ALL THE GATES

There are only G Poc;c;ilale Z-inPqu anrec;... Let's examine dll
of them. Some we already know, others are just sily.

I
N How many of these
can be implemented usin
P yA X| N N N a single CMOS gate? )
UIE A A B X Nl N| O o) Al o il |
_ _ ~FETs can only
TR N » > O O|O| O| T| <=|T|<«=|N| N /.;, pull the ouput
ABlO DB A A B R R|R| R|®B] B|A|A]|D|E _’ 4o "0, and only i
00 | -0—6—0—0—0—o——o0—=o| 1| 1| 1| 2 [2[21[1] 1 one or more of their
inputs is a “I".
o1lo o o o 1 1 1 1|olololo|1]1]|1]1
10(0 0 1 1 0 0 1 1|0/ 0|1l 1|0|lO|1]| 1 P-FETs can only
pull the ouput
11|/0 + 0 2 0 + 0 2|0o|l |0l +]|o|+]|0]| =+ Yo " and anly 1
one or more of their
Do we really heed all of these gotes? inputs is a ‘0",

Nope! Once we redlize that we canh describe all of
them using just NOT, Followed by AND, Folowed by OR.
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COMPOSING GATES TO BUILD OTHERS

Let's start with a couple of basics, AND and OR. Each

con be constructed usinﬁ a Pair' of CMos ﬁaJrec;, AND is

J’uer NAND with an inverter, and OR is Jus’r NOR with an
inverted output.

AND OR
AB |Y AB |Y
These twe gates are
00| O 00| O Y Sar-hcr}l'arly inl\’po;'-}an-l
sing them will allows us

0110 011 .\8 to t:lsevel«;:pf a sys-l-emc
1010 10 | 1 D ombinationd] "
11 (1 11 | 1 function.

I e
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COMPOSING ARBITRARY GATES

B>A XOR
AB |Y AB |Y A
000 0|0 B j—
01 1 Y
10| 0 IIO %
1110 1110 >_
A—[>O— ) Y A Y The TRICK is 4o OR +he ANDs
B B ﬁ} of all input combinations
that generate an output of
Koy e et b
How many difFerent gates do we really need? resate na T
] ] i You need Inverters +o handle
We can adlways do it with 3 dif-Ferent types input combinations invehing
of gates (AND, OR, INVERT), and sometimes 7, ADs, and Oks.

with 2, but, can we use fewer?

I0/17/2.018
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A UNIVERSAL gate is one that can be used o implement
o NE wiLL DO | %ANY COMBINATIONAL FUNCTION, There are many
® UNIVERSAL gates, but not all gates are UNIVERSAL
J"' /
Q: What is a COMBINATIONAL FUNCTION?
A: Any function that can be written as a truth

.
NANDs and NORs are UNIVERSALI ;}{ fable

o » = = O >

-
D= D = B>
>

o _ _
{:};}- = J 0 »

AR but what it we want more than Z—inpu-'-s?
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A FEW MORE GATES

a) OR GATE NOT GATE /- Sliding well
Input droplet A, B Output droplet b) — ®
(OR input = NOR input) (Iy
Oil reservoir : : Slide
Slde A : i
ueous : :
Input DNA" s?)/ution [ T~
Sliding well 4 \ ANE
: e Oil reservoir /
OR gate [ a-Hemolysin @ @ ®
droplet Complementary droplet c)
'H' DNA
, I
Slide OR NOT
M
GATE @ GATE @
Oil suspending lipid

Output droplets(OR output)

Input droplet (NOT input)

®
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STVPID GATE TRICKS

Suppose we have some Z-inpu+ XOR ga+ec:~=

AB\%DC ‘I'pd=1n5

And we want an N-input XOR:

== O 0>
= O = 0Ol
O=rr=QOI0h

ou+Pu+ = |
Az—— Ag— AN —— ~F number

of ''s input is
ﬁfj%MD - D oD (PRRITY)
t,= N NS - WORST CASE.
Can we compute an N-input XOR faster?
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I Tk THAT I SHALL NEVER SEE

A GATE LOVELY AS A ...

D >
'WjDer TSN21 Combinctionel funchion be

implemented using only

log,N 2° 2-input gates? Bul, it’s
2 handy o have gates with
loa N more than 2-inputs when
N-input TREE has O 99 N Yevels. needed.

Sighal propagation takes of log N gate delays.
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A SYSTEMATIC DESIGN APPROACH

Truth Table

<

= = = = 0 000N

..

I0/17/2.018

= = 0O 0L = 00| W
= O, O = O O|l>
- -0 0L 0O =0

-it's systematic!

-it works!

-it's easy!

-we get to go home!

<

-

\

) Write the functional spec as a truth table
2) Write dowh a Boolean expression for
every T in the ou+|9u+

Y =(c 84 B && A) || (IC &4 B && A)
| (C && B && IA) || (C &&% B && A)

3) Wire up the ideal gates, replace them with
equivalent readlizable gates, cdll it a day,
and g0 home!

This aPPr'oach will always ive us Ioaic
exPressions N a Par'+icular' rm:

SUM-OF-PRODUCTS
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STRAIGHTFORWARD SYNTHESIS

We can implement

SUM-OF-PRODUCTS

with just 3 levels ofF logic.

INVERTERS/AND/OR

I0/17/2.018
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OTHER USEFVL GATE COMBINATIONS

IASBR) = A Il B |
“Pushing and Cancelling Bubbles”
B 3 - C o ;

e
— — | Y
> = T
DeMorgan’s Laws DO- AR = A B _:>_
NoK_N0KC H :>_- H && . C
: >
Al o ; — A__[>__ y
Bl o = Bl [ : i
>
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OTHER USEFVL CMOS 647'55‘

AOI (AND-ORANVERT) R
4[' 48
A
B: Y = C 1[ —
C_%i P -
D— 5 —II:‘ —
B—HJI—l

OAl (OR-AND-INVERT) —

A
T T
Y
C — -
An OAT's DeMorgan Di) — BT B
equivalent is usually I
easier fo think <0u+. . A_C _II: :
» Bo Y ¢
3 o
DO
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function is
equivalent 4o 3
levels of logjc.



ANOTHER INTERESTING B-INPVT OGATE

Based on C, select the A or B input to be coPied to V.

copy B to VY,
otherwise copy

A
B If Cis 1 then
C AtoY

2—hpu+ Mul-l-iplixer

%Z}’"\/ P 1 ﬁeaie

c — symbel

0

schematic
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MUX COMPOSITIONS AND SHORTCVTS

A 4-bit wide 2-input Mux

>
s/

o

A 4——'|npu+ Mux
(implemen+ed as a tree)

o o

N S/
~
w» Wp
| |
NS AT AESAE
1
>
{

0]
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MUX FUNCTION SYNTHESIS

Consider implementation ofF some arlai-trar'rz

Function, F(AB,C).. using a MULTIPLEXE
circuit element-:

Combinational
as the only

Mux Logic: An example “configurable”

logic element

oooo/o 1
oo1o/’1 2
0100/ 3 Y
1000/71 5
1011/1 6/
1 1 01 7
1111/4,8,6/
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MUX Looic TRICKS
We can apply certain optimizations to MUX Function synthesis

Desired Logic

Function
A B C|VY
O 0 0| O
O 0 1|0 )
O 1 0|0
O 1 1|1 )
1 0 O
1 0 1
1 1 0|1
1 1 1)1 )

I0/17/2.018

0
) A,B

- I_ar‘@ely Iay
mspecﬂon or

o—o exhauc;hve search
C 1 There's something

interesting qoing o
C—2 o thoss o |
1— 3

- Build any N-input gote
with an N- ir\Pqu MUX
& one inverter
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NEXT TIME

Binary Circuits that:
ADD
SUBTRACT
SHFT

"7x8=52, 9-3=5... things like that."
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