Lecture 070 — 1 Stage Frequency Response - I (1/20/04) Page 070-1

LECTURE 070 - SINGLE-STAGE FREQUENCY RESPONSE - I

(READING: GHLM - 488-504)

Objective

The objective of this presentation is:

1.) Hlustrate the frequency analysis of single stage amplifiers

2.) Introduce the Miller technique and the approximate method of solving for two poles

Outline

* Differential and Common Frequency Response of the Differential Amplifier

* Emitter/Source Follower Frequency Response

e Common Base/Gate Frequency Response

e Summary
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FREQUENCY RESPONSE OF THE DIFFERENTIAL AMPLIFIER
Differential Mode
Differential Amplifiers:
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Half-Circuit Concept:
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+ +
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2\ 25

~ Fig. 070-02

Note that the following analysis is applicable to the CE and CS configurations.
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Differential Mode Analysis — Miller Approach
Small Signal Model:

RI rp (7
. AN T | ¢ 2
Vin 'n<svi C;— R 1%
\ 1 i V1 L out
= o)

For MOS: 7p=0 and rg=c " 1, 7 ;3

Miller Approach:
Assume that R; < (l/wCy), then v,,,; = -g,,R;vi

Therefore, the small-signal model can be approximated as,

Ry rp
SO i
Vin I'n ClTCmT V1 V] RL Vout
o m
- o)

. =] = 00
For MOS: 7b 0 and I'n Fig. 070-04
where
Cin = CA1+gR)
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Differential Mode Analysis — Continued
The small-signal analysis of the previous circuit defining C; = Ci+C,, 1s,

I'nm
Your _ (Vour)( V1 IH7aCrs £ 1
Vin =\ V1 )\vin) = CE8mRD| T, = 8mRL v Ri+ 7)™ sraClR1)
]+rﬂCtS+RI+rb 1+ e+ Ry+ 1y
Therefore we see that the gain (K), pole (p1), and -3dB frequency (w_3gg) is given as,
K Pl W_3dB
BIT . e+ Rp+ 1y e+ Rr+ 1y
8mRi\r + R+ 1, raCAR+rp) raC(Rr+rp)
MOS “8mRL 1 1
“GiRy CiRy
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Example 1

If R; = 1kQ, r,=200R, I~=Ip=1mA, B,=100, K5’'=100uA/V2, fr=400MHz (Ic=Ip
=ImA), C yzO.SpF, C gd:O.SpF, WIL = 1000, R;, = 5k€2, find the gain and —3dB frequency
of the BJT and MOS differential amplifier.

Solution

BJT:

B 1
ro= é =100(26)=2.6kQ, Tr =777 =398ps = Cy = gu77-Cy, = 15.3pF-0.5pF = 14.8pF

(5000 26
=726 |1+0.2+2.6) = -131.6V

5000
C = Cr+ C(1+g,,Rr) = 14.8pF + O-SPF[I"’T] = 14.8pF + 96.7pF = 111.5pF

rat Rp+1p 2600+1000-+200 ;
®.3dB = 7, C,(Rp+rp) = 2600(1000+200)111.5pF = 10.92x10° — f.34p = 1.74MHz

MOS:
gm =/2-1000-100-1000 =14.1mS and CoqtCos = gml 0T = 14.1x10-3/800xMHz = 5.6pF
Cos = 5.6pF-0.5pF = 5.1pF, C;=5.1pF+0.5pF(1+14.1-5) = 5.1pf+35.7pF = 40.8pF

1
-, K=-14.1-5=-70.5V/V and 0345 = Z0.8pF(T000) = 24-5%109—  f:3q5 = 3.90MHz
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Differential Amplifier — Exact Frequency Response
The second method solves for the poles without using the Miller approximation.
Small-signal model:

Ry Tp Cf
I\

Cf
|1 ° | °
+ + + + I\ +
Vin _ mSv Cio< — RL < Vour D Iin RISV Ci::gmvl RL.< Vour
— '} - '}

For MOS: r»=0 and ry=
Vin
where I, = Ritrp and Ry = rll( Ri+rp)

Fig. 070-03

Nodal Equations:

L, =[G, +s(C;+ CY]V, - [sC]V,, and 0=[g,-sCJV, +[G, +s5C]V,
Solving using Cramer’s rule gives,

Vout(s) _(gm a SCf)

1,(s) = GG +s [G,CHG,C+ G,C,+g,Cl+s2[C,C]]

Vnut(s) _ngLRl [1 -~ S (C//gm)]
or Vi($) =\ Rptrp | 145 [R,CAR,CAR,C,+g,R R, Cl+sXR,R,C,C)

.. Vout(o) I'n
Note that the gainis 7 [y = -gmRL Rptrptr

ut
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Differential Amplifer — Exact Frequency Response
s 1 1 52 s 82
l‘p]‘l S[p p] tpp, T P6)=1-p+pp,

1 a
IfD(s)=1+as+bs? thenp;~-; and pr~-7.

)
In general, D(s) = (1 Dy if Ip,[>>Ip,|

In the previous example, we see that,
a= RLCf+R1Cl+R1Cf+ng1RLCf al’ld b = RIRLCin

-1 -1 Fpe+ Rp+1y gn
-[R,CAR,CAR,C,+g,R\R,C] -g,C, -8,
Py = RR,CC, ="CC, =C,| Where guRy> 1
The Miller approximation gave,
rpe+ Rp+rp rp+ Rp+1y 1 1

P1BID) = -7 CRry) = 77 8. R.C, Rprry)  A0d pi(MOS) =GR ~ o R TR,

which verifies the two methods.
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Common-Mode Analysis of the Differential Amplifier
Assumptions: Tail capacitance is dominant and self-resistance is negligible.

For MOS: r»=0 and ry=

= Vie
+
Q Vic ﬂ 4|~ 7R - ﬂ
’ : "T31 T
Voc RL 2RT Voc RL

Acm:v_,-cz'Z_T where ZT:WTCT = Acm=§z-m(1+SRTCT)

This zero at w = 1/R7Cy causes the CM gain to increase, resulting in a CMRR decrease.

gm2R7r 1
o+ Rp+ 1y st CARp+rp)
Agm + ret Rr+1p 8m2R7ry |
CMRR = ‘Acml = (1+sR1C7) = \rp+ Ry + rp)| (1+s/owp)(1+s/pyp)
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CMRR Frequency Response

lAcml dB 4 = High Frequency
‘_
Common Mode
+6dB/octave Poles
— T
v >Logiof
|Agm! dB 4 :
E E -6dB/octave
i i >Logiof
CMRRdB , : : RO
>Logiof
Fig. 070-07
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Voltage Buffers
Vee ILl:(r)Z MOS: 7p=0and ry=o0
Ry
+
o «
+ m \
Vout —
Fig. 070-08 = i
Define R’; = Rp+ry, and write,
, Vi Vou ra
Vin = Il'R It Vl + Vout’ iz > and Ii+ ng1 = RL where g = 1+SC,‘I’]-L—
Combining the last three terms gives,
ﬂ Vout Vout 1
ry (14Cir) + 8V =R, - VNERSTT
8mt o (I+sCiryp)
R Ry N
) +— =
. Iﬂ Vou 1 Vout EmNLT ry 21
Fmally, Vin = 2 + Ry L : +Vour — Vin = R’1+Ry, 1 5
gty (1+sCiry) I+ gmRi+—— L1,
gm+(1/ry) 1 R’ 1+R;,
where z;= ¢ » P1=-R(C; and R = rﬂll—1+ngL
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Frequency Response of the Emitter Follower
Assume that g,,R; >>1 and g,,R; >> (R’ +R)/r, then

gmt(1/ry) 8m 1 8m 1
a=-¢ =C, ad  pi1=-RC,= C,T+R /R

Example

Calculate the transfer function for an emitter follower with C; = 10pF, C;,=0, R =
2kQ, Ry =502, r, = 1509, B =100, and /- = ImA.

From the data, g,, = 1/26S =38.5mS, r,;=2.6k 2, and R’; = R;+r, = 200€2.

gm  38.5x103
=-C,=-" 1011 = -3.85x107 rad/s (613MHz)= lwyl
R'MHRy 2.2k
Ry = riliTyg R, = 2.6klT3769 = 27.9

1 1

Note the pole and zero are closely spaced. Should consider the influence of C, for w_34g.

P 2000
Vout Em LT 76.9+ 3600
Vin = R R, = 2200 = 0-986
1+ ngL"'—rﬂ 1+ 76.9+ 3600
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Emitter Follower Frequency Response-Continued
Include the influence of Cy.

b

+ 1

1 R
— <<T.
c,~/|\v1 gmvi oCi T 4 +
l - 2 [» Vin Vout
oF
RL% V()_m - MT J;_

I

1 Fig. 070-08

The pole due to Cy,is pp = -1/R"jC,,. For C,, = 1pF, p, = 4.99x10° rads/s (795MHz)

Vout

jo Vin 4
s-plane A IMHz 10MHz 100MHz 1GHz
X10+9 0dB '\:
™ Cu=Cgd=0
*—Llopel— L | > BdB - s fu= e
543 2 - N A
0dB T 79SMEHD
VAY
v Cu=IpF
Fig. 070-10 9dB - \

The emitter follower bandwidth is still quite good even considering C,,.

Next, we will consider the input and output impedances of the emitter follower in the next
lecture.
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