6/10/2018

.

E;}“ Analog Electronic Circuits 361-1-3671 [1]
o M £

| lc E THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

Class Exercise 1 - Analog Electronic Circuits

Hagit Perets
Eli Abramov
Prof. Mor M. Peretz

The Center for Power Electronics and Mixed-Signal IC
Department of Electrical and Computer Engineering
Ben-Gurion University of the Negev, ISRAEL
Emails: hagitpe@bqu.ac.il
Website: http://www.ee.bgu.ac.il/~analog

gg lE Analog Electronic Circuits 361-1-3671 [2]
" M &
. 1 |8
... '}

: @ THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

11y

1 n7INY

. VD
:0vIYNd V—(f) NIIONNN NU¥AI91 XN 7aynn [N
in

2010 YIx27 0'wnTA Ry, Ry, € 0N D nRE Ag () DR /R¥n X

TN 72 X /awn .R; = 9KQ, R, = 1KQ ,C = 1.77nF pm1ny> .2

[dB]/\
J2'nam = 20dB 1y nn' ntoan? fmawnTn G
120 4
+ Vout
- R1
Vin

/

|
|
|
|
M

—t+—t—+—+ >
10 10K 1 [

C—L <
I R2<
Hz] —_— = v



mailto:hagitpe@bgu.ac.il
http://www.ee.bgu.ac.il/~analog

6/10/2018

Analog Electronic Circuits

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [3]

Ao

Ay = G——
T 14 BAg,

G

A =
CL|I3A0L>>1 B

= GAOL

Aci|
PLAoL<K1

' Qo — |NN'O

A[dB]

NP

rany 1

B
BA> BA<1
4 y N\

AL -

N
.L 1 |
Hiscu  cI8

Analog Electronic Circuits

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [4]

A
A, =
TR
[9BT N
120 4

/

“THz)

' QWO — |INN'D

Aoy = } 106 B
(1 + W) . (1 + 1_06)
Aol [dB] A
120 -




6/10/2018

i, ¢ * Analog Electronic Circuits 361-1-3671 [5]
" M 3 1
| sou ,EE THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
]
X Q'VOo — |NN'D
V. Z, Rkl
B=—="2 =
Voutly, g %1t 22
7w 7ayna
p=— Ve | _ R,
V"“tlvin=o (Ry +Ry) - (1 +sCRy Il Ry)
! (1+R1> (1+sCR; Il Ry)
rie b SLRy i
B R,
Eg[ 0 E Analog Electronic Circuits 361-1-3671 [6]
" M %
: scu ) " THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

' QWO — |INN'D

dB
LBl 1/p

1+R1/R2

Ry
=|14+— '(1+SCR1"R2)
R,

|
|
|
]
1/(2nR1| |R2) f[Hz]




6/10/2018

Analog Electronic Circuits 361-1-3671 [7]

@
i[ ™M 4 IE
-I 1
S| Bcu j THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

' Qo — |NN'O

[d8) 1\ 1B
120
J,

|
R
105 = <1 + —1) |
R, 1 |
1
—F=1H
21C Ry I R, z T+ :
R, = 10[Q] T
L) L) L) /
10 [Hz]
Eg[ 0 E Analog Electronic Circuits 361-1-3671 [8]
" M %
: _5 THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

|~ R -

1 q'Wo — [NN'D

wnNTA C, TIT'Pn 7ap nx Y/awn .R; = 9KQO, R, = 1KQ,C = 1.77nF Im1nyd .a
'mam B = 20dB 1y Nyt nfvant fm

[dB]/\
120 I
4 I I AOl
+ | |
1l | | |
Ry 41 l l :
=(1+=)-(1+sCR, IR
( R2>( SCRuIR:) 20 | : 1/,3: |
=10- (4155769 >
10 10K M [Hz]




6/10/2018

M Analog Electronic Circuits 361-1-3671 [9]
g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL |IC, BEN-GURION UNIVERSITY
'011NIT 201 TIT'? — NMIDTN
AoL[dB]
Re Ceq Cc
c 1
e 21Re * fio1a
| Coqg+C. = !
| “ ¢ 27Re * f1new
|
' ! Ceq + C, fiowa
10 100K IM10M\  §[Hg] S =10 50, =1000- G,
Ceq fl new
-(:ﬁ:_ﬂy&l»
E;{;a Analog Electronic Circuits 361-1-3671 [10]
o M o
En_ﬁé THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

2 NNy

:NAN D'ANNNN 073 AN (Im)

V,
.00y 790 v OV (f) malonnn NX AwNI L, 7IpW 7ayn VLAY YXT'R 11N NN .Y
17 V2
ror 10°
Csyy 1F 2215 7aynin NN X [N AL % 72an NN A
" 5 (l+ j—j[l+ j—j
o—] 10 M

. avnl VIV
fCLK:].OMHZ P

Vi 1 2
== C]_IlnF
6+




6/10/2018

AR -

£y .'.._'.'.'_'_:.".
& ol

e

Analog Electronic Circuits

a
g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [11]

\

1
7L

D'ANNNN 07227 — NPT

1 Iavg = farAQ
.|.| + Iavg = Cfee (V1 — V)
Vl I C TVZ
V1=V 1
R 1 "2 - -
\V4 q Iavg Cfcik
AvAvAY
+ i + Vv + Req F
1 —— C \%! ' Va

Analog Electronic Circuits

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [12]

1
= 1 |1nF

= C
Va

' QWO — |INN'D

Cay 1WF
1T

fCLK=10M Hz

Vi

2
o— |

1]

1 2
—]
Cz|1pF
V

V1-V2
out 1 Req1
p— 1 —
Req = ——— = 100[0]
1
Rqu = m = 100K[Q]

C3||1UF
I

Req2

VOUt




6/10/2018

* Analog Electronic Circuits 361-1-3671 [13]
3% THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

' Qo — |NN'O

Vour = —(V; = V) - Regp 1
out "% \Regr 1+5CRey,
C3“1UF
L
Voo = =V, (Rf) Vour _  10° 1 ax 2
out — m -
Rin V1=V3) [ Req2
1+i159
Rf
Vin . Rin V1-V2
V. Vour Req1 Vout
€ —y

-(.’w;:i-_ﬂgl;‘l»

g;{;ﬂ Analog Electronic Circuits 361-1-3671 [14]
o M 28

En_ﬁé THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

1 q'Wo — [NN'D
10°
@y AUNI VILIY 771D 72UNN NN DX N Ay = 7220 NN A
(1+ j E)(M jm]
ﬂ _ Ve _ Reql(1 + SCRqu)
Voutly, o (Req1 + Reqz) - (1 + SCRoq1 Il Reg2)

1 <1 Reqz).(1+sCReq1 Il Regz)

B Reqa (14 SCRyy2)

1 Reqz 1

- =1+ =103 60dB —— ~ _—159H

ﬁ f-0 Reql ( ) fpole ZTl'CRqu z

1 Rqu Reql 1

2| oy Zea2) et _ 4 0dB frero = =——————= 1.59KHz
B < Reqi) Reqz (0aB) e 2CReq1 Il Req2




6/10/2018

Analog Electronic Circuits

361-1-3671 [15]
THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL |C, BEN-GURION UNIVERSITY

1 QWO — |NN'D

R
[dB] - =1+ =103 (60dB)
B F0 Req1
1 Rqu) Reql
- ={1+—]- =1 (0dB)
ﬁ foo ( Reql Reqz
= ! = 1.59H
Toote = 2ty — 120 H
Qm = 45° 1
=——————=159KH
Jfzero 27CRoq1 || Regz Z

10°

A°“(1+,-1f0)(1+,-1;ﬂ)

E{‘E Analog Electronic Circuits 361-1-3671 [16]
" M *

. 1 |8

5,_.!1

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

3 NNy
X2 ponn 7avnn Im
Y3 Y, — Y. 9w e Yo )
1= Y5 7w npued - (f) mionnn NX /R R
m
Y2 Al /
IX2N 20NN NPT 0RDIN DIWIDIR NIR /RN A
i -
+
J__ i va A
= Y1
40dB
Vin Y5

K f[Hz]




6/10/2018

| * Analog Electronic Circuits
: BGU IC :E

361-1-3671 [17]
THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL |C, BEN-GURION UNIVERSITY

' Q'O — |NN9

_ Z; RS [ ]
V=V Zs+Z, Yo Ya+Y, + Y3
@V, =y 4V, Ve Qe
U0y 4y, 4y My Y, +Ys

Y3

Y4
=
+ +
va
= v1 Vin vs [lva v+ v+ Mvi Blvs Vout
Vin Y5
=

i

ng ‘E Analog Electronic Circuits 361-1-3671 [18]
o M o

* 1

5,_.!1

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

' Q'WOo — |INN9

Y3
V=V, >
Y2
Yo _ Y; - (Y2 +Y3) i -
Vin Y31 +Ya-Y5-1Y, J_ +
1 va
= Y1
Vin Y5




: E <> *® Analog Electronic Circuits
% c

6/10/2018

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [19]

40dB

1 Q'Wo — |INNO

N2 201NN D727 02N DIIDIR NIX /Ry¥n 2

mlu

fl[Hz]

Y3

¥2
i

i
v1

Y4

Y5

g.‘ .2
BGU C

Analog Electronic Circuits

361-1-3671 [20]
THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
1 9'Wo — |NNY
2
Yo _ 1°f Vo Y-(h+t¥s)
14 Vin V3 V4V Ys—Y;-¥,
AN Y3
40dB "2
i -
I l +
| 1 — v
| - Y1
I \ Vin Y5
10K ffHz]

10



6/10/2018

4’ x, <> *® Analog Electronic Circuits 361-1-3671 [21]
B u c THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
1 Q'Wo — |INNO
Vo - +13) V, 10
Vin Y3-V1+Y-Y5-Y,-7, Vin 1+j1L04
Ww_ Y-(+Y) 1
Vi Y3 Yi=Yo Yy 4 . 21fCsYs ,=Y,=Y,=Y, R=100[Q]
LA A A A R; = 0.98 - R = 98[0Q]
Cs = 3.18n[F]
Y- (Y, +Y-
1) 1 (2 +Y3) — 100
Y3 * Yl - YZ * Y4
2nfCsYs 1
@ e
Ys- Y, —Y,-Y, 10
(mumu
361-1-3671 [22]

3 Analog Electronic Circuits
sr,u c g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

4 ANy

XA 7avnn Im

.122ann NIfAVIZ DX No .X

V,
22ynn NAY' NN N1l V—"(f) awn A
in

NOIYNN AIX'7 NNWOX V¥ A

A°L:(1+,-1;)(1+,1;))

11



6/10/2018

Analog Electronic Circuits

g0

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [23]

' Qo — |NN'O

(mumu

3
g

Analog Electronic Circuits

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [24]

1 q'Wo — [NN'D

Ve=V_ = Vg =Vp
ILR3 = Ip Ry

Ig = Ic = Ipq
Vin

R3
Vout = Ir1R2 = ILR_RZ ;I =
1

1 )1!23122

Vout = Vin (m R

Vour _ _ R3Rs
(R3 + R )R,

:BJT N1omn0a jpiam

12



6/10/2018

Analog Electronic Circuits 361-1-3671 [29]

28
U C g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

1 QWO — |NN'D

V, V

amp amp amp

. Vge NNN 790 NX N1IT NINYIN NIVWS |yn?

Vout zVamp
I __ amp
out
R \Y R
2
f— £ — —1 = ﬂ
Do Ve Ve Vi R
out R1 ™ R1 - R1
1_R
pR
(mumu
Analog Electronic Circuits 361-1-3671 [26]
u c THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

'29'Wo — |NN'S
[dB] A 10°

%L = f f

201 | A | I+j— |1+
80 ] I\-s\ _ 450 7N21,N1"M1901n NMI¥Y2 MIONNN NXR U'NAn? nin 7y

k NN P = R,=100Q, R,=1kQ :n'nnnw mixa
60 1 | | | 1

I I — =20dB
40 + | B
2 I |

I | R

— \ > —2 <80dB

0.01 10 100 10k [Hz] R,

_ 40dB
ROC = Aec

13



6/10/2018

Analog Electronic Circuits 361-1-3671 [27]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

A 9'Wo — |NN'S

120 + | |
AoL R,

100 i ' —=>80dB >10,000
80 I :\ R,

I I

I I
20 T | | l

| —— >

0.01 10 100 10Kk [Hz]
{g Analog Electronic Circuits 361-1-3671 [28]
7’__‘_"1-:‘, THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

72ynn N1ana '05 YIN'y — |NN'S

e Vout :Vin( 1 J R3 R2
%Rl R,+R ) R 1 R
2
R 1 = 5
p =V — R
0.1Q L in R3 N RL ﬂ 1
R
V.. =1.,R =1 =R
out R1" *2 L Rl 2

i ,NNNY-01T Nonn 7w nitn 72y nwynY
.OXNN2 2AN7 NdWNY DNA71E,DIT TIT7 N2
DT J¥''n 727 DNNX D'7'na

14



6/10/2018

AR -

: L;jg Analog Electronic Circuits 361-1-3671 [29]
M 28

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

7aynn N1ana '0/5 YIN'y — |NN'S

Vin ° V :V 1 R3 RZ
out in
o R,+R ) R
1
L :Vin R R ﬂ Rl
3 T
R
= P
Vout - IRlRZ - IL RZ
Rl
Rioad IL R»
N1 17 ,ANN%-D77 7w nionn 1727 nwynY
= = .OXNN2 2ANY7 NdYNY7 DNA71,DIT TITNY
DT |U'n 1172'p NINNX D'7'na
1
A;{;g Analog Electronic Circuits 361-1-3671 [30]
= M 2
”_._}3, THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

noYNN ¥ MK T DINNN — |NN'S

Ag - [N1'N2 AINN N0 7W N72an0 DX 'K

¥ NITN DY '019'0 12N — 72210 12anN KXIN NN .2
722NN N2 0D 7 0NN 7901 awnnna ™8 5V
7w "7n'opn Nnn? Ni77a ownan (Vth, Vsat)
Vpp-1.5V

DINNN N 1wa v 0.7 Ty iy BJT 'mo .3
NIN KXINQ '910N

Vip = Voo ~1.5-0.7 = 2.8V

i

XIn X¥Ina nnnn ™) Rload-? on'a nat R3w nnana 4
INY *7n'07nN DTN NI, TTNIN DOT7 ' ona
2.8A xIn TITNY?

v n7u' X7 nwNn TR NNONNY Nnnnn i L5
2.8V

N0 'NNN ¥ YTAIM DINN W' ,nw'N7 Wwp "1 .6
ININ 9NYY7 X7 "> 11an? 0910

15



6/10/2018

YN
B 1

o 1 |8
%:__,1:,

Analog Electronic Circuits 361-1-3671 [31]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

5 nxv
C| 2N 2aynn jim
[
R C=160pF ; R1=R2=10kQ
2 D"1"oNNN XY 711, Slew-Rate=0.5V/us 7ya naw Naann
/\/\/\/ INT'X 722N 7wd DN
V; Ry
li A A A - -1 10mV 7w nanTn N0Md 1Y K¥INN NIX DX LLVYI AWN .X
VOUT 1ov
1012'0 NIX NIAYY 10D N'7N'07NN NTIV™ONKN NX KX¥N .2
+ o'ty X979 "aar 1kHz Yw ata
'012'0 NIX NIAYY 10D N'7N'OPNN NTIV™YONKRN NX K¥N .2
o'ty X77 "aar 100kHz Yw 2ta
g;{;;g Analog Electronic Circuits 361-1-3671 [32]
%5__.__}3, THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
'X Q'O |NN9 -5 N7RY
C|
[
,\/R\Z/\/ 27 79w a1wn
Vi Rl A)L =®
*— VVV = G
| Vour A = 3
+
G R,IIC
R
% s G R( 1
R 3R
R,||C = 2'7sc¢ . R, B R, {1+ SCR,
) = =
R, + y 1+ SCR
2 SC 2

16



6/10/2018

Ef Analog Electronic Circuits 361-1-3671 [33]
Lz ,Eé THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
'X Q'O |INNO -5 NINY
G_ RIC
[dB] T p
N B R, N G R 1
| R-%e R, B RII+sCR,
/A Rl = 1+ SCR
0 R, + %C + 2
I - 02NN DYTNA
I
| E:&:>20Iog(%j:0d8
| g R 10kQ
: I > i) 1 1 1
1k 10k 100k 1M M2l 15 14 joR,C _1+% o 1+ 7/
2 10

Eg{ g Analog Electronic Circuits 361-1-3671 [34]
" M *
5_1' THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

'X Q'O |NN9 -5 N7RY

SR SR
V =
Vin " e 2nf
10mvV
- AV, =SR-At= At= AV
n:e S.R
At = ﬂ =20ns
Vout E O5V /,US
0: trise
' . )
: E - _ _ *I(Zﬂfo)
‘_mmvi E Time [V, (t) = AV, (1-e )
3.5us t _ 0.35 = trise = 35,[15
rise fo

17



6/10/2018

Analog Electronic Circuits 361-1-3671 [39]

THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

1 QWO [NND -5 nIRY

Vin AV
AV =S.R-At = At = ——max
10v S.R
Time 10V
> At=———=20us
; 0.5V [ us
Vou
f Oi trise > 0.5v/ys N0 1'wn 17001 vI9'wn NI
Time
20us
g;{'“ja Analog Electronic Circuits 361-1-3671 [36]
_[g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
A 9o [INN9 -5 N7IRY
Vo =V, SIN 0t f —1kHz
AVout 6
= 0.5-10°V /s
At Vmax COS a)t Vmax ==V = 80V >VDD
27 -1kHz
‘ '2+'X 0'9'W0 W D'MNN 1Ay P71, TIRG 7T NIR 72y

Ayout Lo 790 NNNN NYan n72annY 17 1N 7ax ,n'wa 'R
Aiu :Vmax coswt ; t=0 071 80 7w D'y NIWY7? XA N1 P7112ann

v SR SR f =100kHz
™ o 2rf v _0510V /s

™ 27 -100kHz
071 0.8 7w n'm'ojm NTIVYONK 7w N71an N7y

18



6/10/2018

-CARENRT -

!f.: " Analog Electronic Circuits 361-1-3671 [37]
Vi _ﬁ THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
6 N7INY
R, 'Xan 7aynn m
MN
10kQ2 Yo qun x
R1 Vin
VOUt H
v 5kQ Bias-n N1 2 DC-n nkaw nx awn A
k lg"=lg*=10pA TUND
>
Rs % 1%Q
NYI DY 121N N1an 7¢ NN NN .
L ?1wnn
R, < 2kQ
Analog Electronic Circuits 361-1-3671 [38]
THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY
' Q'O |NN9 — 6 NNV
R, (1) V' = VoutR4
10kQ R, +R,
R, _ _
v @) 1y =l = o=V YV Vo
5kQ out R1 — 'R2 R - R
Vin 1 2
+ = \/- 1
R, $ 1kQ V* =V IR a1wn v NN
(22 (1) nxam
- R S 2kQ Vin _Vout R4 Vout R4 _Vout
R, +R, _ R, +R,
Rl Rz

Vou _ R, (R, +R,) _ 30kQ _ )
R,R,—RR, 15kQ

V.

In

19



6/10/2018

Analog Electronic Circuits

361-1-3671 [39]

28
U C g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

1 Q'Wo |INNS — 6 N7NRY
R,

“'R +R,

R4-1 R3 7w nnixa KCL
Vi-v, V°

t_

IB+=_(IR3+IR4)=_R—3 R_4:

Vi=V =V

1kQ

- :_v[ R R _&]:
2%0 R,(R+R,) Ry(R+R,) R,

| * = R1R3 — R2R4
B out
R3R4(Rl + RZ)

R3R4(Rl + Rz)

I,* =20001,* = 20mV
R1R3 - R2R4

:Vout(ll;):

-3 umu
. " Analog Electronic Circuits
eu cll g THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

361-1-3671 [40]

5kQ

out
‘ 10kQ R, +R,
R
A 'R2—1 R1%w nnixa KCL yx11 ,qtixnw 93 RN 717wn 7aynn lg 1y
Vout
- Vo V-V
IB :_(IRl+ |R2)=___R—Om=
1kQ R 2
R, R, 1 ]

1 q'Wo |INNS — 6 N7XRY

V+VVR

) R,R, - RR,

~ v
D104A %m °“{R1(R3+R4)+RZ(R3+R4) R,

| - =2
B “"RR,(R, +R,)

RlRZ(RS + R4)

=V (1.,7)=-
OUt( ° ) R2R4_R1R3

I,- =10*1,” =—100mV

20



6/10/2018

'Ffi‘""';;g Analog Electronic Circuits 361-1-3671 [41]
: B
I THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

1 Q'Wo |INNS — 6 N7NRY

:00'NN MNT |2 DC-n XA 10 NR 7 Ig™-1lg" YW NysSwinin DX DID01 DX ,|XON

Vout(IB) :V0ut(|B+) +V

out

(I7)=20mV —-100mV =80mV

b1

i, ;lﬂ Analog Electronic Circuits 361-1-3671 [42]
| M al

) - I s
AZTE " THE CENTER FOR POWER ELECTRONICS AND MIXED-SIGNAL IC, BEN-GURION UNIVERSITY

¥

'A9'Wo |INN9 — 6 N7RY

NYyN7 0Ivn 1N 0N NdIWnNnY NIk [N e

['2 Tami ,R4-1 R3 2 2170 AW 1'R1Y VO'NN 'MIT 7w NINAN 7NN »
R2-1 R1

by

INNN ;190N X7 12an) T79NN 12aNN TR — 0'PNN XD 'KINN DX °
R4-1 R3 |2 XIn '011miTh ainnl

R R
R, R

3 2

AINNIINNA ;190N 1221 T79NN 12NN TX — D'PNN X7 'NAINN OX *
R2-1 R1 |2 x1n '011mitn

0VO'NN 'MT 2"NO TIT'P |27 2AWNN N1AN 2 WOIN NAT NN'p »
noyna

21



