Lab 5 Review Slides

e Current Source
e Active Load
e Bandwidth of Common Source Amplifier



Current source

e Ideal goal :
e Small signal lout : 1‘
model: .

Open circuit
(11 RD=OO ”




Realizing current source: MOSFET

e Large signal nonideality: "Compliance range"

* Looks like current source only for V>V -V
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MOSFET I,,-V 4 characteristic for fixed V ¢

e Small-signal nonideality: slope in active region
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Modity small-signal model: Finite r;, current source

e Slope = AI/AV ,E:HD

. AV G —— 902 \ ¢
0 AJ V(;S ’—t_ V-gs ngQS§ ro
storE=2L 1 ’ S se—° —o°
AV 1
e Ideal:
zero slope

:l’():OO




Caution: R, vs. r, confusion!

kip SATURATION
TRIODE ;
| SLOPE = 1/r,
Vbs = Vs - Viy _,
VDS
o
SLOPE = 1IR,,

ROII l.O
—Triode region — Saturation region
—Large signal — Small signal
—True resistance — Models nonideality

(V-1 through origin) of current source



I,- Vg Characteristic for Different V ¢
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I,- Vpg Characteristic for Different V ¢
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Extrapolate backward: intersect at V¢-axis



1/slope provides small signal resistance r,

e Intersect at -1/A Slope: e

o Typical A values: 001 V! L>1um
02 V! L<1pum



MOSFET small signal model
D
h:iT id
g o—o =>5d

G°_||'-—— +
* Vgs agmVags
VGs gs omyg £
. S S O—0O O S

21 1
g, = > r, = ——

VGS - VTH

* r,in parallel: Model nonideality of current
source due to channel length modulation
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Increasing Gain

e Typical gain (resistive load)
— Class example: 1A 1= 11.1
— Lab 4 example: 1A 1< 10

 How to increase A ?
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Common source circuit (Lab 4)

.VDD = +5V >
N
VDD — RD
10kQ)
SCOPE Vout
CH 1 (X) 0 —— 33(2)?5)
8
—
e
|—
Vinh J b I
_ 7 CD400

FUNCTION
GENERATOR

Setting operating point:
Adjusted function generator offset for DC
output at midpoint of signal swing
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Common source circuit (Lab 4)

DC operating point
Chosen for Vg1

halfway between rails

I,=250 uA

VGS - VTH ~ OoSV - loOV

(depends
on parameters)

Vour =Vop —IpRp

Vour =+2.5V

VDD — VOUT
R),

5V -25V

10kQ

I —

D

=250uA
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Common source circuit (Lab 4)

_ 21,  2(250uA)
« Small signal gain &» = V. 05V

magnitude = 10 o
g =1.0mA/V

= —(1.0mA/V)(10k<2)

e Not impressive! A, ==&.fp
A =-10

v

14



How to increase A ?

Look at gain expression: Av = ‘ 8. R D ‘
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Increase Ry,

New R, = 100k€2 (10X old value)

Problem:

DC operating point Your = Voo =y

Vour = 5V = (250uA)(100kQ)

25V

Violates condition for
saturation region: V. yp = =20V 2
triode!

DC operating point
stuck at negative rail
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Look at problem symbolically

Use g, =2I,/(Vgs - Vi) 7

Em

VGS - VTH
I, R, = DC drop on load Al=g R = 2I,R,),
VGS - VTH

Optimal bias at output: IR Voo
constrained to V,, / 2 )

A — VDD
I,, R, not involved! Vs = Viu

Value of approximate symbolic approach
vs. “exact’ numerical results from simulation
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How to increase gain (resistive load)

* Increase Vg,

— usually fixed by
application, process A Voo
e Decrease Vs - Vg v V.=V,

— does increase g

— but area penalty

— Subthreshold for
Ves = Vg <200 mV
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Increase A : Different approach

e Give up on resistive load ...
e What is highest resistance?
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Increasing a : Different approach
VDD = +5V

e What is highest resistance? -

. . . VDD —
e Infinite: open circuit T RD

e I[)l
Vout
* Problem: no path for I, ‘
I
—

I
+ I
e Any circuit element that: Vin §
— provides DC current,but =

— is open circuit in small signal model?
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Current source!

e Open in small VDD = +5V
signal model VE)D —
e Realizing current - T
source: MOSFET = [D l Vout
—oO

Vin
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Lab Circuit: MOSFET with active load

e Small signal model —tn ’
for M1

* Thevenin equivalent "° ;Ij II: W2

“looking into”

i
drain of M2 RB% r__}:TovOut

(see J&M sec. 3.1)
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Current source load: Large signal considerations

Output swing limits . VoD .
e Top: M3 :“ ”: M2
M2 “crash” into triode '—T
¢ BOttOIIl: RB} ¢—0 Vout
M1 crash into triode L
t M1
Vin
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Common Source with Active Load

e DC Sweep Schematic

"\T‘i
4 14 g_l
CD48287_NA 1 I
10

neti2 R
r=XK

gndl

vin

qndl

o3 S0 cp4aa7_NA
16

vout

35 | CD4BB7_NA
18

net@i14 Tvi
ydcm5
gndl

qnd
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(V)

Active Load Simulation Result (DC Sweep)

4GQ¢new csoctiviaod 2chermgiic @ Jun 28 2342112 2982

S.R

DC Response

To

3.8
2.8

1.8

1) fyout
[ T

:P limit: Vop - [Vesz = Vrna |

Bottom limit: Vg - (Vg - Vim)
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Determining DC Operating Point

VDD

. ,jtT e

RB
2 ¢—0 Vout

Set small :E ”: M
signal v, =0

+

VIN = 1
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Determining DC Operating Point

e Active region:
Ves-Vru
determines I,

* Correct V:
M1, M2 “agree”
 Example:
Ves Vg =10V
I, =100 A

VDD

M3 :I I
100pA +._]
RB

I

Vesz~Vrnal= 1.0V

1()();1&\‘

VIN =—.

| =1.0V

re—

T VGS1'VTH1

M2
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If DC bias at input is “wrong” ?

VDD
e Current source !
"disagreement" Mosr Yral” 12V |
M3 :li ||: M2
 KCL crisis at output: 100pA -—I
2uA, nowhere to go 100y \*
Vout
. 9
What happens . E 081 \* A
+ ||_’. M1
VIN —
- T VestVin
—_= 0.99V
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If DC bias at input is “wrong” ?

. VDD
e Capacitance * *

at output node V IVesz~Vrnal= 1.0V
. M3 :l' ||:
* 2pA flows into cap, | | |
charges up: " *

=> Vg INCreases Re — o
=> I, increases

M2

=> Vg, decreases I —
=> |, decreases

VIN

 Changes in V¢
cause changes in I,
until “agreement” is reached: I, = I,,
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How much change in V¢?
Changes in V¢ cause changes in I, until
“agreement’” is reached: I,, =I,,, BUT
Saturation: I is a weak function of V
Large change in V¢ for small change in I,
Output very sensitive to changes in I;:

Small AV ¢ at input = Small Al =
Requires large AV ¢ at output for I, agreement

Good: high voltage gain

Bad: tricky to get correct input bias point
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Frequency Domain Considerations

e Ideal op-amp goals:

— Infinite gain

— Infinite bandwidth
e Active load helps gain
 What about bandwidth?
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Frequency Domain Analysis

VDD

e Start simple: ?
Assume single

C, at output M3:l'
r at outpu 1()()“A+._I

e (Ignore MOS

capacitances RBE
for now ...) L

function v_ /v

out’ Vin

 Find transfer ?

M2

M1

32

CL



Bode Plot of Transfer Function Magnitude

‘V out/'V in’ ‘

(LOG SCALE) \\ Vout _ EmTout
“ ' . 2
gmllout =—pe— - === == Vin -\]l -+ ((0"})111CL)

®
ot
(LOG SCALE)

(3dB

Bandwidth: w45
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