iz

V. =50V V, =130V
Apnp Anpn

= 200
Pramp™ 20 P

Assume no. device mismatch

S Gm=tc = 504A = 175

Vy 26 mV 520

n, = VYa - | MR
Opnp —EE

Te
G’nrn ® Vﬁngn = 2.6 ML
T

[
since unloaded, the output

resistance 18
Rour™ Topmp I Gppn = 722 K2
= =_1 x722kK
Ay * GmRour = L

= |388



BT DIFFERENTIAL FATR WITH CURRENT-MIRROR LOAD
* [COMMON-MODE DNFUT)

2.5 wRRR R
-1.5 Voo 100 0 2.5
4 =W VEE 2000 -1.5
] ot 2 3 4
100 PRP g2 6 5 4 W
100 PHP + |CMRR| = 1398/0.0002561 = 5.46Z6
TTAIL & 200 1000 Q¢ 2 2 100 PWP
FTAIL 4 200 1MES 4 6 2 100 PP
WODEL NFN EPN AB=200 BF=200 VAF=130 I8=5E-15 ITAIL 4 200 1000
MODEL FEP PNP RB=300 BFa50 VAF=50 ISs1E-15 RTAIL 4 200 1MEg

NODEL HFM KPN FB=200 BF=l00 VAF=130 IS=5E-15
-;mmmmoram1mmmmum-mn .MOCEL FiZ° PMP RB=100 BP=50 VAF=50 I3=1E-1%5

+ VOLTACE OF Q2 ABOUT EQUAL TO THAT OF Q1.

viDe 3 3 I * L DC INPUT VOLTAGE OF ABOUT 1 WV FORCES THE COLLECTOR-EMITIER
Vi 5 0 * YOLTAGE OF Q2 ABOUT EQUAL TO THAT OF Q1.
LOPTIONS HOMOD BOPACE VIDE 3 5 IM
WIDTH OUT=80 Vi 5 L]
OF .OPTIONS HOMOD HOPAGE
.DC VI -0.01 @.01 0.002 NIDTH OUT=80
JFLOT BC V{§) OF
JIF W{8) VI .DC VI -0.01 0.01 0.002
-EHD LFLOT DC V(6)
TP V(6} VI
wsessr D TRARSFER CURVES THOM= 17.000 TEMP= 27.000 -END
VLY gk #wsdds I TRANSFER CUNVES THOM= 27.000 TEMP= 27.000
W Vo -LD0EE-00 [X FICTLT S IR T W5 L 1 e
s . ‘ B .
oL O0TE-02 =5 ATEe(l-smmmllpsmmmmdonn e wLr TR
L000E-03 -5.15E-01 4 a + + . . . . [ L 1.BETE:0D E33TE-H L.ESTE+R0 LRSTEsDD 1 RETEeOD
-6 GO0E-73 -5.18E-01 « i + * + s - " - . - . . *
SZE-01 4 L ’ + . . . . . IS 1% E R
3501+ woo. + . ‘ ‘ “ . 1.ESEAID + + B . + CI. . .

0. 1588 + ‘ . + . P t + <§,BOPE-E3 1.ESEeS0 + + . . B .oa s . .
1.0m2-03 1,390 ¢ + + + + + 1) . -4 DBLE-T3 1,BSEID + . - B v B f N
L.D00E-03 1.416-00 + k + * + . - & . 1.B5E+00 # . . . PR - # +
5.000R-03 7.42EAN0 4 . + + + 8 A . L ASEGE # . . A . . + +
BOOE-5) 2ATE . . . . . P U - LA5Ee0 » - A e B . .
1.00B-52 1 HEGH- B A +- LESEOY + - R + . ¢ . .

+ + . . B 5.000E-23 1 V5SRO0 + + B + . . . .

sess  OPERATING POINT INFORMATION ‘TOM=  17.000 TEMP= 17.000 B.0COE-43 1.B5E-2G + * As 0 * - . . .

NODE =VOLTMGE HODE =VOLTAGE HOTE sVOLTAGE 1.000E-43 1.B5Es #ofr o proemm e e $rmmmem b
+0:2 = 1.8B0E+00 0:3 = 1.000E-03 Q:4 =-5. 451801 . g v + '
+0:5 = 0. 0:6 = 1.857E+00 0:100 = 2.500E+00 ssrr  OFERATING FOINT INFORMATION TRGM=  17.000 TEMPs 17.000
+2:200 =3 S00R+00 ROTE =VOLTME RODE =VOLTAGE HODE =VOLTAGE

+0:2 = 1.080E+«00 0:3 = 1.000E=03 0:4 =-5.351E=-01

wsss BIPOLAR JUNCTION TRARSISTOR3 +0:5 = 0. 0:6 = L.B5TE+00 0:100 = 2.500E+00
SUBCET +0:3200 =-2.500E+00
ELEMERT 0:§1 0:02 0:Q3 {Hel
MODEL 0 HPN 0:HFH 0:FHF 0:FHP #4éé BIPOLAR JUNCTION TRANSISTORS

IB 2.5478-07 2.451E-07 -9.9398-07 -9.3319E-07 SUBCKT
Ic 5.168E-05 4.%72E-05 -4.370B-05 -4.572R-05 ELEMERT ©0:Q1 0:02 0:Q3 0:0d
VEE 5.961E-01 5.951B-01 -6.194E-01 -6.194E-01 MOTEL 0PN 0:HFN 0: FHF 0:PNP
VCE 2.4TSE+00 2.452E+00 -6.194E-01 -6.426E-01 IB 2.547E-07 2.451E-07 -9.939E-07 -9.935E-07
VBC -1.875E+00 -1.857E+00 0. 2.318E-02 1c 5.168E-05 4.372E-05 -4.9T(E-05 -4.972E-05
ve -1.880E+00 =1.B5TE+00 -1.880E+00 -1.BB0E+00 VEE 5.961E-01 5.951E-01 -6.194E-01 -6.104E-01
POWER 1.201E-0d 1.221E-04 3.140E-05 3.256E-03 VCE 2.475E+00 2.452E+00 -6.154E-01 -6.426E-01
BETAD 7.028E+02 2.028B+02 5.000E+01 5.002E+01 vEC =1.879E+00 =1.B57E+00 0. 1.318E-02
(= | 1.998E-03 1.922R-03 1.D20E-03 1.921E-03 hi:] -1.B80E+00 -1.B5TE+00 -1.8B8)E+00 -1.B80R+00
RFI 1.0158+05 1.055B+05 2.802E+04 I.602E+0d POWER 1.201E-04 1.231E-04 3.140E-05 3.256E-05
RX 2.000E+02 2.000E+DZ 3.000B+03 3.000E+02 BETAD 2.028B+02 2.0IBE402 5.000E+01 5.00ZE+01
RO 2.551E+06 2.652E+06 1.006E+06 1.006E+06 =} 1.998E-03 1.%22E-03 1.920E-03 1.9J1E-03
BETAAC  2.028E+02 3.028E+02 4.397E+01 4.9R0E+01 RFI 1.015B+05 1.095E+05 1.602E+04 3.602E+04

L3 4 2.000E+02 2.000E+02 3.000B+02 3.000E+02
LU SMALL-STIGHAL TRANSFER CHARACTERISTICS RO 2.551B+06 2.652E+06 1.006E+06 1.006E+0E
BETAAC  2.024E+02 2.028E«02 4.997E+01 4.599E+01
V&1 /VI = 1,390E+03
INFUT RESISTANCE AT VI = 2, B53E+05 s SMALL~-SIGHAL TRANSFER CHARACTERISTICS
OUTPUT FESISTANCE AT V{6) = T.294E+0%
V{6 VI = =-2,56LE-04
INFUT RESISTANCE AT Vi = 1.152E+08
GUTFUT RESISTANCE AT V(&) = 7.294E+05



416 Half circuit of the dotted box .

(-‘Ic,g.

T

s the CE-CB conﬁgumhon.
.. the eguivalent circuit 15

+Vee o eI,
+ ‘f+ J
o gV GmV § R,
s - +—0

Where R‘ = l"ﬂ' , Gm= gm,

Ro3= P3loz = 34 g = Roz

Rour = Roi I Ro2

Roy = P Tos
pr X

“I"‘I‘ﬁ"l£+ I ""'.Q
-'-'-'Ir.?:-—.I,_‘m IEE/i

——— —— —— "

T
L

—— — — — — —— — — ==

Im, = Gm,= Gm,= By = Gms
= Gm= Gy = Gmg = Fm
By = Bppn = 200, B¢ = Bpap= 50
= r.o=_1
8m Momp g“‘"’]npn

our = Roy || Raa
|

28mTpap + Gm "lnpn

B¢ B .
i

1nrﬂr+ M

Ay = [/(zxsxro Zx‘b )] 4_5,”9

I-rE)‘

Av = 3.,“ EQ'UT =




BJT CASCODED DIFFERENTIAL PAIR WITH CASCODED CURRENT-MIFROR LOAD

oo 1000 2.5

VEE 2000 -1.5
VBIAS § 1 1.3

g 3 1 1 N
Q@ & 0o 3 EN
g3 5 9 3 W
ol E % 4 PN
g5 5 5 T FEP
o & 5 B PHP
Q7 T 7 10 FRP
g8 & 7 100 PHP
TTATL 2 200 1000
RTAIL 2 200 1MEG

_MODEL NPM NPN RB=200 BF=200 VAF=130 IS=5E-15
JMODEL FPEP PP RB=300 BF=50 VAF=50 IS=2E-15

+ A DC INPOUT VOLTACE OF ABGUT 2 MV PORCES THE VOLTAGE FROM
* THE CUTPUT TO GROUND TO BE ABOUT EQUAL TO THE VOLTAGE
+ FROM WODE 5 (THE CASCODE CURRENT MIRROR INPUT) TO GROUND.

VIDC 1 10 2N

Vi w0

.OPTIONS NOMOD WOPAGE
.WIDTH OUT=B0

.OF

.bC VIDC -0.01 0.04 0.001
.PLOT DC V(6)

TP VIE) VI

JERD
sussst DC TRANSFER CURVES

oLt Visl

Iy | 8 5.0008-01
-1.000E-22
5. 000E-33
B .080E-11
-7.000E- 82

-5.0008-03

-5.0008-23 1318
i.000e-03

=
=
S
=
.,

.
R
.

B 3 e e 3e 3
.
-

-1.002-0
0.
10001
I.000F-33
1.00E-13
£.000e-1
5.000E-3
3.000g-07
>.La0e-71
3.0ME-0F L
FOME-TY 1.
1080002 1 EIE-00-0-

,.
- v
o

+

- v v o
a
-

=

=
=3
+

:
-

sees  OPERATING POINT INFORMATION THOH=
HCUE =VOLTAGE ROOE =VOLTAGE
+0:1 = 2.000E-03 0:2 =-5.950E-01 0
+0:d = 1.100E-01 0:5 = 1.260E+00 0
+0:7 = 1.BBOE+DD ©:8 = L.ETIE+A0 O
+0:10 = 0. 0:100 = 2.500E+00 0

TEOM=  27.000 TEMP= 17.000
1.0300.33 1.900E+i0  2.00OESDD

- . +

PR PR Geeeent

+ N “ +
- - + + +
+ + + + v
. . + + .
. + + + .
. . + .
. + + .

"
________ . -

. . 4 + 4
‘ v + . +

+ + W +
B . + Y a
+ . ‘ P A4
+ * . +h +
+ + ' P A+

27.000 TEMP= 27.000
NODE =VOLTAGE

13 = 1.081E-01
:6 = 5,857E-01
19 = 7.050E-01
1200

==1.500E+00

#44¢ BIPOLAR JUNCTION TRANSISTCRS

SUBCET

ELEMERT (:Q1

WODEL 0 :NPN
IE 2.644E-07
1c 5.282B-05
VEB 5.9708-01
VCE 7.032E-01
VBC -1.061B-01
va ~-1.081E-01
POWER 3.73TE-05
BETAD 1.001E+02
e | 2.045E-03
FPI 5.7TBIE+04
. 4 2.000E+02
RO 2.45BE+08
BETAAC 2.001E+02

SUBCKT

ELEMENT 0:05

MODEL 0:ENP
In =1.014E-0€
Ic -5.068E-05
VEE =6.199E-01
VCE -§.193E-01
VBC 0.
va -1.361E+00
POWER 3. 204E-05
BETAD 5.000E+01
(= | 1.958E-03
RPI 2.551E+04
RX 3.000E+02
RO 9.86EE+05
BETAAC  4.597E+01

arnw

V(8)/VI

0102
0:HFR
2. 44TR=-0T7
4.B93E-05
5.950E-01
7.0508-01
.100E-01
100E-01
<4BRE-D5
001E+02
A94E-03
O56E+05
Q00B+02
3.656E+06
1.001E+02

e

[N

0:Q6

0: PP
-2.619E-07
-4.974E-05
-6.185E-01
-1.293E+00
.7508-01
=1.261E+00
+JEAE-05
LOETE+DL
.BB4E-D3
LEBIE+D4
.000E+02
039E+06
5. 064E+01

B oW K e

INFUT RESISTANCE AT
QUTPUT RESISTANCE AT Vi6)

0:03 b:Qd

0:NPY 0:HFR

2.621E-07 2.439E-07
5.2658-05 4.874E-05
5.960E-01 5.550E-01
1.151E+00 4.757E-01
-5,.558E-01 1.152E-01
-1.260E+00 -5,857E-01
OBAE-05 2.333E-05
DOBE+02 1.99BE+02
03I5SE-03 1.884E-03
BEEE+D4  1.06DE+05
000E+02 1.000E+02
2. 4TIE+06 2.BEAE+DE
2.008E+02 1,99TEs02

LTI

0:Q7
0:FNP
=3.941E-07
-4.970E-05
-6.194E-01
=6.194E-01
0.
.BBOE+D0D
.140E-08
.000E+01

o:Qe
0 :FHF
-5.941B-07
-4.9T0E-05
-6.194E-01
=6.208E-01
1.369E-03
-1 =1.880B+00
3 3.14TE-DS
5 5.000B+01
1.921E-03 1.921E-03
2.601E+04 2.601E+04
3.000E+02 3.000E+02
1.006E+06 1.006E+06
4.99TE+01 4.397E+Q1

SMALL-SIGHAL TRANSFER CHARACTERISTICS

= A.909E+04
vi = 2.14BE+05
= 2.611E+07



4.22
circvit as shown in fig (4-31a)

with V. =15V, Rj=20kn, Ry= 0K

I[N= w = 0.72 mA
20 kn
IGUTR-E- -vT .E-ﬂ IL{ = v-T t-n IfH
Inu-r :EDI.IT
Iau*r= {"i f-ﬂ__I_!ﬁ. = 1-&!!5&{;1 0. 72 mA
Tour Lour

By tria|l and crror we find out,

Toyr £ 10:9 4A



.15
E""’/ Vep = I5Y

I“qir Riﬂ- [3T Eny

R.¢| :

Assume .

Is = 5# IEJEA

ﬁ,i 200
ez, VeE, = Vo, + ToRa

I, 2T, =Lin 55" IE_;

I,n= 15-2%07_5.993mA
13.7 K
Vitn Iy 4 Vpdnta
I I,
I,

-3
VL= Vropn In - ggmum{\a-ﬂﬂmajl
R I,I 7o0on (5x15°1,)

By trial and error I, = 0.97mA
Rg 15 the equivalent resistance

looking Into +he base of Q@
Rg= 2 -2 Y% =520 ¥

gm Tin |
Wh T . = 9. [ =_ Tr
[ArA s 2-6 K ﬂms e
RD - rr.;S ( | + §M3R; = 3.2 Mo
I+ gl‘lﬂ_’RL

B
Where, =% =~ 30kn
Iﬂ



S Yeo 2Toun
_ Iaur a"l'“
For this circort

gz

I

- Var =V
¢ = Yee - VBE,” VBE, and
E‘I

Vee, = ¥ tn T

o Loy = V1 en VYee-VBe,~Vee,
E
2 IR,
J_‘f VEE (on) LV, then,

0Lovt |y [

-

2 Vee Rz Ve~ Ve Voe,

and $§ = VYec UJ !
I, Ra VeemVeg,-Vee,

ouT
I, = 15-07-0-7 _ .36 mA

o

=3
<o Vee, ¥ 26 0 1:36%19 my
5x 107°
= 0.685 V
Vo Topr = 0:-685 . 0.685 mA
1 -3

*. 5= I5 26x10_1 = 0.04

0.485x10> 1000 13:6



