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n-Collector Amplifier

Procedure:

s

1. Small-signal two-
port model

2. Add device (and
other) capacitors
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Two-Port CC Model with Capacitors

) Gain~1
emitter
base | | ?
RS ¢ out
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+
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L; - Cp L;:ff §R in I’jn ;RL [{}uf

collector

Find Miller capacitor for C_-- note that the base-emitter
capacitor is between the input and output
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Voltage Gain A, Across C_

Ac =R, /(Ry+R)~1 R,=—

g.R >>1 o

Note: thisvoltage gain is neither the two-port gain nor the
“loaded” voltage gain

C,=C,+C,, =C,+(1- AVQ[)C?z

C -C +—1 ¢

“ 1+g R ”
Cinzc,u
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Bandwidth of CC Amplifier

Input low-pass filter' s -3 dB frequency:

a4 C.
wp T (RS " Rn)(cﬂ +1+ ngL)

Substitute favorable values of R, R, :
Ry~1/g, R >>1/g,

1 C, ~ Model not valid at
Op = (1/ gm)(cﬂ i 1+ B|Gj - C“ /G these high frequencies

/
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nt Buffer Bandwidth

Same procedure: start
with two-port model and
capacitors
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B Model with Capacitors

emitter collector

I I '
-,
L L L
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: ol Cn = K I =R =/ =R
L] & I ™ & &
base

No Miller-transformed capacitor!

Unity-gain frequency is on the order of w, for small R
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Summ of'Single-Stage Amp Freq Resp

o CE, CS. suffer from Miller-magnified capacitor
for high-gain case

o CC, CD: Miller transformation - nulled
capacitor = “wideband stage”

o CB, CG: no Millerized capacitor - wideband
stage (for low load resistance)
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CMOS Diode Connected Transistor

Vor « Short gate/drain of atransistor
and pass current through it
Y IREF

e SiINcCeVGS=VDS, thedevice
1SN saturation since VDS >

. lour VGSVT
IDlj + o Since FET isasquare-law (or
rour weaker) device, the I-V curve
| ? IS very soft compared to PN

junction diode

o What'sthe input impedance
of circuit?
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Equivalent Circuit

R = digyr v
dVOUT lout =0 It
1
— I:\)D =
I
Equivalent Circuit:
i Ro  lour
. W
+
VD(D Vour
=yl _
&)
o
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Thelntegrated “Current Mirror”

« M, and M, have the same
VGS

o If weneglect CLM (A=0),
then the drain currents are

equal
_ « Sincel issmall, the
HighResy & | currents will nearly mirror
iour one another evenif V,, is
not equal to V5g

‘_ | o We say that the current
M, ‘ M, Your

‘ . . . .
\ + |cer ISMirrored into it

Ve o Notice that the mirror
] ® - works for small and large
. signals!

Yoo

IREF

()
\_/

Low Resis

<
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Irror as Current Source

Yoo

Rest of Circuit

« Theoutput current of M, isonly weakly dependent on
Vout due to high output resistance of FET

e M2 actslike a current source to the rest of the circuit
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al Resistance of I-Source

Department of EECS University of California, Berkeley



EECS 105 Fall 2003, Lecture 21

Prof. A. Niknejad

Improved Current Sources

Goal: Increaser .

Approach: look at amplifier output resistance
results ... to see topologies that boost resistance

S~

D

IREF
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| R >>1,

Looks like the output

.— impedance of a common-
source amplifier with source
degeneration
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Effect of Source Degeneration

Cod _
>IL1/ Vt — (It o gmvgs)ro _I_VRS
R{,q j @ i,
i Q>\_ J'> e % ) = Vgs = _VRS
vV, =I
e e
e [ Y, = (i, + G RI )T, +1,Rs

Ro—i (1+ g,R)T,

o Equivalent resistance Ioadi ng gate is dominated by
the diode resistance ... assumethisis asmal

Impedance
. Output impedance is boosted by factor (1+9,Rs)
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Stacked) Current Source

Department of EECS

Insight: Vg, = constant AND
Vpo = constant

Small-Signal Resistancer ..
R, = (1+9nRs) T,
RO = (1+ gmro) r0

2
Ro = gmro >> ro
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Drawback of Cascode I-Source

Minimum output voltage to keep both transistorsin

saturation:
VOUT,MIN :VDS4,MIN +VD82,MIN
VDSZ,MIN >VGSZ _VTO :VDSATZ
iour A VD4 >VDSAT2 +VGS4 :VGSZ +VGS4 _VTO

>
Vout

VOUT,MIN :VGSZ +VGS4 _VTO
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t Sinks and Sources
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k: output current goes  Source: output current comes

from voltage supply
VDD
e |D‘“
ifbr_ﬂ"
IREF =
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urrent Mirrors

Prof. A. Niknejad

ldea: we only need one reference current to set up all the
current sources and sinks needed for a multistage amplifier.
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