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Announcements

e HW3 due Monday Oct 11 9:10AM
e Posted on website with additional notes

e Reading
e Johns/Martin 3.1-3.8, 3.11



Agenda

e Common-Source Amp Input Impedance
e Common-Drain Amp Frequency Response
 Differential Pairs



Common-Source Amp Frequency Response
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Common-Source Amp Input Impedance

[Razavi]

Neglecting Output Cap: Zin =
g g P P in [Cos + (1T e RoCo:

Input impedance is purely capacitive (Cy + Miller Cy,)

Vx 1 + Rp(Cgp + Cpp)s

Considering Output Cap: =
Ix  Cgps(1+gnRp+ RpCpps)

Low frequency is capacitive, but then impedance
experiences a zero followed by a second pole
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Small signal analysis: Common-drain (source follower) amplifier

V.
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gml +gmb +g01 +g02

Small signal equivalent circuit
V.
In A #
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1 Om1Vgs | ImoVodt . 2 vout
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- How this is done?
Why?
Vin
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1 Im1Vin 1/gm1 1/gmb . 2 vout
o
out __ gml



Common-Drain Amplifier:
High Frequency Response

e Simplifying the schematic a bit for SSA

 |ldeal current source load and neglecting
transistor r, and g, (i.e. A=y=0)

e WIll result in an optlmlstlc DC gain estimate

Rg
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Common-Drain Amplifier:
iIgh Frequency Response
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Vou Wi gw Cen% casl ‘;: Gﬁgmﬂ
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KCL @ Node v, : (v, -V, )Gg +V,SC +(v, =V, )sC =0

gs

KCL @ Node v, : (v, -V, )sC, — g, (v, =V, )+V,sC_=0
After some algebra:
|7 &n + Cgss

V)= RiCosCr + CosCon ¥ ConCI™ + @nRsCan + CL + Cas)s + &m




Common-Drain Amplifier:

High Frequency Response

Voo
Rsx M, V"” (S) — Em + CGSS
"'"é " VoV, ' Rg(CgsCr + CssCap + CopCr)s? + (gmRsCsp + Cr + Ci5)s + 8m
- i ICL

» From this simplified transfer function:

A, =In _1 (Optimistic)

m

Exact A, = I
gm + go + gmb
0, =— I
Ce
2 poles, If we assume that they are spaced far apart :
- On _ 1
pL "~ -
R.C., +C, +C C +C
OmRsCep T4 +L6s RCep + b 68

Im



Common-Drain Amp Input Impedance

[Razavi] — Vop
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v, + cGST Cgss CisS/) Bmp +CoS

out
1 % .I. 1 g 1
g Low Frequency: Z;, ~ (1 + = ) +
o I Cass gmo )  Emb

. ) : . 1
Equivalent to a series capacitve term C (ﬂj and resistive term —
gm + gmb gmb

_ N 1 i i
High Frequency: Zin & Ciss + Crs + CosCyrs?

Seriescombination of C ; and C, and a negative resistance term {_—C ?:m 5 J
gs La)

The negative resistance term can be utilized in oscillator design
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Differential Pair: Linear range is limited to 2 Vggar

If both transistors are saturated and IB is ideal (r,g=c)

vl V2 ly +1,, = 1B

- T iz“nCOXW(vgsl—vT)z

M1 M1 “ 2 L
i _“nCox W(V ~V )2
IB d2 — 2 L gs2 T e
A Solving these equations => Valid for |v;-v,| < 2Y2V ety

1 B
— |
LINEAR N\ |/ i = IB " gml(vl - Vz) 1| M1 Vo
REGION e ) a9 2 2V ary
21/2V|L/L\ fl 21/|2V - id — IB _ gml(vl B VZ)\/l_ (u]
- DSAT1 2
DSAT1 Voo 2 2 2VDSAT1

_VDSATl
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Differential Pair

IB

LINEAR
REGION

The diff pair is a nonlinear circuit

V.-V,
2VDSAT1

v
Non-linear term

id1 - id2 — gml(vl _Vz) 1-

1T vy=V1-Vy<Vpgars =>

] : W
\Idl_ldz :\/unCOXLIB(Vl_VZ)

DSAT1

_V[

—> V-V,

Note:
Linear range increases for large Vpsat;
Vs IS also increased (limited by VSS)
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Basic Operational Transconductance Amplifier

VDD DESIGN CONSIDERATIONS:

In >V =V;-V, < Vpsar

. l >V1,2 'VSS >VGSl+VDSATB
la1

For small signals, ignoring the capacitors:

g l l a2 - c W
vl V2 P OXLIB(Vl_VZ)
ML | 2 M1 or
5 iout =0, (V1 - V2) Sensitive to differential signals
V/SS Vout = gmrout (Vl B VZ)

rout — r01I Irop

For an ideal current source and ignoring the effects of gmb, and transistor mismatches, then
I,,=0 for v,=v, ==> rejection to common-mode (noise) signals present at the input!
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Consider node Vi Vi
&)
T 0.50,Vq (;) Cy § R,
Vx o l Tout
—_—
- - ' v
i i
a l l 92 V - OsngX V
vl V2 X~ d
o 1+SR XCX
Vy g N Vy .
_d M1 | - — Magnitude
2 M1 2 Rx =To1 [l Top || (1/gmp)
B ImRx Cx = 2Cggp + Cgpp + (1+ millerfactor)Cyqp + Copn
> O

1/R-Cx
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. . ngX
POIeS are aSSOCIated Wlth bOth ........................................
resistors and capacitors
VX
> ®
° _
. 1/RxCx gm/Cy
Cx — — Ry
Vg IMPORTANT REMARKS !l
\4 »DC-GAIN 1S PROPORTIONAL TO Ry
»POLE FREQUENCY IS PROPORTIONAL TO 1/CyRy
»GAIN-BANDWIDTH PRODUCT (=gm/C,) IS CONSTANT
0,Rx X
m

TRADEOFF BETWEEN GAIN AND BANDWIDTH



Next Time

e Single-Stage Amplifiers (cont.)
« Common-Gate
e Cascode Stage

e Noise

18
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