Effect of Supply Noise

* What if there is a ripple on V,?

VDD
VDD e W e
-
t
Vout
Voice Signal

> o
Vour %MMM
-
t



Making Reference Node
Have the Same Ripple

* Can be free from the supply ripple (Can you derive vy & v,?)

Voo
g VvV
Y
Vout )
M

~

Bias to the same voltage

=>» Yet, M2 wastes the current. Can’t we use it for amplifying?



Applying Signals to Two MOSFETs

v, =Vvy D>V

out 1S kept zero =» No use.




Differential Signals

e Can you derive Vout?

Vioy = Vo sinwt + Ve

Vin2 = —VU sin wt + VCM

* V. ;and V., has the common value of DC voltage, so we call
it as “common-mode (CM)” level, V,



Resultant Structure

 Symmetric in R and MOSFET. Input ac signal only differs.
* Tail current source? =» For biasing effectively.

Rp= =Ry

X Y
Vinro—[o M, My o Vino




MOSFET Differential Pair
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Biasing with Current S

* We can start from assuming current

ource

source is ideal.

Vbp

Rp= =Rp

Y

I
Vx =Vy =Vpp _RDT

X
. ~0 . 2 :'"_‘ = Output CM level
Vem ?
L I'ss



How About Effect of VCM on
Bias Current?

* Can we say it is l./2 without considering the effect of V,,?

Voo
RD%— %—RD
Equilibrium over-drive voltage

X Y
s I: My p M, :-II_ v v _ Iss
Vey é (Vas = Vi) equit. = oW
B ISS \ Mn Oxf

* P node is adjusted to hold

I 1 w
Nt HnCox (f) Ves = Vi)



CM Variation Rejection

* A Change in V, cannot alter |y, = Iy, =I5/, leaving Vy and V,
undisturbed.

* We say the circuit thus rejects input CM variation.




Saturation Region Constraint

* What is the condition to make MOSFET keep in the
saturation region?

I
Vbp — Rz); > Vem — Vru
Vbp
Rp= = Rp
X Y




A MOS differential pair is driven with an input CM level of 1.6 V. If Igg = 0.5 mA,
Vg =05V, and Vpp = 1.8 V, what 1s the maximum allowable load resistance?

Voo
Ry %RD
X Y
M, M2F|
N )
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Response to Differential Voltage Input

* Differential pair amplifies the voltage difference between
V. ;and V... Itis convenient to definev, =V. ,—V,,

* How does the current and voltage response to v,, change?

0 Vin1— Vin2



Gain of Differential MOSFET Pair

* Now, small signal voltage AV is observed at V. ; and V,, in
the opposite phases.

VDD

HD% ﬁnn

X Y
AV
Ve +J_ °“|I.:‘M1 MEF—II—_O Vem R Y
=

Alp; = gnAV Alpy = —gmAV
&VX — &Vy = —ngRD&V.

A, = _ngD-.



Design an NMOS differential pair for a voltage gain of 5 and a power budget of 2 mW
subject to the condition that the stage following the differential pair requires an input
CM level of at least 1.6 V. Assume ,,C,e = 100 uA/V?, 1 =0, and Vpp = 1.8 V.
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What is the maximum allowable input CM level in the previous example if Vg = 0.4 V?
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The common-source stage and the differential pair shown in Fig. 10.28 incorporate equal
load resistors. If the two circuits are designed for the same voltage gain and the same

supply voltage, discuss the choice of (a) transistor dimensions for a given power budget,
(b) power dissipation for given transistor dimensions.

E‘F
I
"
=
-||—@—-
n
7]
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Range ofv.,. =V. . =V,

* Revisit followings.

%} | 0 Vint1= Vin2
ss

* It seems that there is a range constraint for v, for linearity.
* We can find the mathematical term that relates I vs. v,



V
bD Vint — Vino = Vst — Ves2

Rp Rp
2
X Y = W (vIp1 — v Ip2)
Vinr oo My My o Vin2 \ “”Cf‘l*fz
/ 2
53 (Vin1 — Vi)™ = W (Iss — 2v/Ip1Ips)
= ﬂncm'z

Utilizing Iy, = les =I5,

159 1 — Vin 2
ID] = 2 m HI #HC{H 41‘1? .Um 0x (vml m:z)

159 2 — Vim W
Ipy = > Vin Vi /#anJr 4lss — ﬁlncaxz(%ﬂ - V!'Hl)z:|

1 41 g
ID] - IDZ 2#:1 (Enl :'.‘12) —W — (%ﬂ] - "{:'HZ)E—

\ IU”HCGX E
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Small Signal Constraint

4155
|Vm1 — V}nz| <K W
a“fnCr;axz
! W 4l
fD] — 192 A _ﬂﬂcu_t_("/}nl . sz) AR

2 L W
ILLHCUJ.:_
\ L

4
= -\/M:zCrJA'IISS(V}Hl - VEHZ)*
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Small Signal Model
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You Can Estimate the Gain
with Half Branch

Rc
+
9V 92 V2
Vourl = _ngD Uinl
Vour2 = _ngD Uin2.
Voutl — Vour2
— _ngD-

Uinl — Uin2



Determine the voltage gain of the circuit shown in Fig. 10.34(a). Assume 1 # 0.

* Assume symmetry.
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Assuming A = 0, compute the voltage gain of the circuit illustrated in Fig. 10.35(a).

Vin1 —

P
| ? lssa
SS1

V,

®
out

o——9

Vbp
®

M,

)

|_° Vinz




Assuming A = 0, calculate the voltage gain of the topology shown in Fig. 10.36(a).

VDD
Vout
g\r‘r
DD
Vin1 o— M, M, o Vinz
W

Rss
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