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Announcements

o HW
 HW3 due today

e Reading
 Razavi Chapter 10



Exam 1

e In class on Feb 24

e 9:35-11:00 (10 extra minutes)

e Closed book w/ one standard note sheet
e 8.5"x11" front & back

e Bring your calculator

e Covers through Lecture 3

e Sample Exam1s posted on website



Agenda

e General considerations

e Bipolar differential pair

o MOS differential pair

o Cascode differential amplifiers
e Common-mode rejection

o Differential pair with active load



110 V+ To Bias RC

60 Hz t t Vout
1 Q

@

» An audio amplifier is constructed above that takes on a
~rectified AC voltage as its supply and amplifies an audio
signal from a microphone.

...................................................................................................................................................................................................................................................................................................................
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vV Undesired power supply
CC noise component

Ripple \ Desired output signal

%

out — VCC TV, _ICRC + Avvin

Vin,DC + Vin

1 Signal

VCC +Vr NN\
Vout WMol

» However, V. contains a ripple from rectification that leaks
~ to the output and is perceived as a “humming” noise by the
user. ;

...................................................................................................................................................................................................................................................................................................................
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To Bias $—o V, Vy =V,
X
Vv, =V, = Av.
X Y
Di | f [ a ~ g

» Since both node X and Y contain the ripple, v, their
~difference will be free of ripple.

...................................................................................................................................................................................................................................................................................................................
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> Since the signal is taken as a difference between two

nodes, an amplifier that senses differential signals is
needed.

» How can we construct this differential amplifier?
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Vr/\/\

Rc1 =

To Bias -\/\ \/\-
I\l X Y

_._l Q1 Qz

N
>
)
NN
il
] |

Vee

= Res

To Bias

QX — Avvin + ‘D
— Avvin T Vr

Ve =v =0

> Signals cannot be applied in phase to the inputs of a :
~differential amplifier, since the outputs will also be in phase
producing zero differential output. |

...................................................................................................................................................................................................................................................................................................................
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» When the inputs are applied differentially, the outputs are

180° out of phase; enhancing each other when sensed
differentially.

> Provides twice the output swing of the original amplifier

CH 10 Differential Amplifiers



0 -V Vin2

> A pair of differential signals can be generated, among other
. ways, by a transformer.

» Differential signals have the property that they share the

same average value to ground and are equal in magnitude
but opposite in phase.

...................................................................................................................................................................................................................................................................................................................
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e Single-Ended Signals

o Differential Signals

v
vA

e Measured with
respect to the

common ground
e Reside on one "“line”

or node

|I> }m Vo =V,smat+Vey,
e

e Measured between two nodes
e Reside on two differential “lines” or nodes

| ‘f;>:{

CH 10 Differential Amplifiers

=V, sinwt+Vyy,

VCC
eSS 4
Lo
—a 4 (\&}

! Vy==V sinwt+Vey,

Output L :
Differential Signal N—=V,=2V,sinawt

. Input

Differential Signal
12



Single-Ended & Differential Signals

e A single-ended signal is measured with respect to a fixed
potential (ground)

e A differential signal is measured between two equal and
opposite signals which swing around a fixed potential
(common-mode level)

e You can decompose differential signals into a differential
mode (difference) and a common-mode (average)

Single-Ended Signal f - Differential Slgnal
Zs /\/ = + Vout -
! E +
Vln i V_out t V'ﬂ" oM f Vln2
- .i. = LBV&' "
Vou = Vouz =V Vew = V o

2 13



Single-Ended & Differential Amplifiers

o Differential signaling RprAs )
advantages | ) o Max Output Swing

¢ Common-mode noise

D
v -V -V,
rejection ':T’_"Vout/\./ oo = (Vas =72,)
_I M1

e Higher (ideally double)
potential output swing

e Simpler biasing AW
e Improved linearity

e Main disadvantage is area, an v
which is roughly double ~ —jidy. \/\

e Although, to get the same

performance in single-ended - Max Output Swing
designs, we often have to
increase the area 2(Vpp = (Ves = Vi)

dramatically

14



Common-Mode Level Sensitivity

o A design which uses two single-ended amplifiers to realize a
differential amplifier is very sensitive to the common-mode
input level

e The transistors’ bias current and transconductance can vary
dramatically with the common-mode input
e Impacts small-signal gain

e Changes the output common-mode, which impacts the maximum
output swing




Agenda

e General considerations

e Bipolar differential pair

e MOS differential pair

e Cascode differential amplifiers
e Common-mode rejection

o Differential pair with active load

16



X Y X Y
n1 °_|:Q1 Qz:l_c Vin2 Vin1 °_|I:IM1 lejl—o Vin2
*
/
OX: >

> With the addition of a tail current, the circuits above operate
~as an elegant, yet robust differential pair. |

...................................................................................................................................................................................................................................................................................................................
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VCC Assuming « =1 for simplicity
Rc1 g chz /I/BEI — VBEZ \

Iee g 1
)(lz Zl Y Ic1:]czz%
“ QzFI_ ! g
Vem ) o (X:VY:VCC_RC ;/

- /
? EE  Rcy=Rca = Rg
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> Due to the fixed tail current source, the Res Rez
~ input common-mode value can vary X Y
~ without changing the output common- ) 5 @ 9
~ mode value. T ?,
- EE Req=Reo=Re

I v 2
Upper Limitof Ve __ —eeee V= Wy

to Avoid Saturation (
Vem Lower limit of V, also occurs

Vema due to the requirement of a
minimum “compliance” voltage
e Assuming V=0 for saturation (V~0.7V) across a real current source

e Often we allow for Vg-=0.4V or V~0.3V and still consider “active” mode
operation, although this is formally “soft saturation”

e In any problems, I'll make it clear what assumptions to use
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Cutoff X Q. Vi =+2V
Vin1 = *1 V%Q’I [EE‘l‘
/ >
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1
Output Common Mode =V - — R %

Transistor Currents Output Voltages

> None-zero differential input produces variations in output
~currents and voltages, whereas common-mode input produces
no variations.
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> Since the input to Q, and Q, rises and falls by the same
~amount, and their bases are tied together, the rise in I, has
the same magnitude as the fall in I,.

...................................................................................................................................................................................................................................................................................................................
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X
AV
Vem e —iar @ J— vem =gy

O AV, =0 A
Ale) =g, (AV -AVp) = AICI = gmAV

Ay =—g,(AV +AVp) Al ... =—o AV
_ C2 g m—" )
Because Al =—-Al -,
> ....... - orsmallchangesatmputs ...... t hegmsarethesame ...... andthe
~ respective increase and decrease of I, and I, are the '

same, node P must stay constant to accommodate these
changes. Therefore, node P can be viewed as AC ground.

...................................................................................................................................................................................................................................................................................................................
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VCC
AICl — gmAV

A X Y AVy ==guAVRc
+ AV
Vem i —i @ @z Vem =y, A =gaARe
P ] - ™
OFE- 4 AV =AYy 28, AVRe
= - - - C
= ’ Vair 2AV "
N J

> Since the output changes by -2g9,,AVR; and input by 2AV,
-~ the small signal gain is —g,,R., similar to that of the CE

stage. However, to obtain same gain as the CE stage,
power dissipation is doubled.

...................................................................................................................................................................................................................................................................................................................
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e Objective: Find expressions for I-; and I, as a function of the differential
Input Vi;;-Vin
e This can then be used to find the differential output voltage
VBE

VCC 1.Using I =1Ige'T

Vper =VrIn hj
Is

1
VOUt1 VOUtZ Vepr, =VrIn IL:j

V. 22 Writing a KVL around the input network
N
V.

inl — VBEI — VP — Vnz - VBEz

1

Vinl - Vin2 - VBEI - VBEz

P

S ]S

] [CZ
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V 3. Writing a KCL at node P
cC

Iy + 1oy =g
R 4. Combining previous KVL equation with the KCL
C V’nl B V‘n2

Iy exp— e+ oy =g
T
Vo ut1 Vo ut2
ley = ‘e
=V
. . inl in2
V| n1 VI n2 1+ eXp VT
5. From circuit symmetry
P IEE exp Vinl - Vin2
| [ = lgg _ Vr
EE “l Vin2 B Vinl Vinl - Vin2
1+exp 1+exp
Vr Vr
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ml VQ

[ €Xp

I/inl Y in2
2V

e IfV,;-V,, 2 4V; = 104mV, the majority of the current is steered through Q,
CH 10 Differential Amplifiers 28

> V. .-V

"|— R, tanh

in1~

/




Vout1 - voutz _\

Vout1 U

...................................................................................................................................................................................................................................................................................................................
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e We can use the virtual GND concept discussed in Slide 23 to simplify this
CH 10 Differential Amplifiers 30



Virtual GND Proof

Rc Re
+ + * +
Fm1 = Vo I9m1Vn1  9ImaVn2 V2 = o2 Vino

1. KVL around the input networks

Vil = V21 =VPp = Vin2 =~ V2
2.KCL atnode P

A% A%
7l T2 _
+ Em1Vr1 + + Em2Vr2 = 0

I )

For smallsignalsr,, =7, and g, =g,.,

Va1l = 7Vr2
For differential operation v;,; = —v, ,, and using the above KVL
2Vinl = 2V7z1
which implies that

Vp =Vinl = Vg1 = 0 31



Rc
Vout2 +
+ +
Vin1 é_ Frq gmg V2 V_TEZ % Fr2 _é Vino
= l =
(b)

. R Vee
Voutl = —8mf\cVinl

_ Rc Rc
Vout2 = _ngCVin2

— V. :
Voutl Vout2 _ R int Q1 Q> Vinz
gm C = =
V., — V- ©)

inl

> Since V; is grounded, we can treat the differential pair as two CE
-~ “half cwcwts” with half the output swing on either side |

> If the circuit is symmetrical, we can just analyze the half-circuit
~ with a virtual ground to get the gain equation
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w/ finite r,

Vout

|'/t::-ut
Vin1 Q; Q, Vin2 Vini ro1 ro
Q1 _— - gl Qz

P
lee
) < = N
Vourt = YVour2 _ 7
o gm O
Kvinl Vin2 D
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Symmetry Axis
; Vee
| R R
v Ja Ao—MW——W——28 1 av

I||—@l
~
|
=

> It can be shown that if R, = R,, and points A and B go up
~and down by the same amount respectively, V, does not
move.

...................................................................................................................................................................................................................................................................................................................
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CH 10 Differential Amplifiers

=1
@ Iee

[Av =—gm1(7”01 | 705 | R1)J

35



R, R, R1

+—o Vout ¢ +— Vout
Vin1 °—|:Q1 Q, :I—" Vinz  Vins O—E
Q=
5 =

©—

Q

[Av =—gm1(7”01 | 705 | R1)J
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Rc= =R Rc=
xt— Vout Yty —o Vi
|I/In1 °_|:Q1 QZ:I_O Vin2 |I/|n1 O—I:Q1
Wy W— I
Re P R @ |
lee E
assuming « =1 for simplicity
i a R N
4, == ¢
R, +—
N Em
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Rc= =Rc Rc=
X Vout vy —o Vout
Vin1 Q) Q- :I—o Vin2 Vin1 O—I:Q1
W t M—rs
E R
lee @ W) Iee TE
) as-suming a =1 for simplicity
i
TR, 1
£t
2
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BJT Differential Pair Input Resistance

(a) (b)
e In order to obtain the differential input resistance, apply a
test differential voltage v, and find the developed current iy

v
—= =1 :——7[2

Tr1 %)

Vy SV =V =200y

Differential R;, = V—X =2r,
Ix

39



Agenda

e General considerations

e Bipolar differential pair

e MOS differential pair

e Cascode differential amplifiers
e Common-mode rejection

o Differential pair with active load
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» Similar to its bipolar counterpart, MOS differential pair
~ produces zero differential output as V., changes.

...................................................................................................................................................................................................................................................................................................................
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T VDD
R N % RD Using Saturation [, = =£ ”2C x VZ(VGS —Vry )2

/
Iss Iﬁl I
X l 2 2 Y (VGS _VTH )equil — =

N
I s m, MzF—"‘ u,C VZ/

+ k oxX
Vem ) ]
L I'ss

> The equilibrium overdrive voltage is defined as the overdrive
. voltage seen by M, and M, when both carry an Ig5/2 current

> Larger tail current or smaller W/L results in a larger equilibrium
. overdrive voltage
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T Vop
Rp= Rp

X Y e
4 -
Vem 9_ ]
L Iss

» In order to maintain M, and M, in saturation, the common-
~_mode output voltage cannot fall below the value above.

» This value usually limits voltage gain.

...................................................................................................................................................................................................................................................................................................................
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Vin1 °_|I: M, Y X M, :ll—o Vin2

0 Vin1= Vin2 0 Vin1~= Vin2
(©)
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Vem

» Similar to its bipolar counterpart, the MOS differential pair
-~ exhibits the same virtual ground node and small signal
gain.

...................................................................................................................................................................................................................................................................................................................
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> In order to obtain the source gain as a CS stage, a MOS

~differential pair must dissipate twice the amount of current
(assuming the same MOSFET overdrive voltage). This power
and gain tradeoff is also echoed in its bipolar counterpart.

...............................................................................................................................................................................................................................................................................................................................
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Rp= =Rp
1. Writing a KVL around the input network V
Vo Vo=V -V out1 =1 [ Yout
inl —VGS1 = Vin2 — V' GS2 |
2. Writing a KCL at the tail node Vin1 II-: M M, :—" Vinz
Ipi+1py =1gg
. 21 lss
Using I, = HnCox W(VGS — Vg )2 and Vg =V + D
2 L w —
:uncox Ty -
L
2
Vit =Vinza =Vas1 —Vgsa = W(\/Im _\/[D2)
:uncox o
L
Squaring both sides
) 2 2
(Vinl_VinZ) — W(ID1+ID2_2 11)1102)= W(]SS_Z\/[DIIDZ)
:uncox f :uncox f
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Rp= =R,

Vout1 o—2 —o0

out2

Vinr oG M, My o Vinz

After some algebraic manipulations (see Razavi10.3.2), can show that

I'ss
Ip = IES + Vin ;Vinz \/:uncox %[41&9 — HpCox %(Vinl ~ Vin2)2:| =
R PR
*Note, this equation
e A O N oy T N [ i
L input differential

voltage V, , — Vi,
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wC W 4] 2 = =
]Dl _]D2 == (le _ Vm2) SSW o (le o Vm2) o o
2 L 1 C " Vout1o—2 +— Vout2
nox r Vimmo— M, M, o Vinz
The above equation is only valid when both M, and M, are on. les
This stops when Vg, = V7 and Vi supports a full /¢ value. z
21
Vas1 =V + =
c
ﬂl’l ox L
’ > Vin1~ Vin2
= AVin max 0 *AVin max
21
‘Vinl - Vin2‘max = ﬁ(VGS o VTH )equil - SSW
HnCox

steers the tail current from one transistor to the other. This

~_value is known as the maximum differential input voltage.
: CH 10 Differential Amplifiers 49



> V.

in1
- Rclee
c. W 41 V..—=V
out2 = —Rp %Z(Vinl ~Vin2) ¢W‘ (Vi — Vin2)2 Vourt =Vourz = —Rcl g tanh(mlz—’"zj
/uncoxi VT
L
> In a MOS differential pair, there exists a finite differential
input voltage to completely switch the current from one
transistor to the other, whereas, in a bipolar pair that
voltage is infinite.
50
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"'\JEAVin,max

> Vin1~= Vin2

> Since lgg is doubled and WIL is unchanged, the equilibrium
~overdrive voltage for each transistor must increase by /2
to accommodate this change, thus AV, ... increases by ./»

as well. Moreover, since I is doubled, the differential
output swing will double.

> Small signal gain also increases by /2
» Linear input range increases, assuming RD value is small

...................................................................................................................................................................................................................................................................................................................
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|'/out1 - Vout2

A

gomes U *Rplss

> Since WIL is doubled and the tail current remains

. unchanged, the equilibrium overdrive voltage will be
lowered by./> to accommodate this change, thus AV, ..,

will be lowered by ./, as well. Moreover, the differential

output swing will remain unchanged since neither Igg nor R, -

~ has changed
> Small signal gain increases by .2
» Linear input range decreases

...................................................................................................................................................................................................................................................................................................................
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» When the input differential signal is small compared to
 dlgg/p,,C,,(WIL), the output differential current is linearly
proportional to it, and small-signal model can be applied.

...................................................................................................................................................................................................................................................................................................................

CH 10 Differential Amplifiers 53



"l mlk
R, % % Rp
-+ N T T
Vint () "1 (P Im1V1 Im2V2 (P V2 () Vin2
= -I. -I- =
Vout1 = —9ImRpVin1 AVP — O
Voutz2 = —9ImRpVin2 AU — —ngD

» Applying the same analysis as the bipolar case, we will
~arrive at the same conclusion that node P will not move for

small input signals and the concept of half circuit can be
used to calculate the gain.

...................................................................................................................................................................................................................................................................................................................
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Small-Signal Impedance:

Simple Current Source (Finite r.)

Vo o[
(acgnd) |

lo
h‘

(ﬁ‘l@w

h’

+
vgs

lo
'h'

@) gmves=0 % ro @ Vo

’ <

55



Small-Signal Impedance:
"Diode” Load (Finite r

Io . ®
— +
r EJEVG Vos = 1/gnm %ro @VD
» > ;
| | |
Four = Yo = ~
gm gm +g0 gm

56



Small-Signal Impedance:

Looking Into Source (Finite r, and g..,.)

é r (# OmbVbs=
o
“OmbVo

v+ OmVgs™
Vg "|L_ Eﬁ “OmVo
(ac gnd) Ti . T
(8] iu,

v
lo = (& Gt Vo =7 = (& + Gt + 80 Vo
0

| 1| 1
13 — —
gm+gmb+g0 Em || 8mb

57
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Small-Signal Impedance:

Looking Into Source w/ Ry (Finite r, and g..,.)

h‘ s 4 . 4

2 Rp Vgs (T ImVo % o (‘ OmbVo éRD
w

58



A#0

AV

_gml(
g

1
— 703 || 701
m3

|

N
~

Em3

CH 10 Differential Amplifiers
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X I_I °Vout
?’531 ?’ssz Vino—[5 M, Malzl

2=0
AV _ gml
N Em3/
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Agenda

e General considerations

e Bipolar differential pair

e MOS differential pair

e Cascode differential amplifiers
e Common-mode rejection

o Differential pair with active load
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Maximum Differential Amplifier Gain

VC C

O, Gp
- Vin2

Vout
Vout
Vin1‘3'_|<; c)Q_FI—G Vin1 ror o Vin2
Q= = - = Q,
e

P

é e With ideal current source

= loads, the differential gain is
limited by the intrinsic

w/ finite r,

Vv = D  transistor gain (gr,)
out 1 out?2 __ . :
= —g Ty ° How to increase the gain
Vint 7 Vin2 ) further?

« Use a topology which boosts

the output resistance
63



Bipolar Cascode Topology

—
\ L +
Rout M3 é Vbe3 Om3Vbe3 é Fo3 Vo

- Vx :io(rﬁ3Hr01)

|||—o

Writing a KCL at the output node 1
_i0+gm3(_vx)+vo_vx =0 ° o
o3
— io - gm3i0 (7/'72'3 Hrol )_ o (rﬂ3 HFOI) - —2 gm3(\-’VX) é - é "
o3 o3 X
Rout — ‘T_O =13 + r7Z3Hr01 + gm3]/‘03(I/‘7Z3HI/'01)z gm3r03(r7z3Hrol)
o Fo1||rx3

The dominant term is the bottom effective resistance
boosted by the gain of the top transistor (g,,3r,3) 64



Vee Cascode Output Resistance
* Rout :r03+r01Hr7z3+gm3r03(r01Hr7r3)
0 Vout ~ gm3r03(r01Hr7r3)
Q3 Q4

Ve I: K Qs —© Vout1

—, e Qz:l_c' Vin2 Vb I:

Vini D—Eﬁh
lee )

AV

- _g_ml[r03 T 7'01Hr7z3 T gm3r03(r01Hr”3 )] .

/ ~ _gmlgm3r03(r01Hr7r3)

7

Slight approximation here. More when we study Cascodes in detail.

Gain is roughly
squared relative
to the simple
differential pair
Trade-off is
reduced output
voltage swing

range
65



A4, = =gl + 71wy + @mstos ot les W5 + 7 11is + Gumsts (T s )
z—gml[(gm37”03(r01H )X‘(gms’”os(wu ))]

CH 10 Differential Amplifiers 66



R R R
Rop = r05[1+ ng(’”m 175 ] ;ﬂ + 707 | 725 | ;z ngFOS(r07 175 ] 21)

A, = —gm1[gm3”03(”01 | ’%3)]” Rop
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MOS Cascode Topology

| L
Vb '_IE Rout Vgs3
M3 l .
-
Vin O_IE ) Vgs1
M1 -
- Ve = io ol ° _T_

Writing a KCL at the output node

Vo — Vx —0

_io +gm3(_vx)+

T3

LoTo1 __ "o

o = 8m3loTo1 —

Fo3 Fo3

_ Y

= =Ty3 Ty T 0370371 = &m3ls3lol

<?

The dominant term is the bottom effective resistance
boosted by the gain of the top transistor (g,,3r,3)

R

out

68



vin1 O_II.: M1 le:_ll—o |'/inZ

Av — _gml[r03 +r01 +gm3r0

~ —8m18m3t03701

CH 10 Differential Amplifiers

3’”01]

Cascode

- Vpp Output
G) Resistance
Rout — 103 + Fol + Em3to3ol1
~ &m3lo3o1
Ma'_ovouﬂ e
Vb1 '—||._.

« Gain is roughly squared
relative to the simple
differential pair

* Trade-off is reduced output
voltage swing range

69



-

_—V
Mo Mg bb

Voso—H—F n
Vo e n;l: ”u: Vb3'_||:
5 6 Vyp ot
My T Yout >} -
Vb1 ® I'I.: II:M4 M, T Yout
Vin1 °—||__.|M1 le:_"—o Vino Vi1 e—[5
I Vin1 —[5 M
@ Iss L 1

[Av ~ =8l (&3703701) 1 (€ 0570507 )]}
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Vini | M,

] |
M+

Vbse—
Vb2 e—] R4
5
M3 T Vout1

v, Ve

Vin1 |5 M,

R,, = 05HR1 TT7 T ng(VOS‘Rl )”07 R gms(’”osHRl )”07

Av ~ _gml[gm3r03r01 ‘ng(FOSHRl )7'07]

CH 10 Differential Amplifiers
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Agenda

e General considerations

e Bipolar differential pair

e MOS differential pair

e Cascode differential amplifiers
e Common-mode rejection

o Differential pair with active load

72



© Vout

= = Assuming a=1

AI/utCM RC/2

AVn v R..+1/2g

> If the tail current source is not ideal, then when a input CM
.~ voltage is applied, the currents in Q1 and Q, and hence
output CM voltage will change.

...................................................................................................................................................................................................................................................................................................................
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74 N Vout1 ~Yout2
M 9— / EE C*) R EE

o

t
e Common-mode noise is now transferred to the single-ended outputs

e However, output differential signal is still ideally unaffected by common-

mode noise
CH 10 Differential Amplifiers 75



» As it can be seen, the differential output voltages for both
. cases are the same. So for small input CM noise, the
differential pair is not affected.

...................................................................................................................................................................................................................................................................................................................
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Assuming high 7, in the diff. pair transistors

VDD
Alpy =Alp, =Alp and AVgg =AVgg, =AVgg
Rp Rp +ARp A net current of 2A7, will flow through R
Voutt Vout2 AVey = AVgs + 281 p R
J-AV M M, AVem :AID(L-I'zRSSj
+ 1; gm
- AV,
= Alp = -
—+2R
ISS RSS Em >
- = AVout = AVom‘l _AVoutZ = AIDRD _AID(RD +ARD): _A[DARD
AV,
e - Ao =7 ARy
> Iffinite tail impedance and g s
- asymmetry are both present, AV N,
then the differential output | AV(””‘: T
signal will contain a portion of M g+2Rss
input common-mode signal. "
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{ Rout3
=R,

CH 10 Differential Amplifiers

AV

out

AV

ARc

1
— 2R0ut3

Eml
ARC

ACM—DM —

|
— 4+ 2[1’03 + R1H7”7;3 + Zn3753 (R1Hr7f3 )]

ml

78



CMRR =

ADM

ACM -DM

8nle  _Rc+28,RcRpg

» CMRR defines the ratio of wanted amplified differential
input signal to unwanted converted input common-mode

noise that appears at the output.

...................................................................................................................................................................................................................................................................................................................
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Agenda

e General considerations

e Bipolar differential pair

e MOS differential pair

e Cascode differential amplifiers
e Common-mode rejection

e Differential pair with active load

80



Simple OpAmp

© Vout

Ving o—

Vinz ©

» Many circuits require a differential to single-ended
~conversion, however, the above topology is not very good.

...................................................................................................................................................................................................................................................................................................................
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» The most critical drawback of this topology is supply noise
~corruption, since no common-mode cancellation
mechanism exists. Also, we lose half of the signal.

...................................................................................................................................................................................................................................................................................................................
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+ Avin — vm 1 =} Vout = ~8m (_ Avin )RC

—Av;, = Vin2 o é J__

» The most critical drawback of this topology is supply noise
~corruption, since no common-mode cancellation
mechanism exists. Also, we lose half of the signal.

...................................................................................................................................................................................................................................................................................................................
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Current Mirror or
“Active” Load

» This circuit topology performs differential to single-ended
~conversion with no loss of gain.

...................................................................................................................................................................................................................................................................................................................
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Q, Q,
N

> With current mirror used as the load, the signal current
~ produced by the Q, can be replicated onto Q,.

» This type of load is different from the conventional “static
~ load” and is known as an “active load”.

...................................................................................................................................................................................................................................................................................................................
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» The input differential pair decreases the current drawn from
~ R_ by Al and the active load pushes an extra Al into R, by
current mirror action; these effects enhance each other.

...................................................................................................................................................................................................................................................................................................................
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Active Load Static Load
Vee Vee
Q Vie I: I Q
3 4 ﬂ sy R A|I\ 4
N o) —oO Voutt'
+

> The load on the left responds to the input signal and
~enhances the single-ended output, whereas the load on the
right does not.

...................................................................................................................................................................................................................................................................................................................
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» Similar to its bipolar counterpart, MOS differential pair can
~also use active load to enhance its single-ended output.

...................................................................................................................................................................................................................................................................................................................
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> Because of the vastly different resistance magnitude at the
~drains of M, and M,, the voltage swings at these two nodes
are different and therefore node P cannot be viewed as a

virtual ground.
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Rthev VThev To Find Ry,
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v 4 can be viewed as a divided version of vg

M, s
Em3

703

(Vout T Viney )

Vy=

Vour L

B Em3
r 04 Writing a KCL at the output node

o3 + RThev

A% A% +V
— 2naV4 + out + out Thev =0
= r04 1 R
703 + Thev
m3
1
g 703 1 v
m3 out __
Ema (vout +VThev)+ - =0
04
o3 + RThev 703 + RThev
m3 m3

sincel/g,,; <<r,; and 1/g,3 << Ry, and g,3=g,4=8&p and r,y=r,=71p

2
K \ Ri (Vout + VThev ) + Four =0
V Thev Top

out — gmN (]/‘ON H rOP) ‘%:}O_L‘;m=gmN(’”oN’”oP)
vinl - Vin2 y
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Next Time

e Cascode Stages & Current Mirrors
 Razavi Chapter 9
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