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I. LABKITS

Equipment List

The lab kits checked out in a box to each group contain:
1) A protoboard and a 5V Power Supply.
2)  No. 22 wire kit in assorted colors and lengths.
3)  Discrete components (resistors, LEDS, SWITCHES).
4)  About fifty assorted integrated circuit chips or packages.

5)  Altera DE2 FPGA board, power supply, and programming cable

Integrated Circuit (IC) Packages

The IC's in the kit will be similar to the one shown in Figure 1.  Since the pins on
newly manufactured IC packages are bowed outward for use with automatic insertion
equipment, it may be necessary to gently bend the pins so they will go into an individual

socket easily. This is best done by pushing each row of pins inward on a flat surface.

Consider the IC chip shown in Figure 1. The number SN7400N on the chip
indicates the following: The SN is a prefix used by Texas Instruments, Inc., the 74
indicates the chip is from the 74-hundred family of Transistor-Transistor Logic (TTL), the
00 indicates the exact type of circuit. The suffix N gives information on the packaging
(e.g. N for Plastic DIP, J for Ceramic DIP, DIP stands for Dual In-line Package) as well
as the connection between the internal logic circuits and the external pins. On some
chips a few letters may appear between the family digits and the type digits; e.g.,
SN74LS00 and SN74S00. These letters are used to indicate that the chip differs
electrically (but not logically) from standard TTL chips (e.g. LS stands for Low power
Schottky, S for higher speed Schottky). The digits 7523 are a manufacturing date and
indicate the IC package was made in the 23rd week of °75. The 54-hundred family
provides the same functions as 74-hundred family.
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Figure 1. IC Package
54/74 FAMILIES OF COMPATIBLE TTL CIRCUITS

SN5400. . . J PACKAGE
SN541.S00, SN54S00 . .. J OR W PACKAGE
SN7400, SN74S00. .. D, N, OR NS PACKAGE

SN741.S00 . .. D, DB, N, OR NS PACKAGE SN5400 . .. W PACKAGE
(TOP VIEW) (TOP VIEW)
1A ] Ve 1A [} U14]4Y
1B ] 4B 1B []2 13]] 4B
1Y ] 4A v [Is 12]] 4A
2A ] ay vee [4 1]l GND
2B ] 3B 2Y [Is 10]] 3B
2Y ] 3A 2A [ls 9]l 3a
GND ] 3y 28 [I7 sl] 3y

These devices contain four independent 2-input NAND gates. The devices perform the Boolean function
Y =AeBorY =A + B in positive logic.

Figure 2. Data Sheet for 54/7400

Using Data Sheets

A part of data sheet for the 7400 package is reproduced from Texas Instruments
website (www.ti.com). The data sheet states that the chip contains four independent 2-
input NAND gates, and gives Boolean function in variables A, Band Y. Each NAND is
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identified on the pins using these same variables with a distinct prefix. For example, 3A,

3B and 3Y.

The data sheet also indicates that pin 7 must be grounded and pin 14 must

be connected to power (V,), which is +5 volts for all chips in the 74 hundred family.

Data sheets reproduced in the Appendix B are more graphic but are no longer available

on-line.

A standard lab kit of IC's consists of the following:

Quantity

5

N = = W N = N DN NDND WD = DN~ DN~ NS

Type
SN7400
SN7402
SN7404
SN7406
SN7410
SN7420
SN7427
SN7474
SN7475
SN7483A
SN7485
SN7486
SN7489
SN7493
SN7495
SN74LS107A
SN74LS112
SN74151
SN74153
SN74157
SN74LS169A
SN74193
SN74LS194A

IC LIST
Quad 2-input NAND
Quad 2-input NOR
Hex Inverter
Hex Inverter with Open Collector
Triple 3-input NAND
Double 4-input NAND
Triple 3-input NOR
Dual D Positive Edge Triggered Flip Flop
4-bit D-Latches
4-bit Binary Adder
4-bit Magnitude Comparator
Quad 2-input Exclusive-OR
64-bit RAM (or CY7C190 or CY27S07)
4-bit Ripple Counter
4-bit Shift Register
Dual JK Negative Edge Triggered Flip-Flops
Dual JK Negative Edge Triggered Flip-Flops
8 to 1 Multiplexer
Dual 4 to 1 Multiplexer
Quad 2 to 1 Multiplexer
4-bit Synchronous Up-Down Counter
4-bit Synchronous Up-Down Counter
4-bit Bidirectional Universal Shift Register
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DISCRETE COMPONENTS AND TOOLS

Quantity Type
1 10 Light emitting diode DIP (single package)

10

330 Q resistors (orange-orange-brown)

1 KQ resistors (brown-black-red or brown-black-black-brown)
8 SPST switch DIP (single package)

4 SPDT switch DIP (single package)

TTL Characteristics

Power:

Logic
Levels:

TTL IC's require a 5V power supply. Each IC package has two power pins,
one to be connected to GND (0 V) and one to be connected to V. (+5 V).
All IC's used in the laboratory should be mounted with the indentation or
notch, which is located on one end of the IC package, positioned up (away
from you). When an IC is positioned in this fashion (pin 1 in the upper left
corner and the highest numbered pin in the upper right), most IC's will have
their GND connection in the lower left corner and their V, connection in the
upper right corner. There are a few exceptions, however, so always check
the data sheet. In the lab kit, the 7474, 7475, 7483 and the 7493 have non-
standard power and ground pin locations.

Under the positive logic convention, low voltage inputs and outputs (from
0.0V to about 0.7 V) are interpreted as logical 0 and high voltage (from about
2 Vto 5 V)aslogical 1. To place logical 0 on an input, connect it to GND.
To place logical 1 on an input. connect it to V.. througha 1 KQ 1/4 W

resistor. One such resistor can generally be used to pull as many as eight

inputs high. The purpose of this pull-up resistor is to limit input current
during transients. A gate input which is disconnected floats to the high voltage

range and is normally interpreted as being at logical 1. However, if your

circuit contains floating inputs, they are apt to be sensitive to noise. For

permanent circuits this would be a poor design practice. If you have trouble
with a circuit with floating inputs, connect them to V. through a 1 KQ 1/4 W
pull-up resistor. Unused clock, mode, clear and preset pins are particularly
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sensitive and must be tied to the appropriate logic level for reliable operation.

Loading: Most TTL gate-outputs will drive a maximum of ten standard TTL inputs or
ten "unit loads" (i.e., they have a maximum fanout of 10). Connection to
more than ten gate-inputs may overload the output and produce unpredictable
results. A few non-standard TTL outputs are not able to drive as many as ten
unit loads and a few non-standard TTL inputs are more than one unit load.

In the lab kit, the non-standard chips are the following:

Non-standard inputs

7474 Clear, Clock 2 loads

7475 D, G 2 loads, 4 loads
7583 Ay, A3, B, B3 4 loads

7493 A, B 2 loads
74L.5107 Clear, Clock 2 loads
74L.S112 All inputs 1/4 to 1/2 load

Non-standard outputs

7483 C4 output will drive only five unit loads

74L.S112 Outputs drive only five unit loads

The Noise Immunity of a gate is defined as the maximum amplitude of a positive-

going (noise) pulse added to the nominal logic "0" voltage level or a negative-going
(noise) pulse added to the logic "1" voltage level at the input of a gate which does not
cause the output of that gate to change its logic value. The nominal logic "0" and "1"
voltage levels can be determined by connecting several inverter gates (e.g., 7404) in
series and observe the voltage levels at the output of the last inverter when the input to
the first inverter is at GND and at +5v. Why is the last inverter observed rather than
simply the first? Given a graph of output voltage (VOUT) vs. input voltage (VIN) for
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an inverter, how would you calculate the noise immunity for the inverter? See the
following figure.

NOISE IMMUNITY
Vour
""" 5= y=2.15V = noise immunity for logic "1" at the input
_ . 4 /x/\—"\
3V = nominal 135 35
range for 54— i .
logic "1" v '
3_ Pt 1
V! !
g -
----- Bk 55 5 -u i v T
e '/
e !
1~ . :
(] Ti—
. 1 l: T I T | T I T 0 i
5.7 I 2 3 4 5 VIN

/ \"\f\/ nominal "1" range

"0" x = .8V = noise immunity for logic "0" at the input
0.7V = nominal range for logic "0"

THE OVERALL NOISE IMMUNITY OF THE GATE IS THE SMALLEST
OF THE RANGES X AND Y.

— >

=
VIN Vourt
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II. LAB STATIONS AND PROTOBOARD

Connections to switches, LEDs, hexadecimal displays and other external devices
will be required during the lab sessions. This can be done conveniently by connecting
#22 gauge solid wire between inputs and outputs of your circuit on the Protoboard to
specified holes in the 60-pin connectors mounted on the Protoboard (see Figs. 4 and 5).
At the lab, the Protoboard is connected to the I/O boards of the lab station via two 60-line
flat cables.

A. THE PROTOBOARD

The Protoboard (see Fig. 4) is a board on which all circuits will be built. It
contains: 1) socket strips used to mount IC's and interconnect them, ii) 3 BNC connectors
for signal input from the pulse generator and signal outputs to the two oscilloscope traces,
and iii) two 60-pin connector-plug pairs for easy interconnection to the LAB STATION.

The 5 volt power supply (provided inside the lab kit box) is current limited so that
a short circuit will not damage the supply. Power can be accessed by connecting two
cables to two binding posts on the Protoboard, +5V (Red) and GND (Black).

The socket strips are used to mount and interconnect components. Five socket
strips for components and six bus strips which are useful for bussing commonly used
signals such as power, ground or clocks, are mounted vertically. Each strip is simply an
array of holes with spring clips underneath them. Stripped #22 gauge solid wire,
provided in the lab, must be used for interconnections in the Protoboard. Be sure that
the portion of the wire inserted is straight. If wire heavier than #20 gauge is forced into
the holes, IT WILL PERMANENTLY DAMAGE THE SPRING CLIPS. Any
components with heavy gauge wire, e.g., large capacitors, resistors, crystal oscillators,
etc. must be soldered into IC headers (available in the lab) or soldered onto #22 solid

hookup wire. The spring clips in the Protoboard are connected as shown (Fig. 4).
When the ECE 385 I/O board is connected to the Protoboard you have access to:
i) 16 debounced switches

ii) 16 light emitting diodes (LED) with drivers to monitor the state of various

lines in your circuit; and
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1ii) 4 hexadecimal displays that will display the following characters in response
to the corresponding hexadecimal binary coded inputs O thru 9 and A, b, C,
d, Eand F.

Figure 3
The connection points for the 60-pin connector can be seen in Fig. 5.
All I/0 board switches are debounced.

The hexadecimal displays are driven by binary to hexadecimal decoder/drivers
that generate a unique display symbol for each hexadecimal 4 bit binary coded input (0-9
and A-F). Blanking of DO and D1 is possible by setting pins 41 and 43 high on the
Protoboard.

The ICs used in your circuits must be labeled, in your logic diagram and
component layout diagram, using the column letters A, B, C, D, and E and the row
numbers 1 to 7 (see Figs. 4, 8, and 9).
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FIG.5. 60-PIN CONNECTOR ASSIGNMENT
FOR EACH SECTION OF THE ECE 249 /O BOARD.

RIGHTMOST BINARY OUTPUT LED 8 01

BINARY OQUTPUT LED 7 03

BINARY OUTPUT LED 6 05

BINARY OUTPUT LED 5 07

BINARY OUTPUT LED 4 09

BINARY OUTPUT LED3 11

BINARY OUTPUT LED 2 13

LEFTMOST BINARY QUTPUT LED 1 15

WHEN HIGH, IT BLANKS GREEN LEDs 17

WHEN HIGH, IT LATCHES - GREEN LEDs 19

WHEN HIGH, IT BLANKS-RED LEDs 21

WHEN HIGH, IT LATCHES RED LEDs 23

BIT 1 FOR HEXADECIMAL DISPLAY AT RIGHT 25

BIT 2 FOR HEXADECIMAL DISPLAY " AT RIGHT. 27

BIT 4 FOR HEXADECIMAL DISPLAY AT RIGHT 29

BIT' 8 FOR HEXADECIMAL DISPLAY- AT RIGHT 31

BIT 1 FOR HEXADECIMAL .DISPLAY AT LEFT 33

BIT 2 FOR HEXADECIMAL ‘DISPLAY AT LEFT 35

BFF. 4 FOR HEXADECIMAL DISPLAY AT LEFT 37

BIT 8 FOR HEXADECIMAL DISPLAY AT-LEFT 39
WHEN HIGH, IT BLANKS HEXADECIMAL DISPLAY AT LEFT 41
WHEN HIGH, [T BLANKS HEXADECIMAL DISPLAY AT RIGHT 43
RIGHTMOST BINARY INPUT DEBOUNCED SWITCH 8 45
BINARY INPUT DEBOUNCED SWITCH 7 47

BINARY INPUT DEBOUNCED SWITCH 6 49

BINARY INPUT DEBOUNCED SWITCH-5 51

BINARY INPUT DEBOUNCED SWITCH 4 53

BINARY INPUT DEBOUNCED SWITCH 3 55

BINARY INPUT DEBOUNCED SWITCH 2 57

LEFTMOST BINARY INPUT DEBOUNCED SWITCH 1 59

elolololole[e]o[9[e]o]o]oole[o]ole]e]e[e[e|e]e]e]e|e|o|e|e
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06
08
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16.
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24
26.

- 28
30.
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34
36

- 38-
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52
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ALL EVEN
PINS (02-60)
ARE
CONNECTED
TO GROUND

| ONTHE I/O

BOARD.





































































