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LABORATUAR CALISMASI:

1)

i)sl

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VT0=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VM AX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0003 MJ=0.6585

+ CISW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VTO=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJSW=1.349E-10 MJSW=0.2417 PB=0.64

*DGSB

M13211MOSP W=3.6uL=1.2u
M2 2455 MOSP W=3.6u L=1.2u
M3 425 5MOSP W=3.6u L=1.2u

M43200MOSN W=1.8u L=1.2u
M5 3455 MOSN W=1.8u L=1.2u
M6 5 344 MOSN W=1.8u L=1.2u

vdd 105V
v2200v
v4d 40 0v

*Vinl 2 0 pulse(0V 5V 0 Ons Ons 100ns 200ns)
*Vin2 4 0 pulse(0V 5V 0 Ons Ons 200ns 400ns)

.control
tran 0.05n 500n
plot v(2) v(4) v(5)

.endc
.end

ii)s1

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VT0=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VM AX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGS0O=4.3E-10 CJ=0.0003 MJ=0.6585

+ CISW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VTO=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NS§5=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052



+ CISW=1.349E-10 MJSW=0.2417 PB=0.64
*DGSB

M13211MOSP W=3.6uL=1.2u
M2 2455 MOSP W=3.6u L=1.2u
M3 5244 MOSP W=3.6uL=1.2u

M4 3200 MOSN W=1.8u L=1.2u
M5 3455 MOSN W=1.8u L=1.2u
M6 4 355 MOSN W=1.8u L=1.2u

vdd 1 05V
v2200v
v4d 4 0 5v

*Vinl 2 0 pulse(0V 5V 0 Ons Ons 100ns 200ns)
*Vin2 4 0 pulse(0V 5V 0 Ons Ons 200ns 400ns)

.control
tran 0.05n 500n
plot v(2) v(4) v(5)+0.1

.endc
.end

iiif)s1

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VTO=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJSW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VT0O=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJISW=1.349E-10 MJSW=0.2417 PB=0.64

»DGSB

M13211MOSP W=3.6uL=1.2u
M2 2455 MOSP W=3.6u L=1.2u
M3 4255 MOSP W=3.6uL=1.2u

M4 3200 MOSN W=1.8u L=1.2u
M55 4 3 3 MOSN W=1.8u L=1.2u
M65 344 MOSN W=1.8u L=1.2u

vdd 1 0 5V
v2 2 05v
vd 4 0 0v



*Vinl 2 0 pulse(0V 5V 0 Ons Ons 100ns 200ns)
*Vin2 4 0 pulse(0V 5V 0 Ons Ons 200ns 400ns)

.control
tran 0.05n 500n
plot v(2) v(4) v(5)+0.1

.endc
.end

iv)sl

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VT0=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGS0=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJSW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VTO=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJSW=1.349E-10 MJSW=0.2417 PB=0.64

*DGSB

M13211MOSP W=3.6uL=1.2u
M25 422 MOSP W=3.6u L=1.2u
M3 5244 MOSP W=3.6uL=1.2u

M4 3200 MOSN W=1.8u L=1.2u
M5 3455 MOSN W=1.8u L=1.2u
M64 355 MOSN W=1.8u L=1.2u

vdd 105V
v2205v
v4d 40 5v

*Vinl 2 0 pulse(0V 5V 0 Ons Ons 100ns 200ns)
*Vin2 4 0 pulse(0V 5V 0 Ons Ons 200ns 400ns)

.control

tran 0.05n 500n
plot v(2)+0.1 v(4)
plot v(5)

.endc
.end



w vi(l1)*1l.21 — w(3)

t irne= n3

Sekilde verilen Ozel Veya Kapi (XOR) tasariminin olas: biitiin durumlan igin ag listeleri
yukarida belirtilmigstir. Tiim bu durumlarin olusma nedeni ise P2 ve N2 transistorlerinin
baglanma durumlarindan dolay1 kaynaklanan ve B girisinden girilen degerlere gore P2 ve N2
nin bacak durumlarinin degismesidir. Transistorlerin bulk uclar1 source ucuna bagh
kalacagindan dolay1 ve B girisinden 1 ve 0 verdigimizde bu drain-source-bulk uclarinin
yerleri degiseceginden dolay1 bunun icin yukarndaki 4 ayr1 durum olusmustur. Buna gore
girislerin ayni oldugu durumlarda (1-1, 0-0) ¢ikis 0 olarak alinacaktir. A ve B girislerinden
farkh girisler uygularsak (0-1, 1-0) cikis 1 olarak alinacaktir. Yukaridaki grafiklerden de bu
durumlar goriilmektedir.

2)

*nand

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VT0=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGS0O=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJSW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VTO=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65715.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 N§5=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJISW=1.349E-10 MJSW=0.2417 PB=0.64

M12411MOSP W=5.4uL=1.2u
M22511MOSP W=5.4ulL=1.2u

M4 253 3 MOSN W=1.8u L=1.2u
M5 3400 MOSN W=1.8u L=1.2u

vdd 1 05V
Vin 40 pulse(5V 0V 0 1ns 1ns 100ns 200ns)
Vinl 5 0 pulse(5V 0V 0 1ns 1ns 200ns 400ns)



cl1 50 1fF

.control
tran 0.05n 1600n
plot v(2) v(4)+0.05 v(5)+0.1

.endc
.end
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*nand

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VTO=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGS0O=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJISW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VT0O=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NS§S=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJISW=1.349E-10 MJ5W=0.2417 PB=0.64

M12411MOSP W=5.4ulL=1.2u
M22511MOSP W=5.4u L=1.2u

M4 2533 MOSN W=1.8u L=1.2u
M5 3400 MOSN W=1.8u L=1.2u

vdd 105V
Vin 4 0 pulse(5V 0V 0 1ns 1ns 100ns 200ns)
Vinl 505V

.control
tran 0.005n 200n
plot v(2) v(4)+0.05 v(5)+0.1



.endc

.end
wr wri(4)4+0 .05 — v (5}y+0_.1
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En az sayida CMOS teknolojisini kullanarak 2 girisli Ve Degil (NAND) kapisi tasarladigimiz
zaman ve ag listesini olusturdugumuzda karsimiza bu grafikler cikmistir. Burada beklenen
durum ise;

A B (A.BY’
0 0 1
0 1 1
1 0 1
1 0

Seklindedir. NAND kapisinin mantik tablosuna bakildiginda ve grafikle karsilagtirildiginda
durumlar saglanmaktadr.

3)
*nor

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=5.36726E+15 VT0=0.743469 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8

+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072

+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00

+ CGDO=4.3E-10 CGS0=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJISW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VT0O=-0.738861 KP=2.70E-05 GAMMA=0.58
+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NS§S=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJISW=1.349E-10 MJ5W=0.2417 PB=0.64

M15200MOSN W=1.8u L=1.2u
M25400MOSN W=1.8u L=1.2u

M43211MOSP W=5.4u L=1.2u
M5 54 3 3 MOSP W=5.4u L=1.2u

vdd 1 05V
Vin 2 0 pulse(5V 0V 0 1ns 1ns 100ns 200ns)
Vinl 4 0 pulse(5v OV 0 1ns 1ns 200ns 400ns)



cl1 50 1fF

.control

tran 0.05n 400n
plot v(5) v(2)+0.1 v(4)+0.05

.endc
.end

*nor

+0. 1 — w(4)+0 .05
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t irae n3

.MODEL MOSN NMOS LEVEL=2 LD=0.15U TOX=200.0E-10
+ NSUB=5.36726E+15 VT0=0.743465 KP=8.00059E-05 GAMMA=0.543
+ PHI=0.6 U0=655.881 UEXP=0.157282 UCRIT=31443.8
+ DELTA=2.39824 VMAX=55260.9 XJ=0.25U LAMBDA=0.0367072
+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=1.0 RSH=70.00
+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0003 MJ=0.6585

+ CJSW=8.0E-10 MJSW=0.2402 PB=0.58

.MODEL MOSP PMOS LEVEL=2 LD=0.15U TOX=200.0E-10

+ NSUB=4.3318E+15 VTO=-0.738861 KP=2.70E-05 GAMMA=0.58

+ PHI=0.6 U0=261.977 UEXP=0.323932 UCRIT=65719.8

+ DELTA=1.79192 VMAX=25694 XJ=0.25U LAMBDA=0.0612279
+ NFS=1E+12 NEFF=1.001 NSS=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGSO=4.3E-10 CJ=0.0005 MJ=0.5052

+ CJISW=1.349E-10 MJSW=0.2417 PB=0.64

M15200MOSN W=1.8u L=1.2u
M25400MOSN W=1.8u L=1.2u

M4 3211MOSP W=5.4u L=1.2u
M55 4 3 3 MOSP W=5.4u L=1.2u

vdd 105V
Vin 2 0 pulse(5V 0V 0 1ns 1ns 200ns 400ns)

Vinl 4

00V

.control
tran 0.05n 400n
plot v(5) v(2)+0.1 v(4)+0.05



.endc

.end
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t iroe n3

En az sayida CMOS teknolojisini kullanarak 2 girisli Veya Degil (NOR) kapisi tasarladigimiz
zaman ve ag listesini olusturdugumuzda kargimiza bu grafikler ¢cikmigtir. Burada beklenen
durum ise;

B (A+BY
0 0 1
0 1 0
1 0 0
1 I 0

Seklindedir. NOR kapisinin mantik tablosuna bakildiginda ve grafikle karsilastirnldiginda
durumlar saglanmaktadir.

4) 1. 2. ve 3. maddelerde tasarlanan XOR, NAND ve NOR kapilar1 Spice benzetimcisi ile
gereken giris sinyalleri uygulayarak bu maddeler icerisinde kontrol edilmistir ve grafikleri
yukarida oldugu gibi elde edilmistir. Mantiksal islev olarak test edildiginde dogrulugu
goriilmistiir.

5) Tasarlanan mantik kapilarinda en kotii gecikme zamanlari elde edildiginde ve
karsilastirildiginda gecikme siiresi en diistik olan kap1 NOR kapisidir.
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