LECTURE NOTES FOR FRIDAY 3/26/2002
COMPARISON OF LOGIC FAMILIES
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We use 74LSxx digital logic in the lab.  The low power Schottky LS TTL family combines a current and power reduction by a factor of 5 (compared to 7400 TTL) with anti-saturation Schottky diode clamping and advanced processing, using shallower diffusions and higher sheet resistivity to achieve circuit performance better than conventional TTL.
LO range
0 - 0.8V

HI range
2 - 5V

See http://www.web-tronics.com  or www.jameco.com for pricing and details.  I use the free TI Digital Logic Pocket Data Book that is at http://focus.ti.com/lit/ug/scyd013/scyd013.pdf.
LP-700 LOGIC PROBE
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LP-700 Max. Ratings

Maximum allowable supply voltage +25V

Guaranteed operating supply voltage range 3 ~ 18V

Maximum input voltage +50V

Guaranteed operating input voltage range -25 ~ +25V

Free-Air operating temperature range 0 ~ 50OC

Storage temperature range -65 ~ +150OC

LP-700  Specifications

a. Input Impedance 120k
b. Minimum detectable pulse width

1. At Vcc = 5 Volts 20ns

2. At Vcc>10 Volts 20ns

c. Logic Thresholds for TTL CMOS:
Logic 1 (green LED lights) 2.3 + 0.2V 70% Vcc +1V

Logic 0 (green LED off) 0.8 + 0.2V 30% Vcc +1V

High impedance >500k >1M  (green LED blinks at 1Hz)

Excessive Vcc supply voltage (red LED lights) Vcc +5V

Minus voltage (orange LED lights) -5V

d. Max input frequency displayable 20MHz

e. Input overvoltage protection +50V/10 sec, +240V AC/1 sec

f. Pulse LED (yellow) flashing time 200 ms

g. Power supply protection +25V/10 sec

h. Size 0.62 x 6.8”

i. Weight 1.8 oz.

LP-700 LOGIC PROBE OPERATION MANUAL

Operating Instructions

A. Setting up the instrument

a. Applying power to the probe

1. Connect the black clip to GND (-).

2. Connect the red clip to Vcc (+). Be sure Vcc is less than 25V, (Vcc = 5V in TTL circuit. Vcc = 3~18V in CMOS circuit).

3. If the supply voltage is correct, the green LED will blink. The yellow LED lights indicating the supply voltage is over 25 volts, the orange and red LED lights indicating the supply voltage is the wrong polarity. Please remove the clips quickly.

b. Setting the switches

1. TTL/CMOS switch  The TTL/CMOS switch can be switched to TTL mode for use in the TTL circuit. The TTL logic 1 is 2.3V, Logic 0 is <0.8V. When switched to CMOS mode for CMOS circuit, the CMOS logic 1 is >70% Vcc, logic 0 is <30% Vcc. At the same time, the switch can determine if the pulse modes trigger edge is positive or is negative. This is very useful when you have the LP-600 Logic Pulser, and try to test the IC truth table.

2. Latch Switch  The logic probe can detect and memorize the level transition. Either positive or negative level transition can be detected or memorized, depending on the mode selected.
(a) Not Latch: The memory function is inoperative in this position. Input state transition is “0” to “1” or “1” to “0”, will activate the pulse indicator for 200ms.

(b) Latch Position: In this position, memory function is activated. Pulse indicator lights up until reset if any pulse or level transition occurs.

NOTE: The probe tip must be first connected to the node and then the selecting switch set to memory position. Otherwise a false read out will occur, because the level transition may be falsely activated when a floating tip is connected to the node.
LP700  Typical Signals and Corresponding LED Indication
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LP-600 LOGIC PULSER
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The LP‑600 Logic Pulser is a very effective tool for the inspection and repair of logic circuitry.  It can be used to directly inject a signal into logic circuits without removing the IC or breaking the circuit. Using the logic probe as a monitor you can know not only if there is a wiring error but also if a given component is malfunctioning. The secret of this marvelous troubleshooting tool and the reason it can inject a signal into a logic circuit without disturbing the components or disrupting the circuit is that it can produce a very large but very short transient current.  Since the average power produced under these conditions is very small the injected signal will not harm any of the component circuitry.  Further, the pulser takes advantage of the voltage produced by a current flowing through the inherent resistance of the circuit to produce the injected signal.

LP‑600 Logic Pulser can produce a signal of 1000 mA/2 (sec duty time. The signal frequency may be switched to either 0.5 Hz or 500 Hz and as a result the LP‑600 is a fairly powerful pulser.  At the same time the LP‑600 can respectively produce a 50% Low digital signal at "Lo" output terminals, and it will be easier to observe for using oscilloscope to trace circuits.  The Logic Pulser also has a sync input point which can be used to produce an externally syncronized signal.
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OTHER INSTRUMENTS

PULSE GENERATOR 

The pulse generator is an ideal driver for digital circuits.  The pulse frequency and duty cycle can be adjusted as can the transition times and levels.  Highly desirable.
FUNCTION GENERATOR 

The function generator can act like a pulse generator with limited capability.  The frequency, amplitude and duty cycle can be varied on most instruments.  On the fancy ones youn can vary othr parameters as well. 

WORD & PATTERN GENERATOR

These instruments allow you to program data patterns. 

OSCILLOSCOPE
The oscilloscope is useful to look at outputs as a function of time.  Two channels are mandatory (one for signal, the other for the clock).  Four channels are better as you can see three signals with respect to the clock.  One usually triggers from the clock.
LOGIC ANALYZER

Logic analyzers are like multi-channel oscilloscopes, up to 160 channels, that are optimized for reading and recording digital signals.  One can build an 8-channel logic analyzer based on the parallel port interface on a PC.  See http://et.nmsu.edu/~etti/winter97/computers/logic/logic.html.

CHIP PINOUTS
Note that each chip has a notch on one end, indicating the location of pin 1.

74LS00  Quadruple 2-Input NAND Gates
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74LS02  Quadruple 2-Input NOR Gates
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74LS47  BCD-to-Seven-Segment LED Decoder/Driver
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74LS86  Quad 2-Input XOR Gates
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BIT MASKING

TO RESET A BIT (LOW), USE AND AS FOLLOWS:

	BIT
BINARY
HEX
DECIMAL

0
1111 1110
FE
254

1
1111 1101
FD
253

2
1111 1011
FB
251

3
1111 0111
F7
247

4
1110 1111
EF
239

5
1101 1111
DF
223

6
1011 1111
BF
191

7
0111 1111
7F 
127


	AND  WITH “1”

NO CHANGE

AND  WITH "0”

RESET TO “0”


ex. A=INP(PORT) AND DECIMAL: OUT PORT, A

TO SET A BIT (HIGH), USE OR AS FOLLOWS:

	BIT
BINARY
HEX
DECIMAL

0
0000 0001
01
1

1
0000 0010
02
2

2
0000 0100
04
4

3
0000 1000
08
8

4
0001 0000
10
16

5
0010 0000
20
32

6
0100 0000
40
64

7
1000 0000
80
128


	OR  WITH “0”

NO CHANGE

OR  WITH “1”

SET TO “1”




ex. A=INP(PORT) OR DECIMAL: OUT PORT,A

TO TEST A BIT, USE:

IF(INP(PORT) AND DECIMAL) = 0 THEN BIT IS LOW

USE DECIMAL FROM ABOVE (SET BIT HIGH) TABLE

"Real World"   DOs & DON'Ts

from williamson-labs.COM

What should I do with the UNUSED INPUTS? 

TTL devices normally default to a logic ONE if the input is allowed to FLOAT.  However, depending on many factors, these inputs can act as an antenna, and pick up NOISE which can cause mischief to the circuit.  The worst case is, the device will act as an uncontrolled intermittent OSCILLATOR.   This is BAD! 

Therefore:  ALL unused inputs of TTL logic devices IDEALLY should be returned to either a logic ONE or logic ZERO.  Certain devices--74XX and earlier 74LS--the logic ONE (Vcc) should be a ~ 1k resistor to Vcc; or alternatively, connected directly to ground (ZERO). Most/All other logic devices, the resistor is UNNECESSARY. 

In the case of CMOS devices, there is NO input DEFAULT;  CMOS input impedance is on the order of thousands of MEGOHMS and will cause EXTREME FAILURES if allowed to FLOAT.  

To make this point: if you put your finger or a scope probe on or NEAR an un-terminated CMOS input, it can cause a logic CHANGE!!   If allowed to float, some CMOS devices can oscillate so fast, that it exceeds the device power rating and will literally destroy itself. 

What should I do with the UNUSED OUTPUTS? 

Tri-state, open collector, etc., DO NOT require any attention. 
NOTE:  the tri-state control pin should be treated as an INPUT. 

