LAMPIRAN B
PENURUNAN FUNGSI TRANSFER PENGUAT
BIOPOTENSIAL



Rangkaian Penguat Biopotensial Sebelum zg Diperoleh

vinl

Ra viny

vin2 +
C1
Ca -VCC

Ra +VCC

vinl

va

Ra viny ’ —— vb

vin2 MA/\,T +
ca -VCC

. _ vinl
VXY= 1+ s ca.Ra)

. _ vin2
VY= 1+ s.ca.Ra)

Dengan menggunakan prinsip superposisi.

e Saat vinx on dan viny = 0, maka:
val = (1 + E).Vin X
Ry
vbl = - X vinx
Ry

e Saat viny on dan vinx =0, maka:

val = - I’:—;.Vin y
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vbl= (1 + i—;).Vin y
Sehingga:

va = val+va2

_ Rx . RX \ 4-
= (1 + E).Vln X- E.Vln y

vb = vbl+vh2
= (1 + %).Vin y- g—;.Vin X
vb —va = [(1 +§—;) .Viny — %.Vin X]-[(l +§—$) .Vinx — %.Viny]

vb —va = [(1+%).me— (1+%).Vinx]

(1+ %)

——— . (vin2 — vinl
(1+s.ca.Ra) (vin2 —vin1)

vh —va =

VX

*11: 12: I3+I4
va — vx vx —vy vy — vo vy

R1+1/scl  R2 _ R3/(1+sc3R3) R4

zg.vb

¥ 729+ R1+ 1/scl

*]1: ]2

va — vx vX — vy

R1+1/sc1 R2
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zg.vb zg.vb

Ve~ 7g+R1+1/s.c1_zg+Rl+1/s.c1 %Y
R1+1/scl h R2
R2 zg.R2.vb _zg.vb.(R1+s.c1) R1+s.cl
va R = RI+1jscl zg+Ri+ijsca W (RLtscD
zg.vb.(R1+ s.c1) zg.R2.vb
(R1+1/s.c1) = — va.R2
vy-(RL+1/s.c) = e sel T zg+Ri+1/scl °
_ zg.vb zg.vb.(R1+ s.c1) va.R2
VY S g+ R1+1/s.c1 ' (zg + R1+ 1/s.cD).(RL+ 1/s.c1)  (RL+ 1/s.c1)
3 s.cl.zg.vb N s%.c1%2.zg.R2.vb va.s.c1.R2
VY T T¥s.cl.(zg +RD) | TL+s.cL(zg+RDL.(1+s.cLRL) 1+s.cLR1
Subsitusi
11 = 13 + 14,
va — vx vy — vo vy

RL+1/scl  R3/(1+sc3R3) | R4

va—vx ( 1 Jr1+s.c3.R3)Jr (1+s.c3.R3)
Ri+1/sct . 2\Ra R3 ve: R3

Subsitusi vx ke dalam persamaan:

zg.vb

. LT
va 29 +R1+-= (R3+R4+s.c3.R3.R4) <1+s.c3.R3)
= vVo.\ —5—

T~ T -w (R3.R%) R3
Rl+—;  Rl+g

( 1+s. c3.R3)) (R3 + R4 +s. c3.R3.R4> va zg.vb
0| ——————— | = -

3 R3.R% R1+L)+(R1+L).(zg+m+ L

scl scl ﬁ)

R3 + R4 +5.¢3.R3.R4 ) va.scl.R3 s2.c1%.2g.R3.vb

vo.(1+5.¢3.R3) :”y( R4 T @+s5cLRD [T+s.cL(zg +RD].(1+5.cLRD)

R3 +R4—+S.C3.R3.R4—) va.scl.R3 + s%.¢1%2.2z9.R3.vh
R4.(1+ 5.¢3.R3) " (1+s.cl.RD.(1+5.¢3.R3) ' [L+s.cl.(zg + RD]. (1 +5.c1.R1). (1 + 5.¢3.R3)

vo = vy(
vo = scl.zg.(R3 + R4 +5.¢3.R3.R4).vb
R4.(1+s.¢3.R3).[1+s.cl.(zg + R1)]
s%.¢12.2g.R3.vb. (R3 + R4 + 5.¢3.R3.R4)
R4.(1+5.¢3.R3).[1 +5.¢1.(zg + R1)]. (1 +5.c1.R1)
sc1.R2.(R3 + R4 +5.¢3.R3.R4).va B va.scl.R3
R4(1+5.¢3.R3).(1+5.c1.R1) (14 5.¢1.R1).(1+5.¢3.R3)

N s2.¢1%.2z9.R3.vh
[1+5s.¢l.(zg +R1)]. (1 +5.¢1.R1). (1 4+ 5.¢3.R3)

+

scl.zg.vb R3 + R4 +5.¢3.R3.R4 + scl.R3
(1+5.¢3.R3).[1+s.cl.(zg + R1)]’ R4 (1+s.c1.R1)

vo =
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va (R3+ R4 +5.¢3.R3.R4).5.c1.R2
(1+s.¢1.R1).(1+5.¢3.R3)’ R4

+ scl.R3]

_ scl.zg.vb
" (1+5.¢3.R3).[1+5s.¢l.(zg + RD)]’

[(1+5.cL.R1).(R3 + R4 +5.c3.R3.R4) +5.cL.R2.(R3 + R4 +5.c3.R3.R4) +5.cL.R3.R4
R4.(1+s.cl.RL)
va (R3+ R4 +5.¢3.R3.R4).5.¢c1.R2 + 5.c1.R3.R4
(1+5.¢1.R1). (1 +5.¢3.R3)’ R4

vo

% Faktor pengali va
1 [s.c1.R2.R4+s.c1.R2.R3 + s%.¢c1.¢3.R2.R3.R4 + S.c1.R3.R4
(1 +s.c1.R1).(1 +5.¢3.R3)

_ 1 [s. [c1.(R2.R4 + R2.R3 + R3.R4) + s.c1.¢c3.R2.R3. R4]]
(14 5.¢1.R1).(1+ 5.¢3.R3)

Ltsc3 R2.R3.R4
$:¢>TR2.R4+ R2.R3 + R3.R4)

(1+5.¢1.R1). (1 +5.¢3.R3)

1
== o c1.(R2.R3 + R2.R4 + R3.R4).s.

¢+ Faktor pengali vb

s.cl.zg
= (U +s5.¢3.R3).[L+s.cl.(zg + RL)]
R3 + R4 +5.¢3.R3.R4 +5.c1. RL(R3 + R4) + s.¢1.¢3. R1.R3. R4 + 5.¢1. R2. (R3 + R4) + s2.c1.¢3.R1.R3.R4 + s.c1. R3. R4
R4.(1+s.cL.RD) ]

R3 + R4+ 5.[c3.R3.R4 + c1. ((R1 + R2)(R3 + R4) + R3 + R4 +) +5%.¢c1.¢3.R3.R4. (R1 + R2)]
(14 s.¢1.R1). (+5.¢3.R3).[1 + s.cl. (zg + R1)]

_ s.clzg
~ R4

¢3.R3.R4+c1.((R1+ R2)(R3+R4) + R3 +R4 ¢1.¢3.R3.R4.(R1 + R2
_ clzg.(R3+RY.s [1+5 ¢ R3 +)1§4 : 252 R3 + 1%4 :
- R4 ’ (14 s.¢1.R1). (+s.¢3.R3).[1 + s.cl.(z9 + R1)]

Maka fungsi transfer rangkaian di atas adalah:

_cl.zg.(R3+R4).s
= R4 v

¢3.R3.R4 + cL.[(R1 + R2)(R3 + R4) +R3 + R4)] _ , c1.c3.R3.R4.(R1 + R2)
s R3 + R4 s R3 + R4

b.

1+

(1 +s.¢1.R1).(+5.¢3.R3).[1 + s.cl.(zg + R1)]
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Lt s.e3 R2.R3.R4
5:¢>TR2.R4 + R2.R3 + R3.R%)

1
— —.c1.(R2.R3 + R2.R4 + R3.R4).s. .
ra L * * )-8-Va | L RD). (1 + 5.63.R3)

K.(vb-va) = X.va - Y.vb
Sehingga untuk mencari nilai zg, X =Y =K

145 C3.R3.R4+cLI(R1+R2)(R3 +R4) +R3+RH] ., cl.c3.R3.R4.(R1 + R2)
5 R3 + R4 s R3 + R4

(1+s5s.¢1.R1). (+5.¢3.R3).[1 + 5.¢1. (29 + R1)]

_ cl.zg.(R3+ R4).s
- R4 '

L+ 5.3 R Ra+ R2.R3 + R3. kD)

(14 5.¢1.R1).(1+5.¢3.R3)

1
¥y = —.cl.(R2.R3 + R2.R4 + R3.R4).5.va.

R2.R3.R4
R4’

e Mancari nilai zg untuk menyederhanakan fungsi transfer.

Misalkan :
cl.(R3+R4)
A= — Rz
B ¢3.R3.R4 + c1.[(R1+ R2)(R3 + R4) + R3 + R4)]
R3 + R4
_ c1.c3.R3.R4.(R1 + R2)

R3 + R4
1
D= R c¢1.(R2.R3 + R2.R4 + R3.R4)
R2.R3.R4
FE = c3.
(R2.R4 + R2.R3 + R3.R4)

*X=Y
A.zg.s.(1+ B.s+ C.s%)
[1+s.cl.(zg + R1)]

A.zg.(1+B.s+C.s?)=D.(1+E.s).[1+s.cl.(zg + R1)]
A.zg.(1+B.s+C.s*)=D.(1+E.s)+D.(1+E.s).s.cl.zg+D.(1+E.s).s.cl.R1
2zg9.[A.(1+B.s+C.s?*) —s.c1.D.(1+ E.s)]=D.(1 + E.s) + D.(1 + E.s).s.c1.R1
_ D.(1+E.s)+D.(1+E.s).s.clL.R1
29 T A(1+Bs+Cs?)—scl.D.(1+Es)
B D.(1+E.s).(1+s.c1.R1)
29 TTA(1+Bs+Cs)—s.cl.D.(1+E.5)]
(1 +s.cl1.R1)
zg =
A.(1+B.s +C.s?)
D.(1+E.s).

=D.s.(1+E.s)

—s.cl.
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*Subsitusi A,B,C,D,dan E ke dalam persamaan:

_ (1+s.c1.R1)
29 = Tc1(R3 + RY) (1+c3.R3.R4 +cL[(R1+RO(R3+ R4 +R3+RH]  cL.c3.R3.R4.(R1+R2) 52)
R% : R3 + R4 : R3 + R4 : )
RZ.R3.RA —s.cl
(RZRE +RZR3+R3.R4) S

%.cl. (R2.R3 + R2.R4 + R3.R4). (1 + 3.

_ (1+s.cL.R1).(R2.R3 + R2.R4 + R3.R4 + 5.¢3.R2. R3. R4)
T R3+ R4 +5.03.R3.R4 + 5.cL. [(R3 + R4).R1] + s2.c1. c3. R1. R3. R4

_ (1+5.¢1.R1). (R2.R3 + R2. R4 + R3.R4 + 5.¢3.R2. R3. R4)
= R3+R4.(1+s.c1.R1) +5.¢3.R3.R4. (1 + 5.c1.R1)

_ (R2.R3 +R2.R4 + R3.R4 +5.c3.R2.R3.R4)
= (R3 + R4. +s.c3.R3.R4)
R3.R4
(R3 + R4. +5.¢3.R3.R4)

R3.R4
R3 + R4

(1. +s. c3.£3'—&)

=R2+

=R2+

Maka zg= R2+ (R3//R4/IC3)
//=parallel
+=seri
e Impedansi zg diganti dengan impedansi yang diperoleh dari hasil

penurunan sehingga rangkaian menjadi:

Rangkaian Penguat Biopotensial Setelah zg diperoleh

vinl

vo

vin2
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e Fungsi transfer rangkaian keseluruhan adalah sebagai berikut:

s s en R2.R3.R4
1 -3 TRZ R4+ R2.R3 + R3.R4)
— —.c1.(R2.R3 + R2.R4 + R3.R4).. b
vo = ggcb( + + S| ¥s.cLRD.(+5.03.R3) | 2TV
i R2.R3.R4 2R
1+s.c3. 1 Ry
1 (R2.R4+ R2.R3 + R3.R4) ( T TRx ) ) )
vo = R4.cl. (R2.R3 + R2.R4 + R3.R4).s. {1 +5.cL.RD. (1 +5.63.K3) A +scaRa) (vin2 — vinl)
1 2.R R2.R3.R4 1
o (gg-cl.(R2.R3 + R2.R4 + R3.R4). (1 + ny).s.)(l R e R3'R4))

(vin2 —vinl) - (1+s.¢1.R1).(1+5.¢3.R3). (1 + s.ca.Ra)

. (1 + %) .Cl.5.(R2.R3 + R2.R4 + R3.R4+ R2.R3.R4.C3.5)

(vin2 —vinl) R4.(1+s.C1.R1).(1+5.C3.R3).(1+s.Ca.Ra)
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Fungsi Transfer Penguat Biopotensial Pada Mid Frekuensi

) R2
vinl

+VCC
vce R3
vin2 4
R4
R2
R3
Dengan cara yang sama dengan sebelumnya maka:
_(1+Rx) inl Rx i 2
va = Ry .vin Ry .vin
b—(1+Rx) in2 — =X pin1
vb = Ry .vin Ry .vin
Maka:
(vb )—[(1+Rx) in2 Rx '1] [<1+Rx) inl Rx in2
vb —va) = Ry .vin Ry .vin Ry .vin Ry .vin
(vh )—(1+2'Rx) in2 — vinl
vb —va) = Ry (vin2 — vinl)
Dengan prinsip superposisi maka:
e Saatvaon dan vb off:
R1 R2
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vy

R4 . vol

Y = R3+R4
Input biased current dianggap =~ 0A
1=2
0— R4 . vol
va—vx R3 + R4 vx =0
R~ o, R3+RE %7
R4
va
— R1
vol = R4

R2.(R3+R4)+R3. R4

va. [R2.(R3+ R4) + R3. R4]

vol= - R1. R4
_ _ R2.R3+R2.R4+R3.R4
vol = R1. R4 .va

Saat va off dan vb on:

(Rz +%).vb

R1+R2+—R3+R4

R4.vo2

R3.R4
R2+ g3 ra

=1+
R1
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R3.R4
vy RI+R2+prorn

vx R1

(3
Subsitusi (1) dan (2) ke dalam persamaan (3):

(R2+%).vb

R3.R4 R3.R4
R1+R2+7R3+R4 _ R1+R2+7R3+R4

R4.vo2 R1
R3 + R4

R3.R4 R3.R4
(R2+7R3+R4).vb R+ R2+p3ipg
R3.R4 R1

(R4. v02
R3 + R4 R3 + R4

).R1+R2+

R3 + R4) ( R3.R4 )
. N

voz= (Rl.R4 t R3 T R4

vb. [R2.(R3 + R4) + R3. R4]

voz= R1. R4

vy~ \RZR3+R2R4+ R3.R4]
= R1. R4 v

Maka :

Vo total = vol + vo2

R2.R3 + R2.R4 + R3.R4 [R2.R3 + R2.R4 + R3.R4]
vo = — .va + .vb
R1. R4 R1. R4

R2.R3 + R2.R4 + R3.R4
vo = .(vb — va)
R1. R4

subsitusi (vb — va):

R2.R3 + R2.R4 + R3.R4 2.Rx
vo = (1 + ).(vinZ —vinl)

R1. R4

Maka fungsi transfer penguat biopotensial pada mid frekuensi adalah:

2.Rx\ R2.R3 + R2.R4 + R3.R4
TF = (1 + )

Ry R1. R4
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