Lecture #23
from Chapter 7 in Jaeger, Chapter 15 in Spencer
CMOS Logic Design

Outline/L earning Objectives:
» Explainthe basic function of the primary digital circuit building block -the inverter.
o Describe (static) CMOS logic inverter technology.

« Analyze the (static) CMOS inverter circuit, including its voltage transfer characteristic and
static and dynamic power dissipation.

Selected problems:
e 7.8,7.23,7.58, 7.60, 7.63
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CMOS Inverter
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B tied to S in both NMOS and PMOS devices.

Vi NMOS - Vo = Vygy + W Vspn + 20pN — /205y) D
VrH PMOS - \Vyp = Vygp = Yp(,Vasp + 20pp = /201 p) (2)
20N, €
Y = J c sub’s - body effect parameter (V9) (3)
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. kT Nsub
20F = surface potential parameter | = Eln( - ) (4)
i
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Sample NMOS and PMOS Parameters

Parameter NMOS PMOS
V1o 1V -1V
y 0.5 v1/2 0.75 v1/2
OF 0.60 V 0.70 V
K' 25 LA/V? 10 pA/V?
A 0.02 v-1 0.02 v-!

Static Characteristics of CMOS Inverter
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Vin=-Vrp=1V
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Output Voltage v, (V)

2 |
My linear
Mp saturated
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HI Vg Y1 >
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Input Voltage v; (V)

Sat. of PMOS requires vgp 2 v+ Vop OF [(5-Vg) 2(5-V))—1 or vo<y, +1 (5)

Sat. of NMOS requires |vyg=vgg—Voy OF Vo2V, —1 (6)

Lecture23 23-4



Regions of Operation of MOSTs in Symmetrical CMOS Inv.

Region Y/ Vo NMOS | PMOS
1 v SVop Vonu = Vpp Off Lin
2 Vi<V SVo+Vip High Sat Lin
3 vV, =Vpp/2 Vpp/ 2 Sat Sat
4 Vo+ Von <V SVDD‘\VTP\ Low Lin Sat
O |V 2Vpp{Vypl VoL =0 Lin Off

Noise Margins for the CMOS Inverter
High Input - PMOS sat., NMOS lin., so ipgy = ipgp

K
\
Kn(v, — V1N __29>V0 - —QE(VDD—Vl +V1p)? (7)
Kr(2V, =2V —VolVo = (Vpp—Vi +Vp)?  Note [Kg = K /K] (8)
5 (Vpp—Vi + Vip)?
Vo = (Vi =Vt (v =V - K (9)
R
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_ 2Kp(Vpp —Vin*V1p) Vop —KrViy *Vrp

v
a (Ke—1),/1+ 3K, Kr—1

NMy = Vou—Vig = Vop—Viy

SVpp + 3V +9Vp
ForKp =1, V| = 3

SVpp—3Vrn—5Vrp
38

and | NM, =

Low Input - PMOS lin.,, NMOS sat., ipgy = ipsp

=2 O — 2

(Vpp =2V, + 2V1p=Vo)(Vpp —Vg) = Kg(v, =V1y)2 Note

_ 2,/JKge(Vpp =ViN +Vip) B Vbop —KrVyy ¥ V1p

\Y
IL (Kg—1) K+ 3 Kr—1
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NM, =V, Vg, =V, -0 (17)

3Vin + 5V + 3V

— _ DD TN TP
For KR =1, V”_ = 3 (18)
and NM = V”_ (19

4

=4 S,

o ‘é’ NM

3 > -

2, =

= 3;2_

1—‘;5_ ZO — NML
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Oo 14

0 1 2 3 4 5 I I2 | ‘I‘ I fl) I é | 1|O
Input Voltage v; (V) 0 Ratio of K's - Ky
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Example: What are the noise margins of a minimum size CMOS inverter in which both
WIL ratios are 2/1 with K " = 25 uA/V* and K ' = 10 uA/V°, Vo = 52V and

p
Voy = Vip = 1V?
K
n
K = =0 = 25
R
Kp
v = 2KrOVpp=Vin * Vrp) _Vop —KrVin Ve
i (Kg—1),/1+ 3K, Kr—1
v, = 225052-1-1) _52-25(L=1_, gy,
(25-1)(J/1+ 3(25)) 25-1

~NM =Vppy -V, = 52-253 = 267V

2, JKg(Vpp =Vin + Vrp) _VDD — KRVt Ve
(Kg—1) /Kg+3 Ke—1

ViL =

v, = 2(J/25)(52-1-1) 52-25(1)—1_ 183V

(25-1)(/25+3) 25-1
~NM, =V, =183V
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PSPICE EXAMPLE

L
il |
Mbreak
H P .| vop
5Vdc—

}_

H: —IK] Lo
TD =0 @Vpulse }_. 1
TR =1n Mbreakn n
TF =1n
PW =0.5m
PER =1m

*Libraries:

* Local Libraries :

.LIB ".\example9.lib"

* From [PSPICE NETLIST] section of C:\Program Files\OrcadLite\PSpice\PSpice.ini file:
dib "nom.lib"

*Analysis directives:

.TRAN O 20ms O 1u
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PSPICE EXAMPLE (Cont'd)

.PROBE V(*) I(*) W(*) D(*) NOISE(*)

.INC ".\example9-SCHEMATICI1 .net"

**x* INCLUDING example9-SCHEMATICI1 .net ****
* source EXAMPLE9

M_MN NO0163 N00248 O O Mbreakn
V_Vpulse NO00248 0

+PULSE 0 5 0 1n 1n 0.5m 1m

V_VDD NO00144 0 5Vdc
M_Mp NOO0163 N00248 N0O0O144 NOO144 Mbreakp
c C1 0 NOO163 1n

*xx* RESUMING example9-SCHEMATICI -Example9.sim.cir ****

.END

xxxx  MOSFET MODEL PARAMETERS

e de I de I e I de I e I e ke e Ik e I e I e I o Sk e Ik Fe de e e e de e ke e de e de e de e de e e e de e de e de e de e de e de e e s de e e e de e de e e e e ok e o e ok e e e ok
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PSPICE EXAMPLE (Cont'd)

% ek ke

Mbreakn Mbreakp
NMOS PMOS
LEVEL 1 1

L 100.000000E-06 100.000000E-06
W 100.000000E-06 100.000000E-06
vio 1 -1

KP 500.000000E-06 500.000000E-06

GAMMA O 0]
PHI .6 .6
LAMBDA O 0]

INITIAL TRANSIENT SOLUTION

TEMPERATURE =

27.000 DEG C

e de I de I e I e I e I e Ik e Ik e I e I e I e ke e Ik e de e e e de e e e d e de e de e de e de e de e de e de 3 de e de e de e de sk de ke e e e e e e e e e ok e o e ok e e e ok

NODE

VOLTAGE NODE VOLTAGE NODE VOLTAGE

(NOO144) 5.0000 (NOO163) 5.0000 (NO0O248) 0.0000
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PSPICE EXAMPLE (Cont'd)

VOLTAGE SOURCE CURRENTS
NAME CURRENT
V_Vpulse  0.000E+00
V_VDD -5.010E-12

TOTAL POWER DISSIPATION 2.51E-11 WATTS

JOB CONCLUDED
TOTAL JOB TIME 2.79
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PSPICE EXAMPLE (Cont'd)

6.0V
4.0V
2.0V
ov
Os 2ms 4ms 6ms 8ms 10ms 12ms 1l4ms léms 18ms 20ms
o V(Vpulse:+)
Time
6.0V
4.0V
2.0V
ov
O0s 2ms 4ms 6ms 8ms 10ms 12ms l4ms léms 18ms 20ms
o V(Cl:2)
Time
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