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TABLE 1
PROPAGATION DELAYS FOR TEXAS INSTRUMENT ICS

Device TpLu, NS TrHL, NS Tomax, 1S
74HCTO00 25 25 Y
74HCT20 42 47 42
74HCT04 25 25 Y
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Figure 1. Minimal SOP circuit with worst-case propagation highlighted and
annotated gate delays: 109 ns (42 ns + 42 ns + 25 ns).
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TABLE 2

TRUTH TABLE WITH WORST CASE PROPAGATION DELAY PAIR

A B C D Y
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 0
0 1 0 1 1
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 0
1 1 1 1 1
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Figure 2. Tri-state Quartus diagram created with Ipm_bustri megafunction. The file
is programmed to control LEDs on DE2 board with switches (0-3 and 17-14) for

inputs and push button for an enable signal (key 0).
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1
"\‘ TELEDYNE LECROY

Everywhereyoulook”

C1
1.000 V/div 500 ns/div Auto 149V
-1.535V ofst 20.0kS 4.00GS/s Edge Negative
X1=-1.540 psAX= 3.585 ps
X2=2.045 ps 1/AX= 278.9 kHz

Figure 3. Oscilloscope capture for measuring period of V,, (downloaded waveform:

“Lab3-DE2.sof” with an input of a birthdate) with vertical tracers (period = 3.585
microseconds).
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C1
2.00 V/div 200 ns/div Auto 164V
-3.30 V offset 8.00kS 4.00GS/s Edge Positive
X1=0ns AX= 1.538 ps
X2=1.538 ps 1/AX= 650.2 kHz

Figure 4. Oscilloscope capture for measuring positive duty cycle of V_,,
(downloaded waveform “Lab3-DE2.sof” with an input of a birthdate) with
vertical tracers measuring a high time of 1.538 microseconds (positive duty cycle =
100% * high time / period = 42.90%).
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".‘ TELEDYNE LECROY

Everywhereyoulook

2.00 Vidiv 5.00 ns/div Stop 242V
0.00V offset 100S 200GS/s Edge Positive
496 mv X1=18.45nsAX= 3.05ns
453V X2= 21.50 ns 1/AX= 328 MHz

402V

Figure 5. Oscilloscope capture for measuring rise time of Y, =
((/C+D)*(/B+D)*(A+B+C)*(B+/C+D)) with vertical tracers measuring a rise time
of 3.05 ns (0% point: 0 V; 100% point: 5.02 V).

"“ TELEDYNE LECROY

Everywhereyoulook

2.00 Vidiv 5.00 ns/div Stop 242V
0.00 V offset 100S 200GS/s Edge Negative
496 mV X1=25.40 nsAX= 3.35ns
453V X2= 28.75 ns 1/AX= 299 MHz
402V

Figure 6. Oscilloscope capture for measuring fall time of Y, =
((/C+D)*(/B+D)*(A+B+C)*(B+/C+D)) with vertical tracers measuring a rise time
of 3.35 ns. (0% point: 0 V; 100% point: 5.02 V).

Page 4/5




1.000 V/div 1.000 V/div
-2.000 V ofst -2.000 V ofst
2552V ---- 2552V
2224V

-328 mV| Ay -328 mvV

Everywhereyoulook”

"“ TELEDYNE LECROY

20.0 ns/div Stop 203V
400S 2.00GS/s Edge Negative
X1=-28.2 nsAX= 28.0 ns
X2=-200 ps 1/AX= 35.7 MHz

Figure 7. Oscilloscope capture for measuring propagation delay (high to low) of
Y= ((/C+D)*(/B+D)*(A+B+C)*(B+/C+D)) (PHL = 28 ns). Transition levels for

clock and output are 2.22 V and 2.56 V respectively.
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"~‘ TELEDYNE LECROY

Everywhereyoulook™

20.0 ns/div Stop 203V
400S 2.00GS/s Edge Positive
X1=-21.4nsAX= 21.6ns
X2= 200 ps 1/AX=46.3 MHz

Figure 8. Oscilloscope capture for measuring propagation delay (low to high) of
Y = ((/C+D)*(/B+D)*(A+B+C)*(B+/C+D)) (PLH = 21.6 ns). Transition levels for

clock and output are 2.22 V and 2.56 V respectively.
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