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Lecture 28
CMOQOS LOGIC

Lectures 21.:
NMOS Switching Model
PMOS Switching Model
CMOQOS inverter and Switching Model

TODAY:
CMOS Logic Gates: NAND, NOR
Delay in Inverters and Logic Gates
Top view of layout

W Oldham
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NMOS Switching Summary

IDl. D —

°S  IVgg <V thenip =0
The circuit symbol i > Vps
Vbsat Vop
D
% How is the effective
Rpn resistance (r,, )for RC
Ge ‘\Q calculations of switching
I time related to the 1-V
S graph?

Electrical Model
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Pull-Down Operation

The job of R is to pull down the capacitance from its initial voltage of
Vpp to Vpp /2. And at almost constant current (= I5g).

Atz/mo—- Voutt
Q

Ry

W

As you found in Home
Prob Set 13 you can
use Iy = CdV/dt to
find the time Dt.

D

Vin1

Precharge: Vpp

_: CGn + CGp

Vbb J

Vout1 =
Vin2

]
-

[
.




Lecture 28 EECS 42 Spring 2001 Copyright Regents University of California W Oldham

NMOIS Switching
A'D

IDl. D Ron
G t Ibs
N Ch
*s
The circuit symbol |
| Vbs
From I,5 = CdVv/dt we have Voo
Dt = CDV/ 1o = C Vpp/ 2 156
But if we had an RC discharge 7
Dt = 0.69RC so the effective %RDN
resistance, Ry, ,= Dt /0.69C G ‘\
= Vpp/(0.69 X2 155 ) =.72 Vpp [ Ipg I J
S
3 Voo Electrical Model

S0 we use Roy »—
4 | s
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NMOS TRANSISTOR STRUCTURE

*NMOS = N-channel
Metal Oxide Silicon
Transistor

“Metal” gate (Al or "N
Si)

» The key elements of the layout are a source and drain
region, a thin oxide region and a gate.

 Lets look at a top view of how a device might be drawn
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S MOS LAYOUT

contact
«— W — i What are device

Source N Gate Length =L
contact . :
y Thick oxide Gate width = W
,\ on silicon
Thin
oxide Gate Area (for

capacitance) is W x L
(because that is the
thin oxide area
covered by the gate)
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MOSFET “ldentification”
Poly line crossing a thin oxide region - MOSFET

Polysilicon window in thick oxide
N
Wﬂ>ﬁeld oxide (thick)
*

thin gate oxide

Is oxide region inside the n-well? If Yes, then PMOS;
If No, then NMOS
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Inverter

Voo

|N—|:>o— ouT

Copyright Regents University of California

CMOS
Inverter

IN ——
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Al “wires”

I
N 77777
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L

| «PMOS Gate
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l«—NMOS Gate
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]
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W Oldham

Basic CMOS Inverter

VDD

1

p-ch

——OUT

n-ch

Example layout of
CMOS Inverter
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Al “wires”
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CMOS DIGITAL LOGIC

W Oldham

V[T)D
NAND gate
T T el el
0 | O 0 1
0 |1 0 1
o C
1 |0 0 1 -
1 |1 1 0 ]
. Be——|
Making a NAND gate:

13

NMOS portion: both inputs need to be high for output to

be low = series

PMOQOS portion: either input can be low for output to be
high - parallel

10
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CMOS NAND GATE

NMOS switches in series from output to ground; PMOS
switches in parallel from output to the supply (Here we
left out the A-A and B-B connection for clarity)

NAND: If either output is low then

3 Voo one of the bottom (pull down)
series switches is open and one
VA—O‘ ﬁ Vg —o‘ t of the upper (pull up) switches
are closed.
? * VouT
‘ — . | Thus the output is pulled high.

VA—‘ B ‘7\

[ Behaves like 2 R.'s in series
when both A and B are high

11
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NAND Gate Pull-Up Model*

$ Voo
e h i i

IR

V
A L
B One or both switches closed
1 (worse case: one switch)

t=RC=R,C =R,(Cg, +Cg)

* For first-order analysis we consider only gate capacitance.
Remember: we must add drain and interconnect for accurate estimates. ,,
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NAND Gate Pull-Down Model*

fVDD
VA—O": VB—O": Rné — C
R% C=Can *+Cqp
@ @ VvV
ouT —
b

- —— TwoR/s add in series, so RC =
« 2R,C = 2R, ( Cgy +Cap )

1

If 2R, " R, , this circuit is balanced
for equal rise and fall times.

* For first-order analysis we consider only gate capacitance.

13
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LOADS

We have been considering a single gate as load. But in real designs
the output of one gate may drive many gates. We call the number of
driven gates the Fanout.

14
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Definition of Fanout

Fanout = number of gates that are connected to the driver

— >0

Ty

Fanout leads to increased capacitive load (and higher delay)

15
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Fanout

Fanout is always 3 1 (there is
always a load)

Gate capacitances sum and
are charged by the driver

resistance

Ty
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Fanout

NAND gate 1 drives
_D} j— 2 )o the inputs to 2 one-
1 iInput NAND gates
and one 3-input

8 p— NAND gate

What capacitance does the output of NAND gate 1 drive?

17
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Voo NAND Gates Voo

T

el as—dl il il
For examples see C
Problem set 14 —T:
o F [
L ge :
B*—L ] ]
C.
’ !
) ’
2-input NAND =
3-input NAND

Each input loads with C +Cgp

Output drives with 2Ry, or Rpp

Each input loads with C +Cgp

Output drives with 3Ry or Rpp

18



