.MODEL AG128 PNP (AF=1.000 BF=85.000 BR=20.000 CJC=3.750P CJE=6.000P CJS=0.0

+ EG=0.670 FC=0.750 IKF=9.981M IKR=1.248M IRB=5.000U IS=120.8N ISC=120.8N

+ ISE=0.435N ITF=9.983M KF=5.000F MJC=0.330 MJE=0.400 MJS=0.500 NC=1.200

+ NE=1.200 NF=1.000 NR=1.000 PTF=1.000 RB=173.312 RBM=43.328 RC=60.000

+ RE=20.000 TF=0.150U TR=2.865U VAF=102.207 VAR=20.000 VJC=0.600 VJE=0.400

+ VJS=0.700 VTF=2.000 XCJC=0.650 XTB=1.000 XTF=9.996 XTI=4.000)

.MODEL 1T322 PNP (AF=1.000 BF=85.000 BR=20.000 CJC=3.750P CJE=6.000P CJS=0.0

+ EG=0.670 FC=0.750 IKF=9.981M IKR=1.248M IRB=5.000U IS=120.8N ISC=120.8N

+ ISE=0.435N ITF=9.983M KF=5.000F MJC=0.330 MJE=0.400 MJS=0.500 NC=1.200

+ NE=1.200 NF=1.000 NR=1.000 PTF=1.000 RB=173.312 RBM=43.328 RC=60.000

+ RE=20.000 TF=0.150U TR=2.865U VAF=102.207 VAR=20.000 VJC=0.600 VJE=0.400

+ VJS=0.700 VTF=2.000 XCJC=0.650 XTB=1.000 XTF=9.996 XTI=4.000)

.MODEL 2SA1216 PNP (BF=110.76 CJC=200P CJE=500P FC=.5 IKF=11.97 IS=7.795P

+ ISE=79.57P ITF=2.833 MJC=.3333 MJE=.3333 NE=1.483 NK=.3815 TF=6.323N TR=1.39U

+ VAF=100 VAR=100 VJC=.75 VJE=.75 VTF=10 XTB=1.5)

.MODEL BC549/550X NPN (

+ IS=2.24183E-14 

+ NF=0.996496 

+ ISE=1.90217E-14 

+ NE=2 

+ BF=228.4 

+ IKF=0.211766 

+ VAF=161.939 

+ NR=0.993 

+ ISC=4.7863E-15 

+ NC=0.996 

+ BR=12.1807 

+ IKR=0.3423 

+ VAR=123.229 

+ RB=167.033 

+ IRB=7.079458E-05 

+ RBM=1.12256 

+ RE=0.036 

+ RC=0.79 

+ XTB=1.65 

+ EG=1.1737 

+ XTI=3 

+ CJE=1.87E-11 

+ VJE=0.732 

+ MJE=0.33 

+ CJC=6.16E-12 

+ VJC=0.395 

+ MJC=0.251 

+ XCJC=0.6192 

+ FC=0.5 

+ TF=518.15E-12 

+ XTF=10 

+ VTF=10 

+ ITF=1 

+ TR=10.000E-9)

*-------------------------------------------------------------------

.model BC560X pnp (

+ IS=5.11839E-13 BF=200.0 NF=1.00811 

+ BR=0.66 NR=1 ISE=1.32082E-12 

+ NE=1.5 ISC=5.24807E-12 NC=2 

+ VAF=211.586 VAR=20 IKF=0.0448 

+ IKR=1.31826E-4 RB=200 RBM=0.496 

+ IRB=1.584893E-5 RE=6.09 RC=8.05 

+ CJC=9.014673E-12 VJC=0.3068755 MJC=0.3580011 

+ TF=1.06e-9)

*-------------------------------------------------------------------

.MODEL BD135_137_139X NPN (BF=244.9 BR=78.11 CJC=4.8831E-11 CJE=2.92702E-10

+ EG=1.2105 FC=0.5 IKF=1.1863 IKR=0.1445 IRB=0.031 IS=2.3985E-13 ISC=1.9314E-11

+ ISE=1.0471E-14 MJC=0.3928 MJE=0.3300 NC=1.45 NE=1.2 NF=1.0 NR=1.007 RB=2.14

+ RBM=0.001 RC=0.01 RE=0.0832 VAF=98.5 VAR=7.46 VJC=0.5258 VJE=0.67412

+ XCJC=0.5287 XTB=1.1398 XTI=3.0)

.MODEL BD136_138_140X PNP (BF=201.4 BR=23.765 CJC=6.8291E-11 CJE=2.1982E-10

+ EG=1.2343 FC=0.5 IKF=1.0993 IKR=0.10 IRB=0.011 IS=2.9537E-13 ISC=7.0433E-12

+ ISE=1.8002E-13 MJC=0.3668 MJE=0.3685 NC=1.38 NF=1.0 NR=1.021 RB=1.98 RBM=0.01

+ RC=0.01 RE=0.1109 VAF=137.0 VAR=8.41 VJC=0.5499 VJE=0.7211 XCJC=0.5287

+ XTB=1.4883 XTI=3.0)

.MODEL MJE340X NPN (

+ IS=8.010E-13 

+ BF=123.09 

+ VAF=100 

+ IKF=1.0825 

+ ISE=4.0538E-11 

+ NE=1.5 

+ BR=0.00419 

+ VAR=100 

+ IKR=0.05102 

+ ISC=1.4644E-10 

+ NC=2.0 

+ RE=0.0098 

+ RC=2.015 

+ RB=0.00444 

+ CJE=1.58E-09 

+ CJC=1.35E-10 

+ TF=1.65E-8 

+ XTF=10 

+ VTF=10 

+ ITF=1 

+ TR=1.0E-8 

+ EG=0.64 

+ XTB=0.95)

*-------------------------------------------------------------------

.MODEL MJE350X pnp (

+ IS = 2.7544E-13 

+ BF = 128 

+ BR = 0.0362 

+ ISE = 1.9546E-12 

+ NE = 1.5 

+ ISC = 5.24807E-12 

+ NC = 2 

+ VAF = 100 

+ VAR = 100 

+ IKF = 0.3663 

+ IKR = 0.007544 

+ RB = 0.0085 

+ RE = 0.007 

+ RC = 0.042 

+ CJE = 9.572E-12

+ VJE = 0.748 

+ MJE = 0.371 

+ FC = 0.5 

+ CJC = 1.147E-11 

+ VJC = 0.541 

+ MJC = 0.329 

+ TF = 8.262E-10 

+ XTB = 1.125 

+ EG = 0.75 

+ XTI = 3)

*----------------------------------------------------------------------

.model MPSA06X NPN (

+ Is=8.324f Xti=3 Eg=1.11 Vaf=100 Bf=12.16K Ne=1.368 

+ Ise=73.27f Ikf=.1096 Xtb=1.5 Br=11.1 Nc=2 Isc=0 Ikr=0 Rc=.25 

+ Cjc=18.36p Mjc=.3843 Vjc=.75 Fc=.5 Cje=55.61p Mje=.3834 Vje=.75 

+ Tr=72.15n Tf=516.1p Itf=.5 Vtf=4 Xtf=6 Rb=10)

*----------------------------------------------------------------------

.model MPSA56X PNP (

+ Is=12.27p Xti=3 Eg=1.11 Vaf=100 Bf=91.63 Ne=1.531 

+ Ise=12.27p Ikf=1.009 Xtb=1.5 Br=1.287 Nc=2 Isc=0 Ikr=0 Rc=.6 

+ Cjc=48.28p Mjc=.5615 Vjc=.75 Fc=.5 Cje=106.7p Mje=.5168 Vje=.75 

+ Tr=496.3n Tf=865.8p Itf=.2 Vtf=2 Xtf=.8 Rb=10)

*----------------------------------------------------------------------

.model MPSA92X PNP (

+ Is=218.9f Xti=3 Eg=1.11 Vaf=100 Bf=99 Ne=1.307 Ise=218.9f 

+ Ikf=.2016 Xtb=1.5 Br=24.67 Nc=2 Isc=0 Ikr=0 Rc=7 Cjc=19.88p 

+ Mjc=.4876 Vjc=.75 Fc=.5 Cje=81.49p Mje=.3493 Vje=.75 Tr=516.9p 

+ Tf=1.395n Itf=1.5 Vtf=22 Xtf=270 Rb=10)

*----------------------------------------------------------------------

.MODEL 2SA1930 PNP (BF=200 BR=87.2453465m CJC=87p CJE=430p FC=0.5 IKF=10 IKR=1

+ IS=10f ISC=0.124475f ISE=200f ITF=2 MJC=0.5 MJE=0.5 NE=1.4 NF=859m RB=1.8

+ RC=187.8m RE=110m TF=600p TR=10n VAF=100 VAR=20 VJC=1 VJE=1 VTF=10 XTF=10)

.MODEL 2SC5171 NPN (BF=200 BR=122.6733m CJC=48p CJE=500p FC=0.5 IKF=10 IKR=10m

+ IS=10f ISC=0.0026757f ISE=200f ITF=2 MJC=0.36 MJE=0.33 NE=1.4 NF=859m RB=1.8

+ RC=35.72m RE=0.11 TF=600p TR=10n VAF=100 VAR=20 VJC=0.5 VJE=0.67 VTF=10

+ XTF=10)

.MODEL 2SA1381E PNP (BF=148 BR=1.592 CJC=1.147E-12 CJE=9.572E-12 EG=0.62 FC=0.5

+ IKF=0.2163 IKR=0.087544 IS=5.5544E-14 ISC=3.24807E-10 ISE=2.0546E-15

+ MJC=0.329 MJE=0.371 RB=10.18 RC=4.072 RE=0.0512 TF=1.0312E-09 VAF=580 VAR=100

+ VJC=0.541 VJE=0.748 XTB=0.907)

.MODEL 2SC3503E NPN (BF=148 BR=0.64499 CJC=8.20E-12 CJE=7.10E-12 EG=0.76 FC=0.5

+ IKF=0.12325 IKR=0.05102 IRB=3.0e-6 IS=7.010E-13 ISC=6.4644E-09 ISE=1.2538E-14

+ ITF=1 NC=1.5 RB=12.134 RBM=0.034 RC=1.215 RE=0.108 TF=7.025E-10 TR=1.0E-8

+ VAF=600 VAR=100 VTF=35 XTB=1.5 XTF=2)

.MODEL 2SC5200X NPN (BF=152.1 BR=6.155 CJC=6.4394E-10 CJE=5.8111E-9 EG=1.1663

+ FC=0.5 IKF=10.8637 IKR=0.1585 IRB=0.08 IS=4.3031E-12 ISC=2.7542E-11

+ ISE=1.3924E-11 MJC=0.3966 MJE=0.3357 NC=1.95 NF=1.0 NR=1.028 RB=2.47 RBM=0.02

+ RC=0.015 RE=0.04 VAF=60.0 VAR=6.51 VJC=0.5 VJE=0.6506 XCJC=0.7624 XTB=1.0445

+ XTI=3.0)

.MODEL 2SA1943X PNP (BF=159.9 BR=25.75 CJC=1.1383E-9 CJE=4.1783E-9 EG=1.1751

+ FC=0.5 IKF=2.8370 IKR=0.3548 IRB=3.6308E-3 IS=3.5476E-11 ISC=7.9433E-11

+ ISE=2.5119E-10 MJC=0.3699 MJE=0.3374 NC=1.37 NE=2 NF=1.0 NR=1.011 RB=2.74

+ RBM=0.0381 RC=0.01 RE=0.06 VAF=60.0 VAR=11.07 VJC=0.5 VJE=0.6354 XCJC=0.7624

+ XTB=1.5306 XTI=3.0)

.MODEL 2SA1837_X PNP (BF=146.38 BR=4 CJC=8.6700E-11 CJE=4.7407E-10 FC=0.5

+ IKF=2.087725944 IKR=1.05 IS=2.39372559E-10 ISE=1.46829699E-11 ITF=1.076260106

+ MJC=0.3 MJE=0.5 NE=1.526663542 NF=1.304015937 NK=0.94719458 RB=1.8 RC=1.65

+ TF=1.642191E-09 TR=1.38U VAF=100 VAR=20 VJC=0.3 VJE=1.1 XTF=5.868994022)

.MODEL 2SC4793_X NPN (BF=146.38 BR=4 CJC=5.78E-11 CJE=5.96964E-10 FC=0.5

+ IKF=2.6 IKR=1.05 IS=1.8E-09 ISE=6.286997E-10 ITF=10 MJC=0.3 MJE=0.5

+ NE=2.223629 NF=1.43 NK=0.95 RB=1.7 RC=1.25 TF=1.22678E-09 TR=983N VAF=100

+ VAR=20 VJC=0.3 VJE=1.1 XTF=99.52253015)

.MODEL 2SC2922 NPN (BF=110.13 CJC=200P CJE=500P FC=5 IKF=99.99 IS=122.9N

+ ISE=122.9N ITF=6.76K MJC=.3333 MJE=.3333 NE=1.677 NK=1.384 TF=4.584N

+ TR=2.581U VAF=100 VAR=100 VJC=.75 VJE=.75 VTF=10 XTB=1.5)
.SUBCKT OPA827 3 2 7 4 6

* BEGIN MODEL FEATURES

* OPEN LOOP GAIN AND PHASE, INPUT OFFSET VOLTAGE W TEMPCO,

* INPUT VOLTAGE NOISE WITH 1/F, INPUT CURRENT NOISE, INPUT

* BIAS CURRENT W TEMPERATURE EFFECTS, INPUT CAPACITANCE,

* INPUT COMMON MODE VOLTAGE RANGE, INPUT CLAMPS TO RAILS,

* CMRR WITH FREQUENCY EFFECTS, PSRR WITH FREQUENCY EFFECTS,

* SLEW RATE, OPEN LOOP OUTPUT IMPEDANCE, SETTLING TIME TO

* 0.01 PERCENT, QUIESCENT CURRENT WITH TEMPCO, OUTPUT

* CURRENT THROUGH SUPPLIES, OUTPUT CURRENT LIMIT, OUTPUT

* CLAMPS TO RAILS, OUTPUT SWING, OVERLOAD RECOVERY TIME,

* AND OUTPUT OVERSHOOT VERSUS CLOAD

* END MODEL FEATURES

* BEGIN SIMULATION NOTES

* FOR MORE ACCURATE INPUT BIAS CURRENT YOU MAY WANT TO SET

* GMIN FROM THE DEFAULT OF 1E-12 TO 1E-13

* FOR AID IN DC CONVERGENCE SET ITL1 FROM 400 TO 4000

* FOR AID IN TRANSIENT ANALYSIS SET ITL4 FROM 50 TO 500

* MODEL TEMPERATURE RANGE IS -40 C TO +125 C

* NOT ALL PARAMETERS TRACK THOSE OF THE REAL PART VS TEMP

* END SIMULATION NOTES

Q26 8 9 10 QON

Q27 11 9 12 QOP

Q28 13 14 15 QOP 23

Q29 16 17 18 QON 23

I4 8 17 5E-5

I5 14 11 5E-5

R34 19 18 1

R35 15 19 1

R47 20 19 7

E25 11 0 4 0 1

E26 8 0 7 0 1

I9 7 4 3.55E-3

R65 4 7 325E3

R67 12 17 1

R68 14 10 1

R70 21 22 2250

R71 23 22 2250

I11 8 24 5.25E-4

D5 25 8 DD

V9 25 26 -0.4

D6 27 26 DD

V10 27 11 -0.4

E27 28 11 29 11 0.505

C9 9 28 1E-12

R75 28 9 1E3

G2 9 28 30 28 -1E-3

G3 26 28 23 21 -0.19E-3

R76 28 26 1.4E9

C10 30 31 6E-12

R77 30 26 2.2K

E28 32 28 30 28 1

D7 33 34 DD

R78 28 31 220

D8 35 36 DD

C11 21 23 0.4E-12

C12 37 0 4.5E-12

C13 2 0 4.5E-12

L3 20 6 1E-9

R95 6 20 100

E29 32 33 38 0 -2

E30 32 36 38 0 2

R96 33 34 1E12

R97 36 35 1E12

D9 39 0 DD

I12 0 39 1M

R98 38 0 1E12

V11 39 38 0.655

V12 7 16 2.68

V13 13 4 2.68

E42 40 0 41 0 0.023

R113 8 29 1E9

C25 40 29 1E-9

E43 42 0 8 0 0.023

C26 42 41 1E-9

R114 0 41 1E9

E44 43 0 8 0 1

E45 44 0 11 0 1

E46 45 0 46 0 1

R115 43 47 1E6

R116 44 48 1E6

R117 45 49 1E6

R118 0 47 10

R119 0 48 10

R120 0 49 10

E47 50 51 49 0 0.026

R121 52 46 1E3

R122 46 53 1E3

C27 43 47 1E-12

C28 44 48 1E-12

C29 45 49 1E-12

E48 54 50 48 0 -0.06

E49 55 54 47 0 0.01

R123 54 55 1E9

R124 50 54 1E9

R125 51 50 1E9

E50 52 0 2 0 1

E51 53 0 55 0 1

D37 56 57 DL

V145 57 0 3

R316 0 56 1E8

G54 2 0 56 0 2E-10

I67 2 0 5E-12

G55 37 0 56 0 2E-10

I68 37 0 5E-12

D38 58 0 DIN

D39 59 0 DIN

I69 0 58 1E-3

I70 0 59 1E-3

G56 2 55 58 59 2E-11

G57 2 55 60 0 2.4E-7

R317 0 60 1E4

R318 0 60 1E4

D40 61 0 DVN

D41 62 0 DVN

I71 0 61 1E-3

I72 0 62 1E-3

E52 37 55 61 62 0.31

R319 55 37 1E9

V146 26 35 -0.2

V147 34 26 -0.2

V148 63 11 0

V149 8 22 0

J5 64 37 64 JC

J6 64 2 64 JC

V150 8 64 0.25

J7 55 65 55 JC

J8 2 65 2 JC

V151 65 11 0.25

E53 51 66 38 0 5.61E-4

R320 66 51 1E9

V152 66 3 62E-6

G58 7 4 38 0 -6E-3

D42 4 6 DD

D43 6 7 DD

R321 67 68 70

R322 67 69 70

Q30 70 24 63 QIS

Q31 24 24 63 QIS

V153 67 70 0.7

M1 21 37 68 68 NI L=30U W=300U

M2 23 2 69 69 NI L=30U W=300U

M4 71 67 72 72 NS L=30U W=300U

V157 8 73 4.9

R327 71 8 1E5

E55 8 74 8 71 1

R330 73 72 1E3

Q32 9 75 8 QSP

R331 75 74 1E4

C30 55 2 0.45E-12

.MODEL DD D

.MODEL DVN D KF=2.5E-15

.MODEL DIN D KF=1E-15

.MODEL DL D IS=0.95E-11 N=1.4 XTI=1.5

.MODEL NI NMOS VTO=2 KP=1200U IS=1E-18

.MODEL NS NMOS VTO=0 KP=1200U IS=1E-18

.MODEL QSP PNP

.MODEL QIS NPN

.MODEL JC NJF IS=1E-18

.MODEL QON NPN BF=1400 RC=25 TF=150P CJC=100F

.MODEL QOP PNP BF=1400 RC=25 TF=150P CJC=100F

.ENDS

