. Common Base/ Common Gate Amplifiers- Current Buffer

A. Introduction

* A current buffer takes the input current which may have arelatively
small Norton resistance and replicates it at the output port, which
has a high output resistance

Input signal is applied to the emitter, output is taken from the
collector

Current gain is about unity

Input resistance is low

Output resistanceis high.
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B. Biasing

* lgias=lsup/a =lgyp
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1. Small Signal Two Port Parameters

A. Common Base Current Gain A,

» Small-signal circuit; apply test current and measure the short circuit
output current

» Analysis -- see Chapter 8, pp. 507-5009.

* Result:

 Intuition: g =ic=(-lgip) =-lt-iyandi,issmall
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B. Common Base I nput Resistance R;

» Apply test current, with load resistor R, present at the output

» See pages 509-510 and note that the transconductance generator
dominates which yields

=L
Im
* Atypical transconductance is around 4 mS, with I~ = 100 pA

» Typical input resistance is 250 Q -- very small, as desired for a
current amplifier

* R, can be designed arbitrarily small, at the price of current (power
dissipation)
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C. Common-Base Output Resistance R,

* Apply test current with source resistance of input current source in
place

» Notery; asisin parallel with rest of circuit

l gV § r

v =Rs

* Analysisison pp. 510-511 of Chapter 8, with the final result boiling
down to:

ROUt = I’OC"I‘O I:l * gerT[”RS\j':I

* If the Rgis much greater than r;, then the output resistance is
approximately:

Rout = rocH [Boro]
* Ryt Islimited to the small-signal resistance of the current source
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D. Common-Base Two-Port M odel

» The output resistance depends on the source resistance -- which
means that the CB current buffer is not unilateral

Error in using the model is small

The two-port formal model is not strictly valid

Conceptual simplification for design is huge

out

o Tin o M1+ gyt [RY)]

Input resistance << CE Amplifier

Output resistance >> CE Amplifier
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I1l1. Common-Gate Amplifier

A. Circuit Configuration

%

@ (b)

* |t is sometimes possible to tie the backgate to the source which
shorts the backgate transconductance generator in small signal
model

* Itisobviousthat the current gain for this amplifier must be unity,
since the gate current for aMOSFET is zero

e Thecircuit analysis |eading to the two port model isvery similar to
the CB amplifier -- see pp. 513 - 518 of the text.
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B. Common-Gate Two-Port M odel

* Theresulting two port model is shown below:

lin lout
-

@———— Q@
1 _:
ggm + O lin § foc [IIQrO + gmroRS)
@ *® @

The input resistance is the same as for the CB for the case where
source and backgate are shorted.

When thisisn’'t the case, the backgate generator is added in (which
helps!):

R = i = ;
gm+gmb

1 o
| gm

R; can be designed to be arbitrarily small, at the price of area, by
increasing (W/L) or current

The output resistance is similar to the CB result with r--> infinity

Ro = roc” [ro+gmroRS]
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V. Common Collector/Drain Amplifier - Voltage Buffer

A. Introduction

* A voltage buffer takes the input voltage which may have arelatively
large Thevenin resistance and replicates the voltage at the output
port, which has alow output reisistance

Input signal is applied to the base/gate, output is taken from the
emitter/source

Voltage gain is about unity

Input resistance is high

Output resistance is low
V+
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B. Biasing
» Set Vgt to “halfway” between power rails-->Vg as-Vee = VouTt
v kT, lsup
BE q |S

* Output voltage maximum Ve /2 -Veg(gar) =Vec /2- 0.2V

« Output voltage minumum set by voltage requirement across I g p
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V. Small-Signal Two Port Parameters

A. Common Colletor small-signal model and procedurefor
finding A,

O -

« Circuit analysis: current through roc || ro 1SV / Fp+ 9Vr-—>
V,—V v

t out _
r + gm (Vt_VOUt) - r | ‘r
Tt oC (0]

out

 Multiplying by rand recognizing that gy, ;= Bo.

Vout

rocHro "

Ve =Vout F Po (Vi =Voud) = (1+Bg) (Vi=Vou) =

» Solving for the open-circuit voltage gain:

1

AV: . =1

1+ LI
roc”ro(Bo +1)

EECS 6.012 Spring 1998
Lecture 19




B. Common-Collector Input Resistance R;

* Procedure: apply puretest source, leave |oad resistor R

ip

—_—

+ ;r l Bolb

10) | |
Lo L,

 Note that current through ro. || 1o |[R_ IS i + Bg it -—>

R, =1+ (B,+1) %oc|‘r0HRLE

C. Common Collector Output Resistance

* Apply puretest current source at the output, leaving source

resistance attached
\Vi ;r l ng
=Rs T
it
§I’0[|]%c v +
t\ _
()
1 Rg
R (St ==
ou gm BO
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D. Common Collector Two-Port M odel
» Good voltage buffer

¢ Non unilateral network

Vg + Rs/By
.— 4\/\/\/_.
Vin ;r + I3o(ro oc mlRS) t Vin Vout
E. Common Drain Amplifier
vt v

\é|AS Cl iSJP VouT § RL -

(Drar Vf

o e = I
gww ' Vans()

V- A

* Analysis: much the same as for CC amplifier

* If Vg isn't zero, then the voltage gain is degraded from about 1 to
0.8-0.9
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F. Common Drain Amplifier Two-Port Model

1
@ 50
o——e W °
g
Vm LG smlen
o I °

* If Vg =0, thenthevoltagegainisA,=l1land R,=1/9y
» The CD amplifier is areasonable voltage buffer

 Improve output resistance by increasing g,

* Input loading is a non-issue, since the gate is open-circuited for

MOSFETS.
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VI. Summary

A. Single-Stage Building Blocks

Table 1: Simplified Two-Port Parameters

Amplifier Type Controlled Source Input Resistance R, | Output Resistance R,
Common Gm=9m M roll Foc
Emitter
Common Gm=09m infinity roll Foc
Source
Common A=-1 1/9m Foc INo [1+9m(rrliR9) |
Base
1/9gmif vy =0, Foc | (Fo + InfoRs), i
VSb:O
Common A=-1 -otherwise-
Gate 1/(9m* 9mp) -otherwise-
Focll[F o (It Im) T oRe]
Common Av =1 'n +Bo (ro ” roc" RL) (1 / gm) + RS/ Bo
Collector
Common A, =1lifvg =0, 1/ 9y if vgy =0,
Drain -otherwise- infinity -otherwise-
Im/ (Om+ Imv) 1/(9m+ Gmp)

EECS 6.012 Spring 1998
Lecture 19




B. Ultra Simplified Two-Port Parameters

* Omp = 0, common base used as a current buffer --> Rg>>r;

Table2: Ultra Simplified Two-Port Parameters

Amplifier Type Controlled Source Input Resistance R, | Output Resistance R,
Common G =0 M follfoc
Emitter
Common Gm=09m infinity ol Foc
Source
Common A=-1 1/ g Foc Il (Bolo)
Base
Common A=-1 1/9n Foc lOmRsTo)
Gate
Common A =1 FetBo (Fo ll Focll RD) (1/9m) +Rs/ By
Collector
Common A=1 infinity 1/0m
Drain

» Thistableis adequate for first-cut hand design
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