Version 4
SHEET 1 1284 680
WIRE -864 48 -976 48
WIRE -832 48 -864 48
WIRE -736 48 -752 48
WIRE -624 48 -656 48
WIRE -368 48 -416 48
WIRE -352 48 -368 48
WIRE -256 48 -272 48
WIRE -976 64 -976 48
WIRE -864 64 -864 48
WIRE -416 64 -416 48
WIRE -368 128 -368 48
WIRE -352 128 -368 128
WIRE 80 128 80 112
WIRE 80 128 16 128
WIRE 144 128 80 128
WIRE -256 144 -256 48
WIRE -256 144 -288 144
WIRE -224 144 -224 112
WIRE -224 144 -256 144
WIRE -208 144 -224 144
WIRE -112 144 -112 112
WIRE -112 144 -128 144
WIRE 240 144 208 144
WIRE 272 144 272 112
WIRE 272 144 240 144
WIRE -976 160 -976 144
WIRE -976 160 -1040 160
WIRE -960 160 -976 160
WIRE -864 160 -864 144
WIRE -752 160 -864 160
WIRE -688 160 -752 160
WIRE -608 160 -624 160
WIRE -464 160 -464 112
WIRE -464 160 -528 160
WIRE -352 160 -368 160
WIRE -112 160 -112 144
WIRE -80 160 -112 160
WIRE 112 160 0 160
WIRE 144 160 112 160
WIRE -864 176 -864 160
WIRE 80 176 80 128
WIRE -976 192 -976 160
WIRE -112 192 -112 160
WIRE 16 192 16 128
WIRE -1040 208 -1040 160
WIRE -464 208 -464 160
WIRE -448 208 -464 208
WIRE -368 208 -368 160
WIRE -464 240 -464 208
WIRE -368 240 -368 208
WIRE -352 240 -368 240
WIRE -256 240 -272 240
WIRE -224 240 -224 144
WIRE -224 240 -256 240
WIRE 112 240 112 160
WIRE 128 240 112 240
WIRE 272 240 272 144
WIRE -864 272 -864 256
WIRE -816 272 -864 272
WIRE -624 272 -624 160
WIRE -608 272 -624 272
WIRE -976 304 -976 256
WIRE -928 304 -976 304
WIRE -816 304 -928 304
WIRE -688 304 -688 160
WIRE -672 304 -688 304
WIRE -608 304 -672 304
WIRE 112 304 96 304
WIRE 192 304 112 304
WIRE 112 320 112 304
WIRE -976 336 -976 304
WIRE -864 336 -864 272
WIRE -368 336 -400 336
WIRE -240 336 -288 336
WIRE -224 336 -240 336
WIRE -128 336 -144 336
WIRE 0 336 -48 336
WIRE -240 352 -240 336
WIRE 272 352 272 240
WIRE 272 352 256 352
WIRE -400 368 -400 336
WIRE 0 368 0 336
WIRE -176 384 -208 384
WIRE 192 400 64 400
WIRE -208 416 -208 384
WIRE -208 416 -240 416
WIRE 64 448 64 400
WIRE 64 448 48 448
WIRE 272 448 272 352
WIRE 272 448 256 448
WIRE -400 480 -400 448
WIRE -176 480 -176 464
WIRE -176 480 -400 480
WIRE 0 480 0 464
WIRE 0 480 -176 480
WIRE 112 480 112 384
WIRE 112 480 0 480
WIRE 0 496 0 480
WIRE 112 496 112 480
WIRE 192 496 112 496
FLAG 176 176 0
FLAG 176 112 12
FLAG 272 32 12
FLAG 80 256 0
FLAG 80 32 12
FLAG -112 256 0
FLAG -320 176 0
FLAG -320 112 12
FLAG -224 32 12
FLAG -416 128 0
FLAG -976 416 0
FLAG -960 160 12
FLAG -256 240 1Hz
FLAG -112 144 ref
FLAG 240 144 pwm
FLAG -864 416 0
FLAG -464 320 0
FLAG -464 32 12
FLAG -576 256 12
FLAG -576 320 0
FLAG -784 256 12
FLAG -784 320 0
FLAG -1040 272 0
FLAG 0 496 0
FLAG -240 336 400
FLAG 16 304 12
FLAG -544 288 ref
FLAG -752 288 ref
FLAG -624 48 400
FLAG -464 160 6
FLAG -752 160 LoBat
FLAG -928 304 ZenerOk
FLAG -672 368 0
FLAG -112 32 12
FLAG 16 256 0
SYMBOL Opamps\\opamp2 176 80 R0
SYMATTR InstName U1
SYMATTR Value ba2901
SYMBOL res 96 16 M0
WINDOW 0 -38 64 Left 2
WINDOW 3 -64 33 Left 2
SYMATTR InstName R1
SYMATTR Value {Rntc}
SYMBOL res 96 160 M0
SYMATTR InstName R2
SYMATTR Value 50k
SYMBOL res 256 16 R0
SYMATTR InstName R3
SYMATTR Value 47k
SYMBOL res 224 224 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R4
SYMATTR Value 1e6
SYMBOL cap 272 224 R90
WINDOW 0 0 32 VBottom 2
WINDOW 3 32 32 VTop 2
SYMATTR InstName C1
SYMATTR Value 10n
SYMBOL res 16 144 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R5
SYMATTR Value 10k
SYMBOL cap -128 192 R0
SYMATTR InstName C2
SYMATTR Value 4.7µ
SYMBOL Opamps\\opamp2 -320 80 R0
SYMATTR InstName U2
SYMATTR Value ba2901
SYMBOL res -240 16 R0
SYMATTR InstName R6
SYMATTR Value 330k
SYMBOL res -112 128 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R7
SYMATTR Value 1e6
SYMBOL res -256 224 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R8
SYMATTR Value 1e6
SYMBOL res -256 32 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R9
SYMATTR Value 1e6
SYMBOL cap -432 64 R0
SYMATTR InstName C3
SYMATTR Value 470n
SYMBOL res -352 192 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R10
SYMATTR Value 1e6
SYMBOL voltage -400 352 M0
WINDOW 123 0 0 Left 2
WINDOW 39 0 0 Left 2
SYMATTR InstName V1
SYMATTR Value PULSE(0 400 0 5 5 40)
SYMBOL res -960 48 M0
SYMATTR InstName R13
SYMATTR Value 51k
SYMBOL zener -992 256 M180
WINDOW 0 24 64 Left 2
WINDOW 3 27 -1 Left 2
SYMATTR InstName D1
SYMATTR Value PTZ12B
SYMATTR Description Diode
SYMATTR Type diode
SYMBOL res -848 32 M90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R14
SYMATTR Value 51k
SYMBOL Opamps\\opamp2 -576 224 R0
SYMATTR InstName U3
SYMATTR Value ba2901
SYMBOL res -880 160 R0
SYMATTR InstName R16
SYMATTR Value 56k
SYMBOL res -848 48 M0
SYMATTR InstName R17
SYMATTR Value 1e6
SYMBOL res -480 224 R0
SYMATTR InstName R18
SYMATTR Value 120k
SYMBOL res -448 16 M0
SYMATTR InstName R19
SYMATTR Value 100k
SYMBOL Opamps\\opamp2 -784 224 R0
SYMATTR InstName U4
SYMATTR Value ba2901
SYMBOL res -880 320 R0
SYMATTR InstName R11
SYMATTR Value 100
SYMBOL cap -1056 208 R0
SYMATTR InstName C4
SYMATTR Value 1µ
SYMBOL res -240 320 M90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R21
SYMATTR Value 18
SYMBOL res -144 320 M90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R22
SYMATTR Value 18
SYMBOL npn 256 304 M0
WINDOW 0 39 32 Left 2
WINDOW 3 42 63 Left 2
SYMATTR InstName Q1
SYMATTR Value BC547C
SYMBOL nmos 48 368 M0
SYMATTR InstName M1
SYMATTR Value R6020PNJ
SYMBOL res 112 288 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R12
SYMATTR Value 100k
SYMBOL pnp 256 496 R180
WINDOW 0 45 30 Left 2
WINDOW 3 46 68 Left 2
SYMATTR InstName Q2
SYMATTR Value 2N2907
SYMBOL cap 96 320 R0
WINDOW 3 -22 51 Left 2
SYMATTR InstName C5
SYMATTR Value 100n
SYMBOL res -752 32 M90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R15
SYMATTR Value 51k
SYMBOL res -992 320 R0
SYMATTR InstName R20
SYMATTR Value 100
SYMBOL cap -624 144 R90
WINDOW 0 0 32 VBottom 2
WINDOW 3 32 32 VTop 2
SYMATTR InstName C6
SYMATTR Value 100n
SYMBOL res -512 144 R90
WINDOW 0 0 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName R23
SYMATTR Value 1e6
SYMBOL ind -272 320 R90
WINDOW 0 5 56 VBottom 2
WINDOW 3 32 56 VTop 2
SYMATTR InstName L1
SYMATTR Value 1µ
SYMBOL res -192 368 R0
SYMATTR InstName R24
SYMATTR Value 10
SYMBOL cap -224 352 M0
SYMATTR InstName C8
SYMATTR Value 1µ
SYMBOL cap -688 304 R0
SYMATTR InstName C7
SYMATTR Value 100n
SYMBOL res -128 16 R0
SYMATTR InstName R25
SYMATTR Value 2.2e6
SYMBOL cap 32 192 M0
SYMATTR InstName C9
SYMATTR Value 100n
TEXT 336 -72 Left 1 !.SUBCKT ba2901 +IN -IN VCC VEE OUT  \nQ_Q9         N165977 N165977 VEE QN1 2\nQ_Q8         -IN -IN N165380 QN1 \nQ_Q15         N164947 N168656 VCC QP1 2.4\nQ_Q11         N166538 N165981 VEE QN1 7\nQ_Q12         OUT N166538 VEE QN2 3.4\nQ_Q6         N165380 N165342 N165342 QN1 \nQ_Q16         N165342 N168656 VCC QP2 1.22\nQ_Q17         N166538 N172400 VCC QP1 3\nQ_Q3         N165130 N164943 N164943 QN1 \nQ_Q5         +IN +IN N165130 QN1 \nQ_Q14         N164943 N168656 VCC QP2 1.22\nQ_Q4         VEE +IN N165130 QP3 \nQ_Q2         N165981 N165380 N164947 QP1 1.01 \nQ_Q1         N165977 N165130 N164947 QP1 1\nQ_Q7         VEE -IN N165380 QP4 \nQ_Q10         N165981 N165977 VEE QN1 2\nQ_Q18         N168656 N168656 VCC QP1 0.7\nQ_Q19         N172400 N172400 VCC QP1 0.7\nG_G1         N168656 VEE N215271 VEE 1\nI_I5         VEE N215271 DC 1uAdc  \nR_R20         VEE N215271  20 TC=-0.0035,0  \nI_I6         VEE N216410 DC 1uAdc  \nG_G2         N172400 VEE N216410 VEE 1 \nR_R21         VEE N216410  18 TC=-0.0045,0 \nQ_Q13         VEE N168656 VCC QP1 2.1\n.model QN1 npn is=5e-017 bf=400 nf=1 vaf=150 ikf=0.003 tr=5e-10 tf=5e-10 cjc=1.8e-12 xtb=2.5\n.model QN2 npn is=3e-017 bf=500 nf=0.947 vaf=4 ikf=0.0026 tr=5e-10 tf=5e-10 cjc=2e-12 xtb=0.5\n.model QP1 pnp is=1e-016 bf=1400 nf=1 vaf=60 ikf=3e-005 xti=10\n.model QP2 pnp is=1e-016 bf=500 nf=1 vaf=90 ikf=3e-005 xti=10.5\n.model QP3 pnp is=1e-016 bf=1400 nf=1 vaf=60 ikf=3e-005 xti=9.03\n.model QP4 pnp is=1e-016 bf=1400 nf=1 vaf=60 ikf=3e-005 xti=9\n.ENDS
TEXT -992 464 Left 2 !.tran 50 startup uic
TEXT -256 -16 Left 2 !.step param Rntc LIST 37k 29k 27k 25.5k 24k 22k
TEXT -168 -72 Left 2 ;Temperatur      20   70   75    80    85   90\nPWM Prozent 100  90  60    40     10    0

