CTN 11/19/18

EE 105: Microelectronic Devices & Circuits
Lecture 37w: CMOS Inverter

Le:'rure 37: CIV:OS Inverter From Plonad CuMe: (e.s., EEI6) )ATIVQ‘ A
* Announcements: i
L — _l_;_JA._Q
+ HW#11 online and due during RRR week w; e 4RM,_m—=.l—o N,/ G, @
* Lab 6 online and due 5 p.m., Friday, Dec. 7 =c ‘/-FJ»qN“
* No ground class today, due to smoke S S -I— N
’ \/ 4+

+ This is a video recorded lecture

+ Lecture Topics: (over the next few days) Recich Loaded Thverte
: 3 =

% Static CMOS Inverter Behavior

—VoL and Vg
—Vyq and Vg, v+
% Dynamic CMOS Inverter Behavior —
—Propagation Delay Nr No —
SN
1

—Capacitance

% Astable Ring Oscillator =

% CMOS Inverter Propagation Delay c Cofmts -},’s\f
¢ e e memecmmemmm—————————— afess Jw.
- Last Time: © it open: €, drses 4o V4
* A first pass on differential pairs ) ) . L

% Next pass will be in EE140 ... @M P ¢ disharges <
+ Then started digital circuits ‘ . Logol

Tangsisin Tneda_w/ ?em*ﬁ:l
= we Xsishm a5 @ Swifth g o(zm@—qumﬁ it o
Vee handte lary sipnds
R
Vo

L(},olqz' m" ar 90W‘ as
b I MoS Ha diged
S reaor: cost § powir s,

Copyright © 2018 Regents of the University of California



EE 105: Microelectronic Devices & Circuits CTN 11/19/18
Lecture 37w: CMOS Inverter

Vb = ... by definmg Gn on-resistane , R, f0 e

R Ford Vo ¢ Vo swilhiy devie:
Vo

Raris loadad Mos Upp
vy s M ICL M‘? Thverler

<

Vou: Aig Vg — Sy =0V
B MU ofe >

[0p,* Y
M G (W), (Vo Vans™ "2

\

%ﬁ 3
No Co C)‘ﬂ'ﬁ_r o
R D |

\éf: V12 Vm"'.rayﬂ/m

M@)ﬂ o~ Yo
= MS m Vbb
= ftﬁ"ﬂ:ﬂﬁ?:
R
’\)\R Fﬂ. MJ"- V&’ymg: VDD‘VTW: > UOL L VD)..
R -+ Mg in lineac!
f “\h Vpd .
Vo I, o Vo = Vpp-TpR V Bon 1 rpa s?ls 1@1:34, oy cunot
T y %If/‘n&(‘l’ﬁ)s (or~ Yy Vo § ‘ '
T 93 — Sy L= | — -1 = |00
- g,.(:,‘(ké)r Voz 2y I luA oby +n 100 Yaisbnrs = 10%A
Vo Yoo~ o) Vo VoL + =2 £ Rt 4o 11 lim—r 1000A— wmg\‘lvf
Whe
= solve {wdm’o'( +or Vo, .
= ocam got a lews deun® (ot Sh o) Value.| Thur,need [ouen power corvumphan— CMOS

Copyright © 2018 Regents of the University of California 2



EE 105: Microelectronic Devices & Circuits CTN 11/19/18
Lecture 37w: CMOS Inverter

The cts In»e-kj @mm{lmof o Vohage Tromsle, Cheaclenishe (YTC) ]
66"' % VOL /\[D /1\ ”N‘D#) Hr lin
\]w NM / Mﬂfa“. ,A"P ,I]l
?
Q@ Care: < Vs, Vor T a— Slope = -
)
| |
v : My Iy, Py sat-
| ! -
; sl ope.= =1
I ﬂ
Vbx. 11 _f_ _|~ ] _
v ; B l| ) : ! ) \ 4’\\ N /V.
ov —t
R Voss \
— 7,;_£3_,>( M bn Mp off
Ny
AI"?‘A&I bwu’ VOL: DV\ \/0” :VbD . _(m 'h# Mo
NW\/: —Gha( Vu_ ,VTH ,NML' NM}.) m\/er-hr
(D Caue: Wy >V Vo :
Mp off, My om 2 My lnger Wl Npg> Ny NyooV,
Ubp S‘ope‘jl ”P Sohrate I/ "/s'e.= VD»""I 5
+ mw+ Le qud@
:{aady—ﬂ'ak
(U; 'Vo Vo
"Db
-

Copyright © 2018 Regents of the University of California 3



EE 105: Microelectronic Devices & Circuits CTN 11/19/18
Lecture 37w: CMOS Inverter

7@9‘_‘- (€4uating droim currentr) B kgt .
(20 ~Ly- 0V, )V ? (Von - Vr-+¥ye)

'tb N(ll)‘l} < X.jb?(fd‘)'-) KP
S N . A 2 ((2(";"2\/‘\11"/\/0) % + (2- %3 A/‘o 2 2(VDD '/'/'I -HA—F) %
( /JYI('X (%)V) I/\[I ’VTN- —:f-)/l/o :(VD; 1+V ) d’r T T T
Ka ) [7\; 2 f"fi’l’m]?
[K& < kh/KP}"—) KR(ZNI 'ZUTN'NQ) Vp* (VDD -/V?["'\L"P) (ZNI "ZVTH '_Nb)(,l) +3/U° 2 "ZV»’{' ZIVI '?—UTP
Solve 4n s ... aloebra-.. \Lﬂm*k

Voo st Usp) 9N+ U Vs 2V2
0y -yt J[/\vam)zf Vo V) o Vet Urp FVin® 2V

U * Vo "'V‘IN;VTP Weo — e i(ZUIIJ‘Vm'VT?’VbD)

[%%/,vam}p Lotr of ruth... Ushg

mathonaha -. -
v -%ﬁg(‘ﬂ_liwﬂtt) (Vi EgVry +Vip) Lobs 6 mafh ..
ST (et (. S+ B SV
. 2K 0op Vi IVrpi)_ (Voy~ lhn~ M) W g
(kr-0\[1343kg K-l ¢

HMIJ-: th.l 'VD.). = Vw"v]_-#

_ Vpp~3Vv-S
NMH' Ph ?TN Vip

( §07'(’0»«}0»?0( Lsom ron M |idemdure

Problom: Nt Useded fn Ho puden cuse
when Kool ie., K=k
Fﬂ\}-“fl, betlon 90 bock 4o o or\b;’wﬂ
C(mrh‘aM)Vj QZM(HMJ“

Copyright © 2018 Regents of the University of California 4



EE 105: Microelectronic Devices & Circuits CTN 11/19/18
Lecture 37w: CMOS Inverter

:IMPO“"W’I"' Case: l/&: Vol ~ Slpe® -
= NMps § Puas have londhed Shrenghs 'l Hy satudlel wiNgszniy Afycz af,
= V=V VeV (Syymebicd Uy megnitide) U

Mp I0%or op Nog= Vop1g Vop® Vo

".SDP (lh) = A'm-u(.m-l-.)

————

Vi {;/5%-2\4) , NMuJ%(?V»WZVe)

*+ Remarks: &) ¥ N
* Kg=1 can can be an important case when one wants Vaa - V" _ Von-o (Vpy Vo )> =2 (Ve -V
the switching point to be at V/2 KP( w WtV 2 ) °) 2 )
*+ To get this case, one must size the PMOS bigger o
than the NMOS to give the former equal strength (Aa‘/—:t:-{ % Vu]? Agaﬂn. (okr of ingth---

* But if area is important (for cost reasons), then a
designer will choose to use minimum-size devices, in
which case the PMOS will not be as strong as the
NMOs

% The switch point will shift a bit from the
midpoint of the supply

% K not equal to 1

Iy - WK WV He) _ (VonKealin + V)
(- Ft3 Ke-)

. 20l ) Birtatorin

(G-0V3 Kg-)

Ayah, nat wefld fr Kp=l.

Urmj G Similar ?NC?JUIQ Yo Vsy, Qn gt

fn kpet: 3ot Uy + 3V
Vu: ¥ ) N«ML: UIL

... ond fn ER=) & Upgsly, Vip 2y

@ & (3Vpy +20) = HMD

Copyright © 2018 Regents of the University of California 5




EE 105: Microelectronic Devices & Circuits CTN 11/19/18
Lecture 37w: CMOS Inverter

Dyrimic Behaviom of Hhe CH05 Tiveder
Pro pagatm Delay -

Vpp Uny

\/DL_‘—T ] H-{-

’éPH@""éPUI@ 7),4; o valus Lo e Ja(ay onss
Hiic two-stoge herdar chain

Copyright © 2018 Regents of the University of California



