Digital IC Design and Architecture

. Combinational Logic
'* it and Circuits




Static CMOS Circuit

At every point in time (except during the switching
transients) each gate output is connected to either
Vpp or Vg via a low-resistive path.

The outputs of the gates assume at all times the value
of the Boolean function, implemented by the circuit
(ignoring, once again, the transient effects during
switching periods).

This is in contrast to the dynamic circuit class, which
relies on temporary storage of signal values on the
capacitance of high impedance circuit nodes.
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NMOS Transistors
in Series/Parallel Connection

Transistors can be thought as a switch controlled by its gate signal

NMOQOS switch closes when switch control input is high
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NMOS Transistors pass a “strong” 0 but a “weak™ 1




PMOS Transistors

in Series/Parallel Connection
PMOS switch closes when switch control input is low
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PMOS Transistors pass a “strong” 1 but a “weak™ 0
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Complementary CMOS Logic Style

* PUP is the DUAL of PDN

(can be shown using DeMorgan’s Theorem’s)

A+B = A4
AB n

wyl

I
L |
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* The complementary gate is inverting

1 > 1 e

AND = NAND + INV




Example Gate: NAND

Ot

I — T I

|| e | e ||

Truth Table of a 2 input NAND
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PDN:G=AB — Conduction to GND

— —

PUN:F=A+B =AB = Conduction to Vp
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Example Gate: NOR
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Truth Table of a 2 input NOR. gate

B —O

wg:ﬁ

OUT =A+B



Complex CMOS Gate
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CMOS ND?2
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PARASITIC CAPS FOR CMOS ND2 (CONSERVATIVE) *

_ Vip Coant = Coanz = Ci
Mpl Mp2 Capar = Capnz = thn
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WORST CASE for PULL-UP => V, =V, V, =V, > 0& V_=low ->high
Cioaanme = 2Cq0 + Gt Ecdh]:- +Cpt Cgi’- = 3Cq * Ecdhp +C, .+ Cgr_'r.
WORST CASE for PULL-DOWN => V, =V, V, =0 =V, & V_=high == low

CLcad—HDz = ECdbﬂ+ Cs.m + ZC . C. .+ ﬁ = 3Cdb“ + ZCdb? + C + Lﬁ.gl,.

NDn: C z(21:|~1)C +nC +f_' +f

load-ND2



CMOS ND DESIGN STRATEGIES

ND2:

1. Symmetric Inverter V, =V _ /2:
V,(ND2) =V, /2 =>k =4k

2. Propogation delay t
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1. Symmetric Inverter V, =V /2:
Vi(NDn) = V,,,/2 => k, = nk,

2. Propogation delay t
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CMOS LOGIC GATES

2-INPUT NOR (NR2)
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Vop CMOS NR2 V.
Voo V,(NR2) =>V,=V,=V,, T
2 ]
1 kp Vth(INV) = Vin = Vuut 64[ kaQV - kp/z
V. o b
| - :I kIJ V H Vin Vcrut
D out L
AIG |: knEQV = 2Kk,
2 k k S
L pEQV 1%p
V. — k e
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1 [Ep il kPEQv(V +Vrp)
Mt k—(VDD +VTp) Vin (INV) - = knrQV PR TP
Vi (NOR2) = mL th ) ¥ ooV
I kp 1+ PEQ
Ts e knEQV

Symmetrical EQUIV INV
k =K, oy OF kam,/ kﬂEQv =land V,_ = |V - | =>V (INV)=V__ /2

pEQV

V,(NR2) =V, /2 =>k =4k,



PARASITIC CAPS FOR CMOS NR2 (CONSERVATIVE) 22

VDD Cp,dnl = ngnz = ngn
dbnl thnE = Cdbn

ngp] = ngpz = C_p_rlp

{;-rlhp] dbp2 — “dbp

LES-I]] (‘JWE - (J:m]}

sbpl ("".J.Ip? = “unp

Vcrut

& nd C

WORST CASE for PULL-UP => V, =0, V, =V > 0& V_=low > high

Cl-:-ad-NRE = 2f:dt:-n + 2C-:“.zl_:u + Csbp + L'.:.‘.+ CHL = gl::m:-n + Scdbp ™ L".:.'.+ CHL

WORST CASE for PULL-DOWN =>V, =0, V, =0 > V& V_=high->low

Choatnr = 2C, + 2C,, +C +C +C —ZC +'3C .:_-+[“-':_;-_.

NRI]: C]Clad-HRE = ncdbn + {Hn ])Cdbp + II:":.'_I ar‘_l-



CMOS NR DESIGN STRATEGIES

NR2:
1. Symmetric Inverter V, =V /2:
V,(NR2) = V,,,/2 => k = dk,

2. Propogation delay t,,, ort,

i, s Cload-nr2|_ 2VTOn | In 4(Vpp - Vron) 1
g %k, |Vpp - Vron Voo J
!
Eimd o o Cload-NR? 2‘“"T’T“F‘l s 4(VDD —‘vTUPD_ 1
B kp /2 "JDD —|VTDPI vDD )
NRn:

1. Symmetric Inverter V, =V__/2:
V,(NRn) =V, /2 => k = nk,
2. Propogation delay 1, or T, ,:

torr ey~ load=NRn [ 2VTOn 4Vop - Vron) _,
— nk, |Vpp - Vron Vbop

2Vrop| . 4(VDD —|VTupD_1
| Vo - [Vrop| Voo

_— __Cload-NRn
kpfn




MACROMODELING -~ 27

Vnut’vin AY
ﬂ\o

5V e v
I §\ C..=0.5pF ~out
3 Vj . - % 0.5 pF
| - Vv
1 V in ut )j out
| — t & L.OpF
10ns 20 ns 30ns V.
Torg = Torn [(C, .- Ll)/CLz] X T in ?TPLH =0.26 +C, X 2.12 ns
Ty = T + [(CLp- C)/CLIX T T, =042 +C, x3.88ns
Load Conditions
A Texy Time C,=0 C,=05pF C,=1.0pF
T, . (ns) 0.26 1.32 2.38
T. —_
wxc” S0P =To iy 1 (ns) 0.42 2.36 4.30
>C,
0 (ns/pF) O 2.12 2.12

T |C _ 0 ezt 1LH
XY = Upxy L . (s/pF) 0 3.88 3.88
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TYPICAL CMOS NAND AND NOR DELAYS
Delays for a Family of NAND & NOR gates

1.W =64um,L =1um,and WP =12.8 um, Lp =1 um.

* Tinput-rise/fall

'Ll= — 7

TPHXY (HS) TPHKY (HS)
A 1004
10.0 /DS-HL .
NDS8-LLH
~ NS
T T —» {} T T
05 o5 Gl (b 0.25
Tpxy (1S)
st
' INV-HL
MV;LH
0% o015 CL (PP

=0.1ns and C_ =0->1pk

NRS-LH

NRE-HL

0.75

»>C, (pF)
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COMPLEX LOGIC GATES i

Z=AD+E)+BC
“OR” OPS PERFORMED BY PARALLEL CONECTED DRIVERS.
“AND” OPS PERFORMED BY SERIES CONNECTED DRIVERS.
“INVERSION™ IS PROVIDED BY NATURE OF MOS CIRCUIT OP.

VDD
o1

out

|
A |fIWV/L)A B (W/L),
E

C (W/L)
- (W/L), ;|7

C

(W/L)
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<

1— ON Drivers Out-GND Path
R, 2 A-D Class 1
| V., AE Class 1
B-C Class 1
A-D-E Class 2
A_“fIWV/L)A B_l W/L)y  A-D-B-C Class 3
A-E-B-C Class 3
(W/L). A-D-E-B-C Class 4

:W/L W/L GCl<G2<G3<(G4

\Y oLl = Ve w2 = VDL3 > Vln l

EQV INVERTER (for case G4 where A=B=C=D=E=1)
AN 1 1
Loy 1 T 7 1

O @ O, 00
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2D DESIGN STRATEGY:
R_g 1. Identify all WORST CASE
L Paths (e.g. Class 1).

2. Determine nMQOS
transistor sizes such that

each Class 1 path has
A—||fI(W/ L)y B— E(W/ De (W/L),0,, ’

[ W/L),
W/Lli IiW/ Ui g 1) =(F). = JEQV

out

\WY% W \WY%
L) (L) L
P30 () (),
L A L_E L EQV
(£ = () ={%)
L B L C L EQV



3
OPTIMIZED LAYOUT OF COMPLEX
D=L  FULL CMOS GATES

AL E
B_c“fl IC_‘"fI Z=AD+E)+BC
A—Ilf| B—

D—Ili E—Ili C—
ARBITRARY STICK LAYOUT v




OTIMIZED LAYOUT OF COMPLEX FULL CMOS GATES

3

. VDD
D— D" ,MOS NET
] A GRAPH
A—o”:l E—cl_l E
<, P
7
A_“fl J Al X nMOS NET
:| GRAPH
D_“i E—“i c—|l D /
GND



ARBITRARY ORDERING OF GATE COLUMNS VDD %

Fuler path - connected
sequence of edges

n, p diffusions for
common Fuler paths

have layouts with no
diffusion breaks.




MINIMIZE NUMBER OF DIFFUSION BREAKS 37
VDD

COMMON
EULER PATH:
E-D-A-B-C

Is A-D-E-C-B a
common Euler
path?




Arbitraty Stack

-
-
-~

Optimized Stack



ALGORYTHYM FOR LINE OF GATES LAYOUT STYLE
1. Find all Fuler paths that cover the graph.
2. Find common n- and p- Fuler paths.

3. If no Fuler paths are found 1n step 2, break the gate in the
minimum number of places that to achieve step 2 with
separate common Fuler paths.,



FULL CMOS XOR GATE

:jDi@'B_EMAEE_qu v[;,_olﬁl
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AOI & OAI GATES

40

AOIl-> AND-OR-INVERT (for SUM - of - PRODUCTS Realization)
OAl-> OR-AND-INVERT (for PRODUCT - of - SUMS Realization)

out

A o

[
A, ] Dual pMOS
BAz Pullup Net

2 Tl —

C ] .
C, 1 i
=a e

A4

e

s ol o

q_ll_ll_ll_



OAI -> OR-AND-INVERT (for PRODUCT - of - SUMS Realization)

A, E}} Yoo
BA3_ Dual pMOS
Bl _D oV out Pullup Net
’ vl:lllt
¢ —D OAI
Cl_l[l
Bl_lﬁ Bz_ld

ArE Ag—ui A



Pseudo-nMOS OAI Realization
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CMOS Transmission Gates (I'Gs) & TG Logic

SYMBOLS
H SWITCH CHARACTERISTICS
a—C |—b a—] —Db
Input Output
S S 0 a—opo—Db Srong O
> a—opo—b Strong 1
A b a-—




oV
+ I ISDP _J,E. V = 0 VDSII = TVYI)D‘ B V{}ut
DSn = ~SDp > SBp vV =V %
s ¥ D Ic V GSn ~ 'DD ' out
Vi = Vop — B S
I > Dlil > J_ VDSp = cht B VDD
o _I_GVSBII = VoutI VGSP — VDD
VDD
REGION 1 REGION 2 REGION 3
nMOS: SAT | nMOS: SAT | nMOS: OFF
pMOS: SAT | pMOS: LIN | pMOS: LIN
Vi > Voo - Vi Vo™ Vos ™ Vi Ve, < Vo,
VDSp < VGSP B VTp TJD‘SP - TJGSP ) VTP VDSp > VGSp B V’Tp
.P VDIJI
OV |VT13'| (VDD - VTH) VDD
Vo —V Vin—V _
Reqﬂ — DD out cop — DD out ¢qTOT — 12_':':1]1”1{“lp
IDSn ISDp



2 (V V-:mt ) ®

R =
RE(}ION 1: - kn (VDD_ V-:)ut_ VTn )2
nMOS: SAT

2(Vo, =V
pMOS: SAT R, = (Voo = Vou)

K, (Voo — 1 Vg, |)
REGION 2 R_, = 2(Vop=Veu)
nMOS: SAT kn(VDD— V.- V.)

pMOS: LIN 2(Vop = Viu)
Eqp k [2 DD | VTp |) (VDD Vout) (VDD_ Vﬂut )L]
2

kp[z(VDD — | VTP |) o (VDD_ let )]

R

REGION 3 R
nMOS: OFF s
pMOS: LIN R, =

— ©O

2
K, [ 2(Vop =1 Vi, 1) = (Vpp = V)|




R

eqTOT

=R_IIR

.k‘.

eqn eqp

(Voo - Vi) Voo



—
D5Sn —
t=0 \V4
ReqTOT
AQ)( Q_/V —
t=0 i

out

load

out

load



TRANSMISSION GATE LAY OUTS 18

B oW

poly used to achieve metal2 used to

Simple and small,
but no metal lines

horizontal metall achieve
can pass transparency horizontal metal 1
horizontally transparency
Routing Gate Signals to Transmission Gate - Pﬂlﬁ’

B Metal |
[ Contact/via

horizontal, via  vertical, via poly vertical, ‘U'lﬂ metall straps
metall metal2 used to achieve vertical

metall transparency




2-INPUT MULTIPLEXER

5

AL A B s S oufput

A x 0 0 1 0@

51 | x 1 0 1 1(B)

output 0 x 1 0 0

B — I x 1 0 1(4)
5

XOR (COMPLEMENTARY PASS-TRANSISTOR LOGIC OR CPL)

A L
B
A . F=AB+AB
_ O
B
o




A A B B
— —
F (AB)—{ | B v
T . 1? DD
Fz{_{_B ) j ] . O(Ei _
=8 I—ZE .
F,(AB) ] %
. 1 %
F,(AB) B B
—p -

SOME OF THE FUNCTIONS REALIZED BY THE
BOOLEAN FUNCTION UNIT (CPL)

OPERATION (Z) F, F, F, F,
NOR(A,B) 0 0 0 1
XOR(A,B) 0 1 1 0
NAND(A,B) 0 1 1 1
AND(A,B) 1 0 0 0
OR(A,B) 1 1 1 0



Digital IC Design and Architecture

. Combinational Logic
\ " with Resistive Load




MOS LOGIC CIRCUITS WITH RESISTOR LOADS °
2-INPUT NOR GATE (NR2)

\Y%
DD A—
! 1 IL =VDD1£Vout D Z:A+B
RL 3 V L B )

'L
*IL Vout VA VB out
(W/L), [ ‘I LOW LOW HIGH
Dl b2 LOW HIGH LOW
<_
Vb vk (W/L),  HIGHLOW LOW
VAV \VAV/ HIGH HIGH LOWER
0 CUTOFF
k' d W
' > - ( ) [2(VGS,m_VTO,n)Vout_(vout)z] LIN
L~ moNy 2 \L/m
k d W
Y ( j [(VGS,m_VTO,n)z] SAT
. m(ON) 2 L/ m




+ I _VDD -V ut
L R
RL Ie _VL : VOH-
I
* - Vout
W/L), [y .
VA_lEi VB_lE_ W/L). V
2 OL
AVA V4 AVAVS

IL = ID1 + IDZ

Vo=V V. =V. =0 =1 =1 =0=>1 =0

VA VB Vou
Vi t
LOW V__ LOW
V. LOW LOW
Voo Voo LOWER



V D
b
R % Vv
=~ <4+—>
vl
(W/L)l *I | *I Vout
_I D1 -| D2
Va vy (W/L), _
v <4 Al
G; - Ipi _ Ip - KPi(E] _ KP(E]
Vps  Vps L/, L
KismnenmaBi — A Vpp - Vron)
b 2 = 5
2(Vop - Vron )Vor-nr2 + VEL-NR2 R
CASE| Vs | Vs | Crovse | W/1)o0 e
1 ViV | G (W/L)
2 | | M g (W/L)
3 |Vl Vv, | 26 2(W/L)

ViH

\Y4

\Y%

out

(W/L)

EQV-NOR2



TRANSIENT ANALYSIS OF 2-INPUT NOR 6

Vi, For all Input Conditions: |
-1 CIcud—NRE - C Lt C ,» T thl * C N r"mi oL b
| = ZC + ZC +C +C
Rx.g where Con = ‘LE = 'L andL =Ca= Ca
N“tﬂ: C]uad—HRE = Cluad—]?*-]‘h"
Vﬂut
C
#_| gdl #H ngg ‘# ”_#
I D C&'Eﬂl D Cdm #
G )
V,—e l--nlB —9- A GI*IE — C.
- it {_
| S S
R e (R s s

e | el el S ] MV




DD VDD
r +
v
L3
& iLL =17 A iy Ry YL
Vout : * 1L V
1 ID* out
. : C
(W/L)|¥i, Vi, i: v—]| (W /Lo i i
VA_" VB_| Ei (W/L) Cload N __(:
load
AV AV v v <3
Recall for the INV: ( |
Cloag- 1w 2V, {4 Vor = Vo ] ]
T +In -1
TS 2 (VoD = Vron ) | Vor = Vo Vou + VoL-mw
For the NR2: . .
C v = C e (input pattern independent)
Kpoy = mk wherem =1 or 2.
Vi v = Vo a (input pattern dependent)
Torn vy~ Torn e ANPUL pattern dependent)
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NR2 DESIGN STRATEGY
1. Design V , for worst case: CASE1 or CASE2-V, orV_ =V__.

Set (W /L), = (W/L),= (W/L) = (W/L)
WHERE for EQV INV

kK gov_nroRL =

EQV-NR2’

2AVpp - Vron)

2(Vop - Vron)VoL-nr2 + VEL-NR2
2. Design for delay for worst case: CASE 1 or CASE 2 i.e. one
input switching L->H and other input setat V.

CoEr my = Cload-miv Vion 1, 4(Vor - Vron) 1]
kv (Voo - Vron) | (Vor = Vron) Vou + VoL-miv
Cload—NR2 = 2(ng T Cdb) T Cint
For the NR2: _Cl%1 vy > €k (Case 1 or Case 2)
T > T
PHL-INV PHL-NR2 P Voinw = Vo are  (Case 1 or Case 2)
Lk v knEQV e (Case 1 or Case 2)



n INPUT NOR (N\}in)

R g v,
Loy
(W/L), Ty1 v v
Dl D2 T T T Dn
vk VAR w/L; Vﬂé (W/L),
AVA V4 A\VAVS %7§7
— w
2 I; (L) [2(VGS,m_VTO,n)Vout_(Vout)Z] LIN
np(ON) m
IL: klnd 4 2
2 ( ) [(VGS,m_VTO,n) ] SAT
mON) 2 \L/m




V Nop 10

~ [+
R, 3 ‘"-*’l RV,
- - * I[
: lel
(W/L), Fi- v,

ITJ'l IDE
vk v ilfwy Ly, ‘v’:l (W/L), t {' ........ v

ASSUMING ALL nMOS DRIVERS HAVE IDENTICAL, (W/L) & V_. =
=V , foralli=1, 2, .., m<n; otherwise V__ =V_ V

DD

_kmd[ 2 (T‘r) ][E{V(J':S_vTﬂnJ out I:1'|"'F{;*l.ll,]2] LIN l{l

= m{ON)
Iy = k' W n
= m ON) Im V |
in I (W"JIL:IEQV-NRH

Im

Ggov = 2G; =mG wherem < 1 = number of nMOS — ON

i=1 ( w) ( W] ‘( W]
i = ¥ |+] =-m—|<—pattern
L EGV-NEn m(QN) L m L dependent



NRn DESIGN STRATEGY

(%]EQV ) m%m[%),f m(%]

1. Design V, for worst case: V, =V __ V.=V _ foralli#k.
Set (W/L), = (W/L),=--= (W/L), = (W/L) = (W/L)
WHERE for EQV INV

EQV-NRn'

2Vop - Von)
2(Vpp - V1on)VoL-nRn + VOL-1Rn
2. Design for delay for worst case: V. =V __, V.=V _ foralli#k
i.e. one input switching L->H and all other inputs setat V.

Kngov-NRnRL =

TPHL_INV = Clnad-];Nv V’Iﬂn 3 ].I‘l( 4(VC.‘JH ~ VTDn) a ]‘
knv(Vop - Von) [(Vor - Vron) Vou + VoL-mv
Coinw = Clingn = n(ng +C,)+C  +C,
For the NRn: C]md-lw - C]ﬂad-HRn
Toa-ny ™= Ypa-norn P | V oy = V R
k > k

- nINV nEQV -NEn



2-INPUT NAND GATE (ND2) 12

V., NOTE: Vg, =0,Vg, #0 A __| L
- B Z =AB
RL% Vv,

vl
Vnut VA VB V t
(W/L)l *IDI ou
v—[ b=hbi=ln  row row HIGH
LOW HIGH HIGH
W /L 3 cases
( 5 ALY HIGH LOW HIGH
- HIGH HIGH LOW
A4 Y W W
Let (3, ~(T), ~(T)
CALCULATION OF V_ . |

WHEN V, =0and/orV,=0=> =1 =1 =0
V,,=V,, FORALL 3INPUT CASES



1 1
(W/L)zl *IDE GHQV_NDE - l+1 =§G = kEQV
V13 IE G G
oy (E] 1
v Vv L/gov-np2 2

ND2 GATE WITH TWO nMOS (W/L):
2(Vop - Vron)

5
2(Vbp - Vron)VoL-np2 + VOL-nD2

K pov_np2RL =
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C
InPullUpC,__ &1, are c”
1AL S
input pattern dependent C,
L"“ Vnut
CASEL: Vl = vt]l—[ v l l
V,=Vog=> Vo o Lww LA
cAsSE2: [Vi=Vor > Va l ;l;
V,=Vay V. = low -> high
V = low -> high
V_=low
CASEL:
Cloud = ngl + Cgsl +C o, +C, +C, 0 + Cgﬂ +C,, + Cgb (worst case)
~ICii + Coot + Capa| + Cine + Cgﬁ [""'"{11;51 case)
= 3C b T
CASE2: [ Tpreri = T prer
f___—f"

Croad = Caar + Capy + G + C —

~Cypr + G + Cyp

T



In Pull-Down C,
input pattern dependent
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_ , #H
CASEl1: v _V[}H : -l _ {“.:lm J- l
v,=v_ = v |7t —7
cASE2: |[Yi= Vo> Vou .
V2= Vou = high > low
< V = high = low
CASEI: V,= low
Cmm = ngl + Cgsl + Cam + Csbl + Cdb2 + ngz + Cirlt + C‘gb (worst case)
*lﬁdm +C, +C, |+ C  + C,, (worst case)
= 3C \
CASE2: db -
C o—C C C C T prri= T pri2
load — Tgdl Tl T T b

~ Cdbl + Cint + Cgb



Voo ND2 DESIGN STRATEGY &

+ 1 1
R 2o Ggov-nD2 = l 177 LT kgov_nD2 =Ekn
Vuut G G
S W
IElM/L)EQVND2== il = ( 1. EQV-_ND2 211,
FOR DESIGN:
G \V4 1. Determine R, and (W/L), G
ORI 2.Set (W/L), = (W/L), = (W/L) = 2(W/L) .10,
knRL _ Z(VDD - VTGI’[) - Whel‘e kn " kn("f]
2(Vpp - Vron)VoL + VoL L

ND2 GATE WITH TWO nMOS (W/L):

2(Vpp - Vron)
kpov-np2R1 = B wherek,, = 2kgoy_np2
2(Vpp - Vron)VoL-np2 + VoL-nD2

Cload-ND2 2VTon +]n[ 4(Vor - Vron) ”
K rzov-12(Vop = Vron) | Vor - Vron Vou + VoL-nD2
& = 20 pm2ly G w By 0 Gy (worst case)

TPHL-ND2 =

load-ND2 ~—



n INPUT NAND GATE (NDn)

% ({5
? Lll—\Lq— ........ _Ln_L
I e V.
NOTE:V_, ., V., #0 vL V.
W/L)
( /V)l ,E“m IfV,=V,=..=V =V &
1 I VTOl = VTOZ g VTON = T0
N vl k.0
| Geov - =06
v,k s 1 0
1-1G;j
(W/L),_ ’*IDH for all i=1, n (ON)
] i)
L/EQv-NDn D\
VoV = (W/L),

— (W/L),
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(‘_1 i] = {|_: 11 = = i =
B 11‘:l. 2 gdmn E"-d v
AU H—,,.J = Lw_, = .= =
{_:'.II'I - I:::.I'-' ={:'1.I'1'|
v ("'.Hl] = {"'|||l_-' =L dbmn V‘:"-“
(W/L) ! C {WHL} I Cioed.ND
_I load - Dn ."\:'I" . I
1 v Idlhtllbutﬁ_’d

W/L) {wf g —C

vz—lﬁ—v 3

x2 A . {W / L} 1i|"r:m.-l
(W/L) JV_, <= L
xn- C,
g &
AV
Worst-case H-1.: 1-' = "v'g = "v"n = A} oH and "'u’" = "v’DL - ‘»’DH == ‘v’m = VDH - VDL
and V_ =high > low;V =high =>low; ..V  =high ->low
Worst-case L.-H: "v'l = "v’z — "v'n_l = "»-"D“ and "v"n =\ on > \.f'DL == Vm“ = VCJ-L -> "v'D”

and V_ =low > high; V_ =low > high; ... ; V_ =low > high

C]md-t’-.']]:s Copg TCqa T +C,, +C,, +C, + +C [+ C+ Cgb (worsl case)

=(2n- DC,
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NDn DESIGN STRATEGY Y

(D acwame=al1) .
L/gov-npn N\ L

> Find (W/L) ratio for EQV-NDn INVERTER to /1)

satisfy V,,, SPEC, i.e. for R, find (W/L)y0y xpr [\-’E’ILJ
V
> Setall (W/L) = n(W/L),qunon o |
WHERE for EQV INV vn'—lli—
Km0y ipaRL~ 2(Vpp - Vron) v
2(Vpp - Vron)VoL-npn + VOL-1Ds
2. Design for delay for worst case C,__, .
CPHL-NDp = Cload -NDn [ 2Vron 1n[ 4(Vou - Von) 1”
o ! knEQ“J-N'Dn{VDD - vTDn) vDH - VTEIn vD'H + VUL—LTDH

o [Canr T Cap o+ G + Gy + 6 +. 4 C

-(2n-1)C,,

sat| T Cin + Cypy (WOTSE Case)







