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Two-input All-nand-gate Exclusive OR

*Four NAND Implementation
*Node 101 Is Input A, node 102 Is Input B, node

*106 Is Output

X1 101 102 103 NAND

X2 101 103 104 NAND

X3 103 102 105 NAND

X4 104 105 106 NAND

*Define subcircuit NAND
-SUBCKT NAND top_in bot_in out
*Node 1 is VDD; node O is GND

M1 out top_in 1 1 CMOSp L=0.6U W=1.2U
+AD=2.88p AS=2.88p PD=7.2U PS=7.2U
M2 out bot in 1 1 CMOSp L=0.6u W=1.2U
+AD=2_88p AS=2.88p PD=7.2U PS=7.2U

M3 out top_in 2 0 CMOSn L=0.6U W=1.2U
+AD=2.88p AS=2.88p PD=7.2U PS=7.2U

M4 2 bot_in O O CMOSn L=0.6U W=1.2U
+AD=2.88p AS=2.88p PD=7.2U PS=7.2U
-ENDS NAND

*Power and load and input signals

VCC 1 0 DC 3.3

CO 106 0 0.01p

-GLOBAL 1

VA 101 O PULSE(O 3.3 On 0.2n 0.2n 4.8n 10n)
VB 102 0 PULSE(O 3.3 2.5n 0.2n 0.2n 4.8n 10n)
*Include MOSFET Models

OUTPUT

-LIB "n96g.L49" NOM

**Specify analysis and display

.DC VA 0 3.3 .01 VB O 0 O.1

-PROBE V(106)

*Delays and Power

-TRAN _O1N 20N

-PROBE V(101) V(102) V(106)

-MEASURE avg_pow AVG power FROM=10n TO=20n

Jlas aiS s o3kl Adobe Acrobat Reader 31 $1.as slady <ol cpf 51 Led PDF oled 4l a5ead b s o6 ol 51 ealaal (gl .0

.+3L Adobe Acrobat Reader 7.0 Wb eslizwl s, 30 isens
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-OPTIONS PROBE POST MEASOUT
-END
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(current mirrorl.sp) \ ,lse

* Normal Cascode current mirror AMI 1.2um CMOS process

-param lam=0.6u

-param w01=4_8u 101=1.2u w02=4_.8u 102=1.2u w03=4.8u 103=1.2u w04=4_.8u 104=1_2u
mO01l (midl midl nvss nvss) CMOSN W=wOl1l L=101

+ AS="5*lam*w01" AD="5*lam*w01" PS="2*w01+10*lam® PD="2*w01+10*lam"
m02 (mid2 midl nvss nvss) CMOSN W=w02 L=102

+ AS="5*lam*w02" AD="5*lam*w02" PS="2*w02+10*lam® PD="2*w02+10*lam"
m03 (nin nin midl midl) CMOSN W=w03 L=103

+ AS="5*lam*w03" AD="5*lam*w03" PS="2*w03+10*lam® PD="2*w03+10*lam"
m04 (nout nin mid2 mid2) CMOSN W=w04 L=104

+ AS="5*lam*w04" AD="5*lam*w04" PS="2*w04+10*lam® PD="2*w04+10*lam"

MODEL CMOSN NMOS LEVEL=13 VFBO=
-8.74178E-01, 3.52920E-02, 9.00288E-02
7.23936E-01, 0.00000E+00, O.00000E+00
8.79301E-01,-1.74446E-01,-2_53817E-02
6.19484E-02, 2.28490E-02,-5.41312E-02 Trer
-8.88805E-03, 2.42663E-02,-1.49727E-03 v Tous
5.93388E+02,3.21978E-001,9.94279E-001
6.67574E-02, 1.05337E-01,-7.54917E-02 +
7.17023E-02, 1.90566E-01, 6.09585E-03
8.31770E+00,-6.09160E+00, 9.32611E+00 M |f—e—o
4.83549E-04,-5.86887E-03, 2.89785E-04
7.62075E-04, 2.14528E-04,-1.74741E-03 v
6.30888E-04,-3.63569E-03, 6.17858E-04 _
-1.86907E-02, 1.72973E-02, 4.96138E-03 Ms P“““‘
6.60689E+02, 8.87036E+01,-4.17446E+01
~7.47803E+00, 1.09303E+01, 1.14405E+01 -
5.92870E+00, 9.36778E-01, 4.86345E+00
3.21050E-03,-1.69734E-03, 4.03676E-03
2.97000E-002, 2.70000E+01, 5.00000E+00
2.80767E-010,2.80767E-010,3.64085E-010
1.00000E+000, 0. 00000E+000, 0. 00000E+000
1.00000E+000, 0. 00000E+000, 0. 00000E+000
0.00000E+000,, 0 .00000E+000, 0 . 00000E+000
0.00000E+000, 0 .00000E+000, 0 . 00000E+000
56.9,2.710700e-04,1.507200e-10,1e-08,0.91954
0.91954, 0.52656, 0.1, 0, O

V.EE =

I Tk T Ik T e T T T T T st T S o S S S S S o

Iref (nvdd nin) 20u

vout (nout 0) 2.5

vdd (nvdd 0) +5

vss (nvss 0) O

.options post dcon=1

.dc vout 0 5 0.01 sweep lref 5u 50u 10u
.dc Iref 0 50u 0.1u sweep vout 0.1 3.0 0.3
-end

(current mirror2.sp) ¥,lae

* Improved Cascode current mirror (AMI 1.2um CMOS process)
-param lam=0.6u
-param
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+ w01=4_.8u 101=1.2u w02=4.8u 102=1.2u

+ w03=4.8u 103=1.2u w04=4.8u 104=1_2u

+ w05=2_.4u 105=1.2u

mO1l (midl nin nvss nvss) CMOSN W=w01 L=101

+ AS="5*lam*w0l1" AD="5*lam*w01" PS="2*w01+10*lam®" PD="2*w0l1+10*lam*”
m02 (mid2 nin nvss nvss) CMOSN W=w02 L=102

+ AS="5*lam*w02" AD="5*lam*w02" PS="2*w02+10*lam® PD="2*w02+10*lam"
m03 (nin nvb midl midl) CMOSN W=w03 L=103

+ AS="5*lam*w03" AD="5*lam*w03" PS="2*w03+10*lam® PD="2*w03+10*lam"”
m04 (nout nvb mid2 mid2) CMOSN W=w04 L=104

+ AS="5*lam*w04" AD="5*lam*w04" PS="2*w04+10*lam" PD="2*w04+10*lam*"
mo5 (nvb nvb nvss nvss) CMOSN W=wO5 L=105

+ AS="5*lam*w05" AD="5*lam*w05" PS="2*w05+10*lam™ PD="2*w05+10*lam"”

MODEL CMOSN NMOS LEVEL=13 VFBO=
-8.74178E-01, 3.52920E-02, 9.00288E-02

8.79301E-01,-1.74446E-01,-2_.53817E-02
6.19484E-02, 2.28490E-02,-5.41312E-02
-8.88805E-03, 2.42663E-02,-1.49727E-03 x*ﬁ
5.93388E+02,3.21978E-001,9.94279E-001
6.67574E-02, 1.05337E-01,-7.54917E-02
7.17023E-02, 1.90566E-01, 6.09585E-03
8.31770E+00,-6.09160E+00, 9.32611E+00

4 _83549E-04,-5.86887E-03, 2.89785E-04
7.62075E-04, 2.14528E-04,-1.74741E-03
6.30888E-04,-3.63569E-03, 6.17858E-04
-1.86907E-02, 1.72973E-02, 4.96138E-03
6.60689E+02, 8.87036E+01,-4.17446E+01
-7.47803E+00, 1.09303E+01, 1.14405E+01
5.92870E+00, 9.36778E-01, 4.86345E+00
3.21050E-03,-1.69734E-03, 4.03676E-03
2.97000E-002, 2.70000E+01, 5.00000E+00
2.80767E-010,2.80767E-010,3.64085E-010
1.00000E+000,0.00000E+000,0.00000E+000
1.00000E+000,0.00000E+000,0.00000E+000
0.00000E+000,0.00000E+000,0.00000E+000
0.00000E+000,0.00000E+000,0.00000E+000
56.9,2.710700e-04,1.507200e-10,1e-08,0.91954
0.91954, 0.52656, 0.1, 0, O

7.23936E-01, 0.00000E+00, 0O.0O0O00OE+00 -——IJ_ Vid
P

bias - ref
| +)I -
jEHI

R T T T T T Tk T T T S o T S S S S S S S

-param pp=20u

Ibias (nvdd nvb) pp

Iref (nvdd nin) pp

vout (nout 0) 2.5

vdd (nvdd 0) +5

vss (nvss 0) O

.options post dcon=1

.dc vout 0 5 0.01 sweep pp 5u 50u 10u

.dc Iref 0 50u 0.1u sweep vout 0.1 3.0 0.3
-end
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Two-input All-nand-gate Exclusive OR







*Four NAND Implementation

*Node 101 Is Input A, node 102 Is Input B, node

*106 Is Output

X1 101 102 103 NAND

X2 101 103 104 NAND

X3 103 102 105 NAND

X4 104 105 106 NAND

*Define subcircuit NAND

.SUBCKT NAND top_in bot_in out 

*Node 1 is VDD; node 0 is GND

M1 out top_in 1 1 CMOSp L=0.6U W=1.2U

+AD=2.88p AS=2.88p PD=7.2U PS=7.2U

M2 out bot_in 1 1 CMOSp L=0.6u W=1.2U

+AD=2.88p AS=2.88p PD=7.2U PS=7.2U

M3 out top_in 2 0 CMOSn L=0.6U W=1.2U

+AD=2.88p AS=2.88p PD=7.2U PS=7.2U

M4 2 bot_in 0 0 CMOSn L=0.6U W=1.2U

+AD=2.88p AS=2.88p PD=7.2U PS=7.2U

.ENDS NAND

*Power and load and input signals

VCC 1 0 DC 3.3

C0 106 0 0.01p

.GLOBAL 1

VA 101 0 PULSE(0 3.3 0n 0.2n 0.2n 4.8n 10n)

VB 102 0 PULSE(0 3.3 2.5n 0.2n 0.2n 4.8n 10n)

*Include MOSFET Models

.LIB 'n96g.L49' NOM

**Specify analysis and display

.DC VA 0 3.3 .01 VB 0 0 0.1

.PROBE V(106)

*Delays and Power

.TRAN .01N 20N

.PROBE V(101) V(102) V(106) 

.MEASURE avg_pow AVG power FROM=10n TO=20n

.OPTIONS PROBE POST MEASOUT

.END




* Normal Cascode current mirror AMI 1.2um CMOS process

.param lam=0.6u

.param w01=4.8u l01=1.2u w02=4.8u l02=1.2u w03=4.8u l03=1.2u w04=4.8u l04=1.2u

m01 (mid1 mid1 nvss nvss) CMOSN W=w01 L=l01

+ AS='5*lam*w01' AD='5*lam*w01' PS='2*w01+10*lam' PD='2*w01+10*lam'

m02 (mid2 mid1 nvss nvss) CMOSN W=w02 L=l02

+ AS='5*lam*w02' AD='5*lam*w02' PS='2*w02+10*lam' PD='2*w02+10*lam'

m03 (nin nin mid1 mid1) CMOSN W=w03 L=l03

+ AS='5*lam*w03' AD='5*lam*w03' PS='2*w03+10*lam' PD='2*w03+10*lam'

m04 (nout nin mid2 mid2) CMOSN W=w04 L=l04

+ AS='5*lam*w04' AD='5*lam*w04' PS='2*w04+10*lam' PD='2*w04+10*lam'



.MODEL CMOSN NMOS LEVEL=13 VFB0=

+ -8.74178E-01, 3.52920E-02, 9.00288E-02

+ 7.23936E-01, 0.00000E+00, 0.00000E+00

+ 8.79301E-01,-1.74446E-01,-2.53817E-02

+ 6.19484E-02, 2.28490E-02,-5.41312E-02

+ -8.88805E-03, 2.42663E-02,-1.49727E-03

+ 5.93388E+02,3.21978E-001,9.94279E-001

+ 6.67574E-02, 1.05337E-01,-7.54917E-02

+ 7.17023E-02, 1.90566E-01, 6.09585E-03

+ 8.31770E+00,-6.09160E+00, 9.32611E+00

+ 4.83549E-04,-5.86887E-03, 2.89785E-04

+ 7.62075E-04, 2.14528E-04,-1.74741E-03

+ 6.30888E-04,-3.63569E-03, 6.17858E-04

+ -1.86907E-02, 1.72973E-02, 4.96138E-03

+ 6.60689E+02, 8.87036E+01,-4.17446E+01

+ -7.47803E+00, 1.09303E+01, 1.14405E+01

+ 5.92870E+00, 9.36778E-01, 4.86345E+00

+ 3.21050E-03,-1.69734E-03, 4.03676E-03

+ 2.97000E-002, 2.70000E+01, 5.00000E+00

+ 2.80767E-010,2.80767E-010,3.64085E-010

+ 1.00000E+000,0.00000E+000,0.00000E+000

+ 1.00000E+000,0.00000E+000,0.00000E+000

+ 0.00000E+000,0.00000E+000,0.00000E+000

+ 0.00000E+000,0.00000E+000,0.00000E+000

+ 56.9,2.710700e-04,1.507200e-10,1e-08,0.91954

+ 0.91954, 0.52656, 0.1, 0, 0

*

Iref (nvdd nin) 20u

vout (nout 0) 2.5

vdd (nvdd 0) +5

vss (nvss 0) 0

.options post dcon=1

.dc vout 0 5 0.01 sweep Iref 5u 50u 10u

.dc Iref 0 50u 0.1u sweep vout 0.1 3.0 0.3

.end


* Improved Cascode current mirror (AMI 1.2um CMOS process)

.param lam=0.6u

.param

+ w01=4.8u l01=1.2u w02=4.8u l02=1.2u

+ w03=4.8u l03=1.2u w04=4.8u l04=1.2u

+ w05=2.4u l05=1.2u

m01 (mid1 nin nvss nvss) CMOSN W=w01 L=l01

+ AS='5*lam*w01' AD='5*lam*w01' PS='2*w01+10*lam' PD='2*w01+10*lam'

m02 (mid2 nin nvss nvss) CMOSN W=w02 L=l02

+ AS='5*lam*w02' AD='5*lam*w02' PS='2*w02+10*lam' PD='2*w02+10*lam'

m03 (nin nvb mid1 mid1) CMOSN W=w03 L=l03

+ AS='5*lam*w03' AD='5*lam*w03' PS='2*w03+10*lam' PD='2*w03+10*lam'

m04 (nout nvb mid2 mid2) CMOSN W=w04 L=l04

+ AS='5*lam*w04' AD='5*lam*w04' PS='2*w04+10*lam' PD='2*w04+10*lam'

m05 (nvb nvb nvss nvss) CMOSN W=w05 L=l05

+ AS='5*lam*w05' AD='5*lam*w05' PS='2*w05+10*lam' PD='2*w05+10*lam'



.MODEL CMOSN NMOS LEVEL=13 VFB0=

+ -8.74178E-01, 3.52920E-02, 9.00288E-02

+ 7.23936E-01, 0.00000E+00, 0.00000E+00

+ 8.79301E-01,-1.74446E-01,-2.53817E-02

+ 6.19484E-02, 2.28490E-02,-5.41312E-02

+ -8.88805E-03, 2.42663E-02,-1.49727E-03

+ 5.93388E+02,3.21978E-001,9.94279E-001

+ 6.67574E-02, 1.05337E-01,-7.54917E-02

+ 7.17023E-02, 1.90566E-01, 6.09585E-03

+ 8.31770E+00,-6.09160E+00, 9.32611E+00

+ 4.83549E-04,-5.86887E-03, 2.89785E-04

+ 7.62075E-04, 2.14528E-04,-1.74741E-03

+ 6.30888E-04,-3.63569E-03, 6.17858E-04

+ -1.86907E-02, 1.72973E-02, 4.96138E-03

+ 6.60689E+02, 8.87036E+01,-4.17446E+01

+ -7.47803E+00, 1.09303E+01, 1.14405E+01

+ 5.92870E+00, 9.36778E-01, 4.86345E+00

+ 3.21050E-03,-1.69734E-03, 4.03676E-03

+ 2.97000E-002, 2.70000E+01, 5.00000E+00

+ 2.80767E-010,2.80767E-010,3.64085E-010

+ 1.00000E+000,0.00000E+000,0.00000E+000

+ 1.00000E+000,0.00000E+000,0.00000E+000

+ 0.00000E+000,0.00000E+000,0.00000E+000

+ 0.00000E+000,0.00000E+000,0.00000E+000

+ 56.9,2.710700e-04,1.507200e-10,1e-08,0.91954

+ 0.91954, 0.52656, 0.1, 0, 0

*

.param pp=20u

Ibias (nvdd nvb) pp

Iref (nvdd nin) pp

vout (nout 0) 2.5

vdd (nvdd 0) +5

vss (nvss 0) 0

.options post dcon=1

.dc vout 0 5 0.01 sweep pp 5u 50u 10u

.dc Iref 0 50u 0.1u sweep vout 0.1 3.0 0.3

.end


*SPICE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8
* DATE: Aug 12/99
* LOT: n96g                  WAF: 08
* Temperature_parameters=Default
.LIB NOM
.MODEL CMOSN NMOS (                                LEVEL   = 49
+VERSION = 3.1            TNOM    = 27             TOX     = 7.7E-9
+XJ      = 1E-7           NCH     = 2.3579E17      VTH0    = 0.5048265
+K1      = 0.5542796      K2      = 0.0155863      K3      = 2.3475646
+K3B     = -3.3142916     W0      = 4.145888E-5    NLX     = 1.430868E-7
+DVT0W   = 0              DVT1W   = 0              DVT2W   = 0
+DVT0    = -0.0150839     DVT1    = 1.51022E-3     DVT2    = 0.170688
+U0      = 415.8570638    UA      = 5.057324E-11   UB      = 1.496793E-18
+UC      = 2.986268E-11   VSAT    = 1.237033E5     A0      = 0.9098788
+AGS     = 0.2120181      B0      = 1.683612E-6    B1      = 5E-6
+KETA    = -4.011887E-4   A1      = 0              A2      = 1
+RDSW    = 1.156967E3     PRWG    = -8.468558E-3   PRWB    = -7.678669E-3
+WR      = 1              WINT    = 5.621821E-8    LINT    = 1.606205E-8
+XL      = -2E-8          XW      = 0              DWG     = -6.450939E-9
+DWB     = 6.530228E-9    VOFF    = -0.1259348     NFACTOR = 0.3344887
+CIT     = 0              CDSC    = 1.527511E-3    CDSCD   = 0
+CDSCB   = 0              ETA0    = 1.21138E-3     ETAB    = -1.520242E-4
+DSUB    = 0.1259886      PCLM    = 0.8254768      PDIBLC1 = 0.4211084
+PDIBLC2 = 6.081164E-3    PDIBLCB = -5.865856E-6   DROUT   = 0.7022263
+PSCBE1  = 7.238634E9     PSCBE2  = 5E-10          PVAG    = 0.6261655
+DELTA   = 0.01           MOBMOD  = 1              PRT     = 0
+UTE     = -1.5           KT1     = -0.11          KT1L    = 0
+KT2     = 0.022          UA1     = 4.31E-9        UB1     = -7.61E-18
+UC1     = -5.6E-11       AT      = 3.3E4          WL      = 0
+WLN     = 1              WW      = -1.22182E-15   WWN     = 1.137
+WWL     = 0              LL      = 0              LLN     = 1
+LW      = 0              LWN     = 1              LWL     = 0
+CAPMOD  = 2              XPART   = 0.4            CGDO    = 3.50E-10
+CGSO    = 3.50E-10       CGBO    = 0              CJ      = 8.829973E-4
+PB      = 0.7946332      MJ      = 0.3539285      CJSW    = 2.992362E-10
+PBSW    = 0.9890846      MJSW    = 0.1871372      PVTH0   = -0.0148617
+PRDSW   = -114.7860236   PK2     = -5.151187E-3   WKETA   = 5.687313E-3
+LKETA   = -0.018518       )
*
.MODEL CMOSP PMOS (                                LEVEL   = 49
+VERSION = 3.1            TNOM    = 27             TOX     = 7.7E-9
+XJ      = 1E-7           NCH     = 8.52E16        VTH0    = -0.6897992
+K1      = 0.4134289      K2      = -5.342989E-3   K3      = 24.8361788
+K3B     = -1.4390847     W0      = 2.467689E-6    NLX     = 3.096223E-7
+DVT0W   = 0              DVT1W   = 0              DVT2W   = 0
+DVT0    = 1.3209807      DVT1    = 0.4695965      DVT2    = -8.790762E-4
+U0      = 150.6275733    UA      = 2.016943E-10   UB      = 1.714919E-18
+UC      = -1.36948E-11   VSAT    = 9.559222E4     A0      = 0.9871247
+AGS     = 0.3541967      B0      = 3.188091E-6    B1      = 5E-6
+KETA    = -0.0169877     A1      = 0              A2      = 1
+RDSW    = 2.443009E3     PRWG    = 0.0260616      PRWB    = 0.141561
+WR      = 1              WINT    = 5.038936E-8    LINT    = 1.650588E-9
+XL      = -2E-8          XW      = 0              DWG     = -1.535456E-8
+DWB     = 1.256904E-8    VOFF    = -0.15          NFACTOR = 1.5460516
+CIT     = 0              CDSC    = 1.413317E-4    CDSCD   = 0
+CDSCB   = 0              ETA0    = 0.3751392      ETAB    = 2.343374E-3
+DSUB    = 0.8877574      PCLM    = 5.8638076      PDIBLC1 = 1.05224E-3
+PDIBLC2 = 3.481753E-5    PDIBLCB = 2.37525E-3     DROUT   = 0.0277454
+PSCBE1  = 3.013379E10    PSCBE2  = 3.608179E-8    PVAG    = 3.9564294
+DELTA   = 0.01           MOBMOD  = 1              PRT     = 0
+UTE     = -1.5           KT1     = -0.11          KT1L    = 0
+KT2     = 0.022          UA1     = 4.31E-9        UB1     = -7.61E-18
+UC1     = -5.6E-11       AT      = 3.3E4          WL      = 0
+WLN     = 1              WW      = -5.22182E-16   WWN     = 1.125
+WWL     = 0              LL      = 0              LLN     = 1
+LW      = 0              LWN     = 1              LWL     = 0
+CAPMOD  = 2              XPART   = 0.4            CGDO    = 3.02E-10 
+CGSO    = 3.02E-10       CGBO    = 0              CJ      = 1.397645E-3
+PB      = 0.99           MJ      = 0.5574537      CJSW    = 3.665392E-10
+PBSW    = 0.99           MJSW    = 0.3399328      PVTH0   = 0.0114364
+PRDSW   = 52.7951169     PK2     = 9.714153E-4    WKETA   = 0.0109418
+LKETA   = 7.702974E-3     )
*


