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P Important CMOS Inverters Formulas

with Units

1) Average Power Dissipation CMOS Formula (af

2 2
Pavg = Cload - (VDD) f| | 0.4041mw = 093w - (3.3v )" - 39.9an:
2) Average Propagation Delay CMOS Formula (af
+ 0.00229ns + 0.006182
o = Somi * Cpun : SPu | | 0.00420s = =

3) Load Capacitance of Cascaded Inverter CMOS Formula (af

Evaluate Formula (@

Cload = cgd,p + ng,n + Cdb,p + Capn + CGip + Cg

Example with Units

0.93fF = 0.15f + 0.1t + 0.25f + 0.2ffF + 0.05¢ + 0.18¢

4) Maximum Input Voltage CMOS Formula (af

Evaluate Formula [
Ve = 2 Voutput + (VTO,p) -Vpp + K- Vo
- 1+K,
Example with Units
2-314v + (-0.7v ) - 3.3v + 2.5 0.6v
1.08v =
1+ 25

5) Maximum Input Voltage for Symmetric CMOS Formula (af

m Evaluate Formula B
3'VDD+2'VTO,n 3:33v +2:0.6v
VIL(sym) = T 1.3875v = T
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6) Minimum Input Voltage CMOS Formula (af

Evaluate Formula [

_ Vpp t (VTO,p) + K (Z‘Vout+VT0,n)
= 1+ K,

33v + (-07v ) +25-(2-027v + 0.6v )
1+25

1.5571v =

7) Minimum Input Voltage for Symmetric CMOS Formula (1

[Fomula]
5-Vpp-2-V 5-33v -2-0.6v
v __ b Ton 1 | 19125y = =2~ =
H(sym) 8 8
8) Noise Margin for High Signal CMOS Formula (af
Example with Units

Nyn = Vou - Vi | | 1.8v = 335v - 1.55v

9) Oscillation Period Ring Oscillator CMOS Formula (af

Formula Example with Units Evaluate Formula [

0.0252ns = 2-3-0.0042ns

10) Propagation Delay for High to Low Output Transition CMOS Formula (a1

Evaluate Formula (@
Z Cload 2 VT,n 1 4 vDD - VT,n 1
PHL = ————————————————————— . | — n t — -
K, - (VDD - V'I‘,n) Vpp - VT,n Vbp

0.93fF 0.8v 3.3v - 0.8v
0.0025ns = . 2-——4m—— | +In| (4 ——— | -1
200pa/v2 - (3.3v - 0.8v ) 3.3v - 0.8v 3.3v

11) Propagation Delay for Low to High Output Transition CMOS Formula (af

Evaluate Formula [
Cload 2 ‘VT.p| Voo - ‘VT.p|
CpLy = . +Inf | 4- —
o o Tl i )

0.93¢ 2-|-09v| 3.3v -|-09v|
0.0068ns = . + In 4o —- | -1
80uave - (3.3v -|-09v|) 3.3v - [-09v ]| 3.3v
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12) Resistive Load Maximum Input Voltage CMOS Formula (af

Example with Units

1.4025v =

1
— 14v + | —mm8 ™ ———
ViLrey = Vo + 7 <200pA/V2 - 2Ma )

n Ry

13) Resistive Load Minimum Input Voltage CMOS Formula (af

8- Vpp 1
3-K, R, \ K, R,

Vinre) = Vo +

Example with Units

8- 3.3v
3-200pa/v2 - 2M0

1.5458v = 14v +

1
200pa/v2 - 2MQ

14) Resistive Load Minimum Output Voltage CMOS Formula (af

2
V =V Voo + \% Voo + 2 Voo
OL(RL) = VDD - VT0 K. R, DD - VT0 K. R, K. R,

0.0043v = 3.3v - 1.4v +<

Evaluate Formula [

Evaluate Formula [

Evaluate Formula [

2
1 1
_ - 33v-14v +| ——8 — -l 2
200pa/v2 - 2MQ 200pa/v2 - 2MQ

3.3v
200pa/v2 + 2Ma

15) Threshold Voltage CMOS Formula [

- © formuladen.com

VTon +JKIr. (VDD + (VTO.p) )

1
1+ r
Example with Units
1
0.6v + f75~ (33v+(-07v))

1
1+E

Vin =

1.3749v =

Evaluate Formula [
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16) Transconductance Ratio CMOS Formula (af

Evaluate Formula [

Formula Example with Units

_ 200 pa/v?

80 pa/v?
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Variables used in list of CMOS
Inverters Formulas above

Cdb,n NMOS Drain Bulk Capacitance
(Femtofarad)

Cdb,p PMOS Drain Bulk Capacitance
(Femtofarad)

Cg Inverter CMOS Gate Capacitance
(Femtofarad)

ng,n NMOS Gate Drain Capacitance
(Femtofarad)

ng,p PMOS Gate Drain Capacitance
(Femtofarad)

Cin, Inverter CMOS Internal Capacitance
(Femtofarad)

Coad Inverter CMOS Load Capacitance
(Femtofarad)

f Frequency (Gigahertz)

K,, Transconductance of NMOS (Microampere per
Square Volt)

Kp Transconductance of PMOS (Microampere per
Square Volt)

K, Transconductance Ratio

n Number of Stages Ring Oscillator
Npn Noise Margin for High Signal (Volt)

Pavg Average Power Dissipation (Milliwatt)
R\ Load Resistance (Megohm)

Tosc Oscillation Period (Nanosecond)
Vpp Supply Voltage (Volt)

V| Minimum Input Voltage (Volt)

VIH(RL) Resistive Load Minimum Input Voltage
(Volt)

VIH(sym) Minimum Input Voltage Symmetric
CMOS (Volt)

VL Maximum Input Voltage CMOS (Volt)
ViL(RL) Resistive Load Maximum Input Voltage
CMOS (Volt)
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Constants, Functions,
Measurements used in list of CMOS
Inverters Formulas above

« Functions: abs, abs(Number)

The absolute value of a number is its distance
from zero on the number line. It's always a positive
value, as it represents the magnitude of a number
without considering its direction.

« Functions: In, In(Number)

The natural logarithm, also known as the logarithm
to the base e, is the inverse function of the natural
exponential function.

« Functions: sqrt, sqrt(Number)

A square root function is a function that takes a
non-negative number as an input and returns the
square root of the given input number.

« Measurement: Time in Nanosecond (ns)

Time Unit Conversion @

o Measurement: Power in Milliwatt (mW)

Power Unit Conversion @

« Measurement: Frequency in Gigahertz (GHz)

Frequency Unit Conversion @

« Measurement: Capacitance in Femtofarad (fF)

Capacitance Unit Conversion B

« Measurement: Electric Resistance in Megohm

(MQ)
Electric Resistance Unit Conversion @

« Measurement: Electric Potential in Volt (V)

Electric Potential Unit Conversion @

« Measurement: Transconductance Parameter in

Microampere per Square Volt (WA/V?)
Transconductance Parameter Unit Conversion @
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. VIL(sym) Maximum Input Voltage Symmetric
CMOS (Volt)

« Von Maximum Output Voltage (Volt)

. VOL(RL) Resistive Load Minimum Output Voltage
(Volt)

« Vgut Output Voltage (Volt)

. Voutput Output Voltage for Max Input (Volt)

. VT,n Threshold Voltage of NMOS with Body Bias
(Volt)

. VT,p Threshold Voltage of PMOS with Body Bias
(Volt)

« Vg Zero Bias Threshold Voltage (Volt)

+ V7, Threshold Voltage of NMOS Without Body
Bias (Volt)

. VTO,p Threshold Voltage of PMOS Without Body
Bias (Volt)

« Vip, Threshold Voltage (Volt)

« {p Average Propagation Delay (Nanosecond)

« CpHL Time for High to Low Transition of Output
(Nanosecond)

« CpH Time for Low to High Transition of Output
(Nanosecond)
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