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Goals

* Build and adding machine



Goals

Gates

' { MOUSER S

ELECTRONICS. Part # / Keyword

Products ~ Manufacturers  Services & Tools  Technical Resources  Help

All Products > Semiconductors > Logic ICs > Logic Gates > Texas Instruments CD40

CD4085BE

i3 TEXAS Mouser #: 595-CD4085BE
INSTRUMENTS

Mfr. #: CD4085BE

Mfr.: Texas Instruments

Customer #:

Customer #

Description: Logic Gates AND/OR Invert Gate

Datasheet: PJ CD4085BE Datasheet

ECAD Model: r@‘ l"”.1 PCB Symbol, Footprint

@, Enlarge By pededy & 3D Model

Images are for reference Download the free Library Loader to convert this file for
only your ECAD Tool. Learn more about ECAD Model.

See Product
Specifications

flwle]+

Compare Product Add To Project | Add Notes




Gates on a bread board




Goals

* Build and adding machine
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How do computers
add numbers?




We need to be able to represent numbers In binary



Skills

By end of this lecture

e Convert Hex decimal to base 10
 Convert Binary to Base 10

. 0xd02
+ 110101

e Add hexicamal numbers
 Add In binary

 Represent Negative Numbers in binary



Place-value numbers

Base-10 “Decimal”

¢ 314109

10° 104 10° 102 10! 100

3 1 3 1 0 9

3x 100 +1x104+4 x103+1x102+9 x 100 =314109



Place-value numbers
Base-2 “binary”

+ 110101

29 24 23 922 921 20

1 1 0 1 0 1

20 +24+0x23+22+0x 2" +20=53
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Skill Check

 What is the decimal value of the following binary number




Math in Binary

It is possible to add, subtract and divide In binary

1 11 11 1 11 1 11
1011 1011 1011 1011 1011 1011

+ 1001 + 1001 + 1001 + 1001 + 1001 + 1001

100 0100 10100




Place-value numbers

Base-2 “binary” Binary Decimal Hex
0000
0001 |
0010
0011 |
0100 |
0101 |
0110
0111
dx 162 +0 x 161 + 2 x 169 = 3330 1000 |
1001 |
1010 |
1011
1100
1101
1110 |
1111

» d021s 0x0d02 162 161 160
d 0 2

d 0 2

1101 0000 0010

RISl NoOOAWNIR O
MMOOO IO XT Oo~NOOODAWN O

Bytes or Octets {00, 01, 02, ... fd, fe, ff}.



Hexadecimal Binary |Decimal| Hex

Skill Check 0000
0001
0010
« What is OXBAD in decimal and binary 0011

0100

0101
0110

0111
1000
1001
1010
1011
1100
1101
1110
1111

RISl NoOOAWNIR O
TMIMOOO T O Oo~NOODOODMNWN O



Math with Hexidecimal Eiiary [Decinal]  Hex

add, subtract, divide and multiple 888?

0010
0011
0100

1 1 1 1 1 1 1
d@b2 d@b2 d@b?2 d@b2 d@b2 d@b?2
+ 300f + 300f + 300f + 300f + 300f + 300f

0101
0110

0111
1000
1001
1010
1011
1100
1101
1110
1111

Ocl 00cl 100c1l

RISl NoOOAWNIR O
TMIMOOO T O Oo~NOODOODMNWN O



Skill Check

Binary Decimal Hex

Hexidecimal. 0000
0001
0010
e What is Oxbad + Oxb0Ob - 0011

0100

0101
0110

0111
1000
1001
1010
1011
1100
1101
1110
1111

RISl NoOOAWNIR O
TMIMOOO T O Oo~NOODOODMNWN O



Base-2 logs and exponents

Value base-10 Short form Pronounced
1024 Ki Kilo

1,048,576 Mi Mega

1,073,741.,824 Gi Giga
1,099,511,627,776 Ti Tera
1,125,899,906,842,624 | Peta
1,152,921,504,606,846,976 | Exa

Value Split Written
27 o/ 520 128M
23 23 20 8
39 29 530 512G




9(64G) = Ig(2° 239) = |g(23°) = 36

base-10 Short form Pronounced

210 1024 Ki Kilo
220 1,048,576 Mi Mega
230 1,073,741,824 Gi Giga
240 1,099,511,627,776 Ti Tera
250 1,125,899,906,842,624 Pi Peta

1,152,921,504,606,846,976 El EXxa

Value Split Written
27 o/ 520 128M
23 23 20 8
39 29 530 512G




Exercise — Fill in the rest of

Value base-10 Short form Pronounced Exponent Written As
510 1024 Ki Kilo 17 128K

520 1,048,576 Mi Mega g :

230 1,073,741.,824 Gi Giga 11

240 1,099,511,627,776 Ti Tera 256M

550 1,125,899,906,842,624 Pi Peta ;gG

260 1,152,921,504,606,846,976 El EXxa

Value Split Written
227 27 220 128M

23 23 20 8
239 29 230 512G



8, 256@, 2K, 28, 34, 5¢°

Exercise — Fill in the rest of

Value base-10 Short form Pronounced Exponent Written As
510 1024 Ki Kilo 17 128K

520 1,048,576 Mi Mega g :

230 1,073,741.,824 Gi Giga 11

240 1,099,511,627,776 Ti Tera 256M

550 1,125,899,906,842,624 Pi Peta ;gG

260 1,152,921,504,606,846,976 El EXxa

Value Split Written
227 27 220 128M

23 23 20 8
239 29 230 512G



What about negative numbers

Two’s Complement, Biased, Sign Bit



Two’s Complement

1111 U 0001










Exercise — Fill in the rest of the following table. Assume you are
using 6-bit numbers. Answers are in footnotes.

Decimal Two’'s-C Biassed
5 000101 100100
-5 111011 011010

11 6 7
—1 8 9
10 110011 1
12 011111 13
14 15 101111

16 1/ 010000




001011«

Exercise — Fill in the rest of the following table. Assume you are 101010

using 6-bit numbers. Answers are in footnotes. 111111 .
Decimal Two’s-C Biassed .
5 000101 100100 011110
5 111011 011010 -13¢€°

1 : 7 010010¢°
—1 3 9 31

S Ll : 111110
2 011111 13 16

T 010000+
—15°

110001 €




