NMOS resistive load inverter

K ’=100pA/V2 © Vop =25V e Aresistor load to “pull”
Viy=0.6V % R the output up toward

Vo the power supply Vpp-

b‘;o—”—‘ v * Switch between two

- states:

— Triode region: v; = Vy =

Vp = Vgs, Vo = VUps vy =V,
Design: Chose R and — Cutoff region: v; =V} =
W/L of M Vo = Vg
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NMOS resistive load inverter

K ’=100pA/V? v; =V, M. cutoff

IFDD = 25‘ 1“\"r

V;,=0.6V ¢ ip=0=2vy =V =Vpp
R L * Vy is set by power supply
vo=Vy=25V
) voltage V.
O_Iﬁ M, e I/; should be less than V;y,
vy =V <V L]_ typically VL~O.2 V

VU = VL, 170 — VH
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Announcements

e HW #5 due today

e Exam 2 in class on Monday 5/19
— MOSFETs
— MOSFETSs in circuits and NMOS Logic
— HWs 4-6
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Design of (%) and R

S
K ’=100uA/V?2 o Vop=25V 1, —.VH, M triode
V,=0.6V I e Drain current (P=0.20 mW, V,,=2.5V)
R & 28.8kQ Ipp = 7= 80 pA
DD

vo=V. e Triode region equation:

SOuA Y 4
. Up
:_l s F‘+ _o2ov b =Kn (_) (VGS — Vrn — —S) Ups
D V. —25Y 222 ST LJg 2
1= TH= f\T - e Voo =Vy=25V,ups =V, =02V
L :S.S(y) H_ 253 »Ups L
- L/g N 1
vy =Vy,vo =V, e Load resistor:
Current determined by R = Yoo — V1 — 28.8 kO,
permissible power dissipation lp

of the NMOS, P = VDDIDD
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Noise Margin Analysis

Procedure:
o =23V * Find relation between v,
20V Lo and Vp
2o (V) \ e Calculate (V,, V,,) and
L0V v k (VIH' VOL) by% = —1
. i —

OV OSVIIOV 15V 20V 25ve Calculate noise margin by
v (V)
NM, =V, =V,
NMy = Vouy — Vin
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Calculate (V,,, V)

/ * Vs small and vy large, saturation:
3.0V | i =ﬁ(v —V )2@
v, =35V ]A/ D — 5 \VI TN
TRRAN e LoadLline:vy =Vpp —ipR @
20V e Combine
10 (V) K
e Vo = Vpp — = (v; — Ven)?
1.OV 2
, dvg
Vor - = —— = —KyR(v; — Vpy)
vy —— dv
oV — At . dvo
0V 05V 10V 15V 20V 25Ve Setting — = —1, we get
v; (V) dvy
: 1
© Vi =Vpy+—
IL TN Knli
* Vou =Vpp — 2K R
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Calculate (V,,, V)

3.0V

|
Vy=25V

> 1

20V

UG{V} ”

10V /

Y "

OV 05V 10V 15V 20V 25V

Ujr[‘\'?]
You can write v, in terms of v,
dv
and solve for d—o = —1, but

V1
that’s tedious!

Vs large and vpe small, triode:
iD — K (v
Load Line: vyp = Vpp —
Combine @@

vIZVTN—I_ +

2 KnRUO
= —=——
Settlng — = —1, we get

.V, = /22’3 = 0.816 /VDD

2Vpp
e Vigp =1V ——+
IH TN ~ ¥ R 3K, R
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Calculate noise margin

D

3.0V | NMy =Vpp =V +

Vy=25V_

V,
20v|—2 NMp =Vry + il

UG{V} . .
oy \ * Noise margins increase as KnR
, \_1\ increases for typical values of K, R
o v, D 8reater than 2.

0V 05V 1.0V \:‘W 20V 25Ve  For the previous design
v (V)
’ e V, =0.756V, Vo =2.42V

A long chain of such inverters can
tolerate noise and process variations e Viy =146V, V,, =051V

around 0.25 V in the low-input state and NMy = 0.96 V,NM; = 0.25V
0.96 V in the high state.
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Load resistor

e Resistance of the resistor:

pL

R =—

If tW

p e Consider a 28.8 k Q load:
/ L Rt 288x10*010 *cm
g% w p 0.001 Q cm
W 2880
Geometry of a simple 1

rectangular resistor e |f widthis 1 um, length has to be

t: typically 1 um 2.88 mm!
', yp_3 y-H e Load resistor takes too much area
p:10> Qcm on a chip

e Alternatives ??
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