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(Field Programmable Gate Array) FPGA
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FPGA (5,40l p B asly o b (>hb w0
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Quartus l;éle 5 b >l g oliil e

FPGA 89y JL...:uo 6L°’)LM 6‘93‘ Sl g Lg)‘LwooLg “59-\}.’4: .

al,l" x4 FPGA & le sinn s aby BB Jlusus roize o jloe wax s LFPGA

LB sthie Seb SUL olawy 5l as adly O 5l cal Ojle oS o pis ool job 4 LFPGA
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ALTERA cs 5 DE2_115 s

Silwtiges Glp Jlows! Il o as,e ALTERA DE2 anwgs 5 bjgel 0,9 ad,e 5 b 5l Gon
Cawlrools (o5lwaSiis g 0,50 bow e slaoje> 0 FPGA slapz b aid iy

2l snas bl (ol ol ea 4 casdl ) CAD sla Il ol e 4 0,0 cpl (>lib jo aid) IS4 (5 9ls
Lol Colesys a5l (glos i SUlSLl glyls 0,9 ulaS oo b (g9, 4 Olegoge 5| awg aials
b e sl 8,9 ol Sl o Jlos] aelSiils Sig xS sla,lgil pU jo  ij9el slos S (sl
St ALTERA 5 1 cnl caslio 38 iz sduorn sbpivnw ohb b it Olegoge o
las 4 lgi oo ALTERA 5,5 lawgs oabadl)l o)lge 51wl 00g0i o213 DE2 5,45 sl 285 Lo
Dged 0 Ll ool g i sloges g FPGA Jlgsl ol sly il o3 g jaalogs

ol y lizee slaosgn sl U cwsl aid 3 Jlas o oIS 6l |y (goaxie SUISI ALTERA DE2 o,
Gloas aislis slaosgn o ool oolaiwl o ldl L U oot ol slaisSay 0,90 Olakad 05,5 o 0,9
Ol oled b el aales 0B 1, bgiils o o)) ,5 DE2 6 il .ol aslice wiloauws ) 0gul ooy 4 a5

oled Sy pera |y Seio eign (b 0 g0 )8

15l oo 1) 7% 4 ALTERA DE2 5,50 sodidrsd sboliilecen o clakd

1 _Altera Cyclones II 2C35 FPGA device 2 Altera Serial Configuration device EPCS64
3 USB Blaster for programming 4 2MB SRAM

5_Two 64MB SDRAM 6_8MB Flash memory

7_SD Card socket 8 4 Push-buttons

9 18 Slide switches 10 18 Red user LEDs

11 9 Green user LEDs 12 50MHz oscillator for clock sources

13 24-bit CD-quality audio CODEC 14 VGA DAC with VGA-out connector
15 TV Decoder and TV-in connector 16 2 Gigabit Ethernet PHY with RJ45

17 _USB Host/Slave Controller 18 RS-232 transceiver and 9-pin connector
19 16x2 LCD module 20 PS/2 mouse/keyboard connector

21 2 SMA connectors for external clock 22 21 IR Receiver

23 One 40-pin Expansion Header 24 One High Speed Mezzanine Card
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Audio TV Decoder s
CODEC (NTSC/PAL) 28MHz Oscillator

Ethernet Ethernet
VGA 10/100/1000M  10/100/1000M  RS-232

USB Uss USB  Mic Line Line |Video Out Port 0
Blaster Port  Device Host In In  Qut In

Port 1 Port

12V DC Power ¥ =P P52 Port
Nddey o wattamren
Triple 8-bit VGA DAC

Supply Connector
LA ‘ Gigabit Ethernet PHY
LUOULLE L'(.LLL'

4

Power - .
ON/OFF Switch _ )
HReRany RSmss

Altera USB Blaster i 2 : i
Controller chipset 3 1 e T : ,

s b ' 1 Expansion Header (J15)

| (with Protection Diodes)

-
B
Iy

USB Host/Slave

Controller
HSMC Connector

Altera EPCS64

Configuration Device
Altera 60-nm Cyclone |V E

; A with 115K LE
LCD 16x2 Module L | FPGA with 115K LEs
-llullullllullllIIHIwf
- |
LU L L R Y
5 - b 50MHz Oscillator
SMA Ext Clock Out

7-segment Displays i I ] : 4
| e I

e | Y J ek HP_“_ SMA Ext Clock In
AA.AAWWM.‘:;;H e

Mode Switch

2MB 8VB 4 Push-buttons 8 Green LEDs
SDRAM %2 SRAM FLASH

18 Slide Switches 64MB
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S g S 1) iS50 FPGA

usB usB S C INE LINE ; VGA
BLASTER @ DEVICE OST ! oL JECODER OUTPUT

EXTEND
10
'y Iy

HSMC
x4 X7

X82

L4448 %
[ 8 .
8 .5
N

X
T

'3 GPIO

4
pe:
&
.

b
9

N SD Card
Socket

x

SDRAM X57

A A
1

| - — EXT CLK J
S — 5
ISRAM X41 I Flash
I 1 X37 :
CLKOUT i
[ AN on - :
SDRAM1 CLOCK X3

7-segment displays X56 Push-butions X4

I
B

e
e >
R

LED X27

‘ ‘ - Adjustable Voltage Signal



\JL@& 6‘“‘7’ SVWOW ali.’;.,gLaﬂ aL?w (o oKl \ \u...aLa)]

w230 e S o 5l i Sldi 4 aslsl o

1 FPGA device 2_FPGA configuration

¢ 33,216 LEs ¢ JTAG and AS mode configuration

¢ 105 M4K RAM blocks e EPCS64 serial configuration device
e 483,840 total RAM bits e On-board Usb Blaster

e FineLine BGA 672-pin package

3_Memory devices 4 _Switches and indicators

e 128MB (32Mx32bit) SDRAM e 18 slide switches and 4 push-buttons
¢ 2MB (1Mx16) SRAM e 18 red and 9 green LEDs

e SMB (4Mx16) Flash with 8-bit mode e Eight 7-segment displays
e 32Kb EEPROM

5 Clock 6_Audio

e Three 50MHz oscillator clock inputs e 24-bit encoder/decoder (CODEC)
e SMA connectors e Line-in, line-out, and microphone
7_SD Card socket 8 Display

e Provides SPI and 4-bit SD mode for SD e 16x2 LCD module

9 Connectors

e Two Ethernet 10/100/1000 Mbps ports

¢ High Speed Mezzanine Card (HSMC)

e Configurable 1/0O standards (voltage levels:3.3/2.5/1.8/1.5V)
e USB type Aand B

e 40-pin expansion port

¢ VVGA-out connector

e DB9 serial connector for RS-232 port with flow control

e PS/2 mouse/keyboard
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File Edit View Project Assignments Processing Tools Window Help I

IEEEIEIEE YR O+ €2&|0|> v » 00|k e alo|]
Project Mavigator . x

Entity

Compilation Hieranchy

"Hierarc:hyl Filesl & Design Unitsl

Tasks
Flow: ICompiIation

Task [
B b Compile Design

i
Col
B B+ Analysis & Synthesis ® View Quartus Il
i I>_Fitter (Flacs & Route) Information
B = Assembler (Generate programming files)
; = _I" . ® Documentation

*| Type |Hessage I

3

Syslem;\" Processing ,}\ Extra Info ,}\ Info ,}\ Warning ,}\ Critical " arming ,}\ Error ,}\ Suppressed ,}\ Flag f
IMessage: ﬁl il ILocation: j Locate |
|E#I"ﬁ | Idle NUM 4

Messages

yolaio oyl Lgl).;.oﬂf(sa o)yWizard S5 g 158l £y o) e o 059y S N

S bl |, File>New Project Wizard
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Edit View Project Assignments Processing Tools Window Help

Bl g A sewe|0[> 7 [s0|x[e[®|a]0
[= Open... Ctrl+ 0 . =
LClose Ctrl+F4
= Open Project... Ctrl+)
Convert MAX+PLUST Project...
Sawve Project
Close Project
(=] Save Crl+5
Save As...

Sawve Current Report Section As...

File Properties...

Create [ Update
Export...

Convert Programming Files...

@ View Quartus [l
Information

ramming files)

W Page Setup...
@ Print Preview
& print... Ctrl=p

® Documentation

Recent Files

Recent Projects

Exit Alt+F4

1
é}\Syslem ,l{ Frocessing )\ Ewtra Info ,}\ Infa ,}\ W arning )\ Critical "W arming )\ Error )\ Suppressed ,}\ Flag f

;ﬁlMessage: ﬁl il ILocation:

LI Locate |

Starts the Mew Project Wizard

[ [eems®[ W [ [NM[ 4

Dgd oo obles pj JSo asiles slo iy New Project Wizard a3 ol 5l o



\JL@& Lgl.as (i) cl.iﬁ.‘..a“Laﬂ bL?;.w w oKl \Y&L@ﬂ

-
MNew Project Wizard: Introduction lél

The Hew Project “Wizard helps vou create a new project and preliminary project settings. including the

Followsing:

- Froject name and directony

- Fame of the top-lewvel deszign entity
- Fraoject files and libraries

- T arget device family and device
- EDu bool =ettings

“'ou can change the zettings for an exizting project and zpecify additional project-wide settings with
the Settings command [Aesignments menul. “ou can use the various pages of the Setting: dialag box
to add functionality to the project.

I Dorn't show me this introduction again

MNexd = | Cancel |

Sl bled o,z b oS SIS, Next anS
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MNew Project Wizard: Directory, Mame, Top-Level Entity [page 1 of 5]

wihat iz the working directary for thiz project?
||::"-.L| zergmohzenhDeskiophMew folder

wihat iz the name of this project’?

||:ES|:

oy

‘what iz the name of the top-level design entity for thiz project? This name iz case sensitive and must
exactly match the entity name in the design file.

|test

Uze Existing Project Settings ...

< Back | Mext = | Finish | Cancel |

[ -

al> o a0 g 005 |, NEXE a5 aslol jo .00 nK Sl 10 095 059 4 bgs o Slellbsl 0 053 (6l S oo g b

9y S

(39 o0 48,5 L5 1o LS, TOP Level Jgsb b g 059, pb Ugors)

plwl sl 1y Jee ol Coond ol 5o WIZAID il ails o929 g0 0 00,5 adlal gl LB S|
.\u:\bfmsoo;&lfl) Next f"")‘“b 0)9).» AJOQ; a8l 6‘)4 (51)[5 )f‘ O yg0 u.").».c)d WRS o0

‘w29 ?
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Mew Project Wizard: Add Files [page 2 of 5] |— 25 -
ge 2

Select the deszign files pou want to include in the praject. Click Add All ko add all dezign files ik the
project directory to the project. Note: pou can alwavs add design files to the project later.

Fil= namme: I| I Add

File name IT*_,.-'pe | Librany | Design entry sy ... | HDL wersion Add Al

Femowve
Froperties
Up

Drover

i

| 1] | 3

Specify the path names of any non-default libraries. U=zer Libraries... I

< Back Mesd = Finish Cancel | [0

J3 5l asl s oS Gl 1) 0gh oy ] (59, e ok Conl 184S ladl s ggi (gom oy o

New Project Wizard: Family & Dewvice Settings [page 3 of 5] u
—————

Select the family and device pou want ta target for compilation.

— Drevice family — Show in Ay ailable device' list
Farmily: IEZ_I,IcIDne 1l vI Fackage: Ay -
Devices: I.ﬁ.ll vI Firn count: ETZ2 -
— Target device Speed grade: I E j'
7 Auto device selected by the Fitker W Show adwvanced devices
" Specific device selected in Wyvailable devices' list I HardCopy compatible only
1 Awailable devices
Mame I Core w... I LE = I Uszer |/ | bd emor. . I Embed... I FLL I !
[ 4 0 4 L]
EFZCE0FEY2ZCE 1.2 s0528 450 534432 172 4
EFZCFOFEY2CE 1.2 EB416 422 1152000 300 4 I
N
1 ]
« | [0 3

— Companion device
HardCapy: I - I
I Limit DSP & Bakd to HardCopy device resource

< Back Mexd = Finish | Cancel | |1
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F
New Project Wizard: EDA Tool Settings [page 4 of 5] R
e ——————

Specify the ather EDA toalz - in addition to the Quartusz || software -- used with the project.

— Dezign E nt/Synthesiz

Tool name:

Farrnat: I j

™ Fun this tool automatically to synthesize the curent design

— Simulation
Tool name: I <Mone: ﬂ

Farrnat: I ﬂ

™ Fun gate-level simulation automatically after compilation

— Timing Analysis
| Taal name: I <Maone: j
| Faormat: I j |

™ Rur this tool automatically after compilation

< Back MNeat = Finizh Cancel |

gdise all oy S 3 wign lp ead plol lenlas jl (slaslls aslsl )

E
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Mew Project Wizard: Summary [page 5 of 5]

Yw'hen you click Finigh, the project will be created with the following zettings:

Project directony:

C:/Uzerz/mohzen/Deskiop/MNew folder/

Froject name:
Top-level design entity:
Murmber of files added:
Murnber of user libraries added:
Device assignments:
Farmily narme:
Device:
EDA tools;
Design entrydsunthesis:
Simulation:
Timing analysis:
Operating conditions:

Core voltage:

Junction temperature range:

tesk
test
1]
1]

Cyclone |1
EP2CISFET2CE

<Mones
<Mones

<Mones

1.2¢
0-85°C

< Back

| Finish | Cancel

D9 ol Ja3s g0 039, b oS SIS |, Finish
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5 FileDNew jglaie ol sl po ls QUArUS 1380 65 Sleds Lo a0 5L Sleds b (6l
a5 OK 5 ol 1, Block Diagram/Schematic File a5

rNew ﬁq

i~ SOPC Builder Spstem -

=F Dezign Files
- BHOL File
B Block Diagram/Schematic File
- EDIF File
- State Machine File
- Supztermiverilog HDOL File
- Tel Script File
- Werlog HDL File
- WHDL File
- Mermorny Files

Hexadecimal [Intel-Farmat] File

termory [nitialization File
= Yernfication/Debugging Files
- In-Spztem Sources and Probes File
- Logic Analyzer Interface File
- SignalTap Il Logic Analyzer File
- Wechor Waveform File
=]~ Other Files

- BHDL [hclude File

- Block Symbol File
- Chain Dezcription File
- Synopsys Design Constraintz File

- Teut File
ak I Cancel |

[
L)

m

e

e e 3b I3l e Sless b lxe Block Diagram/Schematic File a5 ol 5 am

2 Block1_bdf ]

B3 SRS NS S S S S ES S S S S EEE S S SR SRR SRR SRR I
b AD |
[ e B S S RS LS R RS SR SRS SRR SRS ERE SR SRR EES
LB o
@ @ il

OO
Ny i
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b L1y o3 7)b 5 asp |, File>Save Project au;s Ll 0,5 o533 slp (>lhb 5l aw del jo

- - .
@ Quartus I - C/Users/mohsen/Desktop/MNew folder/te

@[ File | Edit View Project Assignments Proces

O Mew... Ctrl+M

C

;jmj = Open... Ctrl+ O
E Close Ctrl+F4

ﬁ @ Mew Project Wizard...
= Open Project... Ctrl+J
Convert MAX+PLUST Project...

Close Project

Sawve Project

ﬁ n Save Ctrl+5S

Tasl Save As...

Flow Save Current Report Section As...

E: Eile Properties...

Create / Update
Export...

Convert Programming Files...

L Page Setup...
= [ [ 2L Print Preview
' 11 &E Print... Ctrl+P

Recent Files

Recent Projects

e e gy

JQ d

e
L

test_bd

ey
-1

A
1 1
_I?ﬂ

(8]

|
F#

Exit Alt+F4
% Spstem [, Processing  Exbralnfo J Info J “wamir
E fMessage: tl kl ILcn:atiDn:

Saves all open files and the current project's settings and i

A8 Save olgsds
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There are 27 user-controllable LEDs on the DE2-115 board. Eighteen red LEDs are situated above
the 18 Slide switches, and eight green LEDs are found above the push-button switches (the 9th
green LED is in the middle of the 7-segment displays). Each LED is driven directly by a pin on the
Cyclone IV E FPGA: driving its associated pin to a high logic level turns the LED on. and driving
the pin low turns it off. Figure 4-9 shows the connections between LEDs and Cyclone IV E FPGA.

Lok LEDRO 86 | LEDGo LEDGO
queon W teons g 00 \\ LR A2

LEDR1 LEDR1 R
F19 £2y LEDG! LEDGA
e \N\/_LEDR2 E19 | | Leoc2 LEDG2
NI LEDR LEDR3 = £25 ‘_\/\/V—’IZL
WV F21 il Bofl LLEDG3 )\’ LEDGS ',_.:
® ®
. 1oy LEDG LEDG4
'_\5| | EDR14 ,° 1 clI ~ @nr LEDG5 LEDG5 |::
e = e i - LEDGS LEDG6
AN (LEORTS LEDR15 |EDG6
G15 G22 ——-—-\/\A r—_? }ZL
LEDR16 LEDR16 | oo Gpq LEDGT WV LEDG?
l VVV LEDGS LEDG8
LEDR17 LEDR17
I‘ \/V\/‘——“—' H15 F17 \/\/\, ’F’A

Figure 4-9 Connections between the LEDs and Cyclone IV E FPGA

Jol5 ouisS zo> VHDL o5 askas

library IEEE;
use IEEE.STD LOGIC 1164.ALL,;
Entity full_adder_vhdl_code is
Port (A :in STD_LOGIC;

B :in STD_LOGIC;

Cin :in STD_LOGIC;

S :out STD_LOGIC;

Cout: out STD_LOGIC);
End full_adder_vhdl_code;
Architecture gate_level of full_adder_vhdl_code is
begin
S <= A XOR B XOR Cin;
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Cout <= ((A Xor B) AND Cin) OR (A AND B) ;
End gate_level;

LEDR[0] PIN_AE23 LED Red|0]
LEDR[1] PIN_AF23 LED Red|[1]
LEDR[Z] PIN_AB21 LED Red([2]
LEDR[3] PIN_AC22 LED Red([3]
LEDR[4] PIN_AD22 LED Red|4]
LEDR[S] PIN_AD23 LED Red]5]
LEDR[6] PIN_AD21 LED Red]6]
LEDR[T] PIN_AC21 LED Red[T]
LEDR[8] PIN_AA14 LED Red]8]
LEDR[9] PIN_Y13 LED Red([9]
LEDR[10] PIN_AA13 LED Red[10]
LEDR[11] PIN_AC14 LED Red[11]
LEDR[12] PIN_AD15 LED Red[12]
LEDR[13] PIN_AE15 LED Red[13]
LEDR[14] PIN_AF13 LED Red[14]
LEDR[15] PIN_AE13 LED Red[15]
LEDR[16] PIN_AE12 LED Red[18]
LEDR[17] PIN_AD12 LED Red[17]
LEDG[0] PIN_AE22 LED Green(0]
LEDG[1] PIN_AF22 LED Green(1]
LEDG[Z] PIN_W18 LED Green(2]
LEDG[3] PIN_V18 LED Green(3]
LEDG[4] PIN_U18 LED Green(4]
LEDGIS] PIN_U1T LED Green(5]
LEDG[S] PIN_AAZD LED Green(6]
LEDG[7] PIN_Y18 LED Green(T]
LEDGIS] PIN_Y12 LED Green(8]
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Figure 4-8 Connections between the slide switches and Cyclone IV E FPGA



Vs sl et olKtylos]

Sl grio oRiils

wu:,iuj

SWIo) PIN_N25 Toggle Switch[0]
SWI[1] PIN_N26 Toggle Switch[1]
sSWI2) PIN_P25 Toggle Switch[2]
SWI3] PIN_AE14 Toggle Switch([3]
SWi4] PIN_AF14 Toggle Switch[4]
SWIs] PIN_AD13 Toggle Switch([5]
SWIs] PIN_AC13 Toggle Switch([B]
SWIT] PIN_C13 Toggle Switch([7)
SWI[8] PIN_B13 Toggle Switch[8]
SWI9] PIN_A13 Toggle Switch[9]
SW([10] PIMN_MN1 Toggle Switch[10]
SW([11] PIN_P1 Toggle Switch[11]
SWI[12) PIN_P2 Toggle Switch[12]
SW([13] PIN_TT Toggle Switch[13]
SW[14] PIN_U3 Toggle Switch[14]
SWI[15] PIN_U4 Toggle Switch[15]
SW(16] PIN_\1 Toggle Switch[16]
SWI[17] PIN_W2 Toggle Switch[17]
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Ve b i oLf.‘iL)“Lo)i Sl grio oRiils \Y&L@ji

MNew g
i SOPC Builder System -
=- Dezign Files
i MHDL File b
- Block Diagram/sS chematic File
-EDIF File

- State kMachine File

- Spztemtyerilog HDL File

- Tel Script File

-werilog HDL File

e %HDL File

=1~ Memony Files

Hexadecimal [Intel-Format] File
Lo Mermary |nitialization Fils

=1 Werification/Debugging Files

- In-Spstem Sources and Probes File
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- Block Swymbol File
-~ Chain Dezcription File
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- Text File

| ok | Cancel | J.

g oo b zee JKb 4 b e o, Vector Waveform File 5 ol 5l o
1A] Quartus I - C:/Users/mohsen/Desktop/Quartus/test - test - [Wavef... (5ol |

File Edit Wiew Project Toeols Window
tMaster Time 20,25 nsJ_-I F'Dinll B22nz Inten }1 2.05 ns St-l E||
o Value at £ 1{”'] ns
- Name 20.25ns
:
i 3

.
m

50 3| B B

ERGEEN AR
3 @ & e

= &

oo
5]
.

(k-]

—

"

For Help, press F1

Slae S a5 i p oS obxil p; S asiles |, Edit->Insert Node or Bus a3 e
st o5 1) (aoszse 10 by (29,3 59955 S b b i 5 00,5 il |y Sk o 5lis,ge

BV (TIPS T S 4 Iy acws gjlwdcds jo o jga>



\JL.,ou“o &5L‘b f""“"*"“’ oli«.ol.cﬂ

Sl grio oRiils

\Y&L@ji

'@ File |E—::|'rt View Project Assignments Processing  Tools  Winde

|

=

Project Ma
Entity
Cye

-
Hiera

3 Undo Ctl+Z | cu “test
4 Redo Ctrl+Y <
@ gate.bc

& Cut Ctrl+¥ || LCRegisters |Men —

Copy Ctrl+C @ |
. , | -

X Delete Del w5 Q
Select L — B
Find and Replace » Tan an

# ?-ﬁB

—+ GoTo.. Ctrl+3 —

I %

Insert Node or Bus...

Value L Insert Waveform Divider
Grouping » Insert Copied Modes
Time Bar 4 Insert Waveform Interval...
ToE T
End Time...
6rid Size =l
rid Size... —L, V3 YR
£ sor,. -
Group and Bus Bit Order * Time & E 24
] i
5 Propert
e 00:0001

Dgd o b p JSE slen o, INSErt Node or BUs 4w 35 Gl 5l o

F

Insert Node or Bus

=)

M ame:;

Tuope:

R adix:
Buz width;

Start indesx: a

ak.

| INPUT

j Cancel

Walle type: I 3-Level

j Mode Finder...

I Binar

=]

j—y

™ Dizplay gray code count as binary count

'S

Awles eolizwl NOde Finder 5 cul e Ll acwsgo NamMe isw (o 1) oo pb sl oo Coond ol 5o
Dgd ol 5y S asiled gamio b usS SIS Node Finder a3 o,

(5



Y Jbesus b piaaews olii;iLc)'T Sl grio oRiils \Y&L@ji

Node Finder u

Mamed: I" j Filter: IPins; all j Cuztarnize... | List | C% ]S I
Laak in: jJ ¥ Include subentities Stop | Cancel |
Modes Found: Selected Nodes:
M ame | Agzsignmentz | 1 M ame | Agzsignmentz | 1
B> |gatela Unassigned |
B |gatelb Unaszigned |
> |gatelc Unassigned |
4 |gateln Unassigned |
]
>y |
<
<4 |
1 1 | 3 4 ] | 3
27|

[

L5 b s S LSt an5 g, addsl 45 s Sl 1, Pind:all ass Filter cus 5 luz
5 (63959 e 23 Linles L sl NoOdes Found cad o ) 7k 4 by e sla 9,5 5 63959
Jsis asiles Selected NOdES cund a0 b oS SIS > culle g, g aobl | Jais g0 (slo 9,5

g sl U
Pl wilen [0 (Slerlatd il go Cuand (nl 50 45 090 lled 5 JS OK aiy 38 (05 L aelal o

dled cpame |y o 9,5 9 (509,9 RAdIX

Insert Mode or Bus u

M arne: I““Multiple [terns™ 0K |
Type: I““Multiple [berns™ ;I Cancel |

Walue type: IS-LE\"E| ;I | Mode Finder. .. I
F adix: I Binary ;I
BEusz width: I-I

Start index: I':I

[ Dizplay gray code count as binary count




Voo b piaw oLi&..gLa)'] Sloew  gaio oRiils \Y’&bﬂ

455 yled 0gd oyl 55 IS aslsl jo oS Gl 1) OK a5 olgsds g abgs yo lesdais plosl 5l o
s ey slagse S8 Ll wlead (Ll (295 9 0955 slalSew pled 9S00 cualiv &S

Dg oo Ao Golwdands > 50 ol laie stugp 03,55 yguld & q0ds

'@ Quartus I - C:/Users/mohsen/Desktop/Quartus/test - test - [Waveform Lwwt*] l = =1 g
File Edit WView Project Tools Window
@ taster Time Bar: 2025 n= 4| v| Pointer: 22.45 n= Interval: 2.2ns Stark: End:
kA e | vauoa | P2 i e
2025 ns LSS
= -J
w0 a B O
1 b B O
A
¢ 25 (2 c BO
=¥ 3 o = e Pt
8% 24
« C < [l »
For Help, press F1 MURA

sy 955 (S3lkend gy 30 & Wlgiise sab b e agled 0,055 e3ay Adgy 55 1y hlb adlsl 5o
50 ,8kes slwtnd (T o oad €85 5o Jlasi) 136 e s Jlenl GBS Sl e ool
25 Gloj 3lurd ol 4 o4 oud alone baylail 13U plos il oo 00z o5 50 hy)yd s (o0

Ceond 3l Gl a9l 2t sl iliee 69, 5es (iluand Cwnd (pl o Lo Ban 39 o

Swled ol 1, Simulator Tool a8 5 s wwsles Processing

Processing Tococls Windowe Helgz
Stop Processing Ctrl+5hift+C
_." Start Compilation CErl+L

Analyze Current Eile
Start Lg
Update PMemorny Initialization File

@ Cormpilaticon RBeport Ctri+-R

Start Compilation and Simulaticon Ctrl+ Shift+ K
Generate Functional Simulation Metlist

P Start Simmulation Ctrl+1I
Simulation Debug L4
<=t Simulation Report Ctri+Shift+ R

Compiler Tool

Y| Simulator Tool

E2 Classic Timing Analyzer Tool
] Pl PowerPlay Power Analyzer Tool
YOS5 Analyzer Tool



Ve b i oLf.‘iL)“Lo)i Sl grio oRiils \Y&L@ji

Dgd oo ol 3 5o silea IS Simulator Tool a3 ol 5l o

£ Simulator Tool =0 Eh|F>
Simulation mode: IFunctiu:unaI LI Generate Functional Simulation Metlist |
Sirnulation input; ItESt-‘\"'-"Jf | Add Multiple Files... |

— Simulation period

' Bun simulation until all vector stimuli are used

" End simulation at: I'I aa Ins ;I

— Simulation options
v Autornatically add pins to sirmulation output wavveforms

[ Check outputs W aveform Comparizon Settings...l

[T Setup and hold time violation detection

[T Glitch detection:  [1.0 Ins LI

[ Owenarite sirnulation input file with simulation resulks

[7 Generate Signal &ctivity File: I

=
]

[7 Generate YCD File: I

2
00:00:00

1...—1 Start | @ Stop | @- Open | “E‘E Repart |

Generate Functional 4. ;5 5 ol |, Functional 4. ;3 Simulation Mode cos o
Save .aes Jaie 539,5 o UK 4 5 0SS OPEN (55, 1 L 05 sl L,SImulation

Slp wlgi oo oz (g 5 (o5 Cadbge b pladl 5l g g 08 SIS ST 435 (55, 2 s 5 05
255 ST REPOTT 43S (55, 2 (29,5 oo



\JL@& 6[.&: SVWOW aLii’.,{Laﬂ bL?;.w w oKl \V&Laﬂ

L\5 M aster Time Bar; R125ng MPuinter: 1.0ns Interval 413ns Start:
A Ve a 0ps TD.I[}'ns ED.IDns ED.!]'ns 4D.I[i'ns 5D.I[i'ns ED.IE'ns ?D.I[}'ns BD.IDns ED.!}ns TDE'iE'ns 11Di[l'ns 12|]'i
% Name | 513p5 ||51%ms
i
o I O e s s A e A e I
1 b A L] |
i 2 c AT |
o 23 0 At | [ ] ] |
b
_..
oa.
g
!

Altera uS).mDEZ o)g‘_.;”ﬁd.olsﬁoo;f)fgﬂogzi

DE2 5, (55, s5lwooly cuand ()0 sl (ol s 5 (hlore s e ez 5 ol gas18 (g5luonly
iy Quartus ;s ALTERA s ,i 5l ol FPGA o s5,40bp sl colie aig, Lol 09 oo ploxl
02310 o0 o) o G 1l )0 aS Culoas

Slgs oo oums s DE2 o aafie olfiws a0 (08 i <l 5l 1) duate olKiws gl IS slol o
Gk 3l oS e al>pe ol G ST L g wms plal o35 iy pley il o 1, 8
Cyclone eolgls cond [0 oymiy cpl 10 gy ) S5 alie sla o, 4 AsSignment>Device
Ay |y a9 oS ol |) EP2C35F672C6 olXiws g4 sl ol



Y boms sl s oli..;';ﬁLo)'T Sl sixis oRiils \Y&L@ji

Select the family and device you want to target for compilation.
You can instal additonal device suppart with the Instal Devices command on the Tools menu.

Device family Show in "Available devices' st
Family: [Cydone 11 v|  Package:  |Any
Devices: | Al - | Pin count: [Arry
Speed grade: |Any
Name filter:

Target device

() Auto device selected by the Fitter

@ Spedfic device selected in "Available devices' kst
Other: nfa

[] Show advanced devices HardCopy compatible only =]

IDevice and Pin Options. ..

Available devices:

Hame Core Voltage LEs User 1/0s Memory Bits Embedded multiplier 9-bit elements <
EP2C20F48406 L2V 18752 315 239616
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EP2C20F4B84C8 L2V 18752 315 239616
EP2C20F48412 1.2V 18752 315 23916
BPX200240CE8 1.2V 18752 142 239616
EP2CISF484C6 1.2V 33216 322 4533840
EFP2CISF484CT 1.2V 33216 322 433840
EFP2C35F484CE 1.2V 33216 322 *EJE-“D
EP2C35F484l8 L2V 33216

__ 483840 I

i w LT P

‘| I | 3
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The DE2-115 Board has eight 7-segment displays. These displays are arranged into two pairs and a
group of four, behaving the intent of displaying numbers of various sizes. As indicated in the
schematic in Figure 4-10. the seven segments (common anode) are connected to pins on Cyclone
IV E FPGA. Applying a low logic level to a segment will light it up and applying a high logic level
turns it off.

Each segment in a display is identified by an index from 0 to 6, with the positions given in Figure
4-10. Table 4-4 shows the assignments of FPGA pins to the 7-segment displays.

HEX0[0]
HEXO[1]

HEX0[2] M =
0[S RYA)
®

HEXO0[3]

HEXo! Cyclone=1V

HEX0[5]

HEXO0[6]

Figure 4-10 Connections between the 7-segment display HEX0 and Cyclone IV E FPGA

omd ¥ Sislei VHDL o5 azkad

library IEEE;

use IEEE.STD_LOGIC 1164.ALL;

entity bcd_7segment is

Port ( BCDin :in STD_LOGIC_VECTOR (3 downto 0);
Seven_Segment : out STD _LOGIC_VECTOR (6 downto 0));

end bcd_7segment;

architecture Behavioral of bcd_7segment is

begin

process(BCDin)

begin

case BCDin is

when "0000" =>

Seven_Segment <= "0000001"; ---0

when "0001" =>

Seven_Segment <="1001111"; ---1

when "0010" =>

Seven_Segment <="0010010"; ---2
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when "0011" =>

Seven_Segment <="0000110"; ---3

when "0100" =>

Seven_Segment <= "1001100"; ---4

when "0101" =>

Seven_Segment <="0100100"; ---5

when "0110" =>

Seven_Segment <= "0100000"; ---6

when "0111" =>

Seven_Segment <="0001111"; ---7

when "1000" =>

Seven_Segment <= "0000000"; ---8

when "1001" =>

Seven_Segment <= "0000100"; ---9

when others =>

Seven_Segment <="1111111"; ---null

end case;
end process;
end Behavioral;



\Jl.uaua 6L‘° SVWOW oLi&..{La)'i

Sloew  gaino oSisls

\\‘&bﬂ

HEXO0[0] PIN_AF10 Seven Segment Digit 0[0]
HEXO[1] PIN_AB12 Seven Segment Digit 0[1]
HEXO0[2] PIN_AC12 Seven Segment Digit 0[2]
HEXO0[3] PIN_AD11 Seven Segment Digit 0[3]
HEXO0[4] PIN_AE11 Seven Segment Digit 0[4]
HEXO0[5] PIN_V14 Seven Segment Digit 0[5]
HEXO0[6] PIN_V13 Seven Segment Digit 0[6]
HEX1[0] PIN_V20 Seven Segment Digit 1[0]
HEX1[1] PIN_V21 Seven Segment Digit 1[1]
HEX1[2] PIN_W21 Seven Segment Digit 1[2]
HEX1[3] PIN_Y22 Seven Segment Digit 1[3]
HEX1[4] PIN_AA24 Seven Segment Digit 1[4]
HEX1[5] PIN_AA23 Seven Segment Digit 1[9]
HEX1[6] PIN_AB24 Seven Segment Digit 1[6]
HEX2[0] PIN_AB23 Seven Segment Digit 2[0]
HEX2[1] PIN_V22 Seven Segment Digit 2[1]
HEX2[2] PIN_AC25 Seven Segment Digit 2[2]
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HEX2[3] PIN_AC26 Seven Segment Digit 2[3]
HEX2[4] PIN_AB26 Seven Segment Digit 2[4]
HEX2[5] PIN_AB25 Seven Segment Digit 2[5]
HEX2[6] PIN_Y24 Seven Segment Digit 2[6]
HEX3[0] PIN_Y23 Seven Segment Digit 3[0]
HEX3[1] PIN_AA25 Seven Segment Digit 3[1]
HEX3[2] PIN_AA26 Seven Segment Digit 3[2]
HEX3[3] PIN_Y26 Seven Segment Digit 3[3]
HEX3[4] PIN_Y25 Seven Segment Digit 3[4]
HEX3[5] PIN_U22 Seven Segment Digit 3[5]
HEX3[6] PIN_W24 Seven Segment Digit 3[6]
HEX4[0] PIN_U9 Seven Segment Digit 4[0]
HEX4[1] PIN_U1 Seven Segment Digit 4[1]
HEX4[2] PIN_U2 Seven Segment Digit 4[2]
HEX4[3] PIN_T4 Seven Segment Digit 4[3]
HEX4[4] PIN_R7 Seven Segment Digit 4[4]
HEX4[5] PIN_R6 Seven Segment Digit 4[5]
HEX4[6] PIN_T3 Seven Segment Digit 4[6]
HEX5[0] PIN_T2 Seven Segment Digit 5[0]
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HEX5[1] PIN_P& Seven Segment Digit 5[1]
HEX5[2] PIN_P7 Seven Segmant Digit 5[2)
HEX5[3] PIN_T9 Seven Segment Digit 5[3]
HEX5[4] PIN_RS Seven Segmant Digit 5[4)
HEX5[5] PIN_R4 Seven Segment Digit 5[5]
HEX5(6] PIN_R3 Seven Segmant Digit 5[6)
HEXE[0] PIN_R2 Seven Segment Digit 6[0]
HEXE[1] PIN_P4 Seven Segmant Digit 6[1)
HEX&E[2] PIN_P3 Seven Segment Digit 62
HEXE[3] PIN_M2 Seven Segmant Digit 6[3)
HEX&[4] PIN_M3 Seven Segment Digit 6[4)
HEXE[5] PIN_M5 Seven Segmant Digit 6[5)
HEX&E[6] PIN_ki4 Seven Segment Digit 6[5)
HEXT[0] PIN_L3 Seven Segmant Digit 7[0]
HEXT[1] PIN_L2 Seven Segment Digit 7[1)
HEX7[2] PIN_LS Seven Segmant Digit 7[2)
HEXT[3] PIN_LG Seven Segment Digit 7[3)
HEX7[4] PIN_L7 Seven Segmaent Digit 7[4]
HEXT7[5] PIN_P9 Seven Segment Digit 7[5)
HEX7[B] PIN_NS Seven Segment Digit 7[6)
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The DE2-115 board includes one oscillator that produces 50 MHz clock signal. A clock buffer is
used to distribute 50 MHz clock signal with low jitter to FPGA. The distributing clock signals are
connected to the FPGA that are used for clocking the user logic. The board also includes two SMA
connectors which can be used to connect an external clock source to the board or to drive a clock
signal out through the SMA connector. In addition, all these clock inputs are connected to the phase
locked loops (PLL) clock mput pins of the FPGA to allow users to use these clocks as a source
clock for the PLL circuit.

The clock distribution on the DE2-115 board is shown in Figure 4-11. The associated pin
assignments for clock mputs to FPGA T/O pins are listed in Table 4-5.

CLOCK_50 AE23 PLL4_CLKOUTp| SMA-CLKOUT ]
-
50MHz ' 45
=
: CLOGK3_50 ®
Cyclone™IV
SMA_CLKIN | AH14
—_—
p CLK14
J16
Figure 4-11 Block diagram of the clock distribution

Lol g ousS slul L HZ ils 3 o 5905 S5 0 (59, 0 o0 amas D50 MHZ SUS 51 oslasal b ool
a5 0 BCD (604,5 olore a1y o0 jles g0 F (39,5 aaldl o oumas ool >hb o les SUS ab a
s Goled (e ¥ Sioled 59, 0 1y o 9 0 S
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SEMICONDUCTORT™

MM74HCO00
Quad 2-Input NAND Gate

General Description

The MM74HC00 NAND gates ulilize advanced silicon-gate
CMOS lechnology to achieve operaling speeds similar lo
LS-TTL gates with the low power consumplion of standard
CMOS integrated circuits. All gates have buffered outputs.
All devices have high noise immunity and the ability to
drive 10 LS-TTL loads. The 74HC logic family is funclion-
ally as well as pin-cul compatible with the standard 74LS
logic family. All inputs are protecled from damage due to
static discharge by intemal diode clamps to Vg and
ground.

September 1983
Revised January 2005

Features

W Typical propagation delay: 8 ns

B Wide power supply range: 2-6V

H Low quiescent cumant: 20 pA maximum (74HC Series)
8 Low input current: 1 pA maximum

| Fanoul of 10 LS-TTL loads

Ordering Code:
Order Number rackage Package Description
Number
MM74HCOOM M14A [ 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCOOMX_NL M14A  |Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC00SJ M14D |Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
MM74HCOOMTC MTC14 [14-Lead Thin Shnnk Small Oulline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCOOMTCX_NL | MTC14 5\?;'06 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm
({
MM74HCOON N14A | 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MM74HCOON_NL N14A | Pb-Free 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Pb-Froe package per JEDEC J-STD-0208.
Connection Diagram
Pin Assignments for DIP, SOIC, SOP and TSSOP
Vr B4 Al Y4 B3 A3 Y3

14 13 1 10 9 8

-

1 2 3 4 5 8 7

Al B1 Y A2 82 Y2 BGND
Top View

Dovicns ais0 avaiadia in Tape and Reo!. Spacty by appanding the suffix letter X" to the crdenng code.

Logic Diagram

[l o PR PR

@© 2005 Fairchild Semiconductor Corporation DS005292

www.fairchildsemi.com

8129 QNVN Indul-Z pend 00OHYLNW
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SEMICONDUCTOR ™

MM74HC04
Hex Inverter

General Description Features

The MM74HCO04 inverters utllize advanced silicon-gate W Typical propagation delay: 8 ns

CMOS technology to achieve operaling speeds similar 0 ® Fan out of 10 LS-TTL loads

LS-TTL gates with the low power consumption of standard . A

CMOS integrated circuits. n memm consumption: 10 pW maximum at
The MM74HCO04 is a tnple buffered inverter. It has high B Low input current: 1 pA maximum

noise immunity and the ability to drive 10 LS-TTL loads. e
The 74HC logic family is functionaily as well as pin-out
compatibie with the slandard 74LS logic family. All inputs
are protecled from damage due lo static discharge by inter-
nal diode clamps lo V¢ and ground.

Ordering Code:

Package
Order Number Newiibiae Package Description
MM74HC0O4M M14A  [14-Lead Small Oulline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCO4M_NL Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC04SJ M14D [Pb-Free 14-Lead Small Qutline Package (SOP), EIAJ TYPE II, 5.3mm Wide

MM74HCO4MTC MTC14 |14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide

MM74HCO4MTC_NL | MTC14 |Pb-Free 14-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4 4mm
Wide

MM74HCO4N N14A [14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

MM74HCO4AN NL N14A |Pb-Free 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devicns also avasable in Tape 8nd Reel. Specly by appending ihe suffix letior “X" 10 Ihe ordenng code.
Po Froe pachage pur JEDEC J-STD 0208

Connection Diagram Logic Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP 1 of 6 Inverters

vee A8 e As Y8 M e
lu 13 |n 1" 10 |l Il A O |>° I>o Do O

- || Iz ) |n s It Ir
At v a2 Y2 A v GND
Top View
© 2005 Fairchild Semiconductor Corporation DS005069 www.fairchildsemi.com
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SEMICONDUCTOR ™

MM74HCO08
Quad 2-Input AND Gate

General Description Features

The MM74HCO08 AND gates utilize advanced silicon-gate B Typical propagation delay: 7 ns (lpy ), 12 ns (tpyp)
CMOS technolegy to achieve operaling speeds similer lo

LS-TTL gales with the low power consumption of standard u Fal"soul SHIARSSTIL kaace . .

CMOS integraled circuits. The HCOB has buffered outputs, ' Quiescent power consumption: 2 pA maximum at room
providing high noise immunity and the ability to drive 10 temperature

LS-TTL loads. The 74HC logic family is functionally as well B Low inpul current: 1 A maximum

as pin-oul compatible with the standard 74LS logic family.

Al inputs are prolacted from damage due to stalic dis-

charge by internal diode clamps o Ve and ground.

ejen ANV Indupz pend s0dHVLWW

Ordering Code:
Package - -
Order Number Number Package Description
MM74HCOBM M14A  |14-Lead Small Outiine Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCO8MX_NL M14A |Pb-Free 14-Lead Small Oulline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC08SY M14D |Pb-Free 14-Lead Small Qutline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
MM7T4HCOBMTC MTC14 |14-Lead Thin Shnnk Small Oulline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCOBMTCX-NL| MTC14 |Ph-Free 14-Lead Thin Shrink Small Qutline Package (TSSOP), JEDEC MO-153, 4 4mm
Wide
MM74HCOBN N14A | 14-Lead Piastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Dewices also avaiabie in Tape and Reel. Spocty by appending the suffix letter “X" to the ordenng code. (Tape and Ree! not available in N14A)
Po-Frea package per JEDEC J-S1D-0208.

Connection Diagram

Vce B4 A4 Y4 B3 A3 Y3
lﬁ‘ 13 |12 11 1o |9 |s

D_

i

1 |2 |3 |a |s & |7
At Bl Y1 A2 B2 Y2 GND
Top View

[[:] © 2005 Fairchild Semiconductor Corporation  DS005297 www.fairchildsemi.com



\JL.oua 6L‘° SVWOW oLi&..{La)']

Sloew  gaio oRiils

oBiule;] o eolixul 0,90 sla IC

RATTE RN A
FAIRCHILD
SEMICONDUCTOR ™

DM74ALS10A
Triple 3-Input NAND Gate

General Description

This device contains three independent gates, each of
which performs the logic NAND function,

September 1986
Revised February 2000

Features

B Swilching specifications at 50 pF

W Switching spedifications guaranteed over full tempera-
ture and V¢ range

@ Advanced oxide-isolated, ion-implanted Scholtky TTL
process

B Functionally and pin for pin compatible with Schottky
and low power Schottky TTL counterpart

B Improved AC performance over Schottky and low power
Schottky counterparts

Ordering Code:

Order Number | Package Number Package Description
DM74ALS10AM M14A 14-Lead Small Outhine Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Namrow
DM74ALS10AS) M14D 14-Lead Small Outlline Package (SOP), EIAJ TYPE II, 5.3mm Wide
OM74ALST0AN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also avacabie in Tape and Rool, Spoealy by appending the suffix lotter *X to the ordering code.

Connection Diagram

Vec €1 Y1 C3 B3 A3 Y3
lu 13 ||z 1 |0 |o |a

Al B1 A2 B2 C2 Y2 GND

Function Table
Y =ABC
Inputs Output
A B C Y
X X L H
X L X H
L X X H
H H H L
H = HIGH Logic Lovel
L = LOW Logic Love!

X = Ednar LOW or HIGH Logic Level

© 2000 Fatirchild Semiconductor Corporation DS006180

www.fairchildsemi.com
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MM74HC32
Quad 2-Input OR Gate

General Description

The MM74HC32 OR gates utlize advanced silicon-gale
CMOS lechnology lo achieve operating speeds similar lo
LS-TTL gates with the low power consumption of standard
CMOS integrated circuits. All gates have buffered outputs
providing high noise immunity and lhe ability to drive 10
LS-TTL loads. The 74HC logic family is functionally as well
as pin-oul compalible with the standard 74LS logic family.
All inputs are protecled from damage due to slatic dis-
charge by internal diode ¢lamps to V¢ and ground.

September 1983
Revised January 2005
Features
W Typical propagation delay: 10 ns

B Wide power supply range: 2-6V

M Low quiescent current: 20 pA maximum (74HC Series)
B Low input current: 1 pA maximum

W Fanoul of 10 LS-TTL loads

Ordering Code:

Order Number ::.:::::: Package Description
MM74HC32M M14A | 14-Lead Small Outiine Inlagrated Circuil (SOIC), JEDEC MS-012, 0.150" Namrow
MM74HC32MX_NL M14A |Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC32SJ M14D |Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
MM74HC3IZMTC MTC14 | 14-Lead Thin Shrink Small Oulline Packaga (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HC3ZMTCX_NL| MTC14 \F”vb-Free 14-Lead Thin Shrink Small Qutine Package (1550P), JEDEC MO-153, 4.4mm

ide

MM74HC3ZN N14A | 14-Lead Piastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MMTAHCI2N_NL N14A |Pb-Free 14-Lead Plaslic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Dawces aso avatable o Tape and Roel. Specly by appending sulfx lettor *X” lo the ordenng code.

Pb-Froe packago par JEDEC J.STD-0208.
Connection Diagram
Pin Assignments for DIP, SOIC, SOP and TSSOP
Vec B4  aé YA BI A3 Y3
lu 1 |12 1n | |n |s

Top View

Logic Diagram
A
v
B
Y=A+B
(10f4)

® 2005 Fairchild Semiconducter Corparation DSC05132

www.fairchildsemi.com
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SN5446A, '47A, '48, SN54L.547, 'LS48, 'LS49
SN7446A, '4TA, '48, SN74LS47, 'L S48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SOLS111 - MARCH 1974 - REVISED MARCH 1988

'46A, '4T7A, 'LS47
feature

* Open-Collector Qutpu

* Lamp-Test Provision

¢ Leading/Trailing Zero
Suppression

ts

Drive Indicators Directly

‘48, '1.548
feature

'LS49
feature

¢ Internal Pull-Ups Eliminate
Need for External Resistors

* Open-Collector Outputs

# Blanking Input
* Lamp-Test Provision

e Leading/Trailing Zero
Suppression

SN5446A, SN544TA, SN54LS47, SN5448,
SNB4LS48 . . . J PACKAGE
SN7446A, SN7447A,

SN7448 ... N PACKAGE
SN74LS47, SN74LS48 . .. D OR N PACKAGE

SN54LS47, SNE4LSAS . . . FK PACKAGE
[TOP VIEW)

{TOP VIEW)

8 Usedvee
C2 sQrf
Tls  1e[dg
s/RBOCls  130a
Halgs _120b
os wle
aldr w4
GND |8 glle

SN54L549 ., .J OR W PACKAGE
SN74L549...D OR N PACKAGE

SNG64LS49 , . . FK PACKAGE

(TOP VIEW)
(TOP VIEW)
st Ut vee
c (2 wif
BIQs 120y
p s 10 a
Als w0db
e(s al) ¢
GND 7 s d

NC — No internal connection

PRODUCTION DATA information is current as of rﬂu’hﬂ date. Copyright ¢ 1988, Texas Instruments Incomorated
Products conform to specifications per the terms of Texas instruments.
sundard wairanty. L < ly include

‘l'f Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN5446A, '47A, '48, SN54LS47, 'LS48, 'LS49
SN7446A, '47A, '48, SN74LS47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

SDLS111 — MARCH 1974 — REVISED MARCH 1988

description

The '46A, ‘47A, end ‘LS47 feature active-low outputs designed for driving comman-anode LEDs or incandescent
indicators directly. The ‘48, ‘LS48, and ‘LS49 feature active-high outputs for driving lamp buffers or common-cathode
LEDs. All of the circuits except 'LS49 have full ripple-blanking input/output controls and a lamp test input. The ‘LS43
circuit incorporates a direct blanking Input. Segment Identification and resultant displays are shown below. Display
patterns for BCD input counts above 9 are unique symbols to authenticate input conditions.

The ‘46A, ‘47A, '48, 'LS47, and ‘LS48 circuits incorporate automatic leading and/or trailing-edge zero-blanking control
(RBI and RBO). Lamp test (T'.T) of these types may be performed at any time when the BI/RBO node is at a high level.
All types (including the ‘49 and ‘LS49) contain an overriding blanking input (Bi), which can be used to control the
lamp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for use with TTL logic
outputs.

The SN54246/SN74246 and *247 and the SN54LS247/SN74LS247 and ‘LS248 compose the & and the T with
tails and were designed to offer the designer a choice between two indicator fonts.

a3

‘ b 1 IE):H_"_| N2 —
|g| [ —I B | O 1 o | g =
vlc o 1 2 3 4 5 6 7 8 ©® 10 11 12 13 14 15
— NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS

SEGMENT

IDENTIFICATION

‘46A, '47A, 1547 FUNCTION TABLE (T1)

DECIMAL
o INPUTS 5i/RsG! OUTPUTS NOTR
FUNCTION LT |RBI| D c B A a b c d ° f ']
0 H H L 2 L L H oN [ON [ON | ON | ON | ON | OFF
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF
2 H X |t L H L H ON | ON |OFF | ON | ON [OFF | ON
3 H X B L H H H on | on [ON | ON | OFF | OFF | ON
4 H X L H L L H OFF | ON | ON |OFF | OFF | ON | ON
s H X L H L H H ON |OFF [ON | ON |OFF | ON | ON
6 H X L H H L H OFF [OFF [ON | ON | ON | ON | ON
7 H X L H H H H ON | ON | ON [OFF | OFF |OFF |OFF|
8 H X | H L L L H ON |ON |ON | ON | ON | ON | ON
9 H X | H L L H H oN | ON | ON |OFF | OFF | ON | ON
10 H X | H L H L H OFF | OFF |OFF | ON | ON |OFF | ON
1 H X | H L H H H OFF |OFF | ON | ON | OFF |OFF | ON
12 H X H H L L H OFF | ON |OFF |OFF |OFF | ON | ON
13 H X H H L H H ON |OFF |OFF | ON | OFF | ON | ON
14 H x | H H H L H OFF |OFF |OFF [ ON | ON | ON | ON
15 H X H H H H H off | off |oFF | OFF | OFF | OFF | OFF
Bl X X X X X X L off |OFF |OFF |OFF | OFF |OFF | OFF| 2
RBI H L L L L L L OFF | OFF |OFF | OFF | OFF |OFF |OFF| 3
LT L X X X X X H ON |on Jon | ON ) ON | ON | ON 4

H = high level, L = low level, X = irrelevant
NOTES: 1. The blanking input (B1) must be open or held at a high logic level when output functions O through 15 are desired, The
ripple-blanking input (AB1) must be open or high if blanking of a decimal zero iz not desired.
2. When a low logic leval is applied directly to the blanking input ril'), all segment outputs are off regardiess of the level of any
other input.
3. When ripple-blanking input (RB1) and Inputs A, B, C, and D are at a fow level with the lamp test input high, all segment outpuls
9o off and the ripple-blanking output (RBO) goes to a low level (response condition),
4. When the blanking Input/ripple blanking output (BI/RBO) Is open or held high and a low is applied to the lamp-test input, all
segment outputs are on.
1B1/RBO is wire AND logie sorving as blanking input (81) and/or ripple-blanking output (RBO).

‘b TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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MM74HC74A

General Description

The MM74HC74A ulilizes advanced silicon-gate CMOS
technology lo achieve operaling speeds similar to the
equivalent LS-TTL part. It possesses the high noise immu-
nity and low power consumption of standard CMOS inte-
grated circuils, along with the abiiity to drive 10 LS-TTL
loads.

This flip-fop has independent data, preset, clear, and dock
inputs and Q and Q outputs. The logic level present al the
data inpul is transferred 1o the oulput during the posilive-
going transition of the clock pulse. Presel and clear are
independent of the clock and accomplished by a low level
at the appropriate input.

Dual D-Type Flip-Flop with Preset and Clear

September 1983
Revised January 2005

The 74HC logic family is functionally and pinout compalible
with the standard 74LS logic family. All inputs are protected
from damage due to static discharge by intemal diode
clamps 1o Vg and ground.

Features

B Typical propagation delay: 20 ns

B Wide power supply range: 2-6V

M Low quiescent current: 40 pA maximum (74HC Senes)
@ Low inpul current: 1 pA maximum

B Fanout of 10 LS-TTL loads

Ordering Code:
Package
Order Number Package Description
“ Number e P
MM74HC74AM M14A |14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HC74AMX_NL M14A |[Pb-Free 14-Lead Small Outline Integrated Circuil (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCT74ASJ M14D [Pb-Free 14-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
MM74HC74AMTC MTC14 [14-Lead Thin Shrink Small Oulline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HC74AMTCX_NL| MTC14 |Pb-Free 14-Lead Thin Shrink Small Oulline Package (TSSOP), JEDEC MO-153, 4.4mm
Wide
MM74HC74AN N14A | 14-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Pb-Free packago per JEDEC J-STD-0208.

Dovices also availadlo n Tape and Roel. Specly by appending the suffx lettor *X" o the ordenng code.

Connection Diagram Truth Table
Pin Assignments for DIP, SOIC, SOP and TSSOP Inputs Outputs
Vee  CR2 ] cx2  PA2 n (1] —
l l PR CLR CLK D Q Q
14 1 12 n 17 3 8
L H X X H L
‘ —1 H L X X L H
o) ™ L L X X | H(Note1) H(Ncte 1)
Do 8 ¢ & H H 1 H H L
] 0 cx @
I- R LR H H T L L H
L ] H H L X Qo Qo
L_l Note: Q0 tho lovel of Q bofore tho indicated Input conditions woro estab-
kshed.
[ I 2 3 0 5 5 I’ Note 1: This configuration is nanstable; thal is, i will nol pars:st when pre-
) »n s " 01 & oD sel and clear inputs return Lo thowr nactive (HIGH) lovet.
0P VIEW
@ 2005 Fairchild Semiconductor Corporalion DS005106 wvav.fairchildsemi.com
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HD74HCS83

Pin Arrangement

As| 1 l I 16|B4
z[2 s By, 15] 4
A3| 3 A3 Ca 14|Ca
B34 B3 Co 13| Co
Veel 5 12| GND
2|6 I2 B1 11]B1
B2 A
B2(7 2 3 1 10| A1
A2| 8 l I 9 (X1 i
. i
: (Top view)
Outputs
Inputs When C,=L/WhenC, =L When C,=HMWhen C,=H
AJA, ByB, AJA, BB, L[Z LS, C/C, LJE,  LL, CJC,
L L L L L L L H L L
L L L H L L L H L
L H L L H L L L H L
H H L L L H L H H L
L L H L L H L H H L
H L H L H H L L L H
L H H L H H L L L H
H- H H L L L H H L H
L L L H L H L H H L
H L L H H H L L L H
L H L H H H L L L H
H H L H L L H H L H
L L H H L L H H L H
H L H H H L H L H H
L H H H H L H L H H
H H H H L H H H H H
H : Highlevel
L : Lowlevel
X ¢ lrrelevant
Note: Input conditions at A,, B,, A,, B, and C, are used fo determine outputs X, and %, and the value of the

internal carry C,.
The value at C,, A,, B,, A, and B, are than used to determine outputs X,, ,and C,
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SN5485, SN54LS85, SN54585
SN7485, SN74LS85, SN74585
4-BIT MAGNITUDE COMPARATORS

SDLS123 - MARCH 1974 - REVISED MARCH 1983

TYPICAL TYPICAL SN5485, SNG4LS85, SN54585 . .. J OR W PACKAGE
TYPE POWER DELAY SN7486 . . . N PACKAGE
DASSIPATION (4-BIT WORDS) SN74LSE5, SN74585. .. D OR N PACKAGE
‘85 276 mW 23ns (TOP VIEW)
1585 52 mW 24 ns
585 365 mW 11 ns ealh Uss vee
a<gin2 1spa3
i 3 14| |B2
description A=Bin
P canls  130a2
These four-bit gnitude paratars perform »ngl:s 12 3A1
comparison of straight binary and straight BCD (8-4-2-1) A=Bout(]6e 11[JB1
codes, Three fully decoded decisions sbout two 4-bit A<Boutl]?  10[J A0
words (A, Bl are made and are extemally available at three oo s sl]B0

outputs. These devices are fully expandable to any
number of bits without extemal gates. Words of greater
length may be pared by cor ing P in
cascade. The A > B, A < B, and A = B outputs of a
stage handling less-significant bits are connected to the
corrasponding A > B, A < B, and A = B inputs of the
next stage handling more-significant bits. The stage
handling the least-significent bits must have a high-level
voltage applied to the A = Binput. The cascading paths
of the "85, 'LS85, and "S85 are implemented with only
a two-gate-level delay to reduce overall comparison times
for long words. An alternate method of cascading which
further reduces the ¢comparison time is shown in the
typical apgplicetion data.

SN54LSE6, SNS4585 . . . FK PACKAGE
(TOP VIEW)

FUNCTION TABLE
COMPARING CASCADING s
INPUTS INPUTS
A3, B3 AZ, B2 A1, 81 AQ, 80 A>B A<B A=8B A>8 A<B A=B
A3 > B3 X X X X X X H L L
A3 < B3 X x X X X X L H L
Ad = B3 A2 > B2 X X x X X H L L
A3 = B3 A2 < B2 X X X X X L H L
A3 = B2 A2 = B2 A1 > B1 X X X X H L L
Al = B3 A2 = B2 Al < B X X X X L H L
A2 = B3 A2 = B2 Al = BY AD > BO X X X H L L
AJ = B3 AZ = B2 Al = B1 AQ < BO x X X L H L
A3 = B3 A2 = 82 Al = Bl AQ = BO H L L H L L
A3 = B3 A2 = B2 Al = B1 AQ = BO L H L L H L
A3 = B3 A2 = B2 Al = B1 AO = BO X X H L L H
AJ = B3 A2 = B2 Al =B AQ = BO H H L L L L
A3 = B3 A2 = B2 Al = 81 AO = BO L L L H H L

PRODUCTION DATA iforrotion b currert a3 of publication drte.
conform

RTINS WP TExAS
l_NSTRUM_Eb;Ts
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| 2% % SR ORISR 1534 |
September 1983
FAIRCHILD Revised January 2005

AR oo o igite e
SEMICONQUCTORT™

MM74HC86
Quad 2-Input Exclusive OR Gate

General Description Features

The MM74HC86 EXCLUSIVE OR gate utilizes advanced W Typical propagation delay. 9 ns
siicon-gate  CMOS technology lo achieve operaling g Wide operating voltage range: 2-6V
speads similar to equivalent LS-TTL gates while maintain- B Low input current: 1 pA maximum
ing the low pewer consumption and high noise immunity ; .
charactenstic of standard CMOS integraled circuits. These M Low quiescent current: 20 pA maximum (74 Series)
gates are fully buffered and have a fanout of 10 LS-TTL W Output drive capability: 10 LS-TTL loads

lcads. The 74HC logic famuily 1s funclionally as well as pin

out compatible with the standard 74LS logic family. All

inputs are protected from damage due 1o slatic discharge

by internal diode clamps to V¢ and ground.

3129 WO aAIsn|dx3 3nduj-z pend 98OHYLWW

Ordering Code:
Package -
Order Number Package Description

Number
MM74HCBEM M14A 14-Lead Small Outline Integrated Circuil (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCBE6MX_NL M14A Pb-Free 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
MM74HCB6SJ M14D Pb-Free 14-Lead Small Oulline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
MM74HCBEMTC MTC14 14-Lead Thin Shnnk Small Outiine Package (TSSOP), JEDEC MO-153, 4. 4mm Wide
"MM74HC86N N14A 14-Lead Piasuc Duak-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
W?AHCBBNX_NL N14A Pb-Free 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Dovices a'so avadable in Tape and Reel Specty by appanding the suffix letter *X* 1o the orernng code
Po-+rea package per JEDEC J-.STD-0208

Connection Diagram Truth Table
Pin Assignments for DIP, SOIC, SOP and TSSOP Inputs Outputs
vce B4 M v LA

ERREN)
ik

lu

L X - >
IrIrom
~ X X ir{«<

Y-AOB-AB.AB

1 ]: I ] [l |s I . H
Al a1 \Al A2 B2 Y2 oND
Top View
@ 2005 Fairchild Semiconductor Carporation DS005305 www.fairchildsemi.com
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SNT7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLSY40A - MARCH 1974 - REVISED MARCH 1983

‘90A, 1.590 . .. Dacade Countars SNS5490A, SN54LS30 . . . J OR W PACKAGE

SN7490A ... N PACKAGE

‘92A, 1§92 . . . Divide By-Twelve Counters SN74LS90 . . . D OR N PACKAGE
‘93A, 1593 ... 4-Bit Binary Counters et
ekt Urddcka
rRO(11Cd2  13INC
e TYPICAL RO(2) O3 120 Qa
POWER DISSIPATION
. NC e v ap
30A 145 mw
'S0A. veeOs 1) GhD
924, '93A 130 mw ra(1) e 9] Qg
1590, ‘1592, 1593 45 mwW R32)17 8[J Q¢

description
SN5492A, SNS4LS92 . . . J OR W PACKAGE
SN7492A ... N PACKAGE
SN74LS92 ... D OR N PACKAGE
{TOP VIEW)

Each of these monolithic counters contains four
master-slave flip-flops and additional gating to
provide a divide-by-two counter and a three-

stage binary counter for which the count cycle
length is divide-by-five for the ‘90A and ‘LS90,
divide-by-six for the ‘92A and ‘LS92, and the
divide-by-eight for the ‘93A and 'LS93.

All of these counters have a gated zero reset and
the '90A and ‘LS90 also have gated set-to-nine
inputs for use in BCD nine’s complement
applications.

To use their maximum count length (decade,
divide-by-twelve, or four-bit binary) of these
counters, the CKB input is connected to the QA

cke
Ne O
Nc [
NE (]
veed
Ro(1)

Rro(21

SN5493A, SN54LS93 . . . J OR W PACKAGE
SN7493 ., .. N PACKAGE
SN74LS93...D0 OR N PACKAGE

output. The input count pulses are applied to (TOP VIEW)
CKA input and the outputs are as described in cks v U4 cka
the appropriate function table. A symmetrical ro(1) Oz 130 NC
divide-by-ten count can be obtained from the Ro(2) O3 120 Qp
"90A or ‘LS90 counters by connecting the Gp NC [Ja 1] Qp
output to the CKA input and applying the input vee Os |og GND
count to the CKB input which gives a divide-by- NC s 9] OB
ten square wave at output Qa. NC (7 3] Qc

PRODUCTION DATA information bs currert as of publication date, Copynight & 1988, Texas Instruments Incomorated
Products conform 1o ions par the terms of Texas istruments.
standard wartanty. Pr i not dy inchai

Resting of oll patameters,

@ TeXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

SDLS240A - MARCH 1974 — REVISED MARCH 1988

*SOA, ‘LSS0 *90A, 'LS90
BCD COUNT SEQUENCE BIQUINARY (5-2)
(See Note A) (Seo Note B)
COUNT OUTPUT COUNT ouTPUT
Qp Q¢ Qg Qp Qa Qp Oc 98
0 L L L L 0 Lt L L L
1 L L L H 1 L L L H
2 L L H L 2 L L H L
3 L L H H 3 L L HH
4 L H L L 4 L H L L
5 L H L H 5 H L L L
6 L H H L 6 H L L H
7 L H H H 7 H L H L
8 H L L L 8 H L H M
9 H L L H g H H L L
‘924, ‘L$92 "Q0A, "LS30
COUNT SEQUENCE RESET/COUNT FUNCTION TABLE
(See Note C) RESET INPUTS OUTPUT
COUNT ouTPUT Roi1) Raiz) Rei1) Rg(2)| Op Oc Gs Qa
Qp Qc Qg Qa H H L X |[L L L L
0 L L L L H H b Lt L L vt
1 L L L H X X H H|H L L H
2 L L H L X L X L COUNT
3 L L H H L x L X COUNT
4 L H L L L X X L COUNT
5 L H L H X L L x COUNT
6 H L L L
’ H L Lt H ‘93A, 'LS93
g |H b HL COUNT SEQUENCE
9 |H L H H {See Note C)
10 H H L L QUTPUT
1 |H H L H COUNT I s Oc O3 Oa
) L L L L
1 L L L M
‘92A, 'LS92, '93A, "LS93 2 L L H LU
RESET/COUNT FUNCTION TABLE 3 L oL oH M
RESET INPUTS QUTPUT 4 LM L L
Ro(1) _ Rorz) |Gp Q¢ Qg Qa s L H L H
H H L L L L 6 L H H L
L X COUNT 7 L H H H
X L COUNT 8 M L L L
NOTES: A. Output Qp i3 connected to input CK8 for BCD count. g H L L H
a. ‘Oou:::t Qp Is connected to Input CKA for bi-quinary 10 H L H L
C. Output Qp isconnected to Input CKB. 1 H L H H
D. H = high level, L = low level, X = irralevant 12 H H L L
13 H H L H
14 H H H L
|_1s H H H H

R Texas
INSTRUMENTS
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SN54107, SN54LS107A,
SN74107, SN74LS107A
DUAL J-K FLIP-FLOPS WITH CLEAR

SDLS036 - DECEMBER 1983 ~ REVISED MARCH 1588

* Package Options Include Plastic ‘*Small SN54107, SN54LS107A . . . J PACKAGE
Outline’’ Packages, Ceramic Chip Carriers, SN74107 .. . . N PACKAGE
. SN74LS107A . . . D OR N PACKAGE
and Plastic and Ceramic DIPs
(TOP VIEW)
¢ Dapendable Texes Instruments Quality and
Refiability N g
1Q
100
description 1k({
200
The ‘107 contain two independent J-K flip-flopas with 26[:
individual J-K, clock, and direct clear inputs. The ‘107 GNDC

is a positive pulse-triggered flip-flop. The J-K input data
is loaded into the master while the clock is high and
transferred to the slave and the outputs on the high-to-
low clock transistion. For thesa devices the J and K inputs

§ fuin (TOP VIEW)
must be stable while the clock is high.

The LS107A contain two independent negative-edge-
triggered flip-flops. The J and K inputs must be stable
prior to the high-to-low clock transition for predictable
operation. When the clear is low, it overrides the clock
and data inputs forcing the Q output low and the Q
output high.

The SN54107 and the SN54LS107A are characterized
for operation over the full military temperature range of
~-55°C 1o 125°C. Tha SN74107 and the SN74LS107A
are characterized for operation from 0°C to 70°C.

‘107
FUNCTION TABLE

INPUTS OUTPUTS

CLR CLK J k| a @

L X X X L H
H Ju . ] og ‘idg

H n H L H L

H JL i H H

H ) S H TOGGLE

‘LS107A
FUNCTION TABLE

INPUTS OUTPUTS

CLR CLk J [ a a

L X X X L H
H ' L L | o G

H ' H L H L

H 1 L H L H
H : H H TOGGLE
H H X X Qo G

\TA is current a3 of Copyright € 1988, Texas Instruments Incorporated
bt )
g ok parshers TEXAS

lNSTRUMENTS_‘ |
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Philips Semiconductors Product specification
Dual 4-input multiplexer 74HC/HCT153
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,15 1E, 2E output enable inputs (active LOW)
14,2 Sp, S4 common data select inputs
6,5,4,3 1lgto 113 data inputs from source 1
7 1Y multiplexer output from source 1
8 GND ground (0 V)
9 2Y multiplexer output from source 2
10, 11,12, 13 2lpto 213 data inputs from source 2
16 Vee positive supply voltage
1!‘
So
1€ [_T_ u E} Veo :: :::
s, (] DES 4 —fu, A
1y E E sp 3—{1y
13] 21, 1—aE
s B oL
1y 5] 2] 212 0
1o (8] mED :;:::'2 2v|—»
w O] (0] 210 13—21g
ano 1] [9] v 18— 2€
78024 sll
2 jze31s
Fig.1 Pin configuration. Fig.2 Logic symbol.
e
1 ]i}e3
r—d
Ll gna MUX 0 IE 4 |: |u 2 Jw i a2 s
J-I P 1ig [y g [1ig [SolSy |20 [0 [212 lz:;
. ¥ 1
L. 2 MULTIPLEXER MULTIPLEXER
. Y
18n] i 2E[ 18
10|
] i
12
T 1Y 1y
1 I Is 2x9m27)
7293126.1
Fig.3 IEC logic symbol. Fig.4 Functional diagram.
December 1990
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Philips Semiconductors

Product specification

Dual 4-input multiplexer

74HC/HCT1563

FUNCTION TABLE

SELECT
INPUTS

DATA INPUTS

OuUTPUT
ENABLE

OuUTPUT

(4]
=1
»
2
S

=]
-

3
<~

3
o

nE

=
<

IIrr ZTITrr X
IIIITIT rrrrr X
HKXXX XXIr X

XX XX I XX X
XXIr X XXX X
ITr XX XXXX X

rrr—rrrrrr I

IrIrIrcrIr- -

Note

1. H=HIGH voltage level
L = LOW voltage level
X =don't care

1y

Fig.5 Logic diagram.

==

2y

1200130

December 1990
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Philips Semiconductors

Product specification

Presettable synchronous BCD decade

74HC/HCT190
up/down counter
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
3,2,6,7 Qto Q3 flip-flop outputs
4 CE count enable input (active LOW)
5 u/D up/down input
8 GND ground (0 V)
11 PL parallel load input (active LOW)
12 TC terminal count output
13 RC ripple clock output (active LOW)
14 CP clock input (LOW-to-HIGH, edge-triggered)
15,1,10,9 Dy to Dy data inputs
16 Vee positive supply voltage
°|E E Vee
o] [£]% W1 o0 e
9o [3] 4] c» - I
i 190 o s — UII:L fo. fu e Oanc o 13
Gro[3] 2] v 4o ce
0, [e] mis u—cre TCH—1
Q 9, @ a
s @ 111
oo [8] B 20 7 upn

1293709

Fig.1 Pin configuration.

Fig.2 Logic symbol.

a9

M2
G1
G4

2

CTRDIVIO
3

13e/12-
e

0

-

2CT=0/2CT=9
1,24CT=0
1,24CT=9

ke o e

A

TZ0INE

Fig.3 IEC logic symbol.

December 1990
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Philips Semiconductors Product specification

Presettable synchronous BCD decade

74HC/HCT190
up/down counter
15 1 | |e
Og |0
T
— RC|13
: ;D COUNTER el
ap |0y [07 [0s
| E3 X O R
Fig.4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE — — —
PL u/o CE cp D, Q,
arallel load L X X X L L
P L X X X H | H
count up H L | T X count up
count down H H | T X count down
hold (do nothing) H X H X X no change I
TC AND RC FUNCTION TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS |
um CE cP Q Q Q; Q3 TC RC
H H X H X X H L H
L H X H X X H H H
L L 1 H X X H 1L 1
L H X L L L L L H
H H X L L L L H H E
H L 1 L L L L 1 L i
Notes

1. H =HIGH voltage level
L =LOW voltage level
| = LOW voltage level one sel-up time prior to the LOW-lo-HIGH CP transition
X =don't care
T = LOW-to-HIGH CP transition

LT =one LOW level pulse
L =TC goes LOW on a LOW-to-HIGH CP transition

December 1990
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Philips Semiconductors Producl specification

Presettable synchronous 4-bit binary

74HC/HCT191
up/down counter
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
3,2,6,7 Qpto Q3 flip-flop outputs
4 CE count enable input (active LOW)
5 up up/down input
8 GND ground (0 V)
11 PL parallel load input (active LOW)
12 TC terminal count output
13 RC ripple clock output (active LOW)
14 CP clock input (LOW-to-HIGH, edge triggered) ‘
15,1,10,9 Dg to D5 data inputs
16 Vee positive supply voltage
o, [1] U 18] Ve
= I = P10
[
0 E E cr PL Dp Dy Dy D3 r-
I [13] &2 s—{G/no RC JO—13 (L o por= B
U/o E 191 [12] T 4-0fce 1 [ 2
—{cp TC}—12
O2(8 M h Q 0, 0, Qg 2 —-
9 7
oo fEe 11 ] ——
7203113 2CT=0/2CT =15 p——
GND [ 8 9]0
o [¢]os 1,2.4CT=0 j!
7203710 1.24CT=15
1293718
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol

December 1990
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Philips Semiconductors Product specification

Presettable synchronous 4-bit binary

74HC/HCT191
up/down counter
15 |1 10 |9
Dp |0y |P2 |03
i el
COUNTER
e Tc|12
14 ¢ FLIP FLOPS
Qg |y [0; |03
3 2 8 ? 7793808
Fig.4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE — — —
PL u/D CE CcP Dn Q,
parallel load L X X X L L
L X X X H H
count up H L | T X count up
count down H H | T X count down
hold (do nothing) H X H X X no change
TC AND RC FUNCTION TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
ui CE cp Qo Q, Q; Q; TC RC
H H X H H H H L H
L H X H H H H H H
L L . H H H H T -
L H X L L L L L H
H H X L L L L H H
H L U L L L L T mu
Notes

1. H =HIGH voltage level
L = LOW voltage level

I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
X =don't care
T = LOW-to-HIGH CP transition

“LIT =one LOW level pulse

L =TC goes LOW on a LOW-to-HIGH CP transition

December 1990
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FAIRCHILD

e ereyreye—r—T————
SEMICONDUCTOR 1

CD4001BC/CD4011BC

General Description

The CD4001BC and CD4011BC quad gates are monolithic
complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode tran-
sistors. They have equal source and sink current
capabilities and conform to standard B series output drive.
The devices also have buffered outputs which improve
transfer charactenstics by providing very high gain.

All inputs are protected against static discharge with diodes
to Vpp and Vg,

Octlober 1987
Revised March 2002

Quad 2-Input NOR Buffered B Series Gate »
Quad 2-Input NAND Buffered B Series Gate

Features
B Low power TTL:
Fan out of 2 driving 74L compatibility: or 1 driving 74LS
B 5V-10V-15V parametric ratings
W Symmetrical output characteristics

B Maximum input leakage 1 pA at 15V over full
temperature range

Ordering Code:

Order Number | Package Number Package Description
CD4001BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0,150 Narrow
CD4001BCSJ M14D 14-Lead Small Qutline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
CD4001BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4011BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD40118CN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagrams
Pin Assignments for DIP, SOIC and SOP
CD4001BC
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CD4511BC
BCD-to-7 Segment Latch/Decoder/Driver

General Description Features

The CD4511BC BCD-to-seven segment latch/decoder/ M Low logic circuit power dissipation

driver is constructed with complementary MOS (CMOS) @ High current sourcing outputs (up to 25 mA)
enhancement mode devices and NPN bipolar output driv-

ers in a single monolithic structure. The circuil provides the . Lalch‘slorage of code
functions of a 4-bit storage latch, an 8421 BCD-to-seven M Blankinginput

segment decoder, and an output drive capability. Lamp test M Lamp test provision

(LT). blanking (BI), and latch enable (LE) inputs areusedto @ Readout blanking on all illegal input combinations
test the display, to turn-off or pulse modulate the brightness BL intensit dulati it

of the display, and to store a BCD code, respectively. It can amp intenstty rn‘o u? on ca';?abn Y

be used with seven-segment light emilting diodes (LED), M Time share (multiplexing) facility
incandescent, flucrescent, gas discharge, or liquid crystal B Equivalent to Molorola MC14511
readouts either directly or indirectly.

Applications include instrument (e.g., counter, DVM, elc.)

display driver, computer/calculator display driver, cockpit

display driver, and various clock, watch, and timer uses.

Jaauq/iepodaQg/yoie Juawbag £-03-q0g 091LLSHAD

Ordering Code:

Order Number } Package Number Package Description
CD4511BCWM | M168 16-Lead Small Qutline Intergrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
CD4511BCN | N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Connection Diag rams Segment Identification
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CD4001BC/CD4011BC

General Description

The CD40018C and CD4011BC quad gates are monolithic
complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode tran-
sistors. They have equal source and sink current
capabilities and conform to standard B series oulput drive.
The devices also have buffered outputs which improve
transfer characteristics by providing very high gain.

All inputs are protected against static discharge with diodes
1o Vpp and Vgs.

October 1987
Revised March 2002

Quad 2-Input NOR Buffered B Series Gate ¢
Quad 2-Input NAND Buffered B Series Gate

Features
B Low power TTL:
Fan out of 2 driving 74L compatibility:
B 5V-10V-15V parametric ratings
B Symmetrical output characteristics

| Maximum input leakage 1 pA at 15V over full
temperalure range

or 1driving 74LS

Ordering Code:

Order Number Package Number Package Description
CD4001B8CM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4001BCSJ M14D 14-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
CD4001BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4011BCM M14A 14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4011BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Connection Diagrams
Pin Assignments for DIP, SOIC and SOP
CD4001BC
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Dovices also avallable in Tape and Roul. Specily by appending the suftix lettor X" to the ordering code
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