RAPOR:

Bu deneyde ki amac foyde belirtilen mantik kapilarimi logic olarak FET transistorler
ile tasarlamaktir. Bu tasarimin sonucunda verdigimiz giris sinyalleri ile dogru sonucu alip
almadigimizi ise Spice ortaminda elde etigimiz grafikler ile gozlemleyecegiz. Oncalismada
yapilan tasarimlarda her transistor icin Drain ve Source uclar belirtilmistir.

Tasarimlar yapilirken kullanilan transistor sayisi,propogation delay,kazang ve
olusabilecek kayiplar géz oniinde bulundurulmustur.

1-)

i)

I1k olarak Sekil-1 de verilen XOR devresi icin aglist olusturuldu ve asagida ki grafik
elde edildi.Bu grafik tizerinde XOR icin olabilecek biitiin girislere gore cikislar grafikte
gozlenmigtir.Biitiin kurgulanabilecek girdi olasiliklar1 P2 N2 transistérlerinin baglanma
durumlarindan kaynaklanmaktadir.B girisi P2 ve N2 girislerinin bacaklarinin durumlarini
belirlemektedir.
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.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 VT0=-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 CGS0O=4.3E-10 CJ=0.0005 MJ=0.5052

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

M15144MOSP W=5.4u L=1.2u

M2 3214 MOSP W=5.4u L=1.2u

M3 3124 MOSP W=5.4u L=1.2u

M45100MOSN W=1.8uL=1.2u

M52530MOSN W=1.8u L=1.2u

M6 3250 MOSN W=1.8u L=1.2u

vdd 4 0 5V

Vin 1 0 pulse(0V 5V 0 Ons Ons 100ns 200ns)

Vinl 2 0 pulse(0V 5V 0 Ons Ons 200ns 400ns)

.control

tran 0.05n 400n

plot v(3) v(1)*1.1 v(2)*1.2

.endc

.end

ii)
Nand kapisti i¢in yine aym sekilde aglist olusturularak Spice ortaminda grafikler elde
edilmigtir. Farkli tasarim sekilleri 6n¢alismada goterilmistir.

Grafik sekilde ki gibidir :
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Aglist sekilde ki gibidir:

.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 VT0=-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 NS5=1E+11 TPG=-1.0 RSH=120.6

+ CGDO=4.3E-10 CGS0O=4.3E-10 CJ=0.0005 MJ=0.5052

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

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

M3 2533 MOSN W=1.8uL=1.2u
M43400MOSN W=1.8u L=1.2u

vdd 1 05V

Vin 4 0 pulse(5V 0V 0 1ns 1ns 100ns 200ns)
Vinl 5 0 pulse(5V 0V 0 1ns 1ns 200ns 400ns)
cl1501fF

.control

tran 0.05n 1600n

plot v(2) v(4)+0.05 v(5)+0.1

.endc

.end

Dogruluk tablosu ise asagidaki gibidir..
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iii) Bu sikta ise NOR kapisi tasarlandi.Dort adet transistor kullanilarak yine
oncalismada belirtilen devre formatinda aglist olusturuldu.Grafik tizerinden tasarlanan NOR
gate in calismasinda bir problem olmadig: gozlenmistir.

Grafik sekilde ki gibidir:
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Elde ettigimiz bu grafigin aglist i ise asagidaki gibidir:
.MODEL MOSN NMOS LEVEL=2 LLD=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 VT0=-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 CGS0O=4.3E-10 CJ=0.0005 MJ=0.5052
+ CJSW=1.349E-10 MJSW=0.2417 PB=0.64
M15200MOSN W=1.8u L=1.2u
M25400MOSN W=1.8uL=1.2u
M33211MOSPW=5.4uL=1.2u
M4 54 3 3 MOSP W=5.4u L=1.2u
Vdd 105V
Vin 2 0 pulse(5V 0V 0 1ns 1ns 100ns 200ns)
Vinl 4 0 pulse(5v 0V 0 1ns 1ns 200ns 400ns)
C250 1fF
.control
tran 0.05n 400n
plot v(5) v(2)+0.1 v(4)+0.05
.endc
.end
Boylece yapilan 3 tasarim icinde aglist ve grafikler yukarida gosterilmistir.Grafikler
tizerinde girisleri degerlendirdigimizde ¢ikislar kurgulanan mantik kapilarinin dogru
cahistiklar1 gozlenmistir.

2-) Tasarladigimiz XOR,NAND VE NOR kapilar1 arasinda en kétii gecikme zamanlan elde
edildiginde gecikme siiresinin en diisiin yani en olumlu olaninin NOR kapis1 oldugunu
gozlemlenmistir.

Yapilan tasarimlarda differential yapiya yakin olan tasarimlarda gecikme siiresinin en
aza indirgendigini fark edilmektedir. Sekilden de gézlemlendigi gibi cikistaki degisim
differential yapida cok daha erken gozlemlenmektedir.
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icin.

Bu ilk grafik NAND kapisi
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Alttaki grafik ise NOR kapisi icin.
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Son grafik ise XOR kapisi
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