuller, Professor
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HIGH FREQUENCY BJT TRANSISTOR MODEL

voltage

Rbb’ b’ Cb’c
b —WA— — C
éCb’e
. Lib Zro
rr {ib CD §

€

Rbb’ 1s the series base resistance

rrt IS the base emitter small signal junction resistance

Cb’e 1s the base emitter junction capacitance

Cb’c 1s the base collector junction capacitance

CD is the diffusion capacitance, represents the change in charge
stored in the base caused by a change in base emitter

ro is the small signal output resistance = VA/IC
B Is the short circuit common emitter current gain

© September 25, 2014 Dr. Lynn Fuller, Professor |=
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MILLERS THEOREM

To predict the high frequency response of a common emitter
amplifier we want to do some quick calculations. We would like to
simplify the model given on the previous page. We can do this with
the aid of Miller’s theorem. The resulting model 1s approximate
and might not give good results above the upper corner frequency
where the voltage gain begins to fall off.

Millers Theorem: Consider a linear network with N nodes. An
Impedance, Z, between any two nodes, N1 and N2, can be removed
and another impedance Z1 placed from N1 to reference and
Impedance Z2 placed from N2 to reference. If Z1 = Z/(1-K) and
Z2 = ZK/(K-1) where K=V2/V1, then the nodal equations will not
be changed and the resulting circuit will yield equivalent node
voltages, V1, V2, etc.

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
| /
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MILLERS THEOREM
Z Z1=7/(1-K) 72 =Z (K/(K-1))
V1 V2 V1 V2

N1 N2 jl> S| | N2 N2| |,
Ref Ref

where K=VV2/V1

at N1 term (V1-V2)/Z at N1 term V1/Z1 = V1/(Z/(1-K))
=V1/(Z/(1-V2/V1))

™\ —_—
\ = (V1-V2)/Z
Rochester Institute of Technology
Microelectronic Engineering /
| /
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HIGH FREQUENCY MODEL OF CE AMPLIFIER

V2=-fibro and Vi=ibrr

Therefore:

From: Z2 = Z (K/(K-1))

and :

Rbb’ b’
b —wWA— C
Cb,e — . —
(795,  [CD|Cm p1b §ro Cm’
° 1/sCb’
_ _ i _ 1/sCbc
From: Z1=Z/(1-K) we have 1/sCm 12V

Cm=Cb’c (1- - B ro/rrn)

\

7

Y -
\oltage gain

Cm’=~Cb’c

™\
\
Rochester Institute of Technology
Microelectronic Engineering
I
1
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EXAMPLE: HIGH FREQUENCY CE AMPLIFIER

B =100

rm=1K, Rb’b=10

Cb’c =20pf

Cb’e + CD = 20pf + 1000pf

Vcc

”’ =

RS Rbb’
Sl e

VS
RB

Rc_
yoxlo
RL

ib=Vb’e/rn

Let CT=Cb’e+CD + Cm
and Cm = Cb’c(1- - B RL/rm)

" ‘ lin To find the gain function:
Vo Clg RL vo = - B ib Re//RL

Next
pu

Vb’e = vs (RB//rm//(1/sCT) ng

RS + (RB//rn//(1/sCT)

™\
\
Rochester Institute of Technology
Microelectronic Engineering
I
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EXAMPLE: HIGH FREQUENCY CE AMPLIFIER

The gain function: VOIVS =

- B Re//RL(RB//rrt//(1/sCT)

I'TT

RS + (RB//rn/l(1/sCT)

Manipulate the gain function: Let RB//rmr =R

R(1/sCT)
volvs = ~PRC/RL R+ (1/sCT)
R I RS + R(1/sCT)
volvs = _PRL SCTR+ 1 R+ (1/sCT)
It R
RS+ SCTR+1
o = BRc//RL R 1
_-BRL R VOVS= "rm~ (RS+R)(sCTRRS
VONVS = SCTR+ DRS +R ( )[ (RS + R) +1]

Rochester Institute of Technology
Microelectronic Engineering

&
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EXAMPLE: HIGH FREQUENCY CE AMPLIFIER

+1|

oh = 1/ CT (R/IRS)

s = - BRc/RL R 1
VOIS = =TT (RS + R) [ja) CTRRS
N LU (RS+R)
Y,
Avmid
Vo/Vs (dB)
20L0g,, (Avmid) -

Rochester Institute of Technology

oh
Log,, scale

&

Microelectronic Engineering
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SUMMARY: HIGH FREQUENCY RESPONSE OF CE AMP

1. At high frequencies the internal capacitances in the transistor causes
the voltage gain to decrease

-BRc//IRL R
m  (RS+R)

2. At mid frequencies the gain is Avmid =
3. The corner frequency is oh = 1/ (Req CT)
where CT =Cb’e¢ + CD + Cm

and Req = the equivalent resistance as “seen” from the
terminals of the capacitor CT. (vs = zero)

4. There 1s a second corner due to the miller capacitance Cm’. Since
oh occurs first we are not normally interested in the corner due to Cm’

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
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HOW DOES MANUFACTURER SPECIFY CD, Cbe, Cbhc

Cb’c 1s usually given by the manufacturer as the common base output
capacitance which it is.

Cb’e and CD are given indirectly by the manufacturers specification
of the transition frequency fT

fT is the frequency at which the CE short circuit current gain goes to 1
Vcce

RB ‘ Rbb’
= H_ RB |~ g ST A o
VS(g Iin lo vs(f) et ID Bib

Rochester Institute of Technology

Microelectronic Engineering /
| u /
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Frequency Response

2N3904

I
FAIRCHILD
I

SEMICONDUCTOR w

*,
These ralings are Imeng valies above which the 521
\

Spice Model

Isc=0 |kr=0 Rc=1
Itf=4 Wif=4 Xif=

NPN (Is=6.734f Xii=3 Eg=1.11 Vaf=Z4€

SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product e =10 mA, Ve =20V, ( 300 MHz
f=100 MHz N
Y Cobo Output Capacitance Vea =50V, lg=0, 4.0 pF
f=1.0 MHz
; Cibo Input Capacitance Veg =05V, Iz=0, 2.0 5 pF
f=1.0 MHz N
" TO-92 4
¢ E MNF Moise Figure lc =100 pA, Ve =50V, 0.0 dB
Mark: 14 Re =1.0k2,f=10 Hz to I5 TkHz
NPN General Purpose Amplifier
Thiz device is designed as a general purpose amplifier and switch.
The uzeful dynamic range extends to 100 m& as a switch and to
100 MHz as an amplifier.
Absolute Maximum Ratings™ -+, - z5c uness atherasse notes
Symbol Parameter Value Units
Veeo Collector-Emitter Votage an W
Wepa Collector-Base Voltage 80 W
“Weso Emitier-Bass Valtage 6.0 W
I Collector Current - Continuous 200 ma
T Teg Operating and Storage Junction Temperature Rangs -55to+150 EW R b — 1 O O h m S

Bf=416.4 Ne=1.259 Ise=6.734 Ikf=66.78m Xth=1.5 Br=.7371 Nc=2

S patil|c= 3085 Vic=75 Fc=.5 Cje=4.493p Mje=2593 Vje=75 Tr=239.5n Tf=3012p

© September 25, 2014 Dr. Lynn Fuller, Professor |=
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Frequency Response /=N
ANALYSIS OF SHORT CIRCUIT CURRENT GAIN TO EXTRACT

Cb’e + CD
lout=p1b
L 1/sCT
Ib=1in re+ 1/sCT iout/iin (dB)
g B 20L0g,, (B)
jout/iin = —~=———~ J10 (B)
out/iin = —— 0dB -
JoCTrm+1
o B
lout/iin = -
Jo/ob +1 wb = 1/(CT rr)
oT = 2rn fT = transition freq in radians/s

Rochester Institute of Technology

Microelectronic Engineering /
| /
. z
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ANALYSIS OF SHORT CIRCUIT CURRENT GAIN TO EXTRACT

Cb’e + CD
at oT, joutfin=1=~ J(fm)
2niT= CTBrTc
So CT= anT  =Cbe+CD+Cm

and Cm = Cb’¢ since Av = zero

Finally 8
Cb'e+CD = 2nfTrn

-Cb’c

Rochester Institute of Technology

Microelectronic Engineering /
| /
i 3
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EXAMPLE: DETERMINATION OF Cb’c, Cb’e +CD

Given:
1. Common-Base Open Circuit Output Capacitace of 12 pf is
measured at f =1 Mhz, VCB = 10V and IE = zero.

B =100
Find Cb’c,. Cb’e + CD

12V

188K

+
L"

™\
\ -
Rochester Institute of Technology
Microelectronic Engineering
I
. z

2. Atransition frequency of 100 Mhz is measured using the following
test conditions, VCE = 2V, IC = 50mA, [3 response with frequency Is
extrapolated at -20 dB/Dec to fT at which 3 = 1 from f = 20Mhz where

Rc=1K

/

© September 25, 2014 Dr. Lynn Fuller, Professor Page 37
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SOLUTION TO EXAMPLE ON PREVIOUS PAGE

— "\

Rochester Institute of Technology

Microelectronic Engineering
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ANOTHER EXAMPLE

Vee=15 B =100 \/cc
Rs=100 VA=Iinfinity

R1=150K Rb’b=100 § RC
RC=500 Cb’c=20pfatVcb=>5 R1
fT = 100 Mhz RS | .
|
Find rt, Cm, CT and wh Cc ™ VO
VS

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
| /
1
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EXAMPLE FROM OLD EXAM

—

VS

12V
4OK§ 4K% IIluf
1 4L +
) N 2K
10uf VO
1OK% 1K Tauf | -

Assume
VA =100
Cb’c=10pF @ 10V
fT =200 MHz

Rb’b = 100 ohms

Find k, o1, ®2, ®3, co4,7each 5 pts and wh 10 pts

B = 150

Vo/vs =

K (jJo/ol) (jo/o2) (jo/o3+l)

(jo/wl+l) (jo/w2+l) (jo/wd+1) (jo/oh+1)

Rochester Institute of Technology

&

Microelectronic Engineering

© September 25, 2014 Dr. Lynn Fuller, Professor

=

Page 40

/




L Frequency Response /:\
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HOMEWORK - FREQUENCY RESPONSE OF CE AMP

1. For the circuit on page 22 find Avmid, k, o1, 2, ®3, w4 given:

Rs = 1K B =150

R1 =50K \Vce =24
R2 = 10K Cc = 1uf
RC =05K Ce = 2uf
Re = 1K Cc2 = 10pf
RL =5K

2. Create a spread sheet to analyze CE circuits like that in problem 1 to
find Avlow, Avmid, Kk, low frequency corners.

Extra points if you also do high frequency analysis?

3. If Cb’c 1s measured at Vcb = 5 what 1s it at Vcb=107?

4. Find Cb’e + CD for fT = 200 Mhz and IC = 5mA, = 150 and

Cb’c = 10pf

5. Create a spread sheet to calculate and graph the magnitude part of
the Bode Plot given K, ®1, ®2, ®3, ®4 and wh

Rochester Institute of Technology

Microelectronic Engineering /
| /
. z
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EXAMPLE PROBLEM FROM PAGE 22

Rs = 2K B =100 \ee
R1=40K Vcc=20
R2=10K Cc=Ce=Cc2=10uf ng Rc Cc2
RC =4K RS
Re = 1K }} +
RL = 2K

Cc }\‘l RL VO

VS
RZ% reS T | -

Find k, o1, ®2, ®3, o4 =

K (jo/ol) (o/o2) (Jo/on3+l)
(Jo/wl+l) (Jo/n2+l) (Jo/od+l)

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
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EXAMPLE pg 22: SOLUTION

DC analysis: Rth =R1//R2 = (10)(40)/(10+40) = 8K
Vth=Vcc R2/(R1+R2) = 20 (10)/(10+40) = 4V
KVL.: IB Rth +0.7 +(B+1)IB Re —Vth =0
IB=4-0.7/(Rth +101K) = 30.3uA
IC =B IB =100 (30.3uA) = 3.03 mA
gm = IC/VT = 3.03/0.026 = 117 mS
re = V/IB = 0.026/30.3uA = 858 ohms
ro = VA/IC = assume large
Avmid = Voltage gain including RS and RL assume all C’s shorts
Vo = gm Rc//RL Vin
Vin = Vs Rin/(Rin + Rs)

ii Vo/Vs =\Wo/Vin x Vin/Vs = -(gmRC//RL ){Rin/(Rin+Rs)}

Vo/Vs = -117m (4K//2K) (Rth//rm)/((Rth//rm)+2K)
=-436

L Frequency Response ﬁ

/
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EXAMPLE pg 22: SOLUTION(continued)

| Frequency Response

—

=90.42K
wl=1/(9.42K 10 uF) =10.6 r/s or 1.69 Hz
w2 = 1/Req Cc2
Req = RL + Rc = 6K
w2 =1/ (6K 10uF) =16.7r/s or 2.65Hz
w3 = 1/ReCe = 1/(1K 10uF) =100 r/s or 159 Hz
w4 =1/ReqCe

= 24.3 ohms
w4 = 1/(24.3 10uF) = 4214 r/s or 671 Hz

wl = 1/Req Ccl assume Ce is open unless it is 10X Ccl
Req = Rs+Rth// (rr +(B+1)Re) = 2K+ 8K // (0.858K +101K)

Req = Re//((rm+Rth//Rs)/(B+1)) = 1K//((0.858K+8K//2K)/101)

Ei K =Avlow = Avmid w3/w4 = -42 (100/4214) = -0.99
: © September 25, 2014 Dr. Lynn Fuller, Professor |=
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Frequency Response

A E [ u] E: B G H | J K L il I ] F e
1 | ROCHESTER INSTITUTE OF TECHMOLOGY CE-BJT-Analysis-0C-AC-FreqsLs Au (mag) Ay (mag)
2 |ELECTRICAL AMOMICROELECTROMIC EMGINEERING 4127201 freq [ha] 20Logl0faw)  [jHHIIFF 1) [iHFZIFFE + 1) [jFfFe « 1)AjFiFeT « 110 jFFR + 1)
3 10 -0.214336654 -L.23a07avm 02341425321 1264667403 -2491E-02
4 | CALCULATIONS FOR CE BJT AMPLIFIER DESIGH OF. L'MM FULLER 363 BETHISIE04 -0.140883528 -0.035359918 E254395397  -3492E-07
A ] 1587649119 -0.01420232 -0.003550596 15.89424759  -2491E-06
E | Touse this spreadsheet change the values in the white botes. The rest of the sheet is HE3 2502073855 -0.0014:31634 -0.000355028 200226802 -3.492E-05
7 | protected and should not be changed unless you are sure of the consequences. The nag 2080170688 -0.00014:3257 -3.65203E-05 080223473 -0.000%43
8 | caleulated results are shownin the purple boges. BT 3222099164 -4 3193E-05 -3.56042E-08 3222450053 -0.003491
g voe 10000 3236130294 -1.43259E-08 -355208E-07 3239607402 -0034TEA3
10 | This spread sheet calculates do and ac parameters i H HEZ0 320777043 -4 3194E-07 -3.56043E-08 324136204 -0.3369154
11| given all the resistor walues, do waltage supply RS l . | noooo 2985347957 -1.43263E-08 -3.65206E-03 241837736 20615954
12 | walues, and transistar parameter values., 1 . B30 2285303706 -143194E-04 -3.55042E-10 324158638 -9.5E2G1E3
13| Thiz spread sheet can be used ance an amplifier o . T i—= mo0o00. 133036233 -1 43ZEE-10 -3.552E-11 J2AIBETI44 -19.105209
14 | design is done ta study how the amplifer performs —H| — o =R HEI000  33BEETVARII -1.43193E-11 -3.550ERE-12 3241557319 -29.0553394
15 | if transistor or circuit parameters values are 1 ¥ ‘] | 0000000 -B.E3647A564 SL43203E-12 -3E48TIE-1 3241867337 -30.052063
16 | changed. vilgd . :-:l T JE30000  -16.E3TITTIR -1.4272E-13 S1ATIGEE-14 J241557339 49053651
17 ¥z . 100000000 -26.63534468 -144643E-14 -3EGTIE-G 3241567333 -53.051513
18 L | JE300000  -36.EITIZIEE -9.64327E-16 1] J241BETI39 -B9.053497
14 oz I ' 1000000000 -46 63533933 ] ] 3241867333 -7A.051513
20 ) s * '
21 £
22 | COMSTAMTS YARIAELES Rin=Vin/lin Rout 20Log10(Av)
23 K 138E-23 JIK
24 g 1.60E-19 Coul Temp= 300K Ccl= 0| F
25 o 8.85E-14 Flom WCC=[___z000|vols Col= 10| wF 40 -
26 |ar nr Fiel 0| ohms= Ce= 10{pF 30 FEC mm mm
27 Re2 1000 [ ohms - B
23 Ris= 2| kohms 20 -
29 Fi= 40 Kohms 10 e =
el Rz = 10| Kohms = IS n
3 Fic: = 4| Kahms 2 0 1= !
32 | Transistor Specifications: FL = 2| kokms : -10 —
33 | Early valtage 'a = 100 Waolt=s T 220 L
4 Beta=g=| 100 ] -
] Cbe=|_ 10|pF [ 10]uoks -30
36 FT={  100fMhz Al L}
Fb'b| 100 {ahm _ -
-50
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Frequency Response

SPREAD SHEET SOLUTION

29
40
41
42
43
44
45

47
44
43
a0
a1
bz
i
24
b
i1
By
T
54
1]
1
Bz

CALCULATIOMS:
—— IC YT=KTig= | 00258574
= VT Yth = 4.00
Fith = RINMRz2 = &.00
rT = 3 — 17 IE = 20.28
BEM B I = 3.03
o =WVATC Specification For Vpp swing = Yoo - b= 15.00
WIZE at G pioint = 4 86
) gm = 0117
Av=~(Re/RL)Ral [ - 0.255
Av = [Rin/(Rin+Es)][8(Fe/RL) / (raHf+1)R21)] ro- 2303
Rin = [r= = 2-1:FRel] RIMRZ = 0773
Fout = raf R = 2.568
A= YolWin [with no FL) = -417.27
Ay = VolVin [include RL) = -149.88
Winf'y's = .28
Aumid = WorlWs [include BL and Rs=) = -41.76
Viop-p= 773
B _ [r= + R=ffRth)i[2+1] 24.31
Cb'e+CD = - -Ch'e Chb'c at VCED = 1650
Iaflem Cm = Ch'e [1-Wof'in) 23249
Cb'e+C0 = 17
IF Ce iz assumed shart =1= WReqlCe] = 36
IF Ceis assumed open =1= WReqlCcl] = 10
w2= WReq2Cc2) = 18
=e= WReCe) 100
=el= WReqCe] = 4214
=h = WReqCT) = FO04E]
k= Aumid cetzel = -01.39

Wolts
Walts
kEohm
s,
ma,
Walts
Wolts
mho
Eohm
Foohim
Eohm
Foohim
Wiy
Wiy
Wiy

7933 Kohm

v = [ ®2|de

Wiolts
ohm

pF

pF

pF

rzor Fl=
rsor H=
rMzor 2=
rsor Fes
r= or fel=
rsor fh=
Wiy

16

B71

0.1z

hz

hz
hz
hz
kg

I
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Frequency Response

LTSPICE SOLUTION

'l: BIT-CD--Frequency.asc EI@ r: BIT-CD--Frequency, rane

35dB

32dB

30dE-

R3 R2 V2 25dB=
40K 4K C3 20 20dB-]
R5 15dB-
vi [R6 c2 a1 OH
NN~ A o
2K 10p NPN
1 R4 c1 "
AC10 R1
10K 0dB-
.ac dec 5 1 1000k 1K Twp

F10dB-

Vout

-15dB

THz 10Hz 100Hz 1KHz 10KHz T100KHz

Rochester Institute of Technology 700 H 7
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Frequency Response /=N

SOLUTION

Given:
1. Common-Base Open Circuit Output Capacitace of 12 pf is

measured at f =1 Mhz, VCB = 10V and IE = zero.

2. Atransition frequency of 100 Mhz is measured using the following
test conditions, VCE = 2V, IC = 50mA, [3 response with frequency Is
extrapolated at -20 dB/Dec to fT at which 3 =1 from f = 20Mhz where

B =100

12V
Find Cb’c,. Cb’e + CD
_ _ _ 188K Rc=1K
First do DC analysis to find IC and VCB
KVL IB188K+0.7=12=0 +
IB = (12-0.7)/188K = 60uA VO
IC = Beta IB = 100 60uA = 6mA 1

E VCB =12-Rc 6mA - 0.7 = 5.3 volts -
: © September 25, 2014 Dr. Lynn Fuller, Professor |= Page 49 /




Frequency Response /=N

SOLUTION TO EXAMPLE ON PREVIOUS PAGE

Find rrt = 0.026/1B = 0.026/0.060 mA = 433 ohms

Find Cb’c at the VCB of 5.3 volts = 17/ \/ %OB\CJO'}tSS = 16.5 pF

» _= P [y
Cbe+CD_2nfTrT{ °

- N\
Beta = 100 and fT = 100 MEG

Cb’e + CD = 368 pF — 16.5 pF = 352 pF

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
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Frequency Response

—

First do DC analysis to find IC and VCB v

KVL IB 150K +0.7=15=0
IB = (15-0.7)/150K = 95.3uA
IC = Beta IB = 100 95.3uA = 9.53mA
VCB = 15-Rc 9.53mA — 0.7 = 9.54 volts

SOLUTION
Vee=15 B =100 \/cc
Rs=100 VA=Infinity
R1=150K Rb’b=100 § RC
RC=500 Cb’c=20pfatVcb=>5 R1
fT = 100 Mhz RS | .
|l
Find rr, Cm, CT and wh Cc ™ VO

™\
\
Rochester Institute of Technology
Microelectronic Engineering
I
. z
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Frequency Response /=N

SOLUTION TO EXAMPLE ON PREVIOUS PAGE

Find rr = 0.026/1B = 0.026/0.0953 mA = 273 ohms

Find Cb’c at the VCB of 9.54 volts = 20 OVOlts - 145 pF

» _= P [y
Cbe+CD_2nfTrT{ °

- N\
Beta = 100 and fT = 100 MEG

Cb’e + CD = 583 pF — 14.5 pF = 569 pF

™\
\
Rochester Institute of Technology
Microelectronic Engineering /
| /
i © September 25, 2014 Dr. Lynn Fuller, Professor |=

Page 52




Frequency Response /=N

SOLUTION TO EXAMPLE ON PREVIOUS PAGE

\oltage gain Vo / Vb ’e at mid frequencies Is used for miller capacitance
Calculations.

Vo =-B ib RC//RL//ro =-100 ib 500

Ib=Vb’e/rn=Vb’e/ 273

Vo/Vb’e=-183
Cm=Cb’c (1--183) = 14.5 pF x 184 = 2668 pF

CT =Cb’e+ CD + Cm =569 pF + 2668 pF = 3237 pF
oh=1/ReqCT
Req=((RS//Rth)+Rbb’)//rmt=199.9// 273 =115

E oh=1/ReqCT=1/(115x 3237 pF) =2.69M r/s = 0.428 MHz

%
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Frequency Response

A, B T 8] E & G H | J K
9 veo: -03 0
10| This spraad sh s o 2nd 30 paramatacs s .08 0
11 |ziven all the resistor values, de voll supply -07 0
12 -08 0
13 =¢ ones an amplifisr RS 08 0
14 3 the amplifer parforms = 10 0
15 t paramaters values ars ~ 0
[ '\l') 0
| 0
VARIABLES Rin=Vin/lin Rout
Tamp= K Cel= 10]uF .
vee= Valts c 10[uF 50
Rel chms 10[uF 40 _ i Bl B L i i =]
Re2 1lohms > m
1|Kohms 30 =
Kohms L§
Kohms E‘ 20 o
0.5 |Kohms A L,
32 | Transistor 3p 555552 | Kohms = N
33 | Early Voltas T 0 =
34 (o] 'w,
&5 2t Flvols -10
-,
20 =
-30
40 - IC VT =KT/q= [ 0.025887375|Volts - o =~ o . s s s
a | M Vth= 15.00] Volts = 8 8 8 g8 8 g g g
2 Rth=RI/R2= 145.58 | Kchm © g2 8 5§ g g g
43 rm =g 'gm =VTIB 95'§3 ““l" = 8 8 8 8
& e R frequency (hz) © £ 9
45 ro =VA/IC Specification for Vpp swing = Vee 10.00| Volts 8
45 VCE 2t Q point = 10,23 Volts
47 mm= 0.368 | mho
45 | Av=~(Rc/RL)Rel o 0.272|Kohm
43 | Av=[Rin/(Rin+Rs)][8 (Re/RL)/ (7 ~(B~1)Rel)] co=| 1048556 35|Kohm — — —
] Rin = (en +{f+1R=1) | R1/R2 = 0271|Kohm | 0372 Kohm vorvs = K (jo/ol) (jo/m2) (jo/od+=1)
212 e le?_f;t}mr:Rﬁ' 13;32 I{fc\%"“ (jo'ol=1) (jo/a2=1) (jo/od=1) jo'oh=1)
53 Av = Vo/Vin (inché= RL) = 184 13|V
54 VinVs 0.73| Vv
55 Avmid = Vo Vs (inclués BL and qslvy = 23|
56 Vo pop 10,23 Volts
57 & i (s~ s/ Reh) (B=1) 3.68|chm
53 | Cbe+CD = —— -Cb'e Cbcat VCEQ = 14.48|pF
2rflm Com = Chiz (1-Vo/Vin) 2681|cF
CbeCD 572|pF
assumed short 270 |1z or 43| h=
assumed open 212|c's o 34|h=
0|c/s or 0|h=
1 /s or 15923567 |hz
100027188 ¢'s or 15927896|h=
3233 |cF
115|chmn
th = 1/(ReqC 2669314 |r/sor fh=] 0.425|Mhz
= Avmid e 13447 VIV
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