Announcements

e Homework 7 due Friday in class.
e Design project posted: LED driver with XOR
Input.

e Office hours today W 2-3pm, Th 1-2pm in
EE218.
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Dynamic Power Dissipation

e Each cycle, the load Cis charged (from Voo
V,p) and discharged (to ground). y
 Thus, the energy dissipated per cycle is: ‘ I =
= ] = de Uy I_I-I |
ED = VDD l(t)dt = VDD C dt D—II My ——— C
0 o dt e T

—_ VDDCAU = CVDDZ - -

* Dynamic power dissipation is: ’—yﬁ—r‘. Swiich closes =0

P, =Epf = CAVVppf = CVpp? f 0

 Energy storedin Cis CVpp%/2,so half '™
the energy is dissipated each half-cycle

Nonlinear +
resistor

v, (0) = 0
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Inverter Comparison

100 pA
* To get same V,, same load current —
when v, =V,. X{\ p PO load
A
50 A M Ne |V |
 For fast switching (and best VTC), Lincad \ Depletion-
want maximum pull-up (load) loads joars
current. Saturated
— PMOS > Depletion > R > Linear > oal Mt
. 0V 05V 1oV 1353V 20V 215V 30V
Saturation v_vg

— BOdy effect degrades Depl' Lin, Sat Figure 6.47 A comparison of NMOS inverier load device

charactenstics with current normalized to 80 pA for v, =
Fi. = 0.20 V. (a) Saturated load including body effect, (b) satu-
rated load without body effect, (c) linear load with body effect,
id) linear load without body effect, (e) 28.8-k©2 load resistor,
if) depletion-mode load with body effect, (g) depletion-mode
load with no body effect, (h) PMOS load transistor for the
pseudo NMOS inverter.
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PMOS Logic

e PMOS logic is just like NMOS logic, except polarities are reversed.

e Could replace (-2.5V, 0V) with (0V, 2.5V), Bat 2.5 V. 0-25V
= My 433
—F 4
Q-25¥ = -::-—Ir_ e — y 25V -L
M,y 4-;"-" ol L ¢ J“:" T 3 vo
- + o — L 4.5:
I _L_ i _I _4_ | B Q—IE Mg [_]I_]
U, — ""m—_ll I o ¥
¢
Ur

Y A — 555 —
40 M My Ac My 111
A —IL_1 1 HO—IL_,:, 1 >—|L_ F

(a) ()

Figure 6.50 Two-input PMOS gates: (a) NOR gate and (b) NAND gate.
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EE 331 Devices and Circuits |

Chapter 7
CMOS Logic Design
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CMOS Technology

e NMOS microprocessors dissipates too much
static power

e CMOS solves the power dissipation problem
and dominates digital IC designh today

e CMOS: Complementary MOS

— Needs both PMOS and NMOS transistors to be
built in the substrate

— Increase of process complexity, more area, higher
cost
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CMOS Technology

e PMOS and NMOS fabricated on the same wafer

IH

* “n-well” implantation needed

e Diode between N/P MOS body terminals reverse biased

Il,,i) (0V) Ui If'rjl_}]r_j. (2.5V)

L% S p " p s TE

| 1
P+ [>| H+ H+ | P+ P+ —|>|— H+

7 ZS n-well \_\

IIII »
Ohmic _ _ _ N
contact to NMOS transistor PMOS transistor Ohmic
L contact
substrate p-type substrate to nowell
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CMOS Connections

e V,,connected to Source of PMOS

r A ERT
o Vpp=23V

* V. connected to Source of NMOS

S
 Both gates are connected to input 4|,F‘ M,
el

2

 Both drains are connected as output
U_Ir'-?' L L ] GL‘{_}

* Bodies are connected to their b
: Gyl

.'1|-f'|.'

respective sources —]i

— No body effect! 5

— Vs
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CMOS Inverter static behavior

> Vpp=2.5V o Vpp=23V o ¥Vpp=25V Vpp=25V
|
[ Ri-‘l'h'? I f— ﬁmn,ﬂ
1 My “Off” | My “On”
I I_; | —I I—I
- | -
=23V V, =0V v;=25V vo=0 =0V Vy=25V ;=0 vo=Vpp
! o— L ! I H I
- : | o—e , )
23 I 1 I ‘”ﬂ"
—- - y
— | —
— 1My con" == L i my ofr ==c 1
e B Cl L= Ropp =—— C
|
| 1 1
|
|

v; High, vy Low
 v; = Vpp (High), M, on, M, off, vg = 0 (Low)
e v; =0 (Low), M, off, M, on, vo = Vpp (High)
e I[p = 0 for both cases: No static power dissipation!

v; Low, vy High
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CMOS Voltage Transfer Characteristics

Output voltage

1.3V

1.0V

05V

0OV

* Region 1:

ov

Symmetrical CMOS Inverter (K, = K,)

=N {1} ™ —
Vo U @ UI < VTN —_ 06 V,
T M. off M, saturated
S e M, off, vy = 2.5 V
v =v;+ 0.6 ]
i H‘a f__,«"”."-" and M saturated . RegIOn 5:
A
B @ Vg > VDD + VTP = 1.9 V,
M} saturated M p Off, UO — O V
M), triode
T Vor _ &
! L @ s | Mpoft
05V 10V 1.5V 20V 25V
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CMOS Voltage Transfer Characteristics

Output voltage

Y - * Region 2:
T Vou © @ ]
20V = e o M), saturated MN Saturated’ MP trIOde
o Mp triode . .
bo = v+ 0.6 * Region 3:
L5V I M,; and M, saturated
\ P M, saturated, M, saturated
LoV | @ e Boundary between 2-3:
Mp saturated — —_ =
05V .-lfi.-triude Upsp = Vgsp — Vrp
Vo = v; + 0.6
Ly 5 0 I
0V
| Mp off
0V L5V 20V 25V

Symmetrical CMOS Inverter (K, = K,)
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CMOS Voltage Transfer Characteristics

Output voltage

* Region 4:
M, saturated, M, triode

e Region 3:

M, saturated, M, saturated

e Boundary between 3-4:

25V
| - ) .
on L @
20V M, saturated
M, off N
N Mp triode
v =v;+ 0.6
L5V I "'ak w M,; and M, saturated
10V | ®
Mp saturated
05V M), triode
- Vor 3)
OV
| ,'l!-f_lr:n off |
ov 1.5V 25V

Symmetrical CMOS Inverter (K, = K,)

Upsn = Vgsy — Vrn =
vo = v; — 0.6
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CMOS Voltage Transfer Characteristics

Output voltage

25V )
T Vou @ @
20V M, saturated
M, off N
N© Mp triode
v =v;+ 0.6
— °
1.5V \ M,; and M, saturated
A
10V | ®
Mp saturated
N / My triode
1 |
. I oL U =Up— 0.6 @
OV oy
N | Mpoff
ov 05V 10V 1.5V 20V 25V

Symmetrical CMOS Inverter (K, = K}))

For CMOS
- V,=V,,V, =0.
—~AV=V, -V, =V,

For symmetrical design

(K, =K,):

— Transition between V,
and V|, centered at V, =

Vop/2
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VTC of symmetrical CMOS inverter

6.0V -

* IfK,= K, transition
between V, and V,
centered at V, =V, /2

40V

AI

b
=
-,

Output voltage

oV

| | | | | |
OV 10V 20V 30V 40V 50V 60V 4

Uy

— 25 :(W) —25(W>
in = 251 = () =25(F)
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VTC of asymmetrical CMOS inverter

* If K,# K, transition
between V, and V,
shifts from V,,/2

* Define K, =K,/ K,

* K.>1, transition
shifts to left

* K,<1, transition
shifts to right

30V -

b
=
-,

1.0V

Output voltage

oV

| | | | |
1AY 05V 1.0V 1.5V 20V 25V
Uy
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