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Section 1: Executive Summary:

In this project, we will be designing a CMOS of a 16-to-1 Multiplexer (MUX) using
Electric. By using the Electric software, we’ll be creating four different designs, a conventional
schematic design, a conventional layout design, a transmission gate (TG) schematic design, and a
transmission gate (TG) layout design. The purpose for the use of the transmission gate design is
for efficiency and to save on transistors. In order to test if our designs are correct, we’ll be
generating waveforms to test for correctness by giving a specific input and expecting a certain
output. We’ll be generating the waveforms using two different software, IRSIM and LTSPICE.
The two different software would help support our design by increasing our test methods and
providing us different test properties. After obtaining the waveforms for the two different design,
we’ll compare them and observe their similarities and differences.

To design a conventional 16-to-1 Multiplexer (MUX), we plan to use three different
designs and combining them together to make a 4-to-1 Multiplexer. One design we plan to use is
a three input AND gate, the second design we plan to use is a four input OR gate, and the third
design we plan to use is an inverter. By combining four AND gates, one OR gates, and two
inverters, we’ll be able to obtain a 4-to-1 Multiplexer. After making the 4-to-1 Multiplexer, we
create 4 more 4-to-1 Multiplexers and link them together to create a 16-to-1 Multiplexer. We
would also test each individual design using waveforms before putting them together to make
sure they satisfy our requirements. By testing each individual design would also help with the
debugging process when combining the two designs together because we’ll know where the

problem lies in case the waveform doesn’t turn out like the way expected.

To design a Transmission Gate (TG) 16-to-1 Multiplexer (MUX), we plan to use two
designs and combining them together to make a 4-to-1 Multiplexer. One design we plan to use is
an inverter, and the second design we plan to use is a transmission gate. By combining two
inverters, and six transmission gates, we’ll be able to obtain a 4-to-1 Multiplexer. After making
the 4-to-1 Multiplexer, we create 4 more 4-to-1 Multiplexers and link them together to create a
16-to-1 Multiplexer. We would also test each individual design using waveforms before putting
them together to make sure they satisfy our requirements. By testing each individual design
would also help with the debugging process when combining the two designs together because

we’ll know where the problem lies in case the waveform doesn’t turn out like the way expected.
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Section 2: Introduction and Background:

A 16-to-1 Multiplexer is a form of digital circuit that is used to select a certain data. The
16-to-1 Multiplexer would have a total of 20 inputs and one output. 16 of the inputs are data, and
the other 4 are what’s used to select those data. The output would be the one of the 16 inputs,
depending on what the selector selects. Multiplexers itself are often used in larger circuitry and
helps a lot in terms of which data are being selected so it could be used for modification without
modifying the other data. The truth table of the 16-to-1 Multiplexer is shown on Table 1.

The approach we plan to take to design the conventional 16-to-1 Multiplexer would be to
use three different designs and combining them together. The three designs that we plan to use
would be a three input AND gate, a four input OR gate, and an inverter. The reason for this
approach is because we can’t directly build a conventional 16-to-1 Multiplexer without first
building a 4-to-1 Multiplexer or any Multiplexer, and we can’t build a Multiplexer without using
an AND gate, OR gate, or an inverter. By applying four AND gates, one OR gate, and two
inverters, we’ll be able to obtain a 4-to-1 Multiplexer. After making the 4-to-1 Multiplexer, we
create 4 more 4-to-1 Multiplexer and link them together to create a 16-to-1 Multiplexer. The
figures on the next few pages show the schematic and layout of the two input AND gate, which
becomes a three input AND gate, two input OR gate, which becomes a four input OR gate, an
inverter, and a 4-to-1 Multiplexer. In addition, the truth table of a three input AND gate is shown
on Table 2; the truth table of a four input OR gate is shown on Table 3; the truth table of an
inverter is shown on Table 4; the truth table of a 4-to-1 Multiplexer is shown on Table 5.

The approach we plan to take to design the transmission gate 16-to-1 Multiplexer would
be to use two different designs and combining them together. The two designs that we plan to
use would be a transmission gate, and an inverter. The reason for this approach is because we
can’t directly build a transmission gate 16-to-1 Multiplexer without first building a 4-to-1
Multiplexer or any Multiplexer, and we can’t build a Multiplexer without using a transmission
gate, or an inverter. By applying six transmission gates, and two inverters, we’ll be able to obtain
a 4-to-1 Multiplexer. After making the 4-to-1 Multiplexer, we create 4 more 4-to-1 Multiplexer
and link them together to create a 16-to-1 Multiplexer. The figures on the next few pages show
the schematic and layout of the 4-to-1 Multiplexer, which consists of six transmission gates, and

two inverters. The truth table of a 4-to-1 Multiplexer is already shown on Table 5.
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Table 1: Truth Table of a 16-to-1 Multiplexer

Input: S3 Input: S2 Input: S1 Input: SO Output: 16-to-1
Multiplexer
0 0 0 0 DO
0 0 0 1 D1
0 0 1 0 D2
0 0 1 1 D3
0 1 0 0 D4
0 1 0 1 D5
0 1 1 0 D6
0 1 1 1 D7
1 0 0 0 D8
1 0 0 1 D9
1 0 1 0 D10
1 0 1 1 D11
1 1 0 0 D12
1 1 0 1 D13
1 1 1 0 D14
1 1 1 1 D15

Boolean Expression:

Vout = $,5,5,53D¢ + $4515,53D1 + 505:15,53D, + S¢515,85D5 +
5051528304 + $0515253D5 + 50515,53D6 + S0515,83D7 +
50515253Dg + S¢515283D9 + $3515,53D10 + S0515283D11 +
50515253012 + $0515,83D13 + 50515,83D14 + S0515,53 D15



Table 2: Truth Table of a Three Input AND Gate
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Input: A Input: B Input: C Output: AAND B
AND C
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 1

Boolean Expression:

Vout = A*B *C
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Figure 2: Layout Design of a Three Input AND Gate
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Figure 4: Layout Design of a Two Input AND Gate That’s Used



Table 3: Truth Table of a Four Input OR Gate
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Input: A Input: B Input: C Input: D Output: AOR B
ORCORD
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
0 1 0 0 1
0 1 0 1 1
0 1 1 0 1
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

Boolean Expression:
Vout=A+B+C+D
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Figure 5: Schematic Design of a Four Input OR Gate

Figure 6: Layout Design of a Four Input OR Gate
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Figure 7: Schematic Design of a Two Input OR Gate That’s Used

out;

........
........

Figure 8: Layout Design of a Two Input AND Gate That’s Used
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Table 4: Truth Table of an Inverter

Input: In Output: In NOT

0 1

1 0

Boolean Expression:
Vout = In

Figure 10: Layout Design of an Inverter
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Table 5: Truth Table of a 4-to-1 Multiplexer

Input: S1

Input: SO

Output: 4-to-1 Multiplexer

0

0

ol O w X

Boolean Expression:
Vout == SoleO + SO‘STlDl + S_OSIDZ + S()S]_D3

A>—————————

B ‘

o]

Inverter

- [4-to-1-Mux|—Vout

Ilnverter| o

Figure 11: Schematic Design of a 4-to-1 Multiplexer
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Figure 12.0: Layout Design of a 4-to-1 Multiplexer (Landscape)
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Figure 12.2: Layout Design of a 4-to-1 Multiplexer Zoomed (Middle)
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Figure 13: Schematic Design of a 4-to-1 Multiplexer Transmission Gate
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Figure 14.0: Layout Design of a 4-to-1 Multiplexer Transmission Gate
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Figure 14.2: Layout Design of a 4-to-1 Multiplexer Transmission Gate Zoomed (Middle)
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Figure 14.3: Layout Design of a 4-to-1 Multiplexer Transmission Gate Zoomed (Bottom)
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Section 3: Electric Schematic:

We created a schematic of the conventional 16-to-1 Multiplexer by combining five 4-to-1
Multiplexers (Figure 11) together, using its icon. If there were any problems with the 4-to-1
Multiplexer, then we would have to go back to see the parts it was built from. In this case, the
parts that it was built from are a two input AND gate, which becomes a three input AND gate,
two input OR gate, which becomes a four input OR gate, and an inverter. It was combined by
connecting the output of four 4-to-1 Multiplexer to the four inputs on another 4-to-1 Multiplexer.
Figure 15 shows the schematic design that was built using Electric of the conventional 16-to-1
Multiplexer. Figure 16 shows the Design Rule Check (DRC) that was performed on the
schematic for the conventional 16-to-1 Multiplexer; it indicates that there were no errors or

warning with the schematic.

For the transmission gate 16-to-1 Multiplexer, it’s created by combining five
transmission gate 4-to-1 Multiplexer (Figure 13). It was combined by connecting the output of
four transmission gate 4-to-1 Multiplexer to the four inputs on another transmission gate 4-to-1
Multiplexer. Figure 17 shows the schematic design that was built using Electric of the
transmission gate 16-to-1 Multiplexer. Figure 18 shows the Design Rule Check (DRC) that was
performed on the schematic for the transmission gate 16-to-1 Multiplexer; it indicates that there

were no errors or warning with the schematic.
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Figure 15: Schematic Design of a 16-to-1 Multiplexer

(@) Electric Messages

[

Checking schematic cell 'AND{sch}'
No errors found

Checking schematic cell '3-AND{sch}'
No errors found

Checking schematic cell 'OR{sch}'
No errors found

Checking schematic cell '4-OR{sch}'
No errors found

Checking schematic cell 'Inverter{sch}'
No errors found

Checking schematic cell '4-to-1-Mux{sch}'
No errors found

Checking schematic cell 'lé-to-1-Mux{sch}'
No errors found

0 errors and 0 warnings found (took 0.031 secs)

Figure 16: Design Rule Check (DRC) of a 16-to-1 Multiplexer Schematic Design
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Figure 17: Schematic Design of a 16-to-1 Multiplexer Transmission Gate

i Electric Messages

9
Checking schematic cell "4-to-1-Mux-TG{sch}'
No errors found
Checking schematic cell 'l6-to-1-Mux-TG{sch}"
No errors found

0 errors and 0 warnings found (took 0.031 secs)

Figure 18: Design Rule Check (DRC) of a 16-to-1 Multiplexer Transmission Gate Schematic
Design
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Section 4: Electric Layout:

We created a layout of the conventional 16-to-1 Multiplexer by combining five 4-to-1
Multiplexers (Figure 12) together. If there were any problems with the 4-to-1 Multiplexer, then
we would have to go back to see the parts it was built from. In this case, the parts that it was built
from are a two input AND gate, which becomes a three input AND gate, two input OR gate,
which becomes a four input OR gate, and an inverter. It was combined by connecting the output
of four 4-to-1 Multiplexer to the four inputs on another 4-to-1 Multiplexer. Figure 19 shows the
layout design that was built using Electric of the conventional 16-to-1 Multiplexer. There is an
overview and a zoomed version of the layout since the overview isn’t clear enough. In addition,
if additional justifications are needed, refer to Figure 12. Figure 20 shows the Design Rule Check
(DRC) and Well Check that was performed on the layout for the conventional 16-to-1
Multiplexer; it indicates that there were no errors or warning with the layout.

For the transmission gate 16-to-1 Multiplexer, it’s created by combining five
transmission gate 4-to-1 Multiplexer (Figure 14). It was combined by connecting the output of
four transmission gate 4-to-1 Multiplexer to the four inputs on another transmission gate 4-to-1
Multiplexer. Figure 21 shows the layout design that was built using Electric of the transmission
gate 16-to-1 Multiplexer. There is an overview and a zoomed version of the layout since the
overview isn’t clear enough. In addition, if additional justifications are needed, refer to Figure
14. Figure 22 shows the Design Rule Check (DRC) and Well Check that was performed on the
layout for the transmission gate 16-to-1 Multiplexer; it indicates that there were no errors or

warning with the layout.



Page |24

Kaiaisad 488 544 5 a0 dbinales s as PP W O T PR E R R s S
FALIE 5 B S A W e ek 65 g IR AR el G4 S L0 QRS
Calainims w5 8 5@ 606 00e 5 % e 6 B @ % 3 3 0L LR T B
FHATS0 e o B 68 ¥esieieiiee DT o ST ITIIL . 2 %
S e R e = FEREEEY vl e e e s W e S e e s e
Ve e s e 6 s e e e e se e e e oo s de i e b aie vivie wie e e
WIS W % 8 8 & S AR hieie b & FRR g S SRR TR
SepesRIwS 1 e & e N 6 W 6 e SREM e e ®
O R R TR ET LY T
N A Rk e T R R risie 6 W 6 & A B GRS B 3
MRS | o) | DR RN L,
L I [ | I T N S R e
B 8 B S 8 88 AR P
R TR L LT e N AR S S BN
bt g & 8wl v (e le e mamsenill o B willovio s ot ane 8 B % o 8 wie: fave ebm il ol o
@ einiis 6 % 6 & 56 9 6 eislie e Tely o006 6 16 % 8 K S0 cmiior sieie BB B ®
Reeim s e e & € 6 b e s b il . s bieie s % % & & siw eieiesiels e s s
VA0 ea0n 1608 8 & o6 ebise e oD I b0 6 16 % & & 3 b aais el e e aie b 8
ERe @hig 6 % o 8 % & & R00 4o IO B 506 % %% 4 6 N e e e e
A s v g e s wwievaeiell s 8 R e e w e v v e W Esate we 8w
Caeivins B v 8 # 8 8 % srer e R R e R
PR & S R €6 R R i i %l ¥ S ST R 58
T S P T | N
seee e e e P e N | e
e, e w @ W m S e B
o wich {8 @ N T, R T e
[0 o e Yo ) . B A o SN i Ko R '. B S B 8 F N W SR G ¥ W
O g ol lscionce 1o in @ € § 2 Sanmve e i o
e S . P 1 O L P R S
[T S R N b b 6 & & %) ke UG Sk, B 8
[P T RS F R R Py R 3 o b & % B & k35 e e e B B
S TR B .o ¢ EE SR IR Ty
R Y 21l S ITiEIITY ' Yy
Fawieine 6% s s e 9l eshan e s 3 SN e e e w s e eie) e W e @
Falaialaie w e b R Sl erie e i e e e w sy aliee el e e aie B
LUt 2 B S T B R M G SR MR SRl Kl N L SR S S J + R T B e B G CEEAER S S
e R A R B B | I T R T I
BRI B 6 R B A 5 s lllocasie o & W € W s GiASE EE S B e
O SR i W R S G e e
o O | e
RSNSOI e ———— Y O | RN
WA R A% A AT AT e L L L e
[P D L R s o8, o 56 o v 200 SuiBoln Husibaes gl 0 i
Salaand % & & & & & S aiete Bibiis & & & K B S Gaieiesae s B
PR YRR PR LT Py X met 0% 0B 8 B S aniaie e S B
Valwaiae o ia o & &6 a @ e, ansiee wlle s B e R R R R e e
Valethaie e w8 4 ¢ e b abeimieine e bee ke % w3 e dlaiei e e e 8
(s SIS REE:. . 0 Siie s 4 & ¥ ¥y L Ge e % 4
g B I S R Y B
FEaedt % s K & e St , " ke % fo & & $ 08 Wil e b e
PRSRHEONE B E 8§ § @ A AR § TR %% F F H PR SRR AT § F
e P R E R R Y T e . dq. RS a e et e W B el e e e e
e e a e aseaszasisimemsin ll e . d.

BT W e R iy o o) o S —————— P—
LA 00 S 0 3 I . . g c S v ma mer g + e 9 * I * + « W -
AR B o SRR My rp T g AN B
. . o R ¥ A e .
" oo o M 4™ o S e — N A
. ool v e RS 8 | DUDAR PO . swifbie o & ‘e SR PR
n i s - g ol N | T
. .o .e JOF S | DO PN . .o .o N X { N
a — TRl v T B
a3 3 TR O ) a1 3 G

o T o EC g T
. e .. . PP . e e 5 e
A . . e K e 5 . .
o 1 S o . 4 WE e ! B RS 3 N5 s
BB e - 4 v o .8l ar . 41 -k v e
o o BESS R + N o |
"R 4 5
. . + bR+ M- . P 4 " » ¥ ko
==t ~ e Fl°
. . - L . .H-H- - . - . - <M -
| | 1)
. ARk . + o bR B . . o La. . .. L. 80 .
. N i .
. . . . .o . i . . d . 24
=
. 7= .
.
.
1
. N N p— . . o A . 1. .o N NN
3
5 g 3 113 e
. ol . 3 . . 7S
. N F . ool .ok 8 L. . . JY LR, .. 5 B .
2 h. " . . o fLE " . 4. . - N X "
e AT Pettete
&
e K .o
‘e o § S ep———— CI0) (Bl giiam SR EEEE TR Oy By 5 NP
S08 || B4 B 380081 | (10 SSRE0S | | 8 1108088 | 1 9 811 2%
e - . * e e s 0.5;.»..0..83 D S ""“3""3!2
i -1 1* [ - Fh g | 1. 0~ P s Bt s ee e @BB B .29,

Figure 19.0: Layout Design of a 16-to-1 Multiplexer (Landscape)
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6
Running DRC with area bit on, extension bit on, Mosis bit
Checking again hierarchy .... (0.016 secs)

Found 368 networks
Checking cell '"lé6-to-1-Mux{lay}'
No errors/warnings found
0 errors and 0 warnings found (took 4.329 secs)
7
Checking Wells and Substrates in 'l6-to-1-Mux:16-to-1-Mux{lay}"
Geometry collection found 940 well pieces, took 0.101 secs

Geometry analysis used 4 threads and took 0.022 secs
NetValues propagation took 0.0 secs
Checking short circuits in 10 well contacts

Additional analysis took 0.0 secs

No Well errors found (took 0.123 secs)
Figure 20: Design Rule Check (DRC) and Well Check of a 16-to-1 Multiplexer Layout Design
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Figure 21.0: Layout Design of a Transmission Gate 16-to-1 Multiplexer
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Figure 21.2: Layout Design of a Transmission Gate 16-to-1 Multiplexer Zoomed (Middle Left)
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10
|Running DRC with area bit on, extension bit on, Mosis bit

Checking again hierarchy .... (0.0 secs)
Found 128 networks
Checking cell 'l6-to-1-Mux-TG{lay}'
No errors/warnings found
0 errors and 0 warnings found (took 1.108 secs)
- 11 ——
Checking Wells and Substrates in 'l6-to-1-Mux:16-to-1-Mux-TG{lay}"' ...
Geometry collection found 470 well pieces, took 0.015 secs

Geometry analysis used 4 threads and took 0.022 secs
NetValues propagation took 0.0 secs
Checking short circuits in 70 well contacts

Additional analysis took 0.0 secs
No Well errors found (took 0.037 secs)

Figure 22: Design Rule Check (DRC) and Well Check of a Transmission Gate 16-to-1
Multiplexer Layout Design



Section 5: IRSIM Simulations:
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After creating the schematic and layout design of the 16-to-1 Multiplexer, waveforms
were created using IRSIM. Theses waveforms were created by configuring the inputs, D0-D15,
and S0-S3, so that it could test certain computations. The computations that it tested are the same
between the schematic and layout. When setting in values for the inputs, the output would
automatically update based on the inputs. We were able to verify the waveforms obtained from
IRSIM were correct by matching it with the truth table on Table 1.
Section 5.1: Schematic:

For the schematic, we tested both conventional 16-to-1 Multiplexer, and Transmission
Gates 16-to-1 Multiplexer. We could confirm that it works by viewing the selectors and counting

the peaks for the one that’s selected and comparing it with the output.
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Figure 24.1: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
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Figure 24.5: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
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Figure 24.6: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
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Figure 24.7: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
(Selector at 8 and 9)

Electric
File Edit Cell Egport View Window Taols Help

SE kMR en

os % | 00T MR« > x>

@ simulation of 16-t0-1-Muz16-to-1-Mux-TGisch} ERE
Compenents. B L Panel 1 v 3ns  Centar 63ns  Cemer  Deaals
ti’:‘::ﬁ"usla = g HANPMaS Timi o | 1 [0 |2 o [ s [ns o [ |12ns
Tfm A0 1-M@0 1 X EXE ;
o ot . |
ot ‘ -Input: 53 1 } 1
At . *OXK ;
. =1 I . S 2 O | 0
= -Input: |
® o¢ :
.05 3 XEaXE |
2 |[-Input:S1T 1 i 1
.08 |
.09 T
@ D10 4 X = ¢ | 1
~® D1 . :
2 Linput: SO 0 |
® ot |
o
b E EEET | [
- & S0 i
. o 8 Peaks Delay i Delay m
b X O ME® [
i= | Input: D10 |
' 4 Peaks |
® nougs - |
o netao
@ ERRORS 7 X E MR |
JoBs 2 |
eaks ) I l [ I 1

NOTHING SELECTED | SIZE: 81% 59 TECH: schematic

(77,9

Figure 24.8: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
(Selector at 10 and 11)
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Figure 24.9: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1 Multiplexer
(Selector at 12 and 13)
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Figure 24.10: IRSIM Waveforms of Schematic Design of a Transmission Gate 16-to-1
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Section 5.2: Layout:

For the layout, we tested both conventional 16-to-1 Multiplexer, and Transmission Gates
16-to-1 Multiplexer. We could confirm that it works by viewing the selectors and counting the
peaks for the one that’s selected and comparing it with the output.
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Figure 26.2: IRSIM Waveforms of Layout Design of a Transmission Gate 16-to-1 Multiplexer
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Figure 26.8: IRSIM Waveforms of Layout Design of a Transmission Gate 16-to-1 Multiplexer
(Selector at 10 and 11)
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Figure 26.9: IRSIM Waveforms of Layout Design of a Transmission Gate 16-to-1 Multiplexer
(Selector at 12 and 13)

Electric
Ele Edit Cell Export View Window Tools Help
AEANMQE o8 s T RRE LN e mD
@ simulation of 16-to-1-Musc1 6-to-1-Mux-TGay]
I panel 1

St Wain: 481905 | Center e 401908 | Center

-Input: S3

X |

He H 4l »»H2¥ Time |2s L s ‘Zns

[ene ans |sns ans [7ne

2

b=g -

Clnput:S2

.Input: S1

X 2 M

4

X

| +. CN
.Input: SO

Output: Vout,

X

Pe

ks

aut
6

¥ 0¥

1 Pe

k

Q| D
(e
| B

X 3 M H

=

~
put
"lnpit
| |JUL

3 Pe

ks

NOTHING SELECTED

SIZE: 367.5 x 1035.5  TECH: mocmos (scale=350.0nm,founciny=MOS1S)

(659, 181)

Figure 26.10: IRSIM Waveforms of Layout Design of a Transmission Gate 16-to-1 Multiplexer

(Selector at 14 and 15)



Page |54

Section 5.3: Comparison:

For IRSIM, by comparing Figure 23 (Conventional Schematic), Figure 24 (Transmission
Gate Schematic), Figure 25 (Conventional Layout), and Figure 26 (Transmission Gate Layout)
with each other, the way the output reacted given the certain inputs appears to be the same. In
addition, with the inputs we gave, it gave us the appropriate outputs that we were looking for, so
it confirms that our design is correct. The outputs that we were looking from could be seen by
using the truth table on Table 1. The only noticeable difference between the figures would be the
propagation delay, which could be seen on Table 6. Depending on the which design, each has its

own different propagation delay.

In conclusion, IRSIM shows the same form of result towards Electric Schematic and
Electric Layout with only a few noticeable differences. The difference that was seen through the
figures were the rise time, fall time, and propagation delay. The differences can be viewed on

Table 6, which has a summary of the measurements.
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Section 6: LTSPICE Code and Parasitic Extractions:

The Spice Code that we wrote is shown on Figure 27. It provides certain values to the

inputs so that it’ll be able to produce a certain output. The computations that we tested set each
input (DO-D15) high for 50 nanoseconds at different times, then back to low; in other words, 100
nanoseconds period, with rise time and fall time of 5 nanoseconds and 50% duty cycle. Each of
the inputs were high at different times so they wouldn’t be able to relate to each other. After that,
we set tested all the computations for the selector (S0-S3), starting from 0 to 15. This way, it’ll

be able to output each individual input and show a wavelike output.

We ran LTSPICE on the conventional 16-to-1 Multiplexer Schematic, conventional 16-
to-1 Multiplexer Layout, transmission gate 16-to-1 Multiplexer Schematic, and transmission gate
16-to-1 Multiplexer Layout and it generated a code underneath it. A sample of the Spice Deck

and Parasitic Extractions that came from those designs are shown from Figure 28 to Figure 35.

VDD VDD 0DC 3.3

14 18 VGNDGNDODCO
~'Vin2 DO 0 PULSE (03.3.0n5n 5n 50n 1600n) .....
'Vin3 D1 0 PULSE (0 3. 3:100n 5n 5n 50n 1600n): o
- Vind D2 0 PULSE (0 3.3.200n 5n 5n 50n 1600n). =
- Vin5 D3 0 PULSE (0 300n:5n 5n 50n 1600n): - -
- Vin6 D4 0 PULSE (0 400n:5n 5n 50n 1600n) =
- Vin7 D5 0 PULSE (0 500n 5n 5n 50n. 1600n). - - .

- Vin8 D6 0 PULSE (0 )

- Vin9 D7 0 PULSE (0

Vin10:D8 0 PULSE (O
Vin11:D9 0 PULSE (O
Vin12 D10 0 PULSE {0}
Vin13:D11:0 PULSE (O:
'Vin14 D12 0 PULSE (O
Vin15:D13 0 PULSE (O
(O
(O:
(0
(0}

X 8

3

5

3:600n:5n 5n 50n 1600n): : = :

3:700n:5n 5n 50n 1600n): : -

3 800n 5n 5n:50n 1600n) -

3 900N 5n:5n:50n 1600n) - .
3 1000n 5n 5n:50n:1600n) : .
3 1100n 5n 5n:50n:1600nN) : -
3 1200n 5n 5n:50n:1600n) :
3 1300n 5n 5n:50n:1600n) . -

Vin16:D14. 0 PULSE (0 3.3 )

Vin17:D15.0 PULSE: g )

3

1400n 5n 5n 50n 1600n) -
1500n 5n 5n 50n 1600n) - .
- Vin18 S0.0 PULSE 100n 5n:5n:100n 200n)

- Vin19 S1.0 PULSE 200n 5n:5n:200n 400n) -

- Vin20:S2 0 PULSE (0:3.3 400n 5n:5n:400n 800n) : -

- Vin21 S3 0 PULSE (0 3.3 800n 5n 5n 800n 1600n)

- .TRAN 0 1600n

'.|nclude C \Users\klIIe\Desktop\Electrlc\CS models txt

3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.

Figure 27: Spice Code Written For LTSPICE
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_lé-to-1-Mux_ AND R B Voub

M.‘)mus(‘?l nel@lz A nel@10 ynd NMOS L- 0 3='U W O E75J

Mrmcs82 net®l0 B ognd gnd NMOS L=
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*+ GLOBAL wdd
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FROM CELL :
Vout

#4k SUBCIF lo-to-1-Mux OR
-Mux  OR A T Mout

ROM CELL OR{schl
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Mpmos02 wid nel@13 Youl vdd PMOS L-0.350 W 1.750
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LENDS TE-to-T-Mux  4-0R

Figure 28: Generated Spice Deck of Conventional 16-to-1 Multiplexer Schematic
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Figure 29: Generated Spice Deck of Conventional 16-to-1 Multiplexer Layout
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Figure 30: Extracted Parasitic Capacitors Sample of Conventional 16-to-1 Multiplexer Layout
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Figure 31: Extracted Parasitic Resistors Sample of Conventional 16-to-1 Multiplexer Layout
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Figure 32: Generated Spice Deck of Transmission Gate 16-to-1 Multiplexer Schematic
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Figure 34: Extracted Parasitic Capacitors Sample of Transmission Gate 16-to-1 Multiplexer
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Section 7: LTSPICE Simulations:

After creating the schematic and layout design of the 16-to-1 Multiplexer, waveforms

were created using LTSPICE. Theses waveforms were created by using Spice Code (Figure 27)
to initialize our VDD, GND, and our many inputs, D0O-D15, and S0-S3, so that it could test
certain computations. The computations that we tested set each input (D0-D15) for 50
nanoseconds at different times, then back to low; in other words, 100 nanoseconds period, with
rise time and fall time of 5 nanoseconds and 50% duty cycle. Each of the inputs were high at
different times so they wouldn’t be able to relate to each other. After that, we set tested all the
computations for the selector (S0-S3), starting from 0 to 15. This way, it’1l be able to output each
individual input and show a wavelike output. The computations that it tested are the same
between the schematic and layout. We were able to verify the waveforms obtained from
LTSPICE were correct by matching it with the truth table on Table 1.
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Section 7.1: Schematic:

For the schematic, we tested both conventional 16-to-1 Multiplexer, and Transmission
Gates 16-to-1 Multiplexer. We could confirm that it works by viewing the inputs and confirming
that the output shows a wavelike form.
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Figure 36.1: LTSPICE Waveforms of Schematic Design of a 16-to-1 Multiplexer (Inputs)
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Figure 36.2: LTSPICE Waveforms of Schematic Design of a 16-to-1 Multiplexer (Inputs)



40 0 O O 0 O 0 0O0!1T 1 1.1 1 1 1 1
\v A\ v w \v A\ J L 4L -4 L £ - -4 A

o larnyit: €7

3Illl.llJl..s.!. VE‘Q

40 0 OO0O1 1 1 110 0 0 Of1 1 1 1

DIP\V\II"‘-C

5 III!JUL.J Vis1)

; 0 a) 1 1 a) 8 1 1 a) a) 1 1 a) N 1 1
v \v 4 4 |V |9 L 4 | |V 4 L |9 \v 4 4

oS

~0f14}{0|112(0}1{0}11{0}j1 101 j0}211}0 |1

o Sutput-Vout

1 EI Ilo ﬂoﬂo]oﬂomo ﬂoﬂoﬂo Tloﬂoﬁlo Ilo Ilou
4 — | M-  B— — —  — | M— | B— — | B— —
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Section 7.2: Layout:

For the layout, we tested both conventional 16-to-1 Multiplexer, and Transmission Gates

16-to-1 Multiplexer. We could confirm that it works by viewing the inputs and confirming that

the output shows a wavelike form.
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Section 7.3: Comparison:

For LTSPICE, by comparing Figure 37 (Conventional Schematic), Figure 38
(Transmission Gate Schematic), Figure 40 (Conventional Layout), and Figure 41 (Transmission
Gate Layout) with each other, the way the output reacted given the certain inputs appears to be
the same. In addition, with the inputs we gave, it gave us the appropriate outputs that we were
looking for, so it confirms that our design is correct. The outputs that we were looking from
could be seen by using the truth table on Table 1. The only noticeable difference between the
figures would be the propagation delay and the way the waveforms looked, which could be seen
on Table 6. For Figure 37, the output almost looks like a perfect square waveform, with similar
rise and fall times; it has some parts where it peaks up. For Figure 38, the output waveform
appears to have a longer fall time but appear as almost like a perfect square waveform. For
Figure 40, the output waveform appears to have a longer rise time and fall time, but still appear
as a square waveform (a bit curvier). For Figure 41, the output waveform appears to have a really
long rise time and fall time, but still appears as a square waveform (a lot more curvier); this is
probably because of the long rise time and fall time, which causes it to not stay high for very
long before it has to go back to low. Depending on the which design, each has its own different
propagation delay.

In conclusion, LTSPICE shows the same form of result towards Electric Schematic and
Electric Layout with only a few noticeable differences. The difference that was seen through the
figures were the rise time, fall time, and propagation delay. The differences can be viewed on

Table 6, which has a summary of the measurements.



Section 8: Measurement Summary:
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The rise time, fall time, and propagation delay of gates of entire 1/O are all shown on the

table below, Table 6. It’s found that for LTSPICE, the Schematic is faster compared to the

Layout; the delay times are less, and it’s rise and fall time are shorter. It’s also found that for the

IRSIM, the Schematic is faster compared to the Layout; the delay times are less. Furthermore,

Table 7 provides more measurements for each of the designs, such as the transistor sizes, power

dissipation, and total chip area. It’s found that the transmission gate takes a lot less power and

area compared to the conventional CMOS. This is because it uses less transistors compared to

the conventional resulting in less power to power the transistors.

Table 6: Summary of Measurements

Rise Time Fall Time Propagation Delay
Conventional LTSPICE Schematic 103.54 ns - 158.92 ns - The = 1ns,
103.42ns=0.12 | 158.72ns=0.20 Tii = 0.90 ns
ns ns
Conventional LTSPICE Layout 104.70 ns - 161.37 ns - ThL=1.4ns
104.20 ns=0.50 | 160.65ns=0.72 Ti=15ns
ns ns
Conventional IRSIM Schematic N/A N/A Between 0.70ns -
1.55ns
Conventional IRSIM Layout N/A N/A Between 0.85 ns-
1.60 ns
Transmission Gate LTSPICE Schematic 105.20 ns - 160.00 ns - ThuL=0.18 ns
101.20 ns =4.00 | 150.00 ns =1.00 Tih=0.20ns
ns ns
Transmission Gate LTSPICE Layout 110.00 ns - 160.90 ns - The =0.82ns
101.00 ns =9.00 | 155.20ns =5.70 Tin =085 ns
ns ns
Transmission Gate IRSIM Schematic N/A N/A Between 0.50 ns -
1.20 ns
Transmission Gate IRSIM Layout N/A N/A Between 0.70 ns-

1.45ns
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Conventional

Conventional

Transmission

Transmission

Schematic Layout Gate Schematic Gate Layout
Transistor Sizes PMOS (10/2), PMOS (10/2), PMOS (10/2), PMOS (10/2),
(WI/L) NMOS (5/2) NMOS (10/2) NMOS (5/2) NMOS (10/2)
Transistor Counts Inverter = 2 3-AND =8 4-t0-1 =16 4-t0-1 =16
AND =6 4-OR =10 16-to-1 = (16*5) | 16-to-1 = (16*5)
3-AND=6+6= Inverter = 2 =80 =80
12 4to-1 = (8%4) + Total = 80 Total = 80
OR=6 10 + (2*2) = 46
4-OR=6+6+6 | 16-to-1 =(46*5)
=18 =230
4-to-1 = (4*12) + Total = 230
18 + (2*2) =70
16-to-1 = (70*5) =
350
Total = 350
Total Chip Area X 17126.1891 um? X 12288.4727 um?
Power Dissipation | 3.3V *0.0032 A | 3.3V *0.0044 A | 3.3V *0.0023 A | 3.3V *0.0029 A
=0.01056 Watts =0.01452 Watts | =0.00759 Watts | =0.00957 Watts
Calculations:

Conventional: Size = 1077.5Ax 519 A = 188562.5 nm x 90825 nm = 17126.1891 um?
Transmission Gate: Size = 387.5Ax1035.5A =67812.5nmx 181212.5 nm =

12288.4727 um?
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Section 9: Conclusion:

In this project, we designed a CMOS of a 16-to-1 Multiplexer by connecting five 4-to-1
Multiplexers together. A conventional 4-to-1 Multiplexer is designed by connecting 4 three input
AND gates, 1 four input OR gate, and two inverters together. A transmission gate 4-to-1
Multiplexer is designed by connecting six transmission gates, and two inverters together. By
using the Electric software, we created four different designs, a conventional schematic design, a
conventional layout design, a transmission gate (TG) schematic design, and a transmission gate
(TG) layout design. We also generated waveforms using two different software, IRSIM and
LTSPICE. The two different software helped support our design by increasing our test methods
and providing us different test properties. After obtaining the waveforms for the four different
design, we compared them and observe their similarities and differences. We observed that for
LTSPICE and IRSIM, the input and output reacted the same way given certain inputs for both
the Electric Schematic and for the Electric Layout; in addition, it matched the computed values
and the goal we were trying to achieve. The only difference between the Electric Schematic and
the Electric Layout were the rise time, fall time, and propagation delay. For LTSPICE and
IRSIM, these forms of differences can be observed by checking out Table 6, Summary of
Measurements. Another thing that we compared were the differences between conventional
CMOS and transmission gates. Based off Table 7, it’s found that transmission gates take less
area and power compared to the conventional CMOS. This is because transmission gates are
used to help simplify circuitry and because there’s less transistors, there’s less power needed to
run all those transistors. Therefore, based on our observation and the data that was gathered, we
can conclude that there isn’t a significant difference in terms of the waveforms; however, there is
a difference in the rise time, fall time and propagation delay when zooming in on the waveform.
In addition, using transmission gates are more efficient compared to using regular convention

CMOS because it saves on the amount of transistors, space, and power.
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