Chapter 3
Single-Stage Amplifiers
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Simple CS Amplifier

« Given: k,,V1y, A
« Need: Specific voltage Ao
gain Av= 'ngD Vino—1f5, M,
Design Parameters: ;
Vppslp, Ve, W/LRp -
Constraints: Ao
Saturation Mode it
Current-Voltage relationship
Swing




Common Source — Large Slgnal Analysis
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« If V. islow (below threshold) transistor is OFF
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* For V., not-too-much-above threshold, transistor
Is in Saturation, and V_ , decreases.

» For large enough input (V. >V. ;) — Triode Mode.




Common Source (cont.)
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Design Tradeoffs

« Gain is determined by 3 factors: W/L, Ry DC
voltage and Iy

* If current and Ry are kept constant, an increase
of W/L increases the gain, but it also increases
the gate capacitance — lower bandwidth



Design Tradeoffs

* If Iy and W/L are kept constant, and we increase
Rp, then Vg becomes smaller. Operating Point
gets closer to the borderline of Triode Mode.

It means — less “swing” (room for the amplified
signal)



Design Tradeoffs

» If I; decreases and W/L and Vg are kept constant, then
we must increase R,

« Large Ry consumes too much space, increases the
noise level and slows the amplifier down (time constant
with input capacitance of next stage).



Common Source Tradeoffs
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» Larger Ry values increase the influence of
channel-length modulation (r, term begins to
strongly affect the gain)




Common Source Maximum Gain
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CS Amplifier with Diode-Connected

Load-L6
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“Diode-Connected” MOSFET is only a name. In
BJT if Base and Collector are short-circuited,
then the BJT acts exactly as a diode.



CS Amplifier with Diode-Connected
Load
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« We want to replace Ry with a MOSFET that will
operate like a small-signal resistor.
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Common Source with Diode-Connected
NMOS Load (Body Effect included)
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CS with Diode-Connected NMOS Load
Voltage Gain Calculation
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CS with Diode-Connected NMOS Load
Voltage Gain Calculation

EHM, A (W/L), 1
| v=— T
s gl Y(W/L), 1+ 7

« If variations of n with the output voltage are neglected,
the gain is independent of the bias currents and voltages

(as long as M, stays in Saturation)
* The point: Gain does not depend on V,, (as we so in the
case of Ry load)



Amplifier is relatively linear (even for large

signal analysis!)
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Assumptions made along the way:
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* We neglected channel-length modulation effect
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* We neglected V. voltage dependent variations

 We assumed that two transistors are matching in
terms of Cy.



Comment about “cutting off”
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* If |, is made smaller and smaller, what happens
to V7

* It should be equal to V, at the end of the
current reduction process, or is it?




Comment about “cutting off” (cont'd)
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* If I, is made smaller and sm
and closer to V.
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aller, Vg gets closer

* Very near |,=0, if we neglect sub-threshold
conduction, we should have V;¢=V;y,, and

therefore V_ ,=Vpp-V1uo !



Cutoff conflict resolved:
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In reality, sub-threshold conduction, at a very low current,
eventually brings V_ to the value V.
Output node capacitance slows down this transition.

In high-speed switching, sometimes indeed V_ doesn't
make it to Vp



Back to large-signal behavior of the CS
amplifier with diode-connected NMOS load:
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Large signal behavior of CS
amplifier with diode-connected load
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* When V, <V;4, (but near), we have the above
“imperfect cutoff” effect.

 Then we have a, more or less, linear region.

* When V, exceeds V_,+V,y, amplifier enters the
Triode mode, and becomes nonlinear.



CS with Diode-Connected PMOS Load
Voltage Gain

e Vit

—[ m,

i ."ll{lut

Vin =[5, M,
n_]-; AV:_ Il’ln(\/\//L)l
\/up WV/L)Z

No body effect!




Numerical Example
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Example continued

/un (\N / L)l :100
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Example continued

W/L),

Need a “strong” input device, and a “weak”
load device.

Large dimension ratios lead to either a larger
iInput capacitance (if we make input device
very wide (W/L),>>1) or to a larger output
capacitance (if we make the load device very
narrow (W/L),<<1).

Latter option (narrow load) is preferred from
bandwidth considerations.




CS with Diode-Connected Load Swing

|Issues
ID1 = ID2,
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This implies substantial voltage swing constraint. Why?



Numerical Example to illustrate the swing
problems

Assume for instance V=3V

Let's assume that V;g4-V1,,=200mV (arbitrary
selection, consistent with current selection)

Assume also that |V;,|=0.7V (for PMOS load
Vi,=-0.7V)

For a gain of 10, we now need |V q,|=2.7V (for
PMOS load VGSQ< -2.7V)

Therefore because V5,=0: Vpg,=Vgg=-2.7V).

Now V5,=Vpp-Vgp,<3-2.7=0.3V, and recall that
Vs>V 1-VTH1—8 5V Not much room left for the
amplified signal v4q;.



DC Q-Point of the Amplifier
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V., determines the current and the voltage V
G1 N GS?2

* |If we neglect the effect of the transistors’ A, the
error in predicting the Q-point solution may be
large!



CS with Diode-Connected Load —How do we

____, takeinto account A’
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Example as Introduction to Current
Source Load

« M, is biased to be in Saturation and have a
current of |,.

* A current source of 15=0.75l, is hooked up in
parallel to the load — does this addition ease up
the amplifier's swing problems?



Example as Introduction to Current
Source Load
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* Now |5,=l,/4. Therefore (from the ratio of the two

transconductances with different currents):
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It sure helps in terms of swing.



CS Amplifier with Current-Source
Load-L7

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.



How can V.. change the current of
M, if |, is constant?
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« AsV, increases, V , must decrease

out



Simple Implementation: Current Source
obtained from M, in Saturation
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CS with Current Source Load
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DC Conditions
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o {(W/L),,V~,}and {(W/L),,V,} need to be more or
W\ 71V G1J L\ 727V bJ

less consistent, if we wish to avoid too much
dependence on A values.

* Need DC feedback to fix better the DC V_,



Swing Considerations
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* We can make |Vpg,|>|Vas-Vrnol small (say a

few hundreds of mV), if we compensate by
making W, wider.



How do we make the gain large?
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Recall: A is inversely proportional to the channel length L.

To make A values smaller (so that r, be larger) need to
Increase L. In order to keep the same current, need to
iIncrease W by the same proportion as the L increase.



CS Amplifier with Current-Source
Load Gains

» Typical gains that such an amplifier can
achieve are in the range of -10 to -100.

* To achieve similar gains with a Ry load
would require much larger Vy values.

* For low-gain and high-frequency
applications, Ry load may be preferred
because of its smaller parasitic
capacitance (compared to a MOSFET load)



Numerical Example
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Vi °_|I: M,

 Let W/L for both transistors be W/L
1.60um

* Let u,C.,=90uA/NV?, u,C,,=30uA/V?

 Bias currentis [;=100uA

= 100um /
™~



Numerical Example (Cont'd)
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 Letr_ ,=8000L/Iyandr
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um and |5 is in mA.
* What is the gain of this stage?
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Numerical Example (Cont'd)

— Von

erdEm: g = [24.Co, (W/L), I, =1.06mA/V
\ v 1, =8000-1.6/0.1=128KO

it 0

Ve M, r=12000-1.6/0.1=192KQ
= A\/ — _gml(rol ” r02) =-81.4




How does L influence the gain?

A\, =—0n ” .
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How does L influence the gain?
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* As L, increases the gain increases, because A, depends
on L, more strongly than g, does!

* As | increases the gain decreases.

* Increasing L, while keeping W, constant increases r,
and the gain, but |Vpg,| necessary to keep M, in
Saturation increases.



CS with Triode Region Load
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How should V, be chosen?

— Voo = ¥op
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M, must conduct: V -VppsV1y,, OF V sVppt+ Vo,

M, must be in Triode Mode: V_ -Vpp<V,-Vpp-Viyo, OF
Vp2Vout Vg

M, must be “deep inside” Triode Mode: 2(V,-Vpp-
V1h2)>>Vour Voo OF: Vp>>Vpp/2+ VgtV /2

out

Also V, and (W/L), determine the desired value of R,



It's not easy at all to determine
(and implement) a working value
for V,

CS Amnllflprq with Triode Region
load is rarely used



CS Amplifier with Source
Degeneration-L.9

The effects of adding a resistor Rg
between Source and ground.



CS Amplifier with Source
Degeneration
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" 1+g, R
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A, =-G,R,
Summary of key formulas,
Neglecting A ~— 0nRo
Channel-Length Modulation and 1+9, R,

Body Effect
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Linearizing effect of Raq:
Vin '='—|ﬁ
1\' _ %Ry Ry
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1+g,R 1/9,, + R
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Linearizing effect of Raq:

A\/: _ngD = — RD fni 'E;_z‘

1+g,R  1/g,+R M

Vi ¥in ¥

» For low current levels 1/g,,>>Rg and therefore
G =0

* For very large V., if transistor is still in
Saturation, G,, approaches 1/R.



Estimating Gain by Inspection

-

Vino—[2
N AW R
’mafﬁ.s 1+9,R 1/9, + R
nﬁ+g'_m_1

 Denominator: Resistance seen the
Source path, “looking up” from
ground towards Source.

* Numerator: Resistance seen at
Drain.



Example to demonstrate method:

-
=

* Note that M, is “diode-connected”, thu:
like a resistor 1/g,,,
° AV='RD/(1/gm1+1/gm2)



CS Amplifier with Source Degeneration Key
Formulas with A and Body-Effect Included
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Derivation is similar to that of the simplified
case — generalized transconductance
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Rg effect on CS Output Resistance
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CS Output Resistance
1II_'I-:_: (?ymlﬁ %,n (Irr")gm:h. Ei:' Vy
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Rour =6 =1 [1+ (9, + 9,)Rs]

Rg causes a significant increase in the
output resistance of the amplifier



CS Amplifier with Source Degeneration Gain
Formula with A and Body-Effect Included
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Source Follower



Main use: Voltage Buffer

* To achieve a high voltage gain with limited
supply voltage, in a CS amplifier, the load
Impedance must be as large as possible.

 |If such a stage is to drive a low impedance load,
then a “buffer’” must be placed after the amplifier
so as to drive the load with negligible loss of the
signal level.

* The source follower (also called the “common-
drain” stage) can operate as a voltage buffer.



Buffering Action

* Input resistance of source follower is large.

« CS amplifier, connected to a Source
Follower, will see as a load R, of the
Source Follower.

» R,, of the Source Follower is unaffected by
R, of the Source Follower. Variations in R,
has no effect on R, of the MOSFET.



Source Follower with Rq resistance
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« Source Follower: Input signal comes into the
Gate; Output signal comes out of the Source.
« Load connected between Source and ground.



Source Follower with Rq resistance: Large
Signal Behavior

« As V., exceed V4 M, is in Saturation.

* M, goes into Triode Mode only when V.,
exceeds Vpp.
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» Source followers exhibit a Body Effect: As I,
iIncreases, Vgs=IRg Increases. As Vg5 increases,
V1 Increases.



{i1) (f=]]

If V, slightly increases, | slightly increases and therefore
V.t slightly increases.

As |, increases V increases due to Body Effect.

FACT: Vg increases but not at the same rate that V,,
increases.



Source Follower Gain



Source Follower Gain
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Gain Dependence on Vg

A, A
‘llﬂ ........................... : -l

 When V;; is slightly above V., g, Is very small
I J TH? Im J )
and therefore A,, is small.

* When g,, becomes large enough (i.e. g,,Rs>>1),
then A, approaches 1/(1+n).



Gain Dependence on V (cont'd)

A, A
‘llﬂ ........................... : -l

- Recall n=y/(2(2D+Vgg)"2)= y/(2(2Dp+V ) 2)
out/ /

* As V; increases, and V_  increases, n
decreases, and the gain may approach 1.

* |In most practical circuits n remains >0.2.



Source Follower with Current
Source Load

HI'J'-E' T Fﬂ-ﬂ'
Vine I M, Vin = ”J’Hi
1IIII|':||.r| ‘!"'_'C' VEH.II'
v 1, Vo o[ a1,
ke

i )
 Left: Conceptual diagram

* Right: Actual implementation, using a NMOS
operating in Saturation Mode.



Example
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« Let (W/L),=20/0.5, [,=200pA, V,5=0.6V,
20.=0.7V, Y, Cox=50uA/N?, y=0.4V1?

. LetV,=1.2V, what is V_ ,?



Output Resistance of the Ideal Source
Follower with Current Source Load




Output Resistance of the Ideal Source Follower

un-l-ln Croirrant QA | and hno Aalla nth
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Only in a Source Follower the current source
Jdmb Vs IS €quivalent to a resistor 1/g,,,, in parallel
to the output.



Gain of Source Follower with Ideal
Current Source Load




Gain Formula: NMOS Source Follower with NMOS
Current Source and R, Loads
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Gain Formula: NMOS Source Follower with PMOS
Current Source Load

My T Yoo
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Sources of Nonlinearities in NMOS
Source Followers

* Body Effect in the driving NMOS transistor
causes Vq, to vary with V.

 Are we allowed to connect substrate to source Iin
the driving NMOS? (to eliminate the body effect).
Answer: No! All NMOS transistors in the entire
circuit share the same substrate, so it has to be

1 N/ AT INANS A

* 1, resistors vary with V5. Problem becomes
more and more aggravated as L becomes
smaller and smaller



PMOS Source Follower

(e

m=well
Contacts

Vou
. T

+ Key idea: PMOS transistors have each a
separate substrate. Each can be powered
differently



CMOQOS fabrication process: All NMOS share
the same substrate, each PMOS has a
separate substrate

B
T T S
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M=subsirale

L‘E’WJL

p-substrate




PMOS Source Follower Advantage

m=well
Contacts

o )
S

|
GND
ik

« Body Effects eliminated — device is more
linear than NMOS Source Follower



PMOS Source Follower Drawbacks

Yoo

I o |
||

m=well
rr=wiil| uwr Contacts

“a | -

 PMOS carriers mobility is smaller than that of NMOS.

« As a result of mobility differences: PMOS source
followers have larger output resistance, than NMOS

followers.



CS Amplifier directly driving a Source
Follower: DC levels considerations

assure that

1 1AW

. CS.Amp!ifier a!gne: V2Vig-Vraq t
M, is in Saturation.

* With Source Follower: V2V ;5,+(Vgs3-Vh3) tO
assure that M; is in Saturation.

O



CS Amplifier directly driving a Source
Follower: DC levels considerations

o If \'/GS1'\'/TH1 ~ \"/GSB'\'/THB then \"/X,with Source Follower
must be blgger than VX, without Source Follower by
about Vg,.

« Swing of CS reduces by Vs,



Source Followers as Level Shifters

— Voo

{5}

« Example (a): DC level of V,, cannot exceed V-
[VasaltVrus

« Example (b): If V,, has a DC level of around V,
we put first a Source Follower.



Source Followers as Level Shifters

— Voo

» If V. =Vyp, then for M, to be in Saturation, we
need: Vpp-Vass-Vni=Vpp-[Ves: |



Common-Gate Amplifier-L12
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CG Amplifier: Input-Output
Structure

* Input signal goes into Source
* Output signal comes out of Drain.

e |tis called Common-Gate because in the small
signal model Gate is grounded.



CG Amplifier: Two types of input
sianal interface

* (a): Direct coupling: DC bias current of M, flows
through the input signal source.

« (b): Coupling (large) capacitor: Bias current is
iIndependent of the input signal source.



CG Amplifier's Properties

Voltage gain comparable to that of a CS
amplifier.

Current gain of 1 — amplifier is used as
current buffer.

Small input resistance
Large output resistance

Bandwidth much larger than that of a CS
amplifier.



CG Amplifier with Ry load — Large
Signal Analysis

Cutoff.

- If M, in Saturation, and V,, decreasing, then V
decreasing too.



CG Amplifier with Ry load — Large
Signal Analysis

« Saturation:

* Vour=Vop-0.5UnCox(WIL)(Vy-Vin-Vh)Ro

« Small-Signal Voltage Gain derivation:

* AV, /dVin= -MnCox(WIL)Vp-Vip-Viy)(-1-dV1y/dVi )Ry
* Note: dV;,/dV,,=dV;,/dVsg=n



CG Amplifier with Ry load — Small-
Signal Voltage Gain

out!dVin= UnCox(WIL)(V-Vin-V1)(1+0)Rp

* Ay=dV,/dVi= gn,(1+N)Rp

« Same order of magnitude as CS gain, however it is
positive.

« Can you derive it from the small-signal model?

« dV



CG Amplifier with Ry load — Small-
Signal Input Resistance

: —
Yo-Vm v,

e |[f A=0 then

* Rin=1/(9m*9mp)=1/19m(1+N)]
» Body effect makes gain larger and R,, smaller —
this is good! However — it adds nonlinearity.



Low R, of CG Amplifiers is useful if signal
comes from a transmission line

| M, 1 ”‘n * M,
.wij-[_n_nl ‘I"_“‘ .w+ﬂ_|-L~=-| m

« Assume: 50Q transmission line

 If A=y=0, then theoretically both circuits have the
same voltage gain A= -g,,Rp.

* In (a): If Ry# 50Q) there will be reflections (see
simulations)



Low R, of CG Amplifiers is useful if signal
comes from a transmission line

I"'1 ﬁﬂ'ﬂ‘ * M,

'
“,.-J'Lrl_ ,m .'|.||-"+J-I_I-L-:- | L.l_m
e |n (h\ R of M o 500 to o prevent
reﬂeohons.

* Rp can be much larger to determine the deired
gain.



Common Gate Amplifier — Output
Resistance

Rout :{[1+ (gm + gmb)ro]RS T ro}” RD



Common Gate Voltage Gain, taking into
account r, and V,, source resistance

i)

_ (9, +0.,)r +1
ro + (gm T gmb)roRS T RS T RD

D



Common Gate Gain and R, taking r, into
account, and assuming ideal signal source

(gm +gmb)ro +1
ro + (gm + gmb)roRS + RS + RD

AV:

D

A = (G, + 9Ll Rp), Ry=0

1 1
Rin — ro ” ”

m mb




Cascode Amplifier-L13,L14




Cascode Amplifier

* M, generates small-signal drain current
proportional to V..

* M, routes the current to the load Ry



Cascode Amplifier

* M, is the input device (CS amplifier with small
load resistance)

* M, is the Cascode device



Properties of Cascode Amplifiers

« Same voltage gain and input resistance as
a CS amplifier.

» Qutput resistance much larger than that of
CS or CG amplifiers.

« Bandwidth much larger than that of a CS
amplifier.



Cascode amplifier — Bias Conditions: How
big should V, be?

M, Vaus
Ve =] E Vaea= Ve

vln - X
1 Vrui

41[: ¥as1= Yrus

M,

—
=1
m

* M,in Saturation: Vy2V. —V;,. Thatis:
* Vb= Vas2 2 Vip = Vi



Cascode amplifier — Bias Conditions: How
big should V_, be?

out

V.
o il

Ve =] E Vaea= Ve

vln - X
Vrui

41[: ¥as1= Yrus

M,

—
=1
m

* M, in Saturation: V2V, — V;,. That is:
* Vou2 Vin = Vg + Vesp =V, if V,, places M, at
edge of Triode Mode. This is the minimum V



Cascode amplifier — Reduced Swing

V.
o il

Ve =] E Vaea= Ve

vln - x
Vrui

41[: ¥as1= Yrus

M,

* Tradeoff: For all the nice properties of

Cascode, the “stacking” of M, on top of
M, reduces the swing.



Cascode Large Signal Analysis -
Cutoff

» IfV,, <V,,, both transistors are off.
* Vout = Vop
* If no sub-threshold conduction, then V, =V, —

Viu, ! (as explained for CS with diode-connected
load)



Cascode Large Signal Analysis — Saturation
Mode

Eﬂ'l'l- illllI'I ME 1||_-' h"b

¥in=—1 M,

* AsV,, 2 V,y, acurrent develops. V

must drop.

As |5 increases, Vg, INnCreases, causing Vy to
fall.

out

As we keep increasing V,, which transistor
enters Triode Mode first?



Cascode Large Signal Analysis — Edge of
Triode Mode

EI'I'I'I- illllI'I ME “_-' h"b

¥in=—1 M,

* As we keep increasing V,, which transistor
enters Triode Mode first?

» Either one may, depending on the parameters
and Rp,V,



Cascode Large Signal Analysis — Edge of
Triode Mode

 If V falls below V., — V., then M, goes into
Triode Mode.

. IfV,, drops below V, — V., then M, goes into
Triode Mode.

» Forinstance, if V, is low, M, enters Triode first.



Cascode Volatge Gain Formula if we neglect
A effects v

Do
s
Vou
Im1 Vin _“2 [V
=
Vino—l[ ™,

A\/ ~ _gmlR

Gain independent of g, and body effect of
M, !



Small-Signal Equivalent Circuit
of Cacode Stage

-

" = —o V4
L (%:? Oma¥a () TmeVee = R,
o ‘ =
.+
Vin ¥y '&-_:' T ¥
1




Cascode’s Output Resistance

r R o R s
____“:-“2 __F{[;L:r
IZ':} .
__I__II-:""H T"ﬂ-l

Rout — [1+ (gmz T gmbz)roz]rol T r.02
~ rolroz(gmz + gmbz)



Cascode Gain taking into account r,

resistors Voo
A
Recall the generalized gain %V_.j.,nm
formula A,=G R, I Vin o My [E—
discussed in the context of —
CS amplifier with Rqg Vino—llo M,

{[1+ (ng + gme) Z]r + I 2}” R
~ [rolr02(gm2 + gme)] | Rp

A\/ ~ _gml{[rolroz(gmz T gme)] ” RD]}



Cascode Gain Example

Rou'[ — [1+ (gmz + gmbz)roz]rol + r02
2 T2 (D2 + Gpz)

A = _gmlroerZ(ng + gme)



Cascoding extended

Vizs—{[5 M,
Vi »—{| - M,

Vin=—l[o M,

-

Can achieve phenomenal R, values, at the
expense of a much reduced swing



CS and Cascode Size vs. Swing

Comparison
b

o ' e | Iw
L IE W - W
Clan N e N Vol ¥

{a) ihi (C)

« What happens to a CS amplifier if we quadruple
L without changing W and I ?

* The “overdrive” V55-V1, doubles, and as a result,
swing will be similar to that of Cascode (c).



CS and Cascode Size vs. Output
Resistance Comparison

T

Ip In Ve[,
A R

W 1

rr=.12uC., — I, —
Onlo \/,Un OXLDMD

~lE =%

ik (il

Recall that A is proportional to 1/L. Quadrupling of L
only doubles the value of g1,

Output resistance of (b) is four times bigger than
that of (a).

Output resistance of (c) is approximately (g,.r,)?,
much bigger than (b).



CS and Cascode Noise
Comparison

1o

W
On :\/ZzunCOX TID

In I T |
ey

N5l cl

dq, in (b) is half of that of (c). As a result the CS
amplifier with quadrupled L is noisier than the

Cascode amplifier (We'll learn about device noise
later on).



PMQOS Cascode as Current Source Load for
an NMOS Cascode amplifier

1 Yoo Voo
Via»+|_ M, - Cascode EB Iy
Current y
Vize{[* M, Source ol
vaassfuannal vnm ph-_ﬂ_'-m.i
Vor =1 M, Vin o[- M,
Vin ':'_II.:, M, =

Rout,current _source — [1+ (g m3 T gmb3)r03]ro4 T r'03



PMQOS Cascode as Current Source Load for
an NMOS Cascode amplifier - Swing

Current

— .'Irlﬂl..l'l
Vor s—lfo M,
vm':"_ll__.:_ My

—
—
-

If all gates’ DC voltages are properly
chosen, the maximum output swing

equals Vpp — (Vgs1-V1h1) = (Ves2-Vha) —
IVes3-Vhal -IVass = Vinal



PMQOS Cascode as Current Source Load for
an NMOS Cascode amplifier — Gain

-T.an A\/ gml[( ol 02 ng) ” (r03ro4gm3)]
Vg o IE. M, Cascode

|:| Current

rmp_| ed Mo Explanation:
..... =

Ve, _.,_"_—-': M A GmRout

Vina—lfo M, G, ~0.,

iil.

Rout_{[1+(gm2+gmb2) 2]r +r1}||{[1+(gm3+gmb3) 3]r04+r }



Current Mirror Current Sources

Analog
System

« Assume that I, is the reference current, and I,
Is the desired current source.

* If A#0 and if V#V, then there may be a
significant error between the two currents.



Current Mirror Current Sources

Analog

System
Aeiig j 1
g TE

] k) “_

« Errorin (a): (assuming that both transistors have
the same W/L ratio)

* Ips=lpp = 0.5k, (W/L)(Vp-V)?A(Vy-Vy)



Current Mirror Current Sources

Analog

System
Analog X L
Systam - Vigs
X ¥ Vigs— I
oy Vioa ”%]” i
Vo —4 I Viys—| |
Ty M Ay M5 _

In (b) it can be shown that |-, =

0.5k, (W/L)Y(Vp-V1i)* MV -Vy ) [(9ma*Gmpa)lol

« Cascoding significantly reduces the mismatch
between the two mirrored currents



Folded Cascode

* Folded Cascode: NMOS CS feeding into
PMOS CG, or vice versa.

« Biasing by a DC current source is necessary.



