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1. The MUX

v U(OutHux)

Fig 1. Output waveforms for CTRL and Y signals
When the CLK is high, the “d” transmission gate turns ON (why? Because its PMOS

component is being fed CLKnverse Which is low it turns ON and its NMOS component is getting
CLK that which is high). Input thus latches to “d”.

When the CLK is low, the “q” transmission gate turns ON (why? Because its PMOS
component is being fed CLK Which is low it turns ON and its NMOS component is getting

CLKinverse that which is high). Input thus latches to “q”.
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Fig 2. Measuring time from Control High to Y Valid
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Trace Color. Trace uamc‘
| X Values

Measuring time from Control Low to Y Valid

g 3.

By simulation and observation, the times from control low/high to Y valid were measured to be:
u tCHYV = 232.677 pS u tCLYV = 137.792 pS

2. The D-Latch
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Fig 4. MUX Circuit schematic Fig 5. D-Latch using MUX


Jhansi Boggavarapu
Sticky Note
Values are a bit higher
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Fig 6. D-Latch Circuit schematic with added parts

A 2:1 multiplexer selects between two inputs depending upon the value of its select input. Also,
a latch holds its previous value when its enable pin is in a particular state (‘0” for positive level
sensitive latch and ‘1’ for negative level sensitive latch). To achieve this, a connection was made
from the output of the MUX (Qbar) to the 0 input, to create a feedback. Inverters were also

added to Qbar to generate Q output. See figure below.
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Clk

Positive level sensitive
latch, holds when clk = ‘0’

Din

Clk

Negative level sensitive
latch, holds when clk = “1’

Fig 7. D-Latch created from MUX
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Waveform showing transparent latching

Figé.
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Trace Color Trace Name Y1 Y1-Y2

X Values |37526u 7619y |-9.3472n

CURSOR2 | V(Q) 13.005m | 15.089n

Fig 4. Measuring setup time for Latch circuit

Setup time is seen to be 9.347ns.


Jhansi Boggavarapu
Sticky Note
U need to note the values of set up time for both the last valid and first invalid

and the value is ar0und 129ps..last valid
120ps for invalid
6/7
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Fig 5. Measuring setup time for Latch circuit containing 0.5pF

Capacitor

=

The delay setup time was noticed to have increased by 10 ns on Fig 5.1t is now 19.33ns


Jhansi Boggavarapu
Sticky Note
Same as 5
u need to note set up time for last valid and first invalid

values are in 980ps and 970 for last valid and first invalid
6/7


ELEC3500: Digital Electronics Kimberly Nguyen, 101031915
Lab 3 Bomi Garuba, 101032652

07,

> Initializ cripting. .. x| = Tara || X

9 c:/cadence/Sea oois/pspice/nels | |4l A Biss point calculated (] | [ |
g C:/Cadence/sP8_17.2/to0ls/pspice/tcls Trace Color | Trace Name | V1 Yi-vz
g C:/Cadence/sP8_17.2/to0ls/pspice/tels Transient Analysis — } Valios |3.20060 321560 19,1520

Transient Analysis finished = — =

V) 25000 [25000 [0.000

Time step = 957,812 Time = 5.000E-06 End = 5.000E-06 Lisense check-out ine Vs o000 To.000 o000

Total ob time (using Solver [CURSORZN V() 2.5000 25000 [0.000

INFOIDRPROBE 31901 Sim T

l I I I | |

‘Tracc Color Trace Name Y1 . Y1-Y2
X Values ! 3 2006u 2198y 9.152n

\/ { on \
vil)) v )
IR 1 O 0 00 \ \
y 4] U )
J 00 SO0 N OO0
Vi . JU JUu V. UU

Fig 6. Measuring setup time for D flip-flop at the first invalid Vou point

The setup time as shown is 19.152 s. @


Jhansi Boggavarapu
Sticky Note
Last valid...2.5ns
First invalid...2.25ns
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Fig 7. Measuring setup time for D flip-flop at the last valid V. point
The overall setup time I gotten by subtracting the setup time in Fig 7. From the time in
Fig.6:

19.152ns — 2.4909ns = 16.66ns.





