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ABSTRACT: In this research is designed a digital multiplei2iof 16 to 1 High Speed Complementary
Metal Oxide Semiconductor (HCMQOS) for digital ciitcapplications. The purpose of this research iaralysis to
improve the CMOS characteristic such as Voltagen3fex Characteristic (VTC), propagation delay, godver
dissipation,je: to minimize the value of propagation delay anavg@odissipation than previous CMOS design. The
HCMOS schematic and layout was drawn in DSCH andrdvind2 software, respectively. A PSpice simulatio
software was used to test the schematic charaateAs5 volt DC power supply was used in this solag¢ic design
and coupling capacitor was5pF. We used the maximum frequencg, Ke parameters of 10 MHz, 40 pA7\nd
16uA/N?, respectively. This design is supposed to be anage propagation delay of less than 70 ns.

The result of research shows that VTC aje=\2.92 voltVo. = 0 volt, iy = 2.94 volt, and ¥y = 5 volt;
then the Noise Margins arg,N = 2.06V and I\, = 2.92V. The simulation result of time propagata®iay ared
= 9.79 ns, gy = 3.92 ns, andep = 6.85 ns. The output of power dissipation is M85 The design of schematic
layout area without I/O pad is 1189,1 um x 23,3amd the area with 1/0O pad is 1625.5 um x 1625.5Based on
simulation results show that the specification dedign of 16 to 1 Multiplexer IC by using High Sge€MOS
technology (HCMOS) has the speed 13.43 ns fastar BM74150 TTL and 152.25 ns faster than MM54C150J
CMOS IC. Comparing to the both of ICs, the powessifiation of this design is 109.91 nJ lower than@3vand
6.792 nJ lower than TTL IC.

1. INTRODUCTION

Integrated Circuits (ICs) have been developed lystries for electronic applications, especiallythe fields of
computer, control, and sensors (Lantz, 2009). BiptT technology typically has a small time progagadelay,

so it can work in high speed. On the other harngblar technology like TTL has a disadvantage ferhigh power
dissipation. Now, CMOS replaces the bipolar tecbgglthat has the advantages of low power dissipatimh fan
out, and the noise margin is better than bipolagugt, 2006). But CMOS Propagation delay is slowben
moving loads with large capacitance. High Speed GMIBICMOS) is the CMOS technology that designed
specially so that it has a propagation delay etpual better than bipolar technology (Sicard, 20@@&)nly to drive
the load with large capacitance. In this resealtBMOS is design for 16 to 1 digital Multiplexer Wwitideal
condition and maximize its performance.

2. METHOD

The method in this research is based on stepsdigrdéhe 16 to 1 HCMOS IC include design of theidogate
schematic, CMOS specification, transistor paransetiend W/L ratio, Voltage Transfer Characterigi@pagation
delay, and layout drawing. The HCMOS schematic di@svn in DSCH software and the layout was drawn by
Microwind2 software. The steps were done not ordiiesnatic design the layout, but also the analysid a
simulation to optimized the speed and improve @@érformances. The PSpice software was usedrfaiaiion.

2.1 Schematic Design

The schematic design configuration of multiplexershown in Figure 1(a). The truth table based enldigic
function of Multiplexer is shown in Table 1. The ®ut of Multiplexer is controlled by combination tife four
selector pins (S0-S3) that ha$ gelection possibilities from 16 input pins. Basem gate configuration, the
fundamental difference between CMOS and HCMOS Midker configuration is the presence of the inveptsr
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series in HCMOS. This circuit configuration takée tadvantage of inverter pair that called cascaierd This
Multiplexer consist of five inverter gates are carsed from 10 PMOS and NMOS transistors, five inmit46
NAND gates are composed 160 PMOS and NMOS tramsjst® inputs of NAND gates are composed from 32
PMOS and NMOS transistor, and a cascade inverteosrigposed from four PMOS and NMOS transistors.Hgo t
number of CMOS transistors are 206 transistoraurgid(b) shows the CMOS transistor schematic cardiipn of
16 to 1 Multiplexer.

Table 1. Truth Table of 16 tol HCMOS Multiplexer

Select input output

SO S1 S2 S3 Y
L L L L 10
L L L H 11
L L H L 12
L L H H 13
L H L L 14
L H L H 15
L H H L 16
L H H H 17
H L L L 18
H L L H 19
H L H L 110
H L H H 111
H H L L 112
H H L H 113
H H H L 114
H H H H 115
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Figure 1. Logic Gate Circuit (a) and Transistor &ahtic (b) of 16 to 1 Multiplexer

2.2 Design Parameters

A schematic characteristic of Multiplexer designswdetermined based on the characteristic of bagjic Igate
which depend on device material of transistor. Adkbf basic parameters atg= 3.45x10" F/cm, pud/p,=580
cnf/V.s (NMOS), u/p,=230 cni/V.s (PMOS), ¥=0.8 (NMOS), V= -0.8 (PMOS), ¥p=5V, Ky=300 pA/V?,
Kp=120 pA/V?, to,=15nm, 2 =0.3V, andy=0.4V which is suitable from owner manual and rafesupporting
software from Microwind2. It has configuration o6Qum CMOS. Th&V andL value for n-type and p-type MOS
at basic gate determined by consideration of intema between input and output voltage. Determaratif W and
L of CMOS inverter based on analysis fréfy=1 to obtain the voltage transfer characteristisyghmetrical input
and output. The parameter can be determined,5$80 cm?/V.s angl, =230 cm?/V.s, then ratio of Kn/Kp is 2.5.
A cross analysis and IC design rule were done terdéne W/L value each transistor. A wide of pdigsin in the
cross section of MOS transistor is notated by L wite of diffusion notated by W. According to thénimum size
of polysilicon is 2, the value of Wand W, are 4 and 1Q.. Inside of Microwind2 software (,6um CMOS Process)
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the X is 0.3um. It can be determined that in the firs$oade of the W=W, and L,=L, are 3.6 and 0.6 um,
respectively. The value of WW, in second cascade are 10.8 and 0.6 pm ek L
2.3 NoissMargin

The noise margin of logic gate calculated fromy, W, , Vou, and \b, by transistor parameters. By subtituting
Kr=1, Vpp=5V, V7n=0.8V, Vy=-0.8V, they were obtained \\+2.925V, \{=2.075, \4=4.575V, and
V0.=0.425V. The calculated noise margin is 1.65 vdlisstration of noise margin value calculated byrfiula in
this research as shown in Figure 2.

Vin Vout

sV

— Vpy=4,575
NMH=1,65V
2,925 =V —
Transition
region
NMH=1,65V
_ Vp=0425
o

Figure 2. Noise Margin of Multiplexer 16 to 1

2075V, —

2.4 Propagation Delay

Time propagation delaytsp) consist of 4 and . can be affected by capacitor value occurs insid¢he
transistor circuit design. This study used propagatdelay data from another datasheets as a cosopani speed.

It shown that DM74150 CMOS IC h&as=34 ns and C=50 pF, on the other side MM150J TTIhd&tsp= 220ns
and C=50pF. In this design, by modification of mt capacitor HCMOS Multiplexer should be creatéth tpp
smaller than other ICs, and it hagitand gy 20ns approximately. This desired value smallentttze time
propagation delay of TTL and CMOS ICs. Modificatiaf the capacitance was done by adjusting trans-
conductance to obtain suitable capacitance valuestiame propagation delay minimum. Table 3 shows th
calculated paramet#sp by modification of K/Kp and different internal capacitances.

Table 3. Calculated Data for Propagation Delay

Kn/Kp Parameter (ns) Cr &5
. 1 5 10 15 50
K= 5 uAN? A 16 32 160 320 480 1600
Kp=2pan? o 16 32 160 320 480 1600
K= 10 pAN? = 8 16 20 160 240 800
Kp=4pan? 1oL 8 16 80 160 240 800
K= 15 pAN? ten 533 1067 5335 10666 160 53333
Kp=6uav? to 533 1067 5335 10666 160 53333
K= 20 pAA? A 4 8 40 80 120 400
Ep=8ua/V? teL 4 8 40 80 120 400
K= 25 pAN? th 32 6.4 3 64 96 320
Kp=10uA/V? oL 32 64 32 64 96 320
Ka=30 pAA? toLa 266 533 2665 5333 80 266,66
Kp=12pA/V2 o 266 533 2665 5333 80 26666
K= 35 uAN? = 229 457 2285 4571 6837 218,57
Kp=14pav? torL 2,29 457 2285 4571 68,57 21857
Kir= 40 pAN? e 2 4 20 40 60 200
Kp=16 uAV? - 2 4 20 40 60 200

2.5 Power Dissipation

Power Dissipation (PD) is obtained by determinimg dperating frequency according to the capacgeduOne of
parameters are used to indicate the speed of digmeitional response and the power consumsiangztte is the
minimum Power Delay Product (PDP). Power dissipatiompared by datasheet value with varying of feeqy

and capacitor value aty¢40 pA/NV and K-=16 pA/NV A. This method evaluated power dissipation at, 1,64 20,

and 25 MHz of signal input and various capacitoesercalculated by previous method.

3. RESULT

3.1 Simulation of VTC
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Voltage transfer characteristic of I€ shown in Figure 3(aBased on the Figure 3(a), it can be determinedevaf
Vi, ViL, Von, and \b,. Ideal condition occurs when the, close to ground (0V), while oy close to \op (5 V)
and the difference between, \and Vi is too small. The graph show value arg:¥ 5V, Viy= 2.94V, \p = 0V,
VL =2.92V. the noise margin calculated frormulation data is 2.92 volts.
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Figure 3. (aMoltage Transfer Characteris (b) Unit Step Response b\,fflan/IHz and ( =0.5pF
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3.2 Simulation Result by Unit Step

Figure 3 (b) show the simulan result o unit step response by & 0,5pF and 1MH#requency. ThePropagation
delay,rise time, and falling time were obtaintp 4 =1.028 ns, &y = 0.396ns,,t= 313 ny, and { = 1,25 ns. Based
on those data, time propagation d: (t-p), PD and PDP are 0.7ns, 0.0125 mW ad &., respectively.

3.3 Comparison of the Simulation Results

Table 4 shows the comparisontbé simulation result of 16 to 1 HCMOBultiplexer IC withcalculation method
and other ICs. i&ulation and the calculation results of the VTQueaand Noise Margin do not have a

significant difference and a small percentage afravbtainecby Noise Margin in the simulatic.

Table 4. Comparison result between simulation ahdranetho

Datasheet

Parameters D_.\I?-ﬂ_il? '\I%I"“C_] "-?0 calculation simulation %Error
Vee =5V Vee=5V
Vi (V) 2 3,5 2,925 2,94 0,015
Vi, (V) 0,8 1,5 2,075 2,92 0,843
Vi (V) 2,4 45 4,575 5 0,425
Vy (V) 0,4 0,5 0,42 0 0,425
Nys(V) 0,4 1 1,65 2,06 0,41
Ny (V) 0.4 1 1,65 292 1,27

4. CONCLUSION

According to the analysis of the schematic and Ktran result, this study could be concluded tt

e The 16 to 1 HCMOS Multipixer IC consist of 5 inverter gates including 10 &i®S and NMOS
transistors, 16 NAND gate by 5 input consist of F8dOSand NMOS transistors, 1 NAND gate cons
of 16 input consisting 32 PMOand NMOS transistors and 1 cascade inverter includirgMiOS and
NMOS transistors. The numbef CMOS transistors required to design thetd@ HCMOS Multiplexel
IC are 206 MOS transiste tha each totaled 103 for PMOS and NMOS transis

e The design of th&6 to 1 HCMOSMultiplexer IC has Voltage Transfer chatagstic (VTC) symmetrical
with high logic ofnoise margi (Nyy) and low logic ofnoise margin(Ny,) each abot 1,65V defined by
Vi =2.075VVy =2925V, Vo= 0.425 V, and/qy = 4.575 V,using simulation Result bPSpice
obtained the value of VT€are [, =2.92VV;y =294V, \p, =0V, andVoy =5 V so the Ny = 2.06
and Ny, =2.92 V.

e This Multiplexeris designed with thpropagation delayOns at ¢ = 5 pFand power dissipatic of 0,125
mW. Simulation of theMultiplexer 16 to 1 HCMOS byPSpicewith C. = 5 pF be obtained the
propagation delays better than calculation result9.79 ns.

e Simulation of theMultiplexer 16 to 1 HCMOScompared with the same capacita(C_= 15 pF for TTL
and G = 50 pF forCMOS) obtainpropagation delaywalue and power dissipation better ttDM74150
TTL IC and MM54C150NCMOS IC. The HCMOS MultiplexelC has area 610 um x 210 um of lay
I/0 pad and 1625.um x 162.5 um with 1/0O pad.
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