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CMOS Inverter

VIN Vourt

Vin = Voo
Vour =0
Voo Qp: Cutoff
Qy: Triode small v¢

pON = FDsN
rosn = 1(k,*(Vpp-Vin))

Fpun

Vour Vour
vin=0
Vour =.VDD
Q: Triode small vgp "
Q,: Cutoff PDN
Fpun = I'spp

rsop = 1/(K,*(Vpp-|Vipl))
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Feon = FDsn
Vour Vour
vin=0
Vout = Voo
Q: Triode small vgp "
Q,,: Cutoff PDN

Fpun = Isop



CMOS Inverter vn=0 Vin = Voo

Vourt =.VDD Vour=0

Qp: Triode small vgp Qp: Cutoff

Q,: Cutoff Qy: Triode small vpg
Fpun = Fspp ponN = FDsN
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CMOS Inverter

Vin = Vpp
Vour =0
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Vour(t) =?

e )+ =?
Vout(0)=Vpp t=0 Vour(t)




Vourt(t)

‘) Vout(t)/repn + C-Vour'(t) = 0
t=0 Vout(t) = A1-exp(-t/(rppy-C)) + A,
Voo Vour(0)=Vpp,  Vour(=)=0
Vout(t) = Vpp-exp(-t/(rppy-C))

a
"N vour(0)=Vpp t=0*  vour(t)

Ll o



Vourt(t)

repnC is the exp time constant
Cl(k.,*(Vpp-Vy,)) is the time constant

T t
t=0 Vout(t)=Vops t<0
Voo Vout(t) = Vpp-exp(-t/(rppy'C)) t>0

r
PN Vout(0) t=0" wvgur(t)

-1 o C



Vourt(t)

repnC is the exp time constant
Cl(k.,*(Vpp-Vy,)) is the time constant

t

Vout(t) = Vpp-exp(-t/(rppy-C))

i = Vout/Tpon = (Voo/rron) - €xp(-t/(rppy-C))
Voo Pron = Vour®/Tron
Peon = (Vopreon)-exp(-2t(rppy C))

r
PUN VouT(0) t=0* Vour(t)
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Vourt(t)

Teo

Vour(t) =0,
Vour(t) =
ut(t) = Vpp — Vpprexp(-t/(rpyy-C)) : : g

t=0-
0 Vour(t)=0

rpDNI" =




Vourt(t)

rounC is the exp time constant
Cl(k,*(Vpp-IVy,l)) is the time constant

Pt

Teo

VOUT(t) — 0, t< 0
Vout(t) = Vop — Voo exp(-t/(reyn-C)) t>0

t=0 Vour(t)=0

rpDNI" =




Vourt(t)

rounC is the exp time constant
Cl(k,*(Vpp-IVy,l)) is the time constant

Pt

Vout(t) = Vop — Voo exp(-t/(reyn-C))

ir = (Voo — Vour)/Tpun = (Vop/Teun)-€xp(-t/(rpyn-C))
Peun = (Vop?/rpyun)-exp(-2t/(rpyy-C))

Psupeiy = (Voo?/Teun)-exp(-t/(reyn-C))

t=0 Vour(t)=0

rpDNI" =




Vourt(t)




xl Vour(t)
{ ic(t), isuppry(t)

PSUPPLY’ l:,PUN,PDN

Fpun

VDD

Vour(t)

R
1



Vour(t) Voo

Psuppry = (Vop?/reun)-exp(-t/(reyy-C))

Pave = (1/T) It (Voprpun)-exp(-t/(rpyy-C) dt

Pave = - (1/T) reyn’ C (Vop?/reun)-exp(-t/(reyn'C) | o101
Pave = (1/T) C (Vpp?) if rounC <<T

PSUPPLY’ l:,PUN,PDN

Pave = f°C-Vpp?




Vourt(t)

Vourlt)
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t1 0 t50 t90

oL = 50 ON top plot

TpLy = t50 ON bottom plot

TraL = Ho — tgo ON top plot
Ty = tgo — t4o ON bottom plot



Vourt(t)

t=0
Vout(tso) = Vpp-exp(-tse/(rppn:C)) = Vpp/2
“t50/(rpon-C) = In(1/2)
ts0 = rppn'C-In(2)

't10l(rPDN°C) — |ﬂ(1l1 0)
tio = rppnC:In(10)

-t50/(rpon-C) = In(9/10)
tyo = rppnC:In(10/9)



Vourt(t)

t=0
TeuL = ts0 = Fpon'C-IN(2)
TrHL = Yo — tgo = rppnCIN(10) — rppyC:IN(10/9)
TruL = Feon'C:(IN(10) — In(10/9)) = rpppC:In(10-9/10)

TeuL = FeonC:IN(2)
T = FeonC:IN(9)



tiotso  too
TeHL TeLn = Feon,punCeIN(2)
TrHL Tren = Feon,punC:IN(9)

This is for the simple model of a resisitor and capacitor.



Vourt(t)

t= 0 5

Vout(t) = Vpp-exp(-t/(repn-C)) <}
k, =130 mA/V d

V,, =1.62V
Voo =5V 0

C=200nF s

rpDN — I'DS — 1’(.1 30*(5'1 .62)) — 2.27 Q
rpDN°C — 454 nsecC

Vour(t) = 5-exp(-t/(454x10-9))

time (usec)

5



k, =130 mAIV
V,, =1.62V
Voo =5V
C =200 nF

time (usec)



VDD

Vour(t)
FeuN Vour(t)
c :: ::
L
t

Pave = f-C-Vpp?

TpHL TPLH = Fpon,pun'C IN(2)
TrHL YrLn = Feon,punC:IN(9)

For this model the minimum clock period is
proportional to tyy, Or Ty, -

fmax ~ 1/tr ~ 1/(rppy,punC)

rsp,os = 1/(K’(WIL)(Vpp-Vy))



Vour(t) Voo

Fpun
Vour Vour(t)

PO

Pavc = N-F-C-V2 [[F. . ~ (2/C)-k*-(WIL)-(Vpp-Vy) |JA=N-W-L

Performance (f,.,) vs. Power Dissipation (Py) vs. Area/Number (A,N)

(assume always operating atf,,..,)
1. Increase Vpp (Power vs f,..)

fmax goes up by VDD'Vt fmax
« Power goes up by (Vpp-V:)'Vpp?
2. Increase WIL (f., vs A)
o f..c90esupbyW
 Power goes up by W (becauseof f__,) ‘_’
 Uses more area on the IC ) PD A

3. Find a better process that has
« Largerk’
« Smaller C, but k’=uC_,, so maybe higher mobility.
« SmallerV,



CMOS Inverter

Vourt




—_— —  —  — oy

? For this model, the output voltage would
t=0 be a 2"d order differential equation.
a. overdamped.

VDD b. underdamped (ringing)
c. critically...
FpuN _ =0+ _
Vour(t)=? =0 Vour(t)=?
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