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Levels of Abstraction —-CMOS 1 bit adder-

?
Sum = A XOR B XOR Cin i B_qﬁl I‘]p—A
Cout = (AAND B) OR (B AND Cin) | c-C P8
OR (A AND Cin) : P-A
! Cout —
Equation i A—C I—Cin
C,A B|Sum Cout i |3_":| B =A
0 00 00 ! = o
00 1 1 0 : Circuit
o010l 1 o ]
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e B i ff
1 0 1] 0O 1 | <« FA [«C,
110l o 1 ! v
11 1] 1 1 i Sum
Truth Table i
: Layout Symbol
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Numbers in computers

Integer TR

Unsigned  Signed  [Fixedpoint | Floating point

= 8 bits = 8 bits = 16 bits = 32 bits
= 16 bits = 16 bits = 24 bits
= 32 bits = 32 bits = 32 bits



Unsigned integers

2°=1
2!'=2
27 26 25 24 23 22 21 20 22 = 4
2’=3
2*=16
2°=132
2°=64
15| pl4| HB3| ot 3|92 gt |20 27=128

Unsigned integer, 8 bit

21°=1024

213 =132768
22=1048576
31| 30| 52 ) 2t 2222t |20 2%°=1073741824
231=2147483648

Unsigned integer, 16 bit

Unsigned integer, 32 bit

01101011=2%+2% +23 421429 —644+3248+2+1=107



Signed integers

28 2% | 2% | 2% | 27|22 |2t |2°
Signed mteger, 8 bit format
_215 214 213 24 23 22 21 20
Signed mteger, 16 bit format
_231 230 229 24 23 22 21 20
Signed mteger, 32 bit format
7 6 5 3 1 0

11101011 =-2" +2" 427 +27 +2" +2

20=1
21=2
22=14
2°=8
2%=16
2°=132
2°=64
27=128

21%=1024
215=32768
2%°=1048576
23%=1073741824
2°1=12147483648

—128+64+32+8+2+1=-21



Real numbers: Fixed point

2“1’=1.o

2'=05

-2*i 21| 22| 22| 2% 22| 2° .| .. |2 22=0.25
23=0.125

o\ Fixed point, 16 bit 274=0.0625

2°=0.03125

2°=0.015625

Fixed pomnt

50 1| 92 53 94 95 56 | 530 531 | 27°=0.000030517578125
271 =0.0000000004656

Fixed pomnt. 32 bt

01100100=2"14+272 1279 0.5+ 025+0.03125 = 0.78125
11100100 = 2% +271 4272 1273 = 10+05+0.25+0.03125=-0.21875



Real numbers: Floating point

Mantissa (24 bits) Exponent (8 bits)
28 2° | 2t 2% 27 2% 27| |2 Rl .. | 2° | 2!
7 \
Sign bat for Sign bit for
mantissa Fixed point exponent

data = mantissa X 2crponent

(0110100---)(0---0101) = (2° + 271 +273) x (22 +29)
= (1.0 +0.54+0.125) x (4 +1)
= 1.625 x 2° = 52.0



The Half Adder

Sum Cout

Sum = A XOR B

Cout=A AND B

b—**—‘OO}

—_ O = O
()
o

out

Sum



The Full Adder

C.,A B|Sum Cout
000l 0 0
001l 1 0
A B o010/l 1 o0
J | Sum = A XOR B XOR Cin
011l 0 1
C,. <]FA <«—C,, Cout=(AANDB)OR (B 1 0 0f 1 0
AND Cin) 101l 0 1
v OR (A AND Cin) 110l o 1
Sum 1111 1



Computer Aided Design Tools

Digital Simulation Verilog

Extraction

SPICE
Extraction

4 . .
FPGA T erllog File
S}

]

Place & Route

g

Programming
File

.bit or .ied

Functional
Simulation

ModelSim
/ other

Verilog Compiler Constraints
nanoLambda Technology rule
Layout Editor files

1 Analysis
DRC, ERC

Delay Analyzer

Place & Route - Crosstalk Analyzer

2D Cross section
l 3D Analyzer

Layout Extraction

ProTHUMB

Ad t layout
10 Cards l vance post layou

Traffic Light simulator
\ Controller,
Key Pad,

Display
.i D 7 segs)

Layout Conversion
SPICE, CIF

Tape out to FAB.
CIF

FPGA / CPLD Boards

3 MICROWIND Tool

() 3%Party Tools
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Half Adder

HalfAdder.sch



Generate symbol and Verilog

110s | veiog |

Schema to Symbol

Pin Name

Sort by

" Increasing order

Paosition Side

L

L
R
R

=

=l

' Decreasing order

0K

X Cancel |

@ Help |

Suymbol preview
half&dder

Sum

{F Refresh EI il

Symbol Properties
MName : | half&dder

Title : half&dder

Save in: [Y:\Dropbox\20154NTR -




Verilog file

O

Verilog Call |

Symbol n®1 halfAdder properties (6000)

Symbol parameters

wodule halfadder( B,A,Carry,Sum);
input B,A;

output Carry,Sum;

and #(16) and(Carry,B,A);

Xor #(16) xor(Sum,4,B);
endmodule

(6 lines)

__l Generic name: |haIfAdder o User'stitle: |halfAdder
Position: |BD : -212

Pin n* In/0ut  [Name Delaulhs) | Fanout | Load(hs) |
1 | B 0.000 0 0.000

2 | A 0.000 0 0.000
3 0 0.060 1 0.070
4 0 0.060 1 0.070

IV Show Pin Names I~
[~ Show Pin number I
IV Show symbol title I Show switching delay

I :
Show name and properties IW

High speed

Show: o bl High voltage

X Cancel |




Import from Microwind

O O Verilog File

Size | Labels Routingl

iTDSCH 2.7f
14312015 11:43:29 AM

11 ¥ADrophox201 SUNTRO VLSIMicrowind_CADTools\dsch27AhalfAd Routing startegy

|Meta| 1,23 j

module halfAdder{ B A, Carry,Sumj;
input B.A; IE ™ Add Vertical bus
output Carry,Sumn; T
and #(16) and{Carry,B,A); ¢ /0 Floorplan
*0r #(16) xor{Sum A,B); .

endmodule I Free placement

. I~ Fixed fOs {IBIS) Load|
LFJ
B

<

IV Limit row width to

Wum

Compiler Status
Compiled cells : 0/2

Routed wires : 0
Pads: 0

Mo error

o ENNNNNNEEEN

B3 compile A i «/ Backto editor &} Help |
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N-Bit Ripple-Carry Adder: Series of FA Cells

e To add two n-bit numbers

An-l Bn-l Az Bz Al Bl Ao Bo
v 2R ST TR TN 2
« fimde = o Mo M
v o s s
e Note: adder delay = Tc * n
¢ Tc = (C,:C, delay) T
o
e | — —
v

16 EE 5323
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4-bit Ripple Carry Addition: Example

A=0011 0
A3
c,

<«—FA

S3
T=0 0
T=1 0
T=2 0
T=3 0
T=4 0

EE 5323 - VLSI Design |
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y Y
C; ¢,

<—FA <«<——FA
v v
SZ S1
0 0 0 0
0 1 0 1
0 1 1] o
10 10
10 10
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4-bit example

s 1 O I o |

— |wnfeo|t -

{Unsigned)
sum [] L] ]

s ) O s s i |

[ W el B - O

Lo ||

A
. T -B— Carry
F fullAdder Sam
A J
------------ -El— Carry
F fullAdder Sum
______________ A J
--------------- -El— Carry
F full Adder Sum
A | halfAdder Carry
B Sum

........................................

........................................



4-bit adder layout

L] =
w0 & =i




One-Bit Full Adder: Share Logic

C..A B |Sum Cout
e An observation 00 0 < 0 g
sum = NOT c’arry 00 1 1 0
O 1 Of 1 0
includes 111 0O 1 1] O 1

‘o Y o

Sum =A.B.Cin +
(A+B+Cin).

; m

excludes 000

—_— O O
—_—0 = O
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One-Bit Full Adder: Transistor Implementation

Cout=AB + C.(A+B) Sum =A.B.C + (A+B+C).Cout
%
. 1 e | C [ B[ A~ A
g D
A_OIE Cout Pc Sum
c— A ¥ c
A= JFs s . ~8

- AL BHL _EI—C A

— Use inverters to get Cout and Sum

— C transistors close to output

— Cout delay: 2 inverting stages ( )

— Sum delay: 3 inverting stages (not an issue, though)

EE 5323 - VLSI Design | - ©
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Inversion Property

S(4,B,C;) = S(4,B,C))

CO(A,B, Cz') = Co(A’B’Ci)

From Rabaey
22



Critical Path

* Reducing Inverting Stages

Even Cell Odd Cell

Ay B

— Exploit inversion property

— Now we need 2 different type of cells

From Rabaey 23



