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DC RESPONSE

* DC Response: V. vs. V,, for a gate

e Ex: Inverter
—When Vin — O -> Vout — VDD

—WhenV,, =V, . > V=0 Vo
—In between, V_ depends on
transistor size and current V % Eﬁ Idsp V
—By KCL, must settle such that n-— out
Lasn = [Lgspl ¢ der

—We could solve equations
—But graphical solution gives more insight
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TRANSISTOR OPERATION

* Current depends on region of
transistor behavior

* ForwhatV, and V_,are nMOS and
pMOS in

—Cutoff?
—Linear?

—Saturation?
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9/2/2022

[-V CHARACTERISTICS

Make pMOS is wider than nMOS such that 3, = 3,

gspl
gsp2

gsp3

gsp4

gspsS
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~Vdsp
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CURRENT VS Vyour, Vin _

INSTZ e 5,

VinO
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9/2/2022

VinO

V.
||dsp| T in1

in2

in3
Vin4

LOAD LINE ANALYSIS

* For a given V,:
_PlOt Idsn) IdSp VS. Vout

-V, must be where |currents| are
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LOAD LINE ANALYSIS

Vin — O'ZVDD

VinO

V.
|Idsp| T |Idsp|T ni

Vb ) Vo
out V iy
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ACTIVITY-BRAIN TEASERS
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LOAD LINE ANALYSIS SUMMARY

Vino
1 dSplT Vint
Vin
Vina WA
Vina & —
Vout
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DC TRANSFER CURVE

Transcribe points onto V;, vs. V_ , plot

V,
Vm A B
VMT
va C
V'n‘Z
v, D
3 Y O E .-
V L th VDD/ 2 VDD+le
ind —> \/ —> VDD
ch - V.
|
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REVISIT TRANSISTOR OPERATING REGIONS o

Region nMOS pMOS
A Cutoff Linear Voo A .
B Saturation |Linear
C Saturation |Saturation VoutT
D Linear Saturation -
E Linear Cutoff
D
0 Vi, VDD/2 VDD+VtE >
—> " Voo
V.
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BETA RATIO -

INSTIIZPelE,

If B, / B, # 1, switching point will move from Vyp/2 Called skewed gate
Other gates: collapse into equivalent inverter

VDD
Po
— =10
By
v} —
‘ -~
0.5
P o4
By
0
VDD
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NOISE MARGINS

How much noise can a gate input see before it does not recognize the

input?
> o

Output Characteristics Input Characteristics

Logical High Logical High
Output Range InogulfaRanlge

Vin | Indeterminate

Region
VIL g
_ Logical Low

Logical Low Input Range
Output Range
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LOGIC LEVELS

To maximize noise margins, select logic levels at
unity gain point of DC transfer characteristic

Unity Gain Points

Voo _4\ Slope =-1
VOH

Bp/Bn>1

4
Vin ﬁ Vout
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TRANSIENT RESPONSE

* DC analysis tellsus V_, if V., is constant =
Vin(t)

* Transient analysis tells us V,(t) if V,(t) changes 5

load

—Requires solving differential equations

q TV (0
@,

* Inputis usually considered to be a step or ramp

—From 0 to Vypor vice versa Vi)
Vi (t) =u(t =1, )Vpp 0 t<t, tm :
Vo (t<ty) =V
do\u/t ( . 0) =Vor = o\ V. SV -V
ou _ \V/
e S A ARV
load -
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ASSESSMENT W STDETE,
1If the width of a transistor increases, the current will
increase decrease not change
2)If the length of a transistor increases, the current will
increase decrease not change
3)If the supply voltage of a chip increases, the maximum transistor current will
increase decrease not change
4)1f the width of a transistor increases, its gate capacitance will
increase decrease not change

5)If the length of a transistor increases, its gate capacitance will
increase decrease not change

6)If the supply voltage of a chip increases, the gate capacitance of each
transistor will

increase decrease not change
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ACTIVITY
1) If the width of a transistor increases, the current will

increase decrease not change
2)If the length of a transistor increases, the current will
increase decrease not change
3)If the supply voltage of a chip increases, the maximum transistor current will
increase decrease not change
4) If the width of a transistor increases, its gate capacitance will
increase decrease not change
5) If the length of a transistor increases, its gate capacitance will
increase decrease not change

6)If the supply voltage of a chip increases, the gate capacitance of each
transistor will

increase decrease not change
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SUMMARY & THANK YOU
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