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DMT 241 - Introduction To Integrated Circuit Layout 
[Pengantar Bentangan Litar Terkamir] 

Please make sure that this question paper has FOURTEEN (14) printed pages including 
this front page before you start the examination. 
[Sila pastilton ke11l1S soalan ini mengandungi EMPAT BEL4S (14) muka surat yang bercetak tennasuk 
mum hadapan sebelum anda memulalton peperiksoan ini.} 

This question paper has SIX (6) questions. Answer any FIVE (5) questions only. Each 
question contributes 20 marks. 
[Ke11l1S soalan ini mengandungi ENAY (6) soalan. Jawab __ ,.,. UMA (5) soalan sahoja. Markoh 
bagi tiap-tiap soalan oda/ah 20 markah.} 

Please answer Question 1 (b) (iv) by using the answer sheet in Appendix I. 
[Sila jawab Soa/an J (b)(iv) dengan menggunalton ke11l1S jawapan dalam Lampiran L 1 

Dice/ok o/eh Unit Peper/wan <I Pengija:ohall. Bahagian PengunuaJ1 Alcademl/t, Jabatan Pendajtar. 
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Question 1 
[Soaltut I} 

(DMT241) 
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(a) Integrated Circuit (IC) is a complex set of electronic components where their 
interconnections are etched or imprinted onto a tiny slice of semiconducting 
material. 
[Litar Bersepodu (lC) ialoh sam kumpulan komplek /wmponen eleJaranik di m{IJIa saling 
hulnmgannya dipunar atau dicefllk Ice ataa sam potangan lcecil bahan separa pengalir.} 

(i) State TWO (2) advantages ofIC. 
[Nyatalam DUA (2) lcelebihan IC.} 

(it) List the IC design flow. 
{Senmrdlran aliran relrabentuk IC.} 

(b) Refer to the SPICE netJist in Figure l(b)(i): 
[Rujuk kepada ''netlist'' SPICE dolam RJzjoh 1 (b)(I):} 

.subckt Queslb P Q R OUT 
MPl Nl P VDD VDD p 
MP2 N1 Q 
MP3 OUT R 
MNl OUT P 
MN2 N2 Q 
MN3 OUT R 

.ends Quesl b 

VDD VDD p 
Nl VDD p 
N2 GND n 
GND GND n 
GND GND n 

Figure l(b)(i) 
[Rajah 1 (b)(i)l 

(i) Sketch the schematic circuit. 
[Lalrarkan litar skematilc.} 

(ii) Write the equation for the output, OUT. 
{Tuliskan persamaan untuk lceluaran, om:} 

(2 Marks! Markoh) 

(4 Marks/ Markoh) 

L=2u W=5u 
L=2u W=5u 
L=2u W=5u 
L=2u W=5u 
L=2u W=5u 
L=2u W=5u 

(4 Marks! Markoh) 

(2 Marks/ Markoh) 

.... 3/-

SULIT 

Dialo! oleh Unit Peperiksaan & P~ngijQ=ahan. Bahagian Pengu.nuan Akademi/c, }abatan Pendaftar. 
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(iii) Write a testbench with source as an input signal in Figure l(b)(ii) by 
using Piecewise Linear (PWL). 

p 

Q 

R 

[Tulia salU "tes/bench" dengan ",moor sebagai satu isyam/ input dalam RIIjah 1 (b)(iJ) 
dengan mengguna/rDn Piecewise Linear (PWL).] 

(6 Marks! Marlalh) 
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Ons JOns 20ns 30ns 40ns sOns 60ns 70ns 8011s 

Figure l(b)(ii) 
/Rajah 1 (b)(iJ)J 

(iv) Sketch the output waveform, OUT in Appendix I. 
[Lakarlam gelomhang keluaran, OUT dalam Lampiran 1.] 

(2 Mark~/ Marlrah) 

SULIT 

Diettalr ole}, Unit Peperiksaan cf Pengija=anan, 8ahagian PenguruJt1n Akademik, Jabo/an Pendaftar. 
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Question 2 
fSOIlhln2) 

(DMT241) 
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(a) In year 1965, Gordon Moore predicted that the transistors count doubled every 18 
months per chip. From year 1976 to 2006, the number of transistor increased from 
one thousand transistors to one million transistors. From Moore's Law; 
[Dalom tahun 1965, Gordon Moore meramallrzm lrirtll11l transistor bertambah duo IaIJi ganda 
setiap 18 bulan per cip. Dari tahun 1976 hingga 2006, hilangan transistor meningkat clarl serlbu 
transistor kB sejuta transistor. Daripacla Hukum Moore ;} 

(i) sketch the Moore's Law graph. 
[lakarkan grafHukum Moore.} 

(2 Marks! Markah) 

(ii) list FOUR (4) integration levels that reflect to Moore's Law in term of 
gate count. 
[senL/raikan EMPAT (4) tahap pengamiran yang mencerminkan Hukum Moore dari segi 
lrirtll11l geL) 

(iii) explain the evolution ofIC technology in industry. 
[terangkan ero1usi teknologi Ie dalom industri .} 

Dicelak oleh Unit Peperiksaan & Penglja::ahan, Sahagian Pengurusan Akademflc, Jabatan Pendajlar. 

(4 Marks! Markah) 

(2 Marksl Markah) 

.... 5/-
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(b) Based on Figure 2(b)(i): 
(lJerdaBarlran /l4jtIh 2(b)(I):] 

9 

- 5 -

VDD 

~ 

GND 

Figure 2(b )(i) 
/Rajah 2(b)(l)/ 

(i) Identify the Boolean equation for output, OUT. 
[Kenalpasti persamaan Boolean hag; keluaran, OUT.] 

(ii) Write the SPICE netlist. 
{Tuliskan ''netllst'' SPICE.] 

(DMT241) 

E 

OUT 

(2 Marks! MarIrDh) 

(6 Marks/ MarlrDh) 

.... 6/-

SULIT 

Dicetok oleh Unit P~~rlJc.wan &- Penglja:ahan, Sahagian Pengurusan Akademik. Jabalan Pendaflar. 
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(iii) Write a testbench using PULSE source as the input signal in Figure 2(b) 
(ii). 

A 

B 

c 

[Tuliskan "tes/bench" mengguna1ran sumber DEDENYUI' sebagai isyam/ masufllln 
dalam RIIjah 2(b)(ii). J 

(4 Marks/ Marlrah) 
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Figure 2(b )(ii) 
{R1IjtIh 2(b)(ilJJ 

SULIT 

Dice/ok oleh Unit Peperibaon &- Pengija=ahon, 8ahtzgian PenguYWan Akadtmik. Jabatan Pendajtar, 
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Question 3 
{S0fl14n3J 

(DMT241) 
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(a) A Metal-Oxide-Semiconductor Field Effect Transistor (MOSFET) bas two ohmic 
contacts (source and drain). The number of charges in the channel is controlled by 
a third contact (gate) where conducting channel is formed when sufficient voltage 
is applied. With the aid of diagram, briefly explain: 
[Sam Transistor Kesan Medan Separuh PengaJlr-Oksida-Logam (MOSFET) menga;,dungl dua 
sentuhan ohm ($limber dan salir) . .!uml4k pembawa cas di salumn di/rawal ofNI sam hubungan 
ketiga (gelj di mana salur pngalir terbentuk apabil4 milan secu/aqJnya diberikan. Dengan 
banman gambarajah, teranglam:) 

(i) accumulation mode. 
[mod pengumpu1an.] 

(ii) depletion mod. 
[mod keSllSlltan.} 

(iii) inversion mod. 
[mod songsangan.} 

Dicetak oleh Unit Peperiksaan &- Pengiia=ahan. Bahag;an Pengurusan Akodemilc. Jabalan Pendaftar. 

(3 Marks! Markoh) 

(3 Marks! Markoh) 

(3 Marks! Markah) 

.... 8/-

SULIT 
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(b) Refer Figure 3(b): 
[Rujuk RJdah 3(b):] 

CD-1 

-8-

voo 

PUN 

t-<ID 

GND 

Figure3(b) 
{Rlljah 3(b)J 

(DMT241) 

~ 

(i) Illustrate tbe Pull-Up Network (PUN) of tbe CMOS circuit based on Pull 
Down Network (PDN) configuration. 
[l/US/TQSikan Rlmgkllkl1l TariJr,..AIa3 (PUN) U1I/uk lirar CMOS berdasarlron /amfigurwi 
Rangkaion Tarik-Bawah (pDN).J 

(ii) Find tbe Boolean equation for tbe output, Y. 
{Carl persamaan Boolean bagi kehlaran, Y.] 

(iii) Sketcb the Eular path for tbe circuit. 
[Lakarka1l laluan Eular bagi lirar tersebut.j 

(2 MarlcSI MarMh) 

(1 Mark! MariadJ) 

(2 MarlcSI MariadJ) 

(iv) Sketch a stick diagram based on answer in 3(bXiii) 
[Lakarlron satu gambarajah ranting berdasarlam jawapan di 3(b)(iii).] 

(6 Marks! MarMh) 

SULIT 

Dlcetak oleh Unit Pepertlc.saan &- Peng!ja=ahan, Bahagian Pengluuson Akademlk. Jabalan Pendaftar. 
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Question 4 
[SoaIJuJ-I} 
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(a) Application Specific Integrated Circuit (ASIC) is an integrated circuit customized 
for a particular application. 
[ApliIrDsi Tertentu Litar Bersepadu (ASIC) adalah satu litar bersepadu yang diseSllOiJrlm untuk 
apliIrDsi tertentu.} 

(i) List FOUR (4) types of ASIC design methodologies. 
{Senarailum EMPAT (4)jen;s reko/Jentuk metodologi ASIC.) 

(2 Marks! Markoh) 

(ii) Discuss TWO (2) advantages and disadvantages of ASIC system. 
[Bincangkon DUA (1) ke1ebihan dan /rdurangan sisrem ASIC.} 

(4 Marks! Markoh) 

(b) Figure 4 shows a combinational logic gates. It consists of an OR gate and a 
NAND gate. Based on the figure, sketch; 
{R4j11h -I menunjuklrmr sebuah Irombinasi get logi/r. Ianya terdirl daripada satu get ATAU dan 
satu get TAK-DAN.Berdasarlroll rajah. lakarkan:} 

(i) the CMOS transistor level schematic circuit. 
[litar slrematil< aras transistor CMOS.} 

(iJ) the Euler path. 
[Ialuan Euler.} 

(iii) the layout for the circuit. 
[bentangan hagi litar.} 

x c:=>---, 

y c=:.>--1 

(3 Marks! Marlrah) 

(2 Marks! Markoh) 

(9 Marks! Marlalh) 

z c:=:> L---»------C:::> Q 

Figure 4 
[Rajah-l} 

Dice/ak oleh Unit PeperiJuoan & Pengifa=ahan. Bahagion Pengu.rusan Alwdemik, Jabatan Pendajtar. 

SULIT 
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QuestionS 
[SoaJan 51 

(a) Based on nMOS transistor; 
[BenJasarlron transistor nMOS;1 

(b) 

(i) Slate THREE (3) operation regions. 
{Nyatakan TIGA (3) lrawason operasi.] 

(n) Sketch the graph ofI-V characteristics. 
[Lakarkan grof ciri-ciri I-V.] 

(3 Marks! MarIroh) 

(2 Marks! Markah) 

The nMOS transistor is designed with (W/L) = 8, the gate oxide thickness, 
fox = 180 A, the mobility of electrons, /In = 520 cm2 N -s and the threshold voltage, 
V7l! = 0.75Y. Given Co = 8.854 X 10-14 F/cm. 
{l'ransistor nMOS dinkahenlllk dengan (W/L) = 8, lcetebalan oIcsida ge~ t_ - 180 A, 
lcebo/ehgerakan elektron, p. = 520 cm21V-s dan voltan ambong. VT• = 0.75V. 
Diberi c. = 8.854 X lUI< FlcmJ 

(i) Calculate gate oxide capacitance, Cox and P for the transistor. 
{Kirakan Jremuatan gel oksida. Co< dan P bag; transistor.] 

(3 Marks! Markah) 

(ii) Analyze the operating region for the transistor if VGS = 0.5V; VDS = 2V with 
VGS = 2V; and VDS = 1.2Vwith VGS =2V. 
[Ana/isa lrawasan operas! bag; transistor jilra V"" - O.5V; V"" = 2V dengan V"" = 2V; dan 
Vns - J.2Vdengan Vas - 2V] 

(3 Marks! Markah) 

(iii) Calculate the corresponding drain current, ld by referriIIg the answer in 
5(bXii). 
[Kiralran arus sa/iran, Iddengan merujukjawapan daJam 5(b)(ri).] 

(3 Marks! Markah) 

... .11/-

SULIT 

Di~tQ" oleh U"U Peperik.saan &- Pengijo.-"'1lhQn, Bahag;an PengllTUsan Alcademi/c, JaballJn Pendaflar. 
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(c) Based on the stick diagram in Figure 5 below, answer the following questions: 
{Berdasarlran gambarajah ranting dalam RsjJJh 5 di bawah, jawab soalan-soalan berikut:] 

(i) Construct the equivalent CMOS schematic diagram. 
[Binalam gambarajah sltematil< selara CM08.] 

(4 Marks! Markah) 

(ii) Express the Boolean equation for CMOS schematic diagram. 
[Nyatakan unglrapan Boolean bagi gambarajah sltematik CMOS.} 

(2 Marks! Markah) 

VDD "~"""""""""""~ 
A B C D 

..... ~ .....•..••... , .......•... ~ .. ~ ...... ~ ... . 

y 

••••• ~ •••••••• ~ •••• ~ •• ~ ••• I •• ~ ••••••••• ~ ••••• 

GND ............................ . 

FigureS 
/RqjlJh5j 

Dicelak oleh Unit Peperiksaan & Pengija=ahan, Bahagian Pengunuan Akademlk, Jabafa/1 Pendaflal'. 
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Question 6 
fSOIIbm 6/ 

(a) (i) 

(DMT241) 
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Sketch and label the physical structure of pMOS and nMOS transistors 
respectively. 
[Lakar dan labellum slTvktur fizilral bag; trr:msistor pMOS dan nMOS masing-masing.} 

(4 Marks! Marlrah) 

(ii) With aid of a diagram, sketch and explain the flow of currents in transistor 
to be viewed as a simple ON/OFF switches for inverter. 
[Dengan banlUan gambarajah, law dan terangkan aliran arus dalam transistor rmtuk 
dilihat sebaga; sui. ringkas BUKA/I'UTUP bagi penyongsang.} 

(b) Given the layout diagram as shown in Figure 6. 
{Diberi gamharajah benlangan sepertl dalam RIdtJh 6.} 

(4 Marks! Marlrah) 

VDD 

y 

U'"" Acti :-:-:.: ve 
r - --"'i 

Contact: : N-well . . .. 

Figure 6 
[RJJjah 6} 

Dlcelak olen Unit Peperibaan & Pengija=ahan, Bahagian Pengurusan Akademik, Jabatan Pendaftar. 

1 ____ 1 

. .. .13/-
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(i) Sketch the stick diagram. 
[Lakarlam gambarajah ranting.] 

(iJ.) Sketch the CMOS transistor level schematic. 
[La1rarktm litar $/remati/c aras transistor CMOS.] 

(iii) Detennine the Boolean equation. 
fTentulron persamaan Boolean.] 

-00000-

Dicelak oleh Unit Peperiksaan &- Penglja::ahan, Sahagian Pengurusan Akademik. Jabalan Pendaftar. 

(DMT241) 

(7.5 Marks! Ma'*"") 

(3 .5 Marks! Ma'*"") 

(1 Mark! Ma'*"") 

SULIT 
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Appendix I 
[Lsmpiran IJ 

(DMT241) 
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Question l(b)(iv) 
fSoaJan 1 (b)(iv)J 

Angka Giliran: __________ _ No. Meja: _ _ ______ _ 

·------.. -----7------.--··--j-----~--·--·,------j---·-;------,------,------,------j-----;------,-----"-7-----
: : : : : : : : : : : : : : : 
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! ! . nn-i------f-----i---n . j • n __ + __ m. j j : . -----f_nn 

p 

: : : : : : : : : : : : : : : : 

rTT=IjiLiIEiIjTTTm 
• ,.. •• I " , ,.. .,. ".. im'Tm; ! ~ nn-rmr--T"..k ! ! ! 1-··TnT---T·---l 

Q 
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: : : : : : : : : : : : : : : : : 
R : .... --r ..... i.n .. t ... --r-.... i·--·

l 
: : : : : r··i.-.---r ..... i .. --.i 

1"" .. _.:.n nj-----;.mnt-----;nn. ;:::::t:::::j::::t:::r:::t:::::: m '.j-- ___ ( ___ ! .. m: 

OUTPUT t~~~~~t~~~~~t~:~~t~~~~~t~~~~t~~~~!~~~~~t~~~~t~~~~l~~~~~t~:~~t~~~~~t~~:~t~~~~l::~~:t~~~~j 
~lJ~: : : : : : : : : : : : : : , , , 

t-----t·_---t-----t-----t---··i·--··t·-.. ·t--·--i---·--t·-·--t··-·-t·---·t·-.. ·;-·---t-·-·-t-·-··i 
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r--... ( .. r .. -j---·l··-tn··r ... t .... lm"im .. j ..... j .. mr .. -jm .. t .. im--j 

Ona IOns 20ns 30ns 40na 50ns 60ns 70ns 80ns 

SULIT 

Dicetalt oleh Unit Peperiksaan &: Pengija=ahan, BaJwgian PenguruMln AkademiJc, Jabaton Pendajior. 


