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Problem: 11.37

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solutions

1. The schematic with the feedback loop opened at the gate of @, is shown below.

VDD VDD
i &
V_DD |
Tvde = L=036u Tm| | L=036u
W= 320 ™ sl W= 98U
M=1 4 "'M3 Me A M=
M5 4 M=1
| VD4 . W= Bu
L " L=0.38u
=0 1wss o X
Wde @ — 300usde |
VD4
\;gs
i
vSS V?f‘
\'\-'rD
M1 b M=1 M=1 Mz
[: W= 8u W= 8u VEiG 100uAg 13
L=0.38u L =0.35u V2 uAde C\D
rFS -
OFF =1
VAMPL = 10m
FREQ =1k
1 V512 AC =10m UES
0
200uAde
Vss

Run the netlist and perform operating point analysis. The node voltages are given below.

HCODE VOLTAGE HODE VOLTAGE HODE VOLTAGE HODE VOLTAGE
{ VO3 —-.1839 { VD1) JB129 0 WD4) .2895  ( YDD} 1.0000
[ VS5) -1.0000 f V5123 —-. 4126 [ V5IG) 0.ooon

The currents, overdrive voltage (VDSAT), gm , and r, (1/g4s) of the transistors are tabulated by
the operating point analysis below.

HAME M1 Mz M3 M4 M5

MODEL NMOSO0F13 HMOS0P18 PHOSOF18 PHMOSOF13 HHOS0P18
ID 9.48E-05 1.05E-04 -9 . 43E-0% —-3.00E-04 1.00E-04
V&5 4 13E-01 4. 13E-01 -4 87E-01 -4 87E-01 4 53E-01
VDS 9.25E-01 1.41E+00 -4 87E-01 -7.11E-01 1.1cE+00
VES 4 13E-01 4. 13E-01 0. 00E+00 0.00E+00 1 64E-01
VTH 2.82E-01 2.82E-01 -3 .50E-01 -3 .50E-01 3. 23E-01
VDSAT 1.30E-01 1.30E-01 -1.37E-01 -1.37E-01 1. 30E-01
GH 1.46E-03 1.62E-03 1.38E-03 4 38E-03 1. 54E-03
GDS 2.11E-05% 2.11E-05% 2. 34E-05 7. 01E-05 2.11E-05%

Plot V(VSIG) and V(VO) as shown below and find the gain.
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5. The gain is -28.7 V/V. This confirms that the feedback is negative.
6. The value of R, can be calculated from gms and gqss. It is 1/gms||1/g4ss=640 Q.

7. The schematic for part (e) of this problem is shown below

VDD i)
iy iy
| vop
Wie  — L=036u T P L= 036
W= 32u :] I~ A W =96u
M=1 4+ N3 MA 4 M=
Ms L wm=1
1 , |[: W =8u
L ) 4 L=0.38u
=0 L] YEs 12 T
Vdc e 300uhdc ()
VD1
v IOFF =10
v V83 IAMPL=10
vas VDD FREQ =1k

Lh + M=1 W=1

4
_ M2
vsIG [: W=8u wesu |, =
- L=036u L=1036u [ o
VOFF =0 y! ‘ 3
VANPL = 10m ‘ 100uAde C)
FREQ = 1k in
AC=0 stz
"o 11

200uAdc
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8. Perform a transient analysis and plot V(VO) and V(VSIG) to find the gain. Note that in this case

14 has zero current amplitude.
168mu ; v

|

______________________

________

________

______________________

________

—18mY

18mU

—-18my

__________________________

SEL>>
-28my

Time
9. The gain is 0.96 V/V.
10. To calculate the output impedance, make the AC amplitude of 14 1Aac and run an AC simulation.
Plot V(VO)/I(14), as shown below

20.66058680 n T : : v A

28.66058580

28.66058560

28666858548
1_8Hz 18Hz 188Hz 1_8KH=z 18KH=z 188KHz
o Ufuoy/s I{I4)
Frequency
11. The output impedance is 20.66 Q
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12. The schematic for part (f) of this problem is shown below

VDD VDD
| 1
.| v.oD | |
Wwde - — L=0.36u Tief| R L=0.36u
- W= 320 B > e Qau
m=1 4 M3 |'v'|4 M =
Ms - Lom=1
S EEEEEEE | > |[: =B
L i L = 0.36u
=0 V_8s -
e  — 300uAdc
VD1
v IOFF =0
v VSS IAMPL=10
voa VDD FREQ = 1k
il
ML m=1 M =1 mz R2
vsig W=8u W=8u
_"{ [: L=0.36u L =0.36u Wy O
1 4 5.39MEG
VOFF=0
VAMPL =10m ‘ 100uAde @
FREQ = 1k
AC=0 Ri
| 1MEG
- 1
1 W
200uAdc = Vs

{F‘ 0

V55

13. Perform the transient analy51s and plot V(VO) and V(VSIG) and ﬁnd out the new galn
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14. The gain is 5.13 V/V.
15. To calculate the output impedance, run the AC simulation and plot V(VO)/I(14)

1088 5785

188 5780

1088 5775

1088 .5770

1088 .5765 : - : - :
1.68Hz 18Hz 188Hz 1.8KHz 18KHz 188KHz
o Uuo)y FI{I4)

Frequency

16. The output impedance is 108.57 Q.

Netlist:

For part (b) and (c), copy the netlist given below and paste it into a text file and save it with *.cir
extension.

V_DD VDD 0 1Vvdc

I3 VO VSS DC 100uAdc

12 VD4 VSS DC 300uAdc

11 VS12 VSS DC 200uAdc
V_SS 0 VSS 1vdc

M1 VDl 0 VvS12 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

M2 VDD VSIG VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M3 VD1l VD1l VDD VDD PMOSOP18
+ L=0.36u
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+ W=32u

+ M=1

M4 VD4 VD1l VDD VDD PMOSOP18

+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

v2 VSIG 0 AC 10m

+SIN 0 10m 1k 0 0 O

* Kk ok ok ok k% \:] n (,‘M\\; irrdir;r‘:r,‘;AAAAAAAAAAAAA,«,«

AAAAAAAA k*kxkkkx*k* DPMOS ,\,1,‘1}((“‘“ here kok ok Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok K
* Level-1 Model for PMOS in model 0.18um CMOS Technology
.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8

+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0. 9)

* %k Kk k% * K Kk Kk Kk Kk Kk ok ok ok 777‘1\“’5 [n'i l en 1 11’ re * Kk Kk ok k) k Kk Kk Kk ok ok kkk ok ok ok ok ok ok ok ok
*hkhkkkkkkkkkkkhkkhkkk*k ‘;J‘,L’J;’; THL,“Q,JR‘ kk‘]"\ﬁ h%"‘% khkhkkhhhkhkhkhkhkhkkhkkhhhkhhhkhkkhkkhkkhkkkk*kx * k%
* Level-1 Model for NMOS in model 0.18um CMOS Technology
.model NMOSOP18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84

+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0. 9)

* ok kkkkkkkkkkkkkkk ‘;J‘,[’};J Ye ‘ RT",JJ;) thQ kkhkkkhkhkkhkkhkhkkhkhkkhkhkhkhhkkhhkhkkhkkxk * ok ok ok ok ok kkkkkkkkkkk
* Kk Kk ok Kk ok kK fo‘,:ji;\‘:ll‘:l :C(\QLI‘,FS }1("[’:‘ Kk khkkhkhkhkhhkhkkkkkx

.OP

. TRAN 0.01lmS 2mS

. PROBE

.END

* Kk ok Kk k ok ok ok ’VT:] ;/','j,'i,'j, ’:T\TT‘\J:i y\eT-GAA*A***iiiiiiiii

For part (e), copy the netlist given below and paste it into a text file and save it with *.cir extension.

P11 37 (e
Kxxkxxk Main circuit beg
V_DD VDD 0 1vdc
I3 VO VSS DC 100uAdc

I2 VD4 VSS DC 300uAdc

Il VS1l2 VSS DC 200uAdc

V_Ss 0 VSS 1vdc

M1 VD1l VSIG VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M2 VDD VO VS12 0 NMOSO0P18

+ L=0.36u

+ W=8u

+ M=1

M3 VD1l VD1l VDD VDD PMOSOP18
+ L=0.36u

+ W=32u

+ M=1

M4 VD4 VD1l VDD VDD PMOSOP18
+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

V1 VSIG 0 AC O

6 © Oxford University Press, 2020 Chapter 11
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+SIN 0 10m 1k 0 0 O
I4 VO 0 DC OAdc AC 1lAac
+SIN 0 0 1k 0 0 O

Main circui ends here* ** %k %k xkx*x*x*

* Kk Kk Kk A Ak Kk khkhkKk*kx*k* j‘[{r‘: TH:’J‘*‘ kkj-\ ne hﬁ'ﬁ * k ok k * * * *

* Level-1 Model for PMOS in model 0.18um CMOS Technology

.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8

+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

Kk kkkhkkhkhkkkhkkkhkkk*k*k i,w}/ = J heve khhkhhhkhkhkhkhhkhkhhhkhkhkhrhhkhhkkhkhhhkhhhhkhkhkkhkkhhkhkhkhxk
AAAAAAAA k ok kkkkkxk NMOS '”1"1}(QLU here kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kk ok ok ok K

* Level-1 Model for NMOS in model 0.18um CMOS Technology

.model NMOSOP18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84

+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

Kk kkkkkkkkkkkkkkk NMOS model ends here KA KA KA A A A A A A KA A A AR ARk kK kkkkkkkkkkkkk

kkkkkk*k* Anglysis f%gih? e T * * % % %k % %k ok % % % K % % %
. TRAN 0.0ImS 2msS

*.AC DEC 20 1 100K

. PROBE

* % K %k k k * * Analysis ends here* * xxxkkxkkkx*k**

For part (f), copy the netllst given below and paste it into a text file and save it with *.cir extension.

T(£)  KAXF KKK KA KKk

here* % x k%% x %% *x* %%

V_DD VDD 0 lVdc

I3 VO VSS DC 100uAdc

I2 VD4 VSS DC 300uAdc

I1 VS12 VSS DC 200uAdc

V_Ss 0 VSS 1vdc

M1 VD1l VSIG VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M2 VDD VG2 VS12 0 NMOSOP18
+ L=0.36u

+ W=8u

+ M=1

M3 VD1l VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=32u

+ M=1

M4 VD4 VD1 VDD VDD PMOSOP18
+ L=0.36u

+ W=96u

+ M=1

M5 VDD VD4 VO 0 NMOSOP18

+ L=0.36u

+ W=8u

+ M=1

V1 VSIG 0 AC O

+SIN 0 10m 1k 0 0 O

I4 VO 0 DC OAdc AC 0OAac
+SIN 0 0 1k 0 0 O

R1 0 VG2 1MEG TC=0,0

R2 VO VG2 5.39MEG TC=0,0

Main circuit ends here*******xxxxxx*x%

model k’??{)ll‘f'i here ** k% kkkkkkkkkkkkkkkkkkkkkkkkkx

7 © Oxford University Press, 2020 Chapter 11
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* Level-1 Model for PMOS in model 0.18um CMOS Technology

.model PMOSOP18 PMOS (Level=1 VTO=-0.35 GAMMA=0.3 PHI=0.8

+ LD=0 WD=0 UO=118 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

* **kkhkkhkkkk***k E:I/f I[Li\/“if\l Eli,i:j ':1.;1-.% Ak khkhkkhkhkhkhkhkhkhkhhhkhkhkhhkhhhkhkhkhkhkkhkhkhkhkhkhkhkkhkhkkhhkkxkhhkx*k
AAAAAAA xKkkxxkkxxkkx NMOS model begins here *x %k kkkkkkk kkk ok kok ok k ok k& ok kX % K X % %

* Level-1 Model for NMOS in model 0.18um CMOS Technology

.model NMOSOP18 NMOS (Level=1 VTO=0.35 GAMMA=0.3 PHI=0.84

+ LD=0 WD=0 UO=473 LAMBDA=0.28 TOX=4.08E-9 PB=0.9)

AAAAA kkkkkkkk*x*kk*k :;J:l\»w'; [n‘—\‘(i‘dl (7,171171{:5 Vfl’f re Ak hhhhhhhhhhhhhhhhhhhhhkhkhkhkhkhkhkkhkkkkk*k*k*k*k*k*
* Kk Kk k kK k ok Ti‘;, ] \,‘fw'iTA },R ek kkkkkkhkkkhkkkhkkkk*k

.OP

. TRAN 0.01lmS 2mS
*.AC DEC 20 1 100K
. PROBE

.END

* % Kk * e e * % % % % % % % %k % % % % % *

Analysis ends

8 © Oxford University Press, 2020 Chapter 11
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1. The schematic for this problem is shown below.

VE}}-‘D
L
1.2Vde T
L=05u
W= 550
=1
— 2
-0
1.2vde ?
vk
Rz W
Vil Va1
Ay bl
‘ 10K
Vs
VAMPL = 10m
FREQ = 1K
AC =1Vac
=

VDD ouT
VOouT
VOFF =1.2
VAMPL =0
Ty | (Y L= 050 FREQ =1k
jllw rlli W =551 AC=0 _—D
- 0 M3 M4 - M=1
VD2 M5 L m=1
M| W= 105u
YD1 ] L=05u
L m=1 m=1 L me
W=14u W=14u |, VG2
L=05u L=05u R
Y £ R
10k
o W§12 ?0
12
» (EE) 0.8mAdc
0.2mAdc
b v
V53

2. For part (a), run the netlist and perform operating point analysis and find out the node voltages

and currents.

VOLTAGE

.5945

{ WG2)-122 1E-06

NODE  VOLTAGE HODE
{  OUT) 1.2000 { WD1)
[ Ts1) 0.0000

[ vS12) — . E008

HAME M1

HODEL HHOSOES
ID 1. 00E-04
Vi35 6. 01E-01
D5 1. 20E+00
YBS 0.00E+00
YVTH 4 00E-01
VDSAT 2. 01E-01

M2
NMOSOES
1.00E-04
6.01E-01
.21E+00
.O0E+00
.O0E-01
.01E-01

[0 = OO

NODE  VOLTAGE HODE
{ ¥D2) 6072 {  VDD)
{ VIN) 0.0000 {  VSS)
M3 M4
FPHOSOFS FHOSOPS
-1 . 00E-04 -1.00E-04
—6.06E-01 -6 . 06E-01
-6 . 06E-01 -5 . 93E-01
0.00E+00 0.00E+00
-4 00E-01 -4 00E-01
-2 . 086E-01 -2 . 0eE-01

YOLTAGE

1.2000
—1.2000

M5
NHOSOES
.00E-04
.07E-01
.20E+00
.00E+00
.00E-01
.07E-01

Pl Wz 0 O OO

3. For part (¢), perform AC analysis and plot (VOUT)/V(VIN) as shown below.

© Oxford University Press, 2020
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_______________________

108KHz

=!

_____________________

____________________

168u
128u
86u
48u
1.8Hz 18Hz 108Hz 1.8KHz 10KHz
o I{UoUT)/ U(VIN)
Frequency
4. So, Aris 99 pA/V.
5. For part (d) to calculate the Rout, make the AC amplitude of VS zero and that of VOUT 1Vac as
shown below.
VS VIN 0 AC 0Vac
\.ZOUT OuUT 0 AC 1lVac
6. Perform an AC analysis and plot V(OUT) /I(VOUT) as shown below.
21u.5...: - i 5 - 5 :
214 . 8H
213.5H
1.8Hz 18Hz 188Hz 1.8KHz

o U(OUT) 7I{UOUT)

7. So, Routis 214.4 MQ.

Frequency

18KHz

188KHz

10
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8. The schematic for part (e) is shown below

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solutions

VDD V%D
v aRE
12vde — 1vde —
L=05u Twm| T L=05u :L:
W = 550 :]|~ '|[: W = 55U -0
m=1 4 'u3 M M=
1.2vdc — VD2 Ms L m=1
) | w=105u
v VDA "he, L=050
v
R2 WL m=1 M=1 L 2
1N Vel . [T w=14u W= 140 |, ve2
m a L=0.5u L=0.5u ™
B + R1 ouT
VS 10K 3
VAMPL = 10m L AC=D
FREQ = 1k 4 V812 =0
AC = 1Vac 12 =
JE ; C\D 0.8mAdc Y
-0
0.2mAdc
7 v
v
9. Run the netlist and plot the DB(V(OUT)/ V(VIN)) in dB.
-118.62628m - T ; '
-118.62622m
-118.62624n
-118.62626m
P et [ e e s N
-118.62628n
1.8Hz 104z 188Hz 1.8KHz 10KHz 108KHz
O DB{U{OUT)/ U(UIN})
Frequency
10. The gain is 0.98 V/V
11 © Oxford University Press, 2020 Chapter 11
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11. Now make the AC amplitude of VS zero and the AC amplitude of 13 as 1. Then run the AC
simulation again and plot V(OUT)/I(I3) as shown below

1.67652 - : : ;
1.87650
1.87648
1.87646

lo o o
1.687644 ! !

1.8Hz 18Hz 186Hz 1.8KHz 18KHz 180KHz
o uwouT)/s I{I13)
Frequency

12. The output impedance is 1.07 Q.

Netlist:

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

M1 VD1l VGl VS12 VS12 NMOSOP5
+ L=0.5u
+ W=14u
+ M=1
M2 VD2 VG2 VS12 VS12 NMOSO0P5
+ L=0.5u
+ W=14u
+ M=1
M3 VD1 VD1 VDD VDD PMOSOP5
+ L=0.5u
+ W=55u
+ M=1
M4 VD2 VD1 VDD VDD PMOSOP5
+ L=0.5u
+ W=55u
+ M=1
I1 VS12 VSS DC 0.2mAdc
M5 OUT VD2 VG2 VG2 NMOSOP5
+ L=0.5u
+ W=105u
+ M=1
I2 VG2 VSS DC 0.8mAdc
12 Chapter 11
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V1 VDD 0 1.2vdc

V2 0 vss 1.2vdc

Vs VIN 0 AC 1lVac

+SIN 0 10m 1k 0 0 O

R1 0 VG2 10k TC=0,0
R2 VGl VIN 10k TC=0,0
VOUT OUT 0 AC OVac

+SIN 1.2 0 1k 0 0 O

Main circuit

Xxkkkkkkkkk*k*k*k*x*x* PMOS model

ends here

Sedra/Smith, Microelectronic Circuits, Eighth Edition, Spice solutions

* kK ok Kok ok ok ok ok ok Kok Kk ok

, % *

k,‘%‘fj-h”.‘: here ***xkkkxkkrxkxx *kkkkkkkkkkkkkk

.model PMOSOP5 PMOS (Level=1 VTO=-0.4 GAMMA=0.05 PHI=0.8
+ LD=0 WD=0 UO=115 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

KAk kKK kkkkkkkkkkkk PMOS model ends here Rk b b I b I I I I I I I R R I I I I R I I

kkkkkkkkkxkxkxkx* NMOS model begins here **xkxkkkkhkhkhkhkkhkkhkkhkkhkkkkkk*

.model NMOSOP5 NMOS (Level=1 VTO=0.4 GAMMA=0.05 PHI=0.8

+ LD=0 WD=0 UO=460 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

KAk ok KKk A KKK K KA A NMOS model ends here *x k% k& k& k& kk &k &k Kk & kK & kK & kK & kK & kK & kK % *
X %k kK Kk Analysis Dbegins here’ %% xx k%% % xx

.OP

AC DEC 20 1 100K

PROBE

n ircuit gins

(e) **x*

VD1 VGl VS12 0 NMOSOPS

* Kk ok ok ok k ok ok Kk ok ok ok

ek Kk k ok kK okk ok Kok kK

VD2 OUT VS12 0 NMOSOP5

VD1l VDl VDD VDD PMOSOP5

VD2 VD1l VDD VDD PMOSOP5

I1 VS12 VSS DC 0.2mAdc
M5 N16841 VD2 OUT 0 NMOSOPS
+ L=0.5u
+ W=105u
+ M=1
12 OUT VSS DC 0.8mAdc
V1 VDD 0 1.2vVdc
V2 0 VSS 1.2vdc
VS VIN 0 AC 1lVac
+SIN O 10m 1k 0 0 O
R1 0 OouT 10k TC=0,0
13 © Oxford University Press, 2020 Chapter 11
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R2 VGl VIN 10k TC=0,0

V3 N16841 0 1.2vdc

I3 OUT 0 DC 0OAdc AC 0

+SIN 0 01 0 00

* k k Kk k k% -;!"T‘ L—‘Tri:u-it %T‘J»,‘ }/%—,%AAAAAAAAAAAAﬁ,«,«

\\\\\\\ kkkkkkkkkxk* PMOS model begins here ***x* * X Kk K K Kk Kk Kk kK Kk ok ok Kk ok
.model PMOSOPS5 PMOS (Level=1 VTO=-0.4 GAMMA=0.05 PHI=0.8

+ LD=0 WD=0 UO=115 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

Kk kkkkkkkkkkkkkkk PMOS model ends here KAKA KA KA A A A KA KA A KA KA A AR AR KA KA KA KA Ak hkhkhkkkkkkkkkkk

kkkkkxkxkxkxkxkxk NMOS model begins here **xkxkkkkhkhkhkhkhkhkkhkkkhkkkkk*

.model NMOSOP5 NMOS (Level=1 VTO=0.4 GAMMA=0.05 PHI=0.8

+ LD=0 WD 0 UO=460 LAMBDA=0.05 TOX=9.5E-9 PB=0.9)

AAAAAAA k kK ok ok kK ok kK 10S model ends here k% %k kk sk kkk sk Kk k sk Kk 5k sk % %k 5k s K & 5k o % % % % & % % % k % % * *
k% xxkKk*k% Analy s b e * % % % % % % % % *k % % % % % %

.AC DEC 20 l 100K

PROBE

END

kxkkkxk* Analysis ends herex * *xkxkkkxkkxkkkx

14 © Oxford University Press, 2020 Chapter 11
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Problem: 11.79

1. The schematic for this problem is shown below

vee vee vee
& & &
I § RL
200uAdc ()
500
| vee ¥ "
15Vde — Q2
) Qic
QECL
Q1
QECL Q2E
=0 |
-0
RS RF
l\rsus Apf, M1 AR,
10k 10k
VOFF =0 A e
VAMPL = 50m
FREQ = 1k 140
AC = 50m
L L
-0 0
2. The node voltages are
NODE — VOLTAGE NODE ~ VOLTAGE NODE — VOLTAGE NODE ~ VOLTAGE
{ N1; LBO0E WO} 10,6840 ¢ 0Q1C) 1.9391  Q2E) 1.2162

[ VCC) 15 . 0000 VSIG) 0.ooo0a0

3. The operating conditions of the transistors are

HAME Q1 Q2

MODEL QOECL QOECL

IEB 1.51E-06 1.17E-04
IC a.27E-05 g.63E-03
VBE £.01E-01 7.23E-01
VEBC -1.34E+00 -8 . 75E+00
VCE 1.94E+00 9. 47E+00
BETADC 5.4%E+01 7.36E+01
GH 3.19E-03 3.02E-01

4. Run the transient simulation and plot V(VO) and V(VSIG) to get the gain
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5omU

au

-58mU

0 U(USIE)
11.000 - :

18.750

SEL>>
18.580

s 8._4ns 8.8ms 1.2ms 1.6ms 2 .8ns

Time

5. The gainis 3.3 V/V.
6. Plot V(N1)/I(RS) to calculate the input resistance.

323.0

_____________________________________________________________________________________________________________________

322.5%

A H H H | H H
1.8Hz 16Hz 1868Hz 1.8KHz 18KHz 1868KHz
0 W(H1)/ I(RS)

Freauencu

7. The input resistance is 322 Q.
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Netlist:

For part (b) and (c), copy the netlist given below and paste it into a text file and save it with *.cir
extension.

FAAAx*K Main circuit begins here***axxxkkddxxx
RS VSIG N1 10k
RF N1 Q2E 10k
RE 0 Q2E 140
Il VCC Q1C DC 200uAdc
RL VO vVCC 500
V_CC VCC 0 15Vdc
Q1 QlC N1 0 QECL
Q2 VO Q1C Q2E QECL
VS VSIG 0 AC 50m
+SIN O 50m 1k O 00
> ai I c L U l \;I‘,"L‘? }t;:‘? k Kk k ok ok ok ok kk ok ok ok ok kk
......... k*x* Model >r ECL BJT be WH\ JeTE*X XXX XXXk kkkkkkkkkkkkkk kX XXXk % % %
.model QECL NPN (Is=6.734f Xti= 3 Eg 1.11 vVaf=100 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=0.70 Fc=.5 Cje=4.493p Mje=.2593 Vje=0.70
+ Tr=239.5n Tf=301.2p Itf=.4 Vtf=4 Xtf=2 Rb=10)
.............. Mode 1 ot ECL BJT DEGIing herer s kst kst kxahkkxhkkkxkk ks

.OP

. TRAN 0.01lmS 2mS
*.AC DEC 20 1 100K
. PROBE

.END
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