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3.3- TWO-TRANSISTOR AMPLIFIERS
INTRODUCTION

Objective

The objective of this presentation is:

1.) Show how two transistors are used to achieve amplifiers with improved performance
2.) Show the analysis of multiple transistor amplifiers using resistive loads

3.) Continue to build the amplifier concepts necessary to consider integrated circuit amplifiers
Qutline

* BJT CC-CE, CC-CC amplifiers

Darlington transistor amplifer

BJT-MOS amplifiers

Cascode amplifiers

Summary
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BJT TWO TRANSISTOR AMPLIFIERS

The Common Collector-Common Emitter Configuration
Circuit:

Vce

Out i
o1 7 E1l=B2 WM~

IBias

CI=E2
— -+ 2TAOL

Small-signal performance:

Rin=rm + (1+Bo)' 2

Rout = o2

Vout  Im2(To2lRD(A+Bo1) e BoalrollR) (1+B51)

Vin Rin T orm (B T “Om2(T02lIRL)

iout a 9m2(1+ﬁol)rr12 _ B02(1+B01) B o(14B1)

lin Rin it (B - 02 ol

Increased input resistance and current gain.
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Example 1 - Calculation of Small-Signal Performance for the CC-CC Configuration
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Vin R, =TT 2.84MO

' fout

= Boa(1+fo1) = 100-101 = 10,100A/A
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Find the small-signal input resistance, output resistance, voltage gain, and Y
current gain for the composite transistor shown. Assume for both ce
devices, that 3, =100, r, =0, and r, = 0. Assume for Q2 that I = 10kQ llOOuA
100pA and that 155 = 10pA. Vin o1 [ o Vout
Solution Ny o2
The small-signal model is shown. The values of the parameters are |\/4
found as, Igias ( $ )

o= Bo1Vi _100-26mV _ 236k0 ~1O0HA = — 2TAOIA

mT gy 11pA !

o B2Vt 100-26mvV _ 6K i

2" lcp T 100pA T ’ Bl'm + E1= B2 C2 e

N

Y m@ = MOEDE S
O R, = 236kQ + (100)26kQ = 2.84MQ Cl=E2 CZTAOlB
Rout = 10kQ (if R isincluded)
\ Boo(ro2lIR) (1+557)

out  Po2\'o2li™L ol  100-10kQ-101 _ _ _35.56\/V

O P.E. Allen—/




r— Two-Transistor Amplifiers (6/13/00)

Common Collector-Common Collector

Circuit:
Vce Vce

In g1lin, 4 VL _ E1=B2 +, /72_ lout £

Q1L AN, ; M 3

E» rm ‘. rme

Q2 Vin Omi1Vr rol::: . gm2Vre rop= Vout

Out - i -

I Bias o : = o

2TA02

Small-signal performance (I gjzs<<I»):
Rin=rm + (1+Bo)Ir ot (1+Lu01) (ro2llR)] = (1+B51) (1+Bo2)(r2lIRL)

RS+r7'[1
—

_ 1+By "2 Rt Tp(M+Bn) 1
Rout = +Bop (1+Bo1) (1+Bo2)  Im2
Vv
Tout _ 4
Vin
lout

T, - (FBo2)(1+fo1)

Very high input resistance and very low output resistance.
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Darlington Configuration

Circuit:
o C r -l‘\l'\‘,‘\l- -
vq EL = rol
B Bl + - B2 1 A Cl1=C2
QL W< 2
o2 ) Ve S Ve gmlvgﬂmzw rS Ve
IBias o - o
Cl=E2
O E 2TA03
The Darlington configuration can be CE, CB, or CC.
For common-emitter (8, >>1) with a collector resistance of R, :
Vout  ~Bo1Bo2RL
Rn=rm + 1+ rpo, =52, =
in—'m ( ﬁol) 2 » Rout = o2 Vin rni"'Bolrnz
. . . . BoVt
Replacing r 4 and r ,p by their large-signal equivalents (r,T:?) gives,
Vout _ -Bo1Bo2RL _Om2RL
Vin  Bo1Bo2Vi +Bolﬁ02Vt 2
lc2 lc2

(Input “base-emitter” voltage is divided across the two transistors)
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BICMOS Darlington Configuration

Circuit:
o"C"
g
o—]{ M1
Q2
IBias I:»
=
For the common-emitter configuration (8, >>1 and ryq; negligible) with R >>r ,:
Rip = o
Rout = o2
Vout D’out%‘%’gslg ngl"'gmlgmzr 2% 1 g 9m(+9mr ) o i
= = = =~ - 0 =
Vin  YgstmVino O Y02 T Om 2 Go2(T+0mil ) oM 9m1 = 9m2
lout
U _

lin
Note that the input dc voltage consists of VggtVgg Which is around 2V.
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CASCODE CONFIGURATION

BJT Cascode Amplifer
Circuit and small-signal model:

V. Vout

a Q2 O B1 lin
Vin . R ¥

A =V [+ DV ™

If B, = B, and r, can be neglected, then:

Rin=rm

Rout = B2l 02

Vout _ NoutLV D( R) E( R) (1) = - R
Vin [jva%/_ Im2RL T*ﬁ - Im2RL Om2RL
out

-— = aZBl

lin

translated to the base-emitter as a large capacitor.

The advantage of the cascode is that the gain of Q1 is -1 and therefore the Miller capacitor, Cu’
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BJT Cascode Amplifier Frequency Response
Small-Signal Model with the Miller effect applied to Ciu assuming v/, = -1:

Cu]_
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m
27Tgn1(Cn1+2Cu1) + 1+ B (CTQ+2CH1) + RLCIJ.ZD
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B1 = o2 2
+ \ +
Vin CmJ— ' VT[;LJ— Cpl Vnz J— J— <<>_ J.: Cu2 Vout
] OV 2Cp1 Im2Vie R ]
© EI=B2 2TAOG
Find the -3dB frequency, f_34g using the following formula:
; _ 1
-3dB ™ 275 (Open-circuit time constants)
'
Tin=rm(Cmt2C),  Tinterstage™ 1+ Boz (Crot2C ), and To=RCp
1 1
U fadg="1 " 0~ 2R C oz
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MOS Cascode Amplifier
Circuit and small-signal model:

Om2Vgs2= -Om2V1

M2 Vout
A ° D1=S2 D2=D3
l'ds2
Vin :l__: V|n = * L,\/\/\,_l ¥
o—i[, M1 —_VBias Vgsl Om1Vgsl at Vout
I - S1=G2=G3 s
— — 2TA07
Small-signal performance (assuming a load resistance in the drain of R, ):
Rip = o
Using nodal analysis, we can write,
[9ds1 *+ Gds2 + Im2lV1 — Jds2Vout = ~Im1Vin
~[9ds2 + Im2]V1 * (Gds2 + GL)Vout = O
Solving for vg/Vi, yields,
Vout ~Om1(Yds2 + Im2) i Om _ R
Vin _ Odsi9ds2 + Uds1GL * 9gs2GL + GLOmz ~ G omiTt
Note that unlike the BJT cascode, the voltage gain, v4/vj, is greater than -1.
e B Ta"R B RS o belessth for the gain to be -1)
—:- H =- +—D must be less than r or the gain to be
m2hds2lrg orgor a2 0 Tasn - ds2 J

The small-signal output resistance is,
Fout = [Fdst * Mds2 + 9m2r ds1lds2] IR DRy
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MOS Cascode Amplifier Frequency Response
Small-signal model (9m2V1 has been rearranged and the substitution theorem applied):

1 D1=S2 rd~°2 D2=D3

Om1Vin @r dsl% % C2 Om2V1 é> l'ds3 C3 Vout R
o T

2TA075

@

> +0

Vi

where
Cp =Cquty Cu=Cpy1 +Cpp +Cyp @and C3=Cppp + Cpy3 + Cop + Cp3 + Cy
The nodal equations now become:

(Om2 + 9ds1 + dds2 + SC1 + SC2)V1 — dasaVout = ~(Im1 — SC)Vin
and
~(9ds2 + Im2)V1 *+ (Jds2 + 9ds3 +G| + SC3)Vout = 0
Solving for Vg t(S)/Vin(S) gives,
Vou(s) [ 1 od —(9m1 — SC1)(9ds2 + Im2) 0
Vin(5) L +as+ bSZ%%dslgdsz + (9ds3tG)(Om2 + Gast + gdsz)g
where

C3(gdsl * Ods2 T gmz) + C2(gd32 * Ods3 t GL) + Cl(gdSZ + gds3)
Jds19ds2 + (Jds3t G )(Im2 + Jds1 + Yds2)

and
C3(Cy1 + Cyp)

~ Qds10ds2 + (9ds3* Gy )(Omz + Gdst + Yds2)
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A _Simplified Method of Finding an Algebraic Expression for the Two Poles
Assume that a general second-order polynomial can be written as:

_ .0 son spo., .M, 1p &
P9 =1rastb? =l - il - = 1oS i+ ot o,
Now if |ps| >> |p], then P(s) can be simplified as
s &
PO=1"0" bipy
Therefore we may write p; and p, interms of aand b as

-1 -a
Pp1=7 ad p2=+-

Applying this to the previous problem gives,

_ ~[9ds19ds2 *+ (9ds3tG1)(Im2 + Gds1 + 9ds2)] _ ~(Qus3tG)
P17~ C3(Qdst * 9ds2 + Im2) + C2(dsz2 *+ 9dsz*G() + C1(Jds2 + Jdsa+G) Cs
The nondominant root p, is given as
_ ~[C3(9ds1 * Gds2 + Im2) + C2(9ds2 + 9as3tGyr) + C1(Gds2 + Gus3tG)]  —Ome
b2 = C3(C1 + C)) “C1+ G

Assuming that C4, C,, and C3 are the same order of magnitude, and that g, is greater than gyss, then |p,| is
smaller than |p,| (closer to the origin). Therefore the approximation of |py| >> |p4| is valid.

1

Note that there is a right-half plane zero at z; = C_l :
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BICMOS Cascode Amplifier

Circuits:
Vin :l—i'
Q1 ?VBias
L -
Comparison:

Larger voltage gain

Smaller input resistance

Q1 voltage gain greater than -1V/V
High output resistance

Requires input current
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Vout
Q2 )
Vin +
o—j|, M1 ?VBias
- s 2TA08

Infinite input resistance

Smaller voltage gain

M1 voltage gain less than -1V/V
High output resistance

Does not require input current
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SUMMARY
Advantages of two-transistors:
» Higher input resistance (BJTS)
» Lower output resistance
» Higher current gain (BJTS)
Things that are important for future use:
» The upper -3dB frequency can be approximated by the reciprocal of the sum of the OTCs (p. 8)
» A quadratic can be solved algebraically by assuming the roots are widely spaced (p. 11)
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