ELT 217; Experiment AD-5: Flip-Flops

EQUIPMENT NEEDED:
Analog Discovery
Computer with Waveform program
7400, quad 2-input NAND
7473, JK M-S Flip-flop

Notes:

1) Before wiring each circuit you must have a neat logic diagram showing pin numbers used and
functional interconnections. (All circuit diagrams must be included in your report.) When
actually assembling the circuit make sure you are using the proper IC. Also do not forget to
hook up power and ground to each IC you use and indicate pin numbers for this.

2) For ease of typing, negation is sometimes indicated by an asterisk, apostrophe or tilde. Thus X
is the same as X*, which is the same as X', and which is the same as ~ X; which are all
ways of writing not X (or active low X).

A. The S-R Latch

Connect two sections of a 7400 2-input NAND gate as shown in figure 1, below, using two of the
virtual data switches as inputs and two of the virtual LEDs as output indicators.
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Figure 1, S*-R* Latch
(1) Set inputs S*=1 and R*=1 (high). Record the state of the outputs.

(2) Momentarily bring the S* input to O for a brief time (switch its data switch to 0 and set it back
to 1 again). Record the state of the outputs after you pulse the inputs like this.

(3) Leaving the S* input high, momentarily bring the R* input to O for a brief time (switch its data
switch to 0 and set it back to 1 again). Record the state of the outputs after you pulse the
inputs like this.

(4) Put both input switches into the O (low) position and leave them there. Record the state of the
outputs; is this a valid condition or not? Explain why in your report.

(5) First return S* to 1 and then R* to 1. Record the state of the outputs.

(6) Again set S¥*=0 and R*=0. Then first return R* to 1, and then S* to 1. Record the state of
the outputs
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(7) From the results of this section complete the truth table for the S*-R* Latch. A suggested

format is shown in figure 2, below

INPUTS OUTPUTS

Q Q*

Comments

R*  S*
0O O
0 1
1 0
1 1

Figure 2, Suggested format of final truth table for S*-R* Latch

B. Gated S-R Latch.

Construct a gated latch using 4 sections of the 7400 chip as shown in figure 3, below.
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Figure 3, Gated R-S Latch
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Develop the truth table for this latch by doing the following steps in sequence, recording the state

of the outputs for each step. (Start with the gate input G=0, which should disable all inputs.)

(1) Set R=1, S=1; leave G=0
(2) Set R=1, S=0; leave G=0
(3) Set R=0, S=0; leave G=0
4) Set R=0, S=1; leave G=0

Note: in steps 1-4 the latch should have remained in the same state.

Explain why in your report.

Was the particular state you observed the same for all groups in the lab? (Check with other

students.) Explain why in your report.

(5) Set the gate input G=1, which should enable all inputs

Set S=1, R=0; leave G=1
(6) Set S=0, R=0; leave G=1
(7) Set S=0, R=1; leave G=1

(8) with G=1, Set S=1, R=1; then set G=0 record the outputs for each state of G
In your report explain the operation of the latch for step 8.
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In your report complete the truth table for the Gated S-R latch. A suggested format is shown in
figure 4, below.

INPUTS OUTPUTS

G R S Q Q% Comments
0 0 O
0 0 1
0O 1 O
0O 1 1
1 0 O
1 0 1
1 1 0
1 1 1

Figure 4, Suggested format of final truth table for Gated S-R Latch.

C. JK Master-Slave (M-S) Flip Flop, 7473.

(1) Wire the 7473 as shown in figure 5 using virtual switches and virtual LEDs and a virtual push
button output (BUTTON: O to 1) on the Analog Discovery as the clock input. Do not forget
to hook up, and indicate on your diagram, 5V power and ground (note they are NOT pins 7

and 14).
(AD2 Switchy
J o ADZ LED
ADZ Push Butto cp — |
¥ 8o [TTET
A02 Switc LR
A02 Switc -

Figure 5, Connections to 7473

(2) Verify the synchronous (clocked) truth table for the 7473 (see data sheet) as well as verifying
that no change will occur on the outputs, even if the inputs are changed, unless the complete
clock signal is present (a transition from low-to-high and back to low). Record the state of
the outputs clearly in truth table format similar to the table in the data sheet.

(3) Verify the asynchronous operation of the 7473 by bring the direct clear (or reset) input low.
Verify that it will remain reset, with the clear input overriding all possible conditions at J, K,
& CK. Record how you did this.
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D. Interconnected Flip-Flops; Dynamic Operation -- Asynchronus

(1) Interconnect the two halves of the 7473 as shown in figure 6, below.

Flip Flop 0 Flip Flop 1
[swiTch 9
e scope 2+ >
QO Ql cope
—ofr bocpe 11 .
- K . - Other Connections:
e N
[EwITcH ° | gnd (pin__)

Figure 6, Asynchronous Binary Counter

(2) Set the virtual data switches so that the clear input is HIGH and the J and K inputs are also
high. Use the Analog Discovery WaveGen to provide a positive 0 to 5V square wave of
100KHz frequency to the clock input instead of a push button. Be sure to reset the default
settings of this virtual instrument. You need a peak-to-peak amplitude of 5V, so set the
amplitude (which is peak) to be 2.5V. Set the offset to +2.5V so the signal will be 0 to 5V.

Take a “screen shot” of the set-up of the static I/O and the WaveGen and include it in your
report. In your report be sure you clearly indicate the meaning of each relevant switch and
LED either by labeling the I/O in the Analog Discovery or by indicating the static I/O

numbers on your wiring diagram.

(3) Put the Qo and Q, outputs into the two signal inputs 2+ and 1+ of the Analog Discovery virtual
'scope and trigger the 'scope on the negative-going transition of the Q, output of flip-flop 1.
Set a trigger level well into the expected amplitude of the outputs, you can try +1V. Offset
the two traces so that the Q; output is on the top half of the screen and the Qo on the bottom.

Run the set-up and observe the waveforms on the 'scope. Take a screen shot of the 'scope
(preferred) or draw the timing diagram showing these waveforms for at least 8 clock cycles
(adjust the sec/div setting for this). Include this timing diagram in your report - it is part of
your data for this section. In your report state the frequency of the Qo and Q, outputs and the
value of the input frequency. What is the ratio of the input frequency to each of the outputs?

(4) Set the clear input LOW and continue to observe and record the outputs. What effect did this

have on the operation of the counter?

(5) Set the clear input back to HIGH, then set the J and K inputs LOW and continue to observe and
record the outputs. What effect did this have on the operation of the counter?

(6) In your report, for each of the counters in D, E, and F, starting with the counter state Q,=1,
Q.=1, list the consecutive counter states for at least the next 7 clock pulses. Note that a table
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such as shown in figure 7, listing consecutive states, is called a "State-Table." Comment on
the type of the counter for each state-table you make up, eg: what modulo, up or down, etc.

Pulse Qi Qo
0 1 1
1
2
3
4
5
6
7
8

Figure 7, Sample State-Table

(7) Before disconnecting the counter, have the instructor look at your set-up and sign your data
sheet or wiring diagram.

E. Truncated count:
(1) Before disconnecting your asynchronous counter add a decoder to the circuit so it is a
modulo 3 instead of modulo 4 counter. One way of doing the is a simple NAND gate with the
inputs connected to Q; and Qo and the output connected to both R* inputs of the 7473 instead
of the switch. See figure 8, below.

Flip Flop 0 Flip Flop 1
[swiTcH 9 [scope 2+ >
U1B =
Qo Q Foope T
—s gP 0 T scope 1+
aveGen ¢
aveGen > _ K . Q'P‘ [ Uk Other Connections:

T_ Dﬂ Vee Uli(pin )

l gnd U1; (pin__ )
Vee U2: (pin )

gnd U2: (pin__ )

Figure 8, Suggested Truncated Asynchronous Binary Counter

Repeat steps (2). (3). (6), and (7) from part D, above.
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F. Interconnected Flip-Flops; Dynamic Operation -- Synchronous

(1) Construct the circuit shown in figure 9, on next page. This is a synchronous binary counter
because the clocks in all the circuits receive their signals simultaneously.

Repeat steps (2) through (7) from part D, above.

SWITCH

Flip Flop 0 Flip Flop 1 TERID

UlA UlB
Qo Q
o —4  of———fscope 1+ > ,
- O & Other Connections:

P . T .

| ‘T_ Vcc( pm _)
$—fscope 1-> .
gnd; (pin__)
[swiTcH

Figure 9, Synchronous Binary Counter
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DM7473

General Description

This device contains two independent positive pulse trig-
gered J-K flip-flops with complementary outputs. The J and
K data is processed by the flip-flops after a complete clock
pulse. While the clock is LOW the slave is isolated from the
master. On the positive transition of the clock, the data
from the J and K inputs is transferred to the master. While
the clock is HIGH the J and K inputs are disabled. On the

September 1986
Revised February 2000

Dual Master-Slave J-K Flip-Flops
with Clear and Complementary Outputs

negative transition of the clock, the data from the master is
transferred to the slave. The logic states of the J and K
inputs must not be allowed to change while the clock is
HIGH. Data transfers to the outputs on the falling edge of
the clock pulse. A LOW logic level on the clear input will
reset the outputs regardless of the logic states of the other
inputs.

Ordering Code:

Order Number |Package Number

Package Description

DM7473N N14A

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

Connection Diagram

J1 Q1 Q1 GND K2 Qz Qz

14 13 12 |11

—o
A A

1 2 3 4 5 6 7

CLK1 CLR1 K1 Yoo CLK2 CLR2 J2

Function Table

Inputs Outputs
CLR | oK | 4 K Q Q
L X X X L H
H el L L Qq Q
H g H L H L
H Ju L H L H
H g H H Toggle

H = HIGH Logic Level

L = LOW Logic Level

X = Either LOW or HIGH Logic Level

v = Positive pulse data. the J and K inputs must be held constant while
the clock is HIGH. Data is transferred to the outputs on the falling
edge of the clock pulse.

Qg = The output logic level before the indicated input conditions were
established.

Toggle = Each output changes to the complement of its previous level on
each HIGH level clock pulse.

© 2000 Fairchild Semiconductor Corporation DS006525

www.fairchildsemi.com
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T3, SN54LS73A, SN7473, SN74LST3A
- J-KFLIP-FLOPS WITH CLEAR

} — DECEMBER 1983 — REVISED MARCH 1988

symbolsT
73 ‘LS73A
(14) (14)
u 1J (12) 19 1 (12
l—=_ 1Q AL
1CLK :;+- c1 1CLK %;—bo c1
1K 1K N3 = 1K 1K {13)
wR 2t o ‘ 1 e SIS 93
25 47} @ Lo PYRLL @)
2CLK (‘f()” 2CLK ——B‘(f;) <A
o | LI x 2L N8
2C_L§(6)D‘ 2Q ZC_LF-‘(G)E‘ 2Q
1 symbols are in accordance with ANSI/IEEE Std. 91-1984 and |EC Publication 617-12.
iatics of inputs and outputs
‘73
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
vee - == Vee
Req 130 2 NOM
INPUT = == -
QUTPUT
1L MAX Regq NOM
~16mA 4kQ
- 3.2mA 2 k2
'LS73
EQUIVALENT OF TYPICAL OF
EACH INPUT ALL OUTPUTS
Vee == 1 ]  —s=meoSssns Vee
Req
INPUT e e
OuTPUT
1L MAX Req NOM
- 0.4 mA 30 k2
- 08mA 8.25 kQ2

*ﬂ' Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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Absolute Maximum Ratingsote 1)

Note 1: The "Ahsolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should nat be
operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The "Recommended Operating Conditions” table will define the conditions

Supply Voltage rAY
Input Voltage 5.5V
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 v
Viy HIGH Level Input Voltage 2 vV
Vi LOW Level Input Voltage 0.8 vV
loy HIGH Level Output Current -04 mA
o LOW Level Output Current 16 mA
foiw Clock Frequency (Note 3) 0 15 MHz
by Pulse Width Clock HIGH 20

{Note 3) Clock LOW 47 ns
Clear LOW 25

tsy Input Setup Time (Note 2){Note 3) aT ns
ty Input Hold Time (Note 2)(Note 3) ol ns
Ta Free Air Operating Temperature 0 70 °C

Note 2: The symbol (T, ) indicates the edge of the clock pulse is used for reference: (T) for rising edge, (1) for falling edge

Note3: Ty =25°C and Ve = V.

Electrical Characteristics

over recommended operating free air temperature range {unless otherwise noted)

Symbol Parameter Conditions Min Typ (Note 4) Max Units
W) Input Clamp Voltage Yoo =Min, [ =-12 mA -1.5 Y
VoH HIGH Level Vee =Min, loy :M.ax - » @

Output Voltage VL= Max, ¥y =Min
VoL LOWY Level Vee :Min, loL = Max - - i
Output Voltage Wiy =Min, V)= Max
I Input Current @ Max Input Voltage | Vee =Max, V) =55V 1 ma,
IH HIGH Level Vep =Max JoK 40
Input Current V= 2.4V Clock g0 LA
Clear 80
I LOWY Level Input Yoo =Max J K -1.6
Current V=04V Clock -3.2 ma,
Clear -3.2
log Short Circuit Output Current Ve =Max (Note 5) -18 =55 ma,
lcc Supply Current Yoo =Max, (Note 8) 18 34 ma
Noted: All typicals are at Ve =8V, Ty =25°C.
Note 5: Mot more than one output should be shorted at a time
Note B: \With all outputs OPEN, | oo 15 measured with the @ and Q outputs HIGH in turn. At the time of measurement the clock input grounded
Switching Characteristics atv..=5vand T, =25°C
From {Input) Ry =4000, C; =16 pF .
Symbol Parameter Units
To (Output) Min Max
Tha MWaximum Clock Frequency 15 WHz
tPHL Propagation Delay Time HIGH-{o-L OW Lewvel Output Clearto Q 40 ns
tPLH Propagation Delay Time LOWo-HIGH Level Output Clearto O 25 ns
tPHL Propagation Delay Time HIGH-to-L OW Lewel Output Clockto Q or 3 40 ns
tPLH Propagation Delay Time LOWo-HIGH Level Output Clock to Q or Q@ 25 ns
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SN5473, SN54LS73A, SN7473, SN74LST73A
DUAL J-K FLIP-FLOPS WITH CLEAR

SDLS118 — DECEMBER 1983 — REVISED MARCH 1988

logic diagrams (positive logic)

o '

gi2od
h{{g ib_o
o e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

i' = a

X
-

K

CLK

Supply voitage, Vo (See Note 1) ... ..o s 7V
INPUt voltage: "T3 . . . e 6.5V
LS T73A . ot e 7V

Operating free-air temperature range: SN54° ... ... .. ... ... ... . i -55°C to 125°C
0° C to 70°C

SNTA s
Storage temperature FANGE . . . . . . .o ov vttt in e

NOTE 1: Voltage values are with respect to network ground terminal.

{'? TeExas
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