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Microelectronics Circuits Spice solutions

Problem: 6.26

1. The schematic for this problem is shown below

VDD VDD
200 ! v
“(\l/) 1Vdo ==
R1 ——
-0
My C1
22MEG VD | VO
1 |
c2 M1 L M=1 %
Vi 0 VG L|E W = 12u ?52k
1T L4 —
va ! |ba L=050
VOFF =0 —
VAMPL = 10m 0
FREQ = ﬂ( —
AC =1 =0 =0

2. Run the netlist and perform AC simulation. Plot DB(V(VO)/V(VI)) to get the gain.

58

18Hz 38Hz 188Hz 308Hz 1.8KHz

O DB{U{UD}/U(UI})
Frequency

4. Increase the current 11 to 1ImA and plot the waveform again.
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Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

* % K Kk k Kk k% ‘ D 1 o L:‘ ] em: ‘ D7 }‘ \\\\\\\\\\\\\\\
'''''''''''''' Main circuit begins here****xxxxkkkkxx*
M1 VD VG 0 0 NMOSOP18

+ L=0.5u

+ W=12u

+ M=1

V2 VDD 0 1vdc

Il VDD VD DC 200u

R1 VG VD 22MEG TC=0,0

R2 0 VO 15k TC=0,0

Cl vD VO 1 TC=0,0

C2 VI VvVé¢ 1 TC=0,0

V3 VI 0 AC 1

+SIN O lOm 1k 0 00

* ’ * % 10S moc egins Kok ko Kk ok Kk ko k k ok k k Kk Ak Ak Ak Ak Ak Kk kK &
.model NMOSOP18 NMOS(Level 1 VTO O 8 GAMMA=(0.3 PHI=0.84

+ LD=0 WD=0 U0O=450 LAMBDA=0.05 TOX=4.08E-9 PB=0. 9)

khkkhkkhkhkkhhkkhkhkkkhhkkhkk k% T[ ‘\7;‘7" mode ends here ***kkkkkkkkhrhhhhhhhhrhhhhhhhhrhhhhhkhktrrx

* Kk kK kK A al i 1 *‘jii here* * %k %k %k %k %k % % % *

.OP

.AC DEC 40 10 1K

PROBE

Problem: 6.82

1. The schematics for this problem is shown below

vee VCC
A
§ 1150k % 10k ceo
L ve ., vour
1
v_CC
A R3 ¢l Cﬂ 1
20vde = A,y VB Q2N3204
10k 1 )T § RL
VS VE 400k
A § ?gﬁk
VOFF =0
VAMPL = 20{9 oot
FREQ = 1k -
— AC=1 T
=0 —, 0

2. Initially, RE is 0.01 Ohms, so practically zero.
3. Plot the VS and VOUT to find the gain. Use cursors to find the gain.
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2 8mU

au

SEL>>
—-28my

au

s d.4ms B.8ms 1.2ms 1.6ms 2.8ns
O U{UOUT)
Time

4. To find the variation in gain, change Bf to 50 and 150 and repeat the simulation. VS and VOUT
for Bf=50 are shown below

20mu

----------------------

______________________

SEL>>
-20my

......................

-1.8V

s A.4ms a.8ms 1.2ms 1.6ms 2 .8ms
o U{uouT)
Time

6. VS and VOUT for Bf=150 are shown below
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28mU

au

SEL>>
-28mU

au

-2.80

o U{uouT})
Time

7. Change RE to 100 Ohms and find the variation in G,. Find its new nominal value and the
expected range by changing Bf to 50 and 150.

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

R,
ccz

v_cC

R1

R2

c1

V1

+SIN 0 20m
R3

.model Q2N3904

+

.OP

* o %k kXM O

cult begins here* ** k% & xkk**

VvCcC VvC

VE O

0 vVOuUT
vC vouT 1
VCC 0 20vdc

10k
0.01
400k

VB VCC 540k

0 VB 30k

VX VB 1

Vs 0 AC 1

1k 0 0 0O

VS VX 10k

VC VB VE Q2N3904

in circult ends here***xkkkkkhkkhkhhkhhkhhkhhkhhkhhkhhkhhkhkhkkhkkhkkhkkkhkkhxkxk*x

xx*Model for

2N3904 NPN BJT (from Eval library in Pspice)
NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=100 Ne=1.259
Ise=6.734f Ikf=66.78m Xtb=1.5 Br=.7371 Nc=2 Isc=0 Ikr=0 Rc=1
Cjc=3.638p Mjc=.3085 Vijc=.75 Fc=.5 Cje=4.493p Mje=.2593 Vije=.75
Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)

del for 2N3904 NPN BJT

5is begins here

Chapter 6



Microelectronics Circuits Spice solutions

Problem: 6.95

1. The schematic for part (a) of this problem is shown below.

VDD V%D
£ i
RG1 § RS
7MEG 4K
VS
V_DD M L W=10u

10Vde == VG N Vi
- g -
L=2u
VD

2. The transistor used here has k,” = 100 uA/V2 So, W/L =10p/2u is chosen to get k.= 0.5 mA/V?,
3. Simulate the netlist for part (a) and find the operating voltages.

NODE YOLTAGE HODE YOLTAGE HODE WOLTAGE NODE VOLTAGE

{ WD) 2.9992 VG) J.o0000 K=y 5.0010  f WDD) 10,0000

4. The operating point parameters are

HAWE M1

MODEL PHOSOPS
ID -1.00E-03
VG5 —3.00E+00
VDS —3.00E+00
VBS 4. 00E+00
VTH —-1.06E+00
VDSAT -1.94E+00

5. The schematic for part (b) of this problem is shown below.
6. Here W/L =25p/2u is chosen to get k,= 1.25 mA/V2.
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VDD V%D
A i
g RG RS
8MEG 474K
Vs
VDD M1 L W=25u

10Vde VG N M=
T " 3
L=2u
VD

7. Simulate the netlist for part (b) and again find out the operating voltages and currents.

HODE VOLTAGE HODE YOLTAGE HODE VOLTAGE HODE VOLTAGE

{  ¥D) 29764 WG 2.0000 (  ¥S) §.2972 ( ¥DDY  10.0000

8. The other parameters are

HAME M1
MODEL PHOSOPS
D -9, 92E-04
e -3 . 30E+00
YOS —2 . 32E+00
VES 4 70E+00
YTH -2 . 07E+00
YDSAT —1.23E+00

Netlist:

Part (a): Copy the netlist given below and paste it into a text file and save it with *.cir extention.

;;;;;;;; Problem: P7 98 (a) Kok ok ok Kk ok Kk ok Kk k%
““““ Main circuit begins here*** & xxxkkkix
RG2 0 VG 3MEG

V_DD VDD 0 10Vdc

RD VD 0 3k

RS VDD VS 4k

RG1 VDD VG TMEG

M1 VD VG VS VDD PMOSOP5
+ L=2u

+ W=10u

+ M=1

6 Chapter 6



Microelectronics Circuits Spice solutions

FARKKF KA A AR xF KA AAxX PMOS model begins here *H&xxdkdkdkdxxkkdkdkdxxx

.model PMOSOP5 PMOS (Level=1 VTO=-1 GAMMA=0.045 PHI=0.8

+ LD=0 WD=0 UO=275 LAMBDA=0.02 TOX=9.5E-9 PB=0.9 CJ=0.93E-3

+ CJSwW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

************* PMOS model ends here **x&&kdkkkhhrrrxxxxxkkk

Kok ok ok k ok ok ok AdaVSiS begqu here*x**xxkkkkkkxkkrx

xxxxxxxx Analysis ends here**x* xkxkkkkkkkxk*kk*

Part (b): Copy the netlist given below and paste it into a text file and save it with *.cir extension.

Kok ok ok ok ok ok ok Problem: P7 98 (b) Kok ok ok ok ok ok ok ok ok ok ok ok ok

¥xxxxkx Main circuit begins here***xxxkxkxkxix

RG2 0 VG 2MEG

V_DD vDD 0 10Vdc

RD vD 0 3k

RS VDD VS 4.74k

RG1 VDD VG 8MEG

M1 VD VG VS VDD PMOSOP5
+ L=2u

+ W=25u

+ M=1

kxkkkkk* Main clircult ends here*r **x % k& kkkkkkkkkkkkkkkkkkkkkkkk*

kkkkkkkkkkkkkk*k*x* NMOS model b@giﬂ? here ***xkkxxkkkxkkkxkkkxkx*

.model PMOSOP5 PMOS (Level=1 VTO=-2 GAMMA=0.045 PHI=0.8

+ LD=0 WD=0 UO=275 LAMBDA=0.02 TOX=9.5E-9 PB=0.9 CJ=0.93E-3

+ CJISW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

Xk kkkkkxkkkkkkxkxx NMOS model ends here * %%k kkkkk &k kkkk k& %k kK *

*xkkxkxxx ANnalysis Degins here* %% &k k% % xxkk*

* K Kk Kk Kk Kk kK /’-\‘WaTinf‘, eVWdS here* * % %k xkkkkkkxkkk*x*
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Problem: 6.103

1. The schematic for this problem is shown below

VDD
& i

RG1 gg RD
1M ok

A M=1
10Vde —— VG N W= 14u
T . L =0.5u
3
§ RG2 RS
1™ 2k
-0

2. The transistor used here has k,” = 71.2 pA/V2. So, W/L =14p/0.54 is chosen to get k,= 2 mA/V2.
3. Simulate the netlist and find out the operating voltages.

HODE VOLTAGE HCDE  VOLTAGE HODE VOLTAGE HCDE  VOLTAGE

[ VD) 0794 ( VE) c.ooo0o0 (0 ¥S) 1.9682 ( ¥DD) 10,0000

4. The other operating parameters are

HAME M1

MODEL NMOSOPS
ID 9.534E-04
VGES 3.03E+00
VDS 3.11E+00
VBS —1.97E+00
VTH 2 . 04E+00
VDSAT 9. 93E-01

5. Change the threshold voltage(VTO) of the NMOS model from 2 to 0.5 and find out the operating
voltages and current again.

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

Problem: P Y6 Kk ok ok ok ok ok ok ok ok ok ok ok ok %
lain circuit begins here

RG2 0 VG 1MEG
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V_DD VDD 0 10vVdc

RS vs 0 2k

RD VDD VD 5k

RG1 VDD VG 1MEG

M1 VD VG VS 0 NMOSOP5
+ L=0.5u

+ W=14u

+ M=1

XXX XXX XXX XXX XXX NMOS model begins here ** %% & & & & & & & & & & & & & % % %
.model NMOSOP5 NMOS (Level=1 VTO=2.0 GAMMA=0.05 PHI=0.8

LD=0 WD=0 UO=196 LAMBDA=0 TOX=9.5E-9 PB=0.9 CJ=0.57E-3
CJISW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
CGS0=0.4E-9)

,,,,,,,,,,,,,,,,,,,,,,,,,,,, NMOS model ends here ****xxxxxxkkkkkkkkk*k*x*

Problem: 6.107

1. The schematic for this problem is shown below

VDD
i

sVde  ——

2. The transistor used here has k,’ = 181.7 pA/V2 So, W/L =22p/0.8 is chosen to get k,=5 mA/V2
3. For part (a), run the netlist and find the voltages.

HODE VOLTAGE HODE VOLTAGE HODE VOLTAGE HODE VOLTAGE

(VD) 1.2477 (  VG) 1.2477 (  vDD) .0000
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4. For part (b), change the threshold voltage VTO=1.5 V and W=44u

HODE YOLTAGE HODE YOLTAGE HODE VOLTAGE HODE VOLTAGE

[ YD) 1.8545 ¢ Wi5) 1.8545 ( WDIn S.o00a

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

m: P7 101 ko Kk ok ok Kk k ok ok ok ok ok kK

**x*x** Main circuit P¥jiﬂ? here**x*xkxkxkx**x**
V_DD VDD 0 5Vvdc
RD VDD VD 5k
M1 VD VG 0 0 NMOSOP5
+ L=0.8u
+ W=22u
+ M=1
RG VG VD 10MEG

* k Kk Kk Kk kK l‘, ‘:ifl "hi:‘milit er €
KAk A KAkAKRAXRA A A A KA K Kk *% l\,‘,‘fu, model ] € 1771;1 here KAk A KRKAKRA A KA AN AN A Ak K Kk *%

.model NMOSOP5 NMOS (Level=1 VTO=0.7 GAMMA=0.5 PHI=0.8
+ LD=0 WD=0 UO=500 LAMBDA=0.001 TOX=9.5E-9 PB=0.9 CJ=0.57E-3
+ CJSW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9
+ CGS0=0.4E-9)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, NMC A1 enda Rera *kk %k %k kk ok Kk &k * koK K k& k%
* Kk ok Kk ok ok kK 1 1 1 ] 7—11 1 yere* k& kK kK kkkkk kK%

op

Problem: 6.114

1. The schematic for this problem are shown below.

VDD VDD
: I
RC
V DD 3.3k
3Vdc ppe—
T RB VC
120k Q1
p— VB
"0
QECL
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2. Run the netlist and find the operating voltages.
HODE ~ VOLTAGE HODE  VOLTAGE HODE  VOLTAGE HODE  VOLTAGE
{  VE) J7ALE  WCD 1.3294 ( VDD) 3.0000

3. The currents and other operating point parameters are,

HAME 01
HODEL QECL
1E 4. 98E-06
ic 5. 01E-04
VEE 7.31E-01
TEC —5.98E-01
TCE 1. 33E+00
EETADC 1.01E+02

4. Change the value of beta of the transistor to 50 and 150 and find the variation in the operating
point.

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

........ Problem: P
Main circuit begins herex** k& xxxkkkix

Q1 VC VB 0 QECL

RC VC vDD 3.3k

RB VB VC 120k

V_DD VDD 0 3Vdc
;7—11:1 ‘—‘i;‘—“lif :;flf},j ;l:;;:; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

............ Model £or ECL BJT DEGing RETe** %% % %% % %% %% & & & & &% & &% %% %% %% %% % 4

.model QECL NPN (Is=0.26fA Bf=100 Br=1 Tf=0.1lns Cje=lpF Cjc=1.5pF Va=100)

;;;;;;;; Model for ECL BJT begins here® &k &k &k &k &k &k &k &k &k %k %Kk %Kk % K % % %
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Problem: 6.117

1. The schematic for this problem is shown below.

A VDD PARAMETERS:
ﬂ} VSIG = 10m
V1 R=1m
5Vde—L Eé ey
- 750k
-0
RSIG ce
VSIG N1 Va1
AP I RL
100k 1 Eg
v 10k
GED VAMPL = {VSIG}
FREQ - 1k 1
AC=1Vac RG2 0
500k
TO —
-0

The transistor used here has k,” = 167.2 uA/V2 So, W/L =24p/0.5p is chosen to get k,=8 mA/V?2.

For part(a), run the netlist to perform the operating point analysis. The node voltages are,

HODE  VOLTAGE HODE — WOLTAGE NODE  VOLTAGE NODE — VOLTAGE
{ N1) 00000 { H2) 0.0000 { @ VO) 0.0000 { WD1} 2.5398
{ VDD) 50000 { WGL) 2.0000 { WS1) 9841 { WSIG) 0.0000
The operating current is

HAME M1

MODEL NHOSOFS

ID 2 46E-D4

es 1.02E+00

VDS 1. SEE+0D

VES -9 84E-01

VTH 7.72E-01

VDSAT 2 44E-01

5. For part (b), uncomment the AC analysis and plot V(VG1)/I(CC1) to get the input impedance.

12
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________________________

________________________

........................

________________________

________________________

........................

________________________

________________________

........................

________________________

________________________

........................

________________________

________________________

________________________

_______________________

299.88K
10Hz 100Hz 1._0KHz 18KHz 108KHz
o U(UG1)/1{CC1)
Frequency
6. To find the gain plot DB(V(VO)/ V(VSIG)).

17.4
17.2 : : :
i i i
16.8+

18Hz 188Hz 1.8KHz 10KHz 108KHz

O DBU(UD)/ V({USIG))
Frequency

7. For part (c), uncomment the corresponding parametric transient analysis and plot V(VO) as

shown below. Find the input voltage for which the output starts saturating.

13
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1.80

ay-

-1.8U+

P YT NN S SN N SN N SN SN SN SN NS S S SN SR RS S S

o¢ v ¥ ... ULUD)
Time
8. The output starts to saturate when input has an amplitude above 0.15 V.

9. For part (d), uncomment the corresponding parametric transient analysis and set VSIG to 300m in
the beginning of the netlist as shown below

.PARAM VSIG=300m R=1m

10. Plot V(VO) as shown below and find the value of R for which the output starts saturating.

2.8u

s 8.5ms 1.08ms 1.5ms 2 .8ms

11. The value of the resistor is 500 Q.
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Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

xxxxxxxxprcb']em: P'7 ‘]‘]8 Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok
Frxxxkk Main circuit begins here****xxxkkdxxxx
M1 VDl VGl VvS1 0 NMOSOP5

+ L=0.5u

+ W=18u

+ M=1

RD vDl vDD 10k TC=0,0

RG1 VGl vDD 750k TC=0,0

RG2 0 VG1I 500k TC=0,0

RS 0 vsl 4k TC=0,0

V1 VDD 0 5Vdc

V2 VSIG 0 AC 1lVac

+SIN 0 {VSIG} 1k 0 0 0

R_RSIG VSIG N1 100k TC=0,0

CC1 N1 VGl 1 TC=0,0

R RL 0 vO 10k TC=0,0

CC2 vDl vO 1 TC=0,0

Cs Vsl N2 100u TC=0,0

R 0 N2 (R} TC=0,0

.PARAM VSIG=10m R=1m

FAxxxkk Main circuit ends herexxxkkdxxxkkidx

kkkkkkkkxkkxkkxkkx**x NMOS model begiws here **xkkkkkkkkhkhkhkkhkhkkkkkhkkhkkx*

.model NMOSOP5 NMOS (Level=1 VTO=0.75 GAMMA=0.05 PHI=0.8

+ LD=0 WD=0 UO=460 LAMBDA=0.02 TOX=9.5E-9 PB=0.9 CJ=0.57E-3

+ CJISW=120E-12 MJ=0.5 MJSW=0.4 CGDO=0.4E-9 JS=10E-9 CGBO=0.38E-9

+ CGS0=0.4E-9)

kkkkkkkkkkkkkkkxk NMOS model ends here **xkxkkkkkkkkkkkkkkkkkkokkkkokkokkkkkkkkkxkhx
* Kk ok ok ok ok kk ;\VWCJTYL‘-JL‘ beg-]»ws "wer‘e””””””””””””””””

KXKAXRKPQrE (@) FEXKAX KA

.Op

Kok kkkkkhkhkhkhkhkhkhkkhkhkhxk

KHRKKHKHADLE (D) KKK KK
*.AC DEC 40 10 100K
* . PROBE

* .END

KA KAk h KA I A KA KK KK A KKK KKK

KRAKAKPQYL  (C) KHFF KA KKK

*.TRAN 0.0lmS 2mS

*.STEP LIN PARAM vsig 100m 200m 10m
* .PROBE

* .END

KrkxkxkkPart (d) FrERrKEx kA
.TRAN 0.01lmS 2mS

.STEP LIN PARAM R 1m 1k 100
. PROBE

.END

KA KAk h KA I A KA KK KK A KKK KKK

* % ok o

xxxxxxxx Analysis ends hereX*xxxxxxxxxxxxxx
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Problem: 6.126

1. The schematic for this problem is shown below.

_ VDD
VDD PARAMETERS:
A VSIG = 50m
g RS
V_DD
25Vdc  —— 3K c1
T 1|
_ VS 100U
RSIG
e — w
= Wielle v L=0.5u e
0 | voor WA—SH ™ s 0
— M1 M =1
2. 5Vdc -IT- 1k VD
VA
RD
v VOFF = 0 @ "
VSs VAMPL = {VSIG}
FREQ = 1K
AC =1 |
=0 v
Vss
2. For part (a), run the netlist and find the operating point.
NODE  WOLTAGE NODE  WOLTAGE HODE  VOLTAGE NODE  WOLTAGE
(VD) —.9970 (  VG) 0.0000 ¢ W¥S) 9970 { VDD} 2.5000

L ¥55) —2.5000 ( VSIG) 0.oooa

3. The operating current is

HAME M1

MODEL FMOSOPS
ID -5, 01E-04
V&5 -3.97E-01
VDS -1.99E+00
VBS 0. 00E+00
VTH -7 .50E-01
VDSAT -2 47E-01

4. For part (b), uncomment the corresponding transient analysis and comment the other analyses.
Plot V(D) and V(VSIG).
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B

L

s
v
'
'
'
s
v
'
'
'
X
v
'
'
'
[n
'
'
]

[ Y Y I I M S

[ e M

LT Sy

T Ny S T N I N S S I Y I
v v v v v v v v v v v v v v

USIG)

u{

[}

) ) My ey S

Samy

SEL>>
- amy

-1.80

2.8ms

1.5ms

1.8ms

a.5ms

5]

SRITY

Time

5. Thegainis 12 V/V.

6. For part (c), uncomment the corresponding analysis to sweep the input amplitude and comment

the other analyses. Plot V(VD) and find the input swing at which the output starts clipping.

.au

.au

=2 .8V~

2. 8ms

1.5ms

1.8ms

8.5ms
uium)

Time

7. For part (d), uncomment the corresponding analysis and comment the other analyses. Increase the

resistance of RD and find the at which the output starts clipping. Using this new value of RD, find

the gain.

Chapter 6

17



Microelectronics Circuits Spice solutions

Netlist:

Copy the netlist given below and paste it into a text file and save it with *.cir extension.

*x*kx**x**Propblem: P7 119 * ok ok ok ok ok ok ok ok ok ok ok ok ok ok

*kxxkxkxk* Main circuit begins here***x*xxkkkxkx*

RSIG VG VSIG 1k
V_DD VDD 0 2.5Vdc
RD VD VSS 3k

RS VDD VS 3k

V1 VSIG 0 AC 1
+SIN 0 {VSIG} 1K 0 0 O

Cl VS 0 100u
V_DD1 0 VSS 2.5vdc
M1 VD VG VS VDD PMOSOP5
+ L=0.5u

+ W=150u

+ M=1

.PARAM vsig=50m

kkkkxX*k* Main CLlrCUit ends here® * x k& &k kkk k& & %k k k&
khkkhkkhkhkkhhkkhkhkkkhhkkhkk k% ]\\”\/MJS TTWC’J@T b@g'\‘\: -'We"/ke kAhkkhkkhhkkhhkkhkhkkhkkhkhkkhhkhhkkhk%k

.model PMOSOP5 PMOS (Level=1 VTO=-0.75 GAMMA=0.045 PHI=0.8

+ LD=0 WD=0 UO=150 LAMBDA=0.002 TOX=9.5E-9 PB=0.9 CJ=0.93E-3

+ CJISW=170E-12 MJ=0.5 MJSW=0.35 CGDO=0.35E-9 JS=5E-9 CGBO=0.38E-9
+ CGS0=0.35E-9)

kkkkkkkkkkkkkkkk*x NMOS model ends here *rxkkkkkkkkkkkkkkkkxk*

*kkkkkk Kk ;\VWC]TY::':‘::' bQ(_X:\VW‘:, here*** *x*kxkkxkxkxkx*
KK KAXXRPQrE (@) KK KA XK KKK

.op

KA KA KKK KAKA KK KFAK KKK KK

*axkxkxxPart (b) and part (d) *FFEERExoRk
*.TRAN 0.01lmS 2mS

* .PROBE

*.END

Kok kkkkkhkhkhkhkhkhkhkkhkhkhxk

KXKAXRKDPrE  (C) FEXKA XK AKX

*.TRAN 0.0lmS 2mS

*.STEP LIN PARAM vsig 60m 200m 20m
* .PROBE

* .END

KA KA K KA FA KA KKK F A KK KK KK
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