Announcements

e Exam 2 in class on Monday 5/19
— Chapters 4.1-4.6, 4.9-4.10, 6.1-6.2, and 6.4-6.8
— MOSFET device behavior
— MOSFETs in circuits and NMOS inverters/logic
— HWs 4-6
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Transistor alternatives to load resistor
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NMOS saturated load inverter

— M,
s
Vsg =
R
—C0Ug p-type substrate
n
M
L,OI—I'L.. ’ (L Vg=0V
= e Common substrate for load and
Ves = Ve, Ve > 0 switching c?lewce
= vgs — Vry < Ups e Body terminal connected to
= Always in saturation grou nd

— VUgp = 0 for MS
— VUgp # 0 for ML I In faCt, Vsp = Vo
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Design of % (Load transistor)

L
K.'=100pA/V? v; = Vy, M triode, M, saturation
VTO=0.6V * Use the same conditions as before:

Ipp = 80 pA,Vpp =2.5V,V, =0.20V
e Saturation region equation for M,:
. (W 2
ip = Kn (T) (s — VraL)
L

¢ UGS:VDD—VLZZ.SV
vyo—ft e Body effect for M,:

— - * Vrne =Vro + V(\/USB + 2¢F —+/ 2¢F)
¢ Vgp = VL = OZV, 2¢F = O6V, VTO —

v; =Vy,vp =V, 0.6V,y = 0.5VV = Vrp, = 0.66V
w\ 2ip 1
Current determined by * (T)L ~ KL (ves—VinL)? 168

permissible power dissipation
of the NMOS, P = VDDIDD
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Calculation of Vy

v; =V, vy = Vi, M Cutoff e Whenv, =V, Mis cutc.)ff, M,
saturated (on) and charging the
Vo=V oy =25V capacitor.
]
4'."_?_‘% ] E—_l_ifi e As capacitor gets charged,
Vo vas | _— — v, increases

v, — - —— — Vg for M, decreases
i M - — ,
L Charging stops when M, turns

— — = off (vgs = Vrpr), and

. . Vg =Vpp —vgs = Vpp — Vraw
Imagine a capacitive load

. _ e V, reaches maximum of one V;
attached in parallel with M.

below V,,

* Substantial degradation in V,
for the saturated load inverter!
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Calculation of Vy

VU = VL, Vo = VH, MS Cutoff ° VH — VDD _ VTNL
Vo a5V e Without Body effect,
R R ——o Vpp=25V
BT _ Vy=25V—-06V=19V
L = pla :—TML * Body effect makes the
Vo Vg
\ g o vo=Vy  situation even worse!
L;f_|.L'__r.f.45 c == € ¢ Use vgg = Vy and solve
e | — Vop = Vu = V5o + V(\/VH + 2¢F — 2¢F)
- - * We get
Imagine a capacitive load Vy =155V

attached in parallel with M.
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Design of (%) (Switching transistor)
S

K,'=100pA/V? v; = Vy, M. triode, M, saturation

— — 025V -
V7o=0.6V e Use the same conditions as before:

Ipp =80 uA,V;, =020V
e ExceptVy =155V = Vpp !
* Triode region equation for M.:

w v
O—Il Ms v, =020V ip =Ky (—) (UGS — Vrns — ﬂ) Ups
S

v;=Vy=155V Ij_ b L 2

* Vs = VH = 1.55 V,UDS = VL =

0.2V, Vyys = 0.6 V= (%) =22
S

UI — VHIUO — VL
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Noise margin analysis

V, =020V and V=155V

15V YGH—I{H
10V

\\ VH

0V Vi Vi | LV || T
OV 05V 10V 15V 20V 25V
Uy

o VIL = 0.6 V, VOH = 1.55V
e V=112V, Vy, =038V
e NM, = 0.43V,NM, = 0.22V

* NM, is significantly reduced, NM, is similar

Completed inverter
design and SPICE
simulation of VTC for
NMOS inverter with
saturated load
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NMOS linear load inverter

K.'=100pA/V? * ForM;:
Vro=0-6 V 7oy =23V o Ves — Vrne = Ve — Vo = Vrne 2
Ve =4V M
7 i:—L . Vop + Vrne —vo —Vryr = Vpp —
vas | e vy = Vps = Always in triode (linear)
T region.
IJ_OUD
2.22
O—Il M
L * Body effect exists for M,
—3 — vgg # 0 for M, !Infact, vsp = v
Choose Vi such that Vg, >
Vop + Vi

M, : Always in triode region
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NMOS depletion-mode load inverter

K.'=100pA/V? |  v; =V, Mis off, M, conducts
V=1V ¥2.3V ”iﬁﬂ current until vps = 0 (vy = Vpp),
I - 1"]81 thUS VH — VDD

= * V= VH’ Vo = VL, for ML

L"G _
. — Vgs — Vrne = Ve
vI 2.22

o—IL My =S — VUps = Upp — Vp
— Aslongasvpp — vg > —Vryp, M, in
= saturation

For M;: vgs = 0,Vry <O
= Always on
(designed to be saturated)

* Body effect exists for M,

— vgg # 0 for M, !Infact, v = vy
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Design of (¥)s and (%)L

K '=100pA/\V? v; = Vy, M. triode, M, saturation
Vip=-1V +25V Diiﬂ e [pp =80pAV, =0.20V,Vy; = 2.5V
7 e Saturation region equation for M,:
1 K. /W
B ip = 3 (T)L (0 — Vryp)?
j ’ | * Body effect for M,:

* Vrny = Vo + V(\/VL + 2¢F —

= J2¢r) = —094V

A

~

Ir
o~

‘m

el Y

[

For M;: vgs = 0,Vry <O . w\ _ 181
= Always on This gives (T)L 1
(designed to be saturated) e For MS, the same as in the resistive
w 2.22
load case, thus (—) = —
L/g 1
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Noise margin analysis

, 30V
+25Vo PDD
M
II- L8
I 20V
- v
UG

o) ’ 2o 10V

M 5
1 0V

- OV 05VIOVISV20V25V3O0V

V
4 _
Vou \
Vo —1
Vie|| Viu S~ Vi

o VIL = 0.93 V, VOH =235V
e V=145V, Vy, =050V
e NMy=090V,NM; =043V

* NM, is high as in resistive load, NM, is improved

Uy

Completed inverter
design and SPICE
simulation of VTC for
NMOS inverter with
depletion-mode load
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Pseudo NMOS inverter

K.'=100pA/V? * ForM;:
V _ 1 V FGS r_‘jj VDD =25V
TO™ " 4 v VGS < VTNL = On
4|| e
L ; When vy =V, [Vps| < [Vgs —
- DL
vo=V, Vrn | = saturated
Ibs , Vy = Vpp = no degradation of V
H DD H
i )—I | "'Irirs
0;=Vy "le 020V * No body effect for M, |
= — Bulk and source are connected for M,
Vs OV) Vo = Vpp (25 V)
B s ‘ p ° p| __| s ‘ B
P+ n+ n+ P+ P+ n+
7 n-well N
iff::::t to NMOS transistor PMOS transistor ;}h mic
substrate p-type substrate ﬁ{::t_;:: ,f.”
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NMOS Inverter Comparison

| Pos | Cons

Resistive Load

Saturated Load

Linear Load

Depletion-mode
load

Pseudo NMOS

Simple

Simple

faster speed

Saves area
Best Noise Margin
High speed

Smallest area
Best speed

Takes too much area

Degradation of V,,
Poor speed

Additional power
supply

Process complexity
(Implant)

Process complexity
(PMOQOS, Implant)
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