VLS| Design and Simulation

Lecture 3

CMOS Inverters
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- Static Load Inverters
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CMOS Inverter
First-Order DC Analysis

VDD VDD
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CMOS Inverter: Transient Response

Vo Voo

tonL = f(Ron-CL)

=0.69 R, C,

Out @ O VOUt

- G [\ — C

Vin=0 Vin= Voo
(a) Low-to-high (b) High-to-low
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PMOS Load Lines

Vin= Vl)l)+VGSp
Ipn=-1Ipp

V()ut - VDD +VDS|)

_
Vout
IDp
VDSp
T >
VGS =-2.5
P Vin = VDD+VGSP Vout = VDD+VDS])

Ipn =-Ipp
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CMOS Inverter Load
Characteristics

IDnA
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CMOS Inverter VTC

Vour 4 NMOS off
PMOS res

NMOS sat &
PMOSres °

/

NMOS sat
% /PMOS sat

1 y NMOS res

PMOS sat NMOS res
PMOS off
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CMOS Inverter VTC

nMQOS cutoff

Vau f pMOS linear
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CMOS Inverter VTC

nMOS saturation

ﬁ' pMOS linear
VDD \

n out™ Vip in
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CMOS Inverter VTC

- Set pMOS Linear |5 equal to nMOS
Saturation Ig

v, -V, Vo =Vop)
kn M =kp (‘/in_VDD_‘/tp)(Vout_VDD)_( “ 2 DD)
(Vout _V )2 kn (‘/zn _Vl‘n)2
2 22 _(‘/in _VDD _th)(vout _VDD>+ kp 2 =O
k
(Vout_VDD)=<‘/in_VDD_th)+\/(‘/in_VDD_‘/Zp)2_k_n<‘/in_th)2
P
2k, 2
Vout =(‘/in_vtp)+\/(‘/in_VDD_th) _k_(‘/in_vtn)
p
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CMOS Inverter VTC

« Short channel model

p (Vm - VDD - th )(Vout - VD )_ (

V n
anDSATn(‘/in - th - %) = k 2

Vout - VDD )2 )

2

(Vout — VDD)
9) a (

in tp o

Vie =Vop =V, )(V ut _VDD) + llj_nVDSATn(‘/in Vi _%) =0

p

k V
(Vout - VDD) = (‘/ln - VDD - ‘/Ip) + \/(‘/m - VDD - th)z - 2k_nVDSATn(‘/in - Vm - —D;ATH)

p

Vou = (Vm B pr) + \/(Vm ~Vop - th )2 - 212_;VDSATn(Vin V- —VD;ATH )
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CMOS Inverter VTC

nMOS saturation

ﬁ' pMOS saturation

th \ Vin

V.-V,

out ~ out” Vin

tp
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CMOS Inverter VTC

nMOS linear
pMOS saturation
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CMOS Inverter VTC

- Set nMOS Linear |5 equal to pMOS

Saturation Ig

(Vi =Vip =V,,)

17

p
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CMOS Inverter VTC

Short channel model

k, v
out (V -V ) \/(Vm N Vm)2 -2 k VDSATP(V = Voo V D;ATP_)
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CMOS Inverter VTC

nMOS linear

ﬁ' pMOS cutoff
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CMOS Inverter VTC

n
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Inverter

pMOS nMOS
Vin mode mode Vou
Vil <VI Linear Cutoff Vop
Vi <Vin < Vour Vi Linear | Saturation | (v, +V,)+~(Vy =Vap+V,)’ =(V, -V,)’
Vour VisVin<VoutVi Saturation | Saturation Interpolate
VouttVi<Vin<Vpp-Vi
Saturation | Linear (Vi =V) =4V = V.Y = (Vi = Vipp + V,)’
V.. >Vpy-V
mo TR Cutoff Linear 0
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Switching Threshold

- The point at which the inverter has both
transistors in saturation

k
K, (Vi Vi) 7”(VM Vo =V,)

p

—k

P (V -V, -

fP

w(+r)=V + r(VDD )
V, +r(Vop +V,,)

V —
M 1+r
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Switching Threshold

(Voo +V, )+ V,

1+r

V, =

+ When V=V, and r=1,

V

- |In switching region, the curve is actually
vertical; V_, can have multiple values
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CMOS Inverter VTC

Vout
Voo
VM -th
VM -th
th VM VDD th Vin
VDD
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Switching Threshold

« With short-channel devices

4 Vv
kuVosam| Vi = Vi = =57 | = =K, Vosan, (VM Voo =V, = DSATP)
kv v
VM _Vm _% B _ka—DSATp(VM _VDD _th - DSATP)
n' DSATn
V., (1 + wﬂ) =V + Vpsatn _ kaDSATp (_VDD _ th ~ Vis ATP)
kn VDSATn 2 k n VDSATn
v
Vm + VD;ATn + F(VDD + th + DSATP)
V. =
" I+r
r
Y =Yoo 1+r

ECE 249 VLSI Design and Simulation
Spring 2005
Lecture 3

© John A. Chandy
Dept. of Electrical and Computer Engineering
University of Connecticut



Noise Margin

- A measure of the acceptable noise at a
gate input so that the output is not
affected.

T

Noise Noise

DO—
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Noise Budget

- Allocates gross noise margin to expected
sources of noise

. Sources: supply noise, cross talk,
iInterference, offset

- Differentiate between fixed and
proportional noise sources
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Key Reliablility Properties

- Absolute noise margin values are deceptive

— a floating node is more easily disturbed than a
node driven by a low impedance (in terms of
voltage)

- Noise immunity is the more important metric — the
capability to suppress noise sources

- Key metrics: Noise transfer functions, Output
impedance of the driver and input impedance of the
receiver;
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Noise Marqgins

VOHmi

IHmin

ILmax

OLmax
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Noise Margins

Vout .ObV|OUS ChOICe

Voo *Set V=V, =Vy,

\ *NO noise margin
*High gainatV,and V,
* Any perturbations could

\ cause incorrect values
VSth \ Vin

VDD
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Noise Margins

Vou Set V, =V, and
Viu=Vpp-Vy

*Vo = 0and
Vo= Vop

* Too restrictive

th VDD-th \ Vin
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Noise Margins

*\Voltage Transfer Function
Vout = f(‘/m)

*VVoltage Transfer Function with Noise

Vout = f(‘/m + A‘/noise)
adv
V = f(V. — AV .
out f( m)+ dV noise

mn

*Perturbed voltage is the sum of the nominal output plus
the gain times the noise

*Keep the gain less than 1
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Noise Margins
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Noise Margins

.« Setting the derivative to -1 and solving

(VM = Viu = Vosara /2)()‘% - }"p)
lL+r

(VM - VTn - VDSATn /2)()\% B )\'P)
1+r

Viu=V,+V,

VIL = VM _(VDD _VM)

¢ ASSUFning r= 1’VTn = _VTp’VDSATn = _VDSATp
V., =Vﬂ 1+(VDD _V. — VDSAT)(A” _)LP)

2 T 9 2

-
2

T
2 2 2 © John A. Chandy
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Noise Margins

out

4.4

AN

0.5

2125 2.875 ’\ V,,
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V,= 0.5V
*Vpear=1.0V
*2=0.1
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Static Load Inverter

Vout
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Static Load Inverter

VouTt
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Static Load Inverter

VbD
. Transistor is in saturation %

IDS —k (VGS _VT)2

(1+ AV,) Vout

2
VOUT = VDD — Rkn (VIN ;VT) (1 T )\'VOUT) o ‘{

2V, — Rk, (Vi = V)’
2+ ARk, (Vi - V)

VOUT =
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Static Load Inverter

VouTt

VIN
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Static Load Inverter

VDD
- Transistor is in linear region
V 2

IDS = kn (VGS - VT )VDS - DTS Vour

VOUT2 VIN ‘{
Vour =Vip = Rk, (VIN _VT)VOUT 9
Rk
THVOUTz B (Rkn (Vv =Vr)+ 1)VOUT +Viop =0

1 | 2 V

VOU”(V’N‘VT)*R—@‘\/W’N‘VT)*RT” R,
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Static Load Inverter

VouTt

VIN
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Static Load Inverter

V
out *Noise Margin
V. — 1
oD : Vie=Vr + kn—R
8V, 1
V=V, + |[-22& - —
"o 3k R kR
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Static Load Inverter

- Does not go down all the way to O
- Noise margins are tighter
- Switching threshold is not centered

- To get high gain in the transition region,
you need bigger resistors
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Homework

« Due February 3rd
- Read Chapter 2
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