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- Examples: constructing PDN/PUN duals,
logic -> cir cuit, circuit -> logic,
circuit -> la yout, layout -> cir cuit,
cross sectional vie ws of la yout
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Network

(PFET netw ork)

INPUT/S OUTPUT
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Pull-do wn
Network
(nFET netw ork)

. PMOS “Pull-Up” Network (PUN)
Q . NMOS “Pull-Do wn” Network (PDN)
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PMOS will pass a “1”
Q NMOS will pass a “0”

UNIVERSITY OF MARYLAND




ENEE 359a
Lecture/s 6+7

Static CMOS Logic Why DlVlSlon’?

Bruce Jacob
\/DD

University of
Maryland D
ECE Dept. p——

\/DD \
SLIDE 5

T C
\/DD _)l\[Tl
N VGS// - T p
v \ L&
e \JTp

NMOS will not pass a “1”
O PMOS will not pass a “0”
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SLIDE 6 OUtpUt = A*B

AL
BA|__I_

NMOS devices in parallel
Implement a NOR function

O A_‘lf‘ ::“78 output= A + B
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- Pull-Up Netw ork: on when function =1
« Pull-Down Netw ork: on when function =0
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Static CMOS: Perspective

o “Static” as in “output is logic function of inputs, and,
given stab le inputs, it does not ¢ hange over time”

 Propagation dela y function of load capacitance and
resistance of transistor s

PROS:

e  Full rail-to-rail s wing; high noise mar gins
 Logic le vels not dependent upon relative de vice siz es

« Always a path to Vdd or Gnd in stead vy state; low
output impedance

« Extremely high input resistance; nearly zero
stead y-state input current

 No direct path stead y state between po wer and
ground; no static po wer dissipation

CONS:

* Ninputs => 2N transistor s in design
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Transistor s in parallel are in series in dual,
transistor s in series are in parallel in dual

This Is the ph ysical realization of
DeMorgan’s theorems:

e A+B=A+B [(A+B)=!A«IB or !(A|B)=!A&!B]
AsB=A+B [(A+B)=!A+!B or ((A&B)=IA]|B]
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Examples
Constructing the Dual
VDD
| L
A —0 O— B
i I
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c—q[ |p—E
pD—d[
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Examples: Logic <-> Cir cuit

out=~(A+(C+BD))

VDD

OouT

1 1 L
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 Implementit no w, shrink it later

Express all design rules in terms of unit dimension

« Chang e dimension of the unit, whole design shrinks
e Mead & Conway

Unit Dimension: Minim um Line Width (2 A)

e In1978, A=1.5pum (a.k.a. 3 micron tec hnology)
 In 2004, A = 0.045 um (a.k.a. 90 nanometer tec hnology)

Impor tant Intellectual Idea

: (but not used in industr y) (but we will)

(why not? elegance costs $$%$ ... currentl y thousands of design rules)

UNIVERSITY OF MARYLAND
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How lambda is used ...

poly

4 b

Transistor

The choice of geometry
determines transistor
parameters!

- Well houndary

All distances are expressed in A
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Layout <-> Cir cuit

ol
Voo s

e

Hh;II1 vﬂl.ll

L

v e (NI

——a- SR
GND - GND
. _ —T13ND
Layout of a NOT gate Alternate layout of a NOT gale
magenta [ Metal 2
blue | Metal 1
red [ Polysilicon (gate material)
green [ Active area (n+ or p+ diffusion)
yellow Well (p or n)
black ] Contact (via)
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poly Red
nHpt Grean
metal Blue
contact Black

- FETs In series: sour ce-drain o verlap
FETs in parallel: can share sour ce/drain
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* FETsin series (in NAND PDN): sour ce-drain o verlap
« FETsin parallel (in NAND PUN): share drain

O
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Add an inverter at the end ...

O
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Examples: Layout <-> Cir cult

NOT ALL LAYOUTS ARE CREATED EQUAL

Complex Logic Gates: OAIl Gates

#1 e

@_ L:}—r H—":': n—l[:

Olhm =

F= NOT{A(B+C+D)) A

Let’s look at tw o “equiv alent” approaches
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The output here has
four output drain
capacitances.

GND
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Examples: Layout <-> Cir cult

NOT ALL LAYOUTS ARE CREATED EQUAL

=
Ll,-"::c-l D-":: ]

Another design of
same gate (cir cuit
above simpl y flipped)

b=
|
Ol
w]
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Examples: Layout <-> Cir cult

NOT ALL LAYOUTS ARE CREATED EQUAL

The output here has
two output drain
capacitances.

2 GND
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8 Run VDD & GND in metal at top & bottom
Run ver tical pol y for eac h gate input

SLIDE 30

Order gates to allo w maxim um
sour ce-drain ab utting

Place max # n-diffusions ¢ lose to GND
Place max # p-diffusions ¢ lose to VDD

Make remaining connections with metal
(try to minimiz e metal usa ge)

O
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Stick Diagrams

« Introduced by Mead & Conwa yin 80’s

 Every line of conduction-material la yer
IS represented b vy line of distinct color

Polysilicon (gate)

Active (n+ or p+) J— -
Metal 1 I L
nFET nFET

_________ n-well boundar vy
¥ contact (via)

VDD

U
IR

o el |

ouT

GND
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SLIDE 32 Red (Poly) crosses over Green (Aclive)

——l— neET

This is consistent with a top view of the transistor.

A pFET is described by the same "red over green” coding,
but the crossing point is contained within an nWell boundary

O
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Stick Diagrams

The rules for constructing stick diagrams are based on the
characteristics of the conducting layers.

¢ Only the routing is important, not the line widths

Artive

« Red overgreen gives aFET
(Paly) (Active) — Poly

e Blue may cross over green or red without a connection
Metal1) (Active)  (Poly)

Active

Matall
Poly
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d
a

Foly contact

+ | ' + Artive contant + * Actve contact

b c h C

Schematic Stick diagram

Poly contact: Metal1-to-Poly

O Active Contact: Metal1-to-Active

UNIVERSITY OF MARYLAND
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Stick Diagrams

Metal lines on different layers can cross one another.
Contacting two metal lines requires a via

Mo contact
NMatal2

Matall

Motal2 {electrically connected o Metal1)

Layering

— [y

Active
‘ Substrate
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the lines. Remember that stick diagrams only deal with the
SLIDE 36 routing. Widths and spacings are not important,

"p'll-;'i-:' —

} pFETs will be placed in n-well :
| I

nFETs will be placed in p-substrate
VES {11

We have included an n-well region around VDD

O
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Stick Diagrams

SRR W
I
weiill

Cindd

OUT=ABC+D

S B

L]

n
[

4
-4

A
O

ﬁ_]
B _1
~

iy

LT, ]
—
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Examples

2-input NAND
VDD
. b—
| output
A
. _
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Examples

2-input NAND

VDD

GND

ouT
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A —O
B —d|
c—d[
D—d[
output

A s
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Examples

4-input NOR

VDD

GND
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oo o

OouT

1 1 L

® ?_
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VDD

ouT

GND

A B C D

OOOPS -- can’t do this
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GND
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VDD

ouT

GND

A B D C
Q For PUN, either re-r oute pol y or cut p-diff
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Views of a Design

il

2D top-do wn vie w
(how designer s
see the c hip)

3D cross section
(how process
engineer s see
the c hip)
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VDD

B poly

% g metal

. active

n-well

B via

ouT

GND

Lo

Y/,
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Examples

B poly

% g metal

. active

n-well

B via

VDD

ouT

GND

Do

Z
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Sizing: What is a MOSFET?

- . 1 L O
A resistor: =
n “ncox(VGs—VTn)[WD

 (among other things ...) Increasing W decreases the
resistance; allows more currentto fl ow

Oxide capacitance C,, = &,,/t., [F/cm?]

Transconductance f3,, = pncoxg%/% = k'n%g

Gate capacitance Cg; = C_,, WL [F]




ENEE 359a
Lecture/s 6+7
Static CMOS Logic

Bruce Jacob

University of
Maryland
ECE Dept.

SLIDE 51

NFET vs. pFET

_ 1 _ WO
R, = = u.C..=5—
n Bn(VDD _VTn) Bn p‘n 0X|:|L q]

1

R =
" Bp(Vop = [Vrp)

Bp = upCoxg%/%p

&‘ = r Typicall y
up (2..3)

(U 1s the carrier mobility thr  ough de vice)
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The electrical ¢ haracteristics of transistor s
determine the s witc hing speed of a cir cuit

* Need to select the aspect ratios (W/L) , and (W/L), of
every FET in the cir cuit

Define Unit Transistor (R4, Cq)

 L/W,,in-> highest resistance (needs scaling)

o R2:R1+2andC2:2°C1
‘ o Separate nFET and pFET unit transistor s

. Unit de vices are not restricted to individual transistor s

UNIVERSITY OF MARYLAND
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SLIDE 53 J
A —c| |o— B
2 nets in seri 3
nets 1IN series. ~—
scale eac h by 2x N\ 7T
C A _IL E
D\ ouT
L -

« N FETs in series => scale eac h by factor of N
 Ignore FETs in parallel (assume w orst case: only 1 on)
 Ultimate goal: total resistance of net = 1 square

O

UNIVERSITY OF MARYLAND




ENEE 359a
Lecture/s 6+7
Static CMOS Logic

Bruce Jacob

University of
Maryland
ECE Dept.

SLIDE 54

O

UNIVERSITY OF MARYLAND

Sizing I: Comple x Gates

Critical transistor s: those in series

VDD
Sohle eac h by 2x < T
C 4x1 2x1
D 4x1

« N FETs in series => scale eac h by factor of N

OouUT

 Ignore FETs in parallel (assume w orst case: only 1 on)
 Ultimate goal: total resistance of net = 1 square
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C—=C 0O— E

D —<C

ouT
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Examples

VDD

A—q| 2 2 lb— B

cC—q| 4 2 |p— E

p—d| 4

oy,
|
]
N
O
|
[ -
N
N
1
I
O

ouT

2 2 -k
2c—> 2o
T

=

AssumingWp = 3Wn
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g o— D
B—d[
c—d|
] OouT
p—| T—a

¢ T IHhH-
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D—BGII:")—C

C 11T

SLIDE 58 =

B—q| 18
C—c_18

i OouT
o2 3]~

O A ljz ztl 5 2F||3: c
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