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5 SQUARE

50 SHEETS EYE-EASE® 5§ SQUARE

500 SHEETS, FILLER
42-382 100 SHEETS EYE-EASE® 5 SQUARE
42-389 200 SHEETS EYE-EASE® 5 SQUARE
9 200 RECYCLED WHITE 5 SQUARE

42-392 100 RECYCLED WHITE 5 SQUARE
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42-381
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Digital Chip Classifications Cost
) & *ransis'*'ors/chip Examyles (High Volume)
SST Syall Scale In+e3ra+ion ~ |05 [ NV NFI\IJD ¥ 4
MST  mMedium o ~ los — (005 adder | counter| 9 1,50
LST Large g " ~ 4™ simple micro
VST \/e.f\'.' Larﬂe. " ~4-10M processofs mem
ULsT Ultva Lorge M a ~1oM - 48 System—on— $ 10
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Cost is wmoeve closely linked +o number of clnl'fs (uolum&) +han number of
+ransistors.

42 Multiplexers (Mux) l

Multiplexer selects ome of +s inputs and voutes it 4 +he output

Truth Table

ﬁ C st
IT,—= o | a
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{
Select Note wvarialles
n ouwtput
Mux s sSimilar 4o o "
Sinrile'l’ale. Doubla—Throw 2
(SPDT) switch b _/—
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In general,

Exs Iwplementing a +ruth table nsing o

& — multiplexer. .,
v |
: a b c z abe = mux select bits
: o 0o | L Z = output of mux
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N o 1 o i values of Z = mux inputs
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500 SHEETS, FILLER 5 SQUARE
50 SHEETS EYE-EASE® 5 SQUARE

42382 100 SHEETS EYE-EASE® 5 SQUARE
42.389 200 SHEETS EYE-EASE® 5 SQUARE

42-392 100 RECYCLED WHITE 5SQUARE
42-399 200 RECYCLED WHITE 5 SQUARE
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These values indicate
which nput is connected
et 4o the 0u+pu+ when the
conteol input(s) equal these
values
Bus Notation A kus s o bundle® of wires which are CoﬂCCP+Mﬂ”Y

Y‘Q\a‘['eé\ (E’,.a.) an %"]o'\‘t' l’_‘)'vna"}! v’\umbev“ oM A Se.‘f‘ o‘F
% wires eaclhh bi¥ on its ocwn wire.)
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Ex® We can stack wp muxes jn Par‘alle\ +o create multi-bit muxes
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MuLT ADD
Ex : ROMHT‘\% results in a CPU T
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rq-3 Three - State Ruffers l

A buffer

Loaica\ly , v does r\o-Hnin:j)
Number of loadst

— )

Ruvrt ?u'lse,

A three - state (ta- s+q+e.) buffer

(disconnected)

. A ~_8

j/

C (enabi&)
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Ex: Use +ri-state

Simpiy passes its I(\Pu"'-s +o s ou+Pu‘ksf A > &=A

but 6le¢+rfca1\7 " can help deive o {ﬂ"f}e

~ D>
Bu‘F'Fe\"é,a(a ‘.
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buffecs + buld multiplexers
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™ Decoder
S| SO
Ex. sSuppose we need +o communicate with one module ot a Hime where
there are from 1 -2 modules. Fov example, on the PCT bus inside your
computer
Pt 1ok ohwot® 1 Yof
C pis N Moo ‘
Suppose @4 -bit
< L [ bus

has +three oubput statest 0,4 high impu’aw-
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Could buwild a giant mux:

but Yhe mothecboavd requires O x@ = 512 signal wives!

Better —o use dri-state buffers on each board and agctivate dhenn when
the +hree bt address matches .

.‘l'{.ﬂaﬁanaf ®Brand

D?ﬁ“

Now we only have

GH +3 = (7 mothecooard

wires |

LCJ.H Decoders and EncodefS]

For seme applications (like bui\d.‘ng a mux out of Hri-stute Lomcf‘em),
we need 5 box “o “decode™ selector bits Into Sins‘e, enables

Only one output s l«icjk at a +Hme .

a b
o) o
o |
10 Called o decoder.
| [
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O o 0o —|g
o O — o X

Each  cow generates exackly one wminterm.
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Ex: Use a decoder Ao ﬂcnerarl'e, a Wboolean Tunction: fla b)) = Zm(l,s,‘fﬂ)

Ex: Also, an addcess decodec {5 an essential pack of any mubri—word
memon/'.

Me mory A\"ray

—BV H wordsg

D

E

oddress —y 3 S
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, g -biT wovds (bsﬁ’e.)

An encoder pecforms +the inverse opecation of a decoder:

3 -+o-3

encoder

LU
|

_E_)E:._ A Aouch —tone Keypao!.i

71 %19
A 5 A ﬁ 1D inpud‘s) coded to H—brt number
+ {12132 Also need an extro "valid” bit 4o incdicate when
+he output is valid (ie.,a key is being pressed).
@) _
Encodec does +his (valid is just oR of inputs) but

what 1€ ymoce +Hhan 1L butten is Pus%ed, Simuldan -
@045‘\/?

10 ?npu.‘t‘ bits (K,,-kq) = lozY (ombinations
q ou‘{":u—k bits = b Combinations
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Possilo-afi+y #1: oubput Is invalid i+ more Hhan 4 kKey is pressed -

ke K, Ko .. Kg Output Valid
o 0 o o HKAXX o
] o 0 o} 0000 |
o | o o 6 00| !
o o { oolo l
o o o oo | 0o | |
] i 0 ee° 0 X KKK &
| © \ ¢ ee O XXXX o)
\ o o] e’ | KAAA o
Possibility #2:  Highest humber pressed wins
ko K Kz. o s e Kq‘ Ou+gu."' Valid
(g:f}a!e, ‘bt high cases .
Some.  As above) . °
o o o) o ¢ | 1001\ |
X | (@) «e° 0O ool |
x X l e & o o 0 1) ! D ‘
X X X = l oo | |

4.5 Read~ Only Memories (RDMS\\

A Read — Onl\;- Me mocy (ROM) ¢ a memovy

0¢ Semi- permanent (non-volatile)

adal fegq it ROM

‘l data

Spec,{{:\{ contents with a Feuth Hable

Need o SPeaiJFY
many  states !

Hiﬁ'he,r Po sien In pwhg
“+oke Pffo(‘H'\f aver lower
puts =>

called a p_n‘om'ij

evicode

POSH'Tof\

whose  contents are pe_r*maneﬂ‘f'

* Can only cead + (no writes durfnﬂ
normal o?era+f°“>

e For n address bits, +here can be up to
words in the Memovy

lﬂ

address outp ut

g 2 ? o CDWP|€,+€1

o L0 | arbitrary values —
01| ? we choose.




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141
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memocy  acray .
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address - bk . bit b+ )
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We can think of o ROM memory cell a5 a fri- state

j//\

I
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Deco dex

D

o]
Lp,word line

\)\Je Cawn

et

Output

alse Hhink
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"rhe,/\ceilg as transistocs
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Decoder

[

stofes o \

LY
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Stofes a
A
1] 1-\

buffer : [enabled b
decoder aurpu.‘l")

Thinke of +the address decoder as a big mux which selects +Hhe activated
memor\l Tow,

ROMs  are the simplest implemen'{"a‘f’"of\ of a truth +aple - in fact; a

truth table Ts how we specify o Rom L
A B c D EFGHI JK

& 0 0 O o\ o1 o | |

o o o | | I 0o o o | H# words in

: . memory = e

[ I 6o t ol | o

— o

4  address #  outpet bits

3 |6 werd
——> x
2 bt
ROM
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50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141
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RoMs are o completel %eﬂeml solution for imp le wenting cowmbinational
logic ) but +he solution Aepends ot Trandomness” F function, among
other 'Hﬁinzjs.

Ex: Implement  is high when a 1b=bit number {a,s)a,q,.g.aug =
G\DS‘.O] is a factor of 4

RoM: dig Ay o ee A3 A, a, OQp £
O O 6 o o© © | "
0 . o o o | o b | 2=
. o o I o o o —F—4 (pq,o;ao
’ Wwotas
° o 1 | “ X 1 it
0 | o O \
o 1 o | o 3t
..F

Loaio’. s 4 when Cl‘:D 9‘__.‘?_5‘_(“ a,=0

H1—o— - & f
N l——}{ Ao :D—

aﬂ

Some "i‘yPes of RoMs .

1, Pe.(manen-\- (mask Proﬁf_*ammable,) % bits set when c,‘mp s wmade

2, One - *ime Programmablc (DTP} Rom, PROM

3. Electrically Erasable programmable RoM: EEPROM | Flash I,
nonvoelatile mewmory

H. Ulrcaviolet l\‘cjh'l' (LL\I) evasable Proammmab'&e RoM

“ﬂ.% Field - Pcoarammable Gate Arcays \

Mdkl‘ﬂg cdstom iﬂ'\’acjra"{“e& circuts s CXgenSW& ond  Fime, conSum{nal K

Cost 4o design and pay for masks (sionlar +o a photogeaphic neg ative)
for each Ia\fgr of an L.C. can be J1oo0 = g 25,000 each | us“aliy
I6-30 masks.

G ate F\rra\! covers a chip with Ioaio faa‘:l‘es and yow pay +o customize
a Tew top 'mfef5 of metal wif;ﬂi ' -

Fie\d—‘Proﬂrammablﬁ Gate Avray {,FP(DA\

Last  layec of connections dove with o reconfiqurable network
accuit (—H\f‘ouﬂ\'\ So“F-’rwofe,)-
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User progcams
+ Swall logic blocks |
CDnPfg urable logic blocks

(cLBs)

* Connections petween blocks




