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Objectives:
e Introduce MQOS Inverter Styles
*Resistor Load
*Enhancement Load — Saturated / Linear
Depletion
«Complementary (CMOS)
 Perform DC analysis of the circuits
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(Enhancement)
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MOS Devices
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Static Parameters

VOUt
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* VOH = max output voltage when output
iS IIll’
 VOL = min output voltage when output is
“O”

« VIL = max input voltage which can be
Interpreted as “0”

* VIH = min input voltage which can be
Interpreted as “1”

AV ‘\fuut
I 7
1\,.-"r]] [ NhIH e_ \ OH I\H,MH ~ VDH -V IH
Vv Transition Region NM =V. -V
- L= Ve Voo
NM, e Ve,




MOS Inverter - Resistor Load
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Vr Vi Vorn=Vop

|V sl <V device is open circuit \5

| Vsl > V- device conducts with resistance Ry, % Row



MOS Inverter - Resistor Load : Parameters

Von
Vorn =Vop
VoL — Assumption: Must verify latter
ID(Iin) = IR
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2 R,

VDD
1+ kRL (VDD _VT )




MOS Inverter - Resistor Load : Parameters - V.
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MOS Inverter - Resistor Load : Parameters - V,,
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...solve quadratic expression by V,,



MOS Inverter - Resistor Load : Parameters - V,,
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Effect of R, on VTC
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- As R, Increases
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But putting a larger resistance would also mean:
e larger resistor length
e greater switching delays

main disadvantage of resistor load:
e occupies to much chip area (10s or 100s times the area of a single

transistor!)



Using enhancement transistors as load devices

 Justification: Since VLSI resistors occupy to much chip space =
use transistor in either saturation or linear region instead of
resistor
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Saturated enhancement load

Voo » Enhancement NMOS with V¢ = Vg

> while Vg1 < Vpp — V-

| the transistor will be In saturation
: because Vg >V & Vg > Vige-Vo
Vi, .
© I t = If Vg tries to go above V-V,
Vv, transistor goes cutoff
(because V55 < V1)




Saturated enhancement load - VTC
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L Inear enhancement load

Ve Voo * Enhancement NMOS with V> Vpp+V-+
| and Vs = Ve-Vour > VoptVr —Vour

| E .
U y since Vgs > V7

. ouT - - -
Vin ‘ the load is always on linear region




Linear enhancement load - VTC

Pro:
* Vou = Vop

Disadvantage:

 Additional voltage source
» K, must be even larger
than for saturated load for

- decent slope




Depletion load

VDD

 Depletion NMOS with V=0
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!

-2 Vs > V1 always conducting

VOUT

Good: Vo, = Vpp
no additional V source
Bad: addit. fab. process steps



Complementary MOSFET inverter

Q + Voo
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Features:

» Complementary MOS (CMOS) Inverter
analysis makes use of both NMOS and
PMOS transistors in the same logic gate.

+ All static parameters of CMOS inverters
are superior to those of NMOS inverters

+ CMOS is the most widely used digital
circuit technology in comparison to other
logic families.

lowest power dissipation

highest packing density
-Increased process complexity (to provide
Isolated transistors of both polarity types)



Complementary MOSFET (CMOQOS) inverter

Q +Vop

[

v - -y v
IN _I Qn ouT

Intuitively:

M|Nz_o

NMOS open ckt.  (Vge, <V1,)
PMOS conducting (Vgg, > V)
2 Vour = Vop

Vou = Vpp (Good!)
Mmz_\/@
NMOS conducting
PMOS open ckt.
>Vour =0

Vo, = 0 (Great!)




CMOS inverter - VTC
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CMOS inverter — Region 2
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CMOS inverter — Param. Calculation Example

MRLOE I:IE. CaICUIate VIH
1".; II /PHDE - MBS A.'m.\: k 2
PH:E“ IDn = ?”[2(\/IH _VTn )VOUT _VOUT ] (1)
/o K, z
PMOS Active | I Dp — ? (lVGSp | o |VTp |)
/ /:r-.'l_EIEEIEE -
' dvout dl Dp dl Dn dVout
NMOS linear, PMQOS saturation dVin = dVin dl oo dl o =-1
Vo _ KVour + Ky (Voo =Vig —Vi,) _
dVin kn (\/IH —Vour _VTn)
VA 2VOUT +VTn T (kp /kn)(VDD_ |VTP |)
4 1+ (k, /k,)

Substitute in (1), then solve for V1, finally obtain V



CMOS inverter — Param. Calculation Example

MRS O CaICUIate VM
1",; . /PHDE Cihimic
MBS A
PR0E Ohmio
NMUOS Actve I . kn V V 2
/ PR3 Active Dn — ?(l GSn | _| Tn |)

MBOS Oihmio
PRACES Actve

MBLOE Ohimio

: K, 2
/:r-.'l_I:IEEI:: I Dp = 7 (|VGSp | _ |VTp |)

NMOS & PMOS saturation k—2”(|VM |-V, |)2 _ k_2|o(VDD -V, — |VTp |)2

.. Solve for V,,



Summary

e CMOS inverter — most used, smallest, lowest power
dissipation, best inverter characteristics.

...base for more complex logic gates _Q—j +5.0V
@. A

g
p |
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e Calculation of static parameters: V,,,

ViL Vo Voo Ve A
emportant: Deduce the region of
operation of the transistors (verify :
later)

*V,,, V, € slope=-1, use chain
rule to simplify calculations
« VTC affected by R, Ky

(inputs)

-

@
M
= -~




Recordatorio

 Buscar copias de Dr. Jimenez en Reproducciones ($1-$2) —
“Digital circuits using MOS transisitors”
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