Lect. 20: Two-Integrator-Loop Biquad
(Razavi 14.4.2) =

One circuit configuration for several different second-order filters?

= Two-integrator-loop biquad

Consider high filt Vio Ks*
onsider ni -pPass Titer -
Inp V. s’+s(w,/Q)+w]

V,,8° + V,,8(@, / Q)+ V, @7 =KV,s*

1(w @
Vip + 6(?0 Vhp]+ (sg Vth =KV,
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2 Vio

V,, = KV, - =2y,
Qs ™
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Lect. 20: Two-Integrator-Loop Biquad

1 @
Vip = KV, = S0V, =2V,

Express the above equation using a block diagram

(c)

Biquad =>» Universal Active Filter
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Lect. 20: Two-Integrator-Loop Biquad

, ) - ) .
v, = o
o | Vip
(c)
How to implement biquad?
#
|
I
R
Wy
St V., —WW\—s V,

(Ignoring the op-amp offset)
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Lect. 20: Two-Integrator-Loop Biquad

(a)
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Lect. 20: Two-Integrator-Loop Biquad

Kerwin-Huelsman-Newcomb (KHN) biquad
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(a)

Use superposition (V;, Vy,,, V|,)

R +R R R +R R
Vh _ R3 1 f \/i + 2 1 f Vb__fv|p
P R, + R, R, R, +R, R, P R,

=>» Weighted sum of V,, V

bp? le
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Lect. 20: Two-Integrator-Loop Biquad

KHN Vio Ks®
" V., s°+s(w,/Q)+a&;
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Lect. 20: Two-Integrator-Loop Biquad

How about All-Pass Filter?

Can be realized by linear combination of V, ;, Vy,,, V,,

R,
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Lect. 20: Two-Integrator-Loop Biquad
All-Pass Filters

. R R R
Viy O——NWN— M Vo=_(R—FVhp+R—Fpr+R—FVID)

H B L

Ry
O
R, Ks®
Vip O——AM— V,

2 = " 5?4+ 5(w, / Q)+ @}

-Ka,s
s’ +s(w, / Q)+ &}

a
pr = (_ ?O)Vhp =

2
Ka,

s’ +5(w,/ Q)+ @]

2
,
\/Ip = (S—g)vhp =

V, _ (Re/R,)Ks* —(Rc /Ry)Kays + (Re /R )K )

V, s’ +s(w, / Q)+ &;
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Lect. 20: Two-Integrator-Loop Biquad

How about All-Pass Filters?

Vip —MW— NN
G Ry Vo g (Re/Ry)S’ —(R IRy)w,s+ (R / R )@
p R, LV, s? +5(w, / Q)+ &
Vi, —AMA— |
(b)
2 @) >
s—5— + @ R R 1 R
All-Pass Filter 7(s)=a,—2 R—F=1, R—F=6 R_F=1
; +3%+m,] H B L
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Lect. 20: Two-Integrator-Loop Biquad

There are several Biquads

Tow-Thomas biquad:

V. V 1 _ .
VO=_ I + 2 (QR//E) V1=—(VO +V| ] 1 V2=_(i+\i]r
S
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Lect. 20: Two-Integrator-Loop Biquad

Tow-Thomas biquad

e[Cilest{ oy 1
Vv, C) "C\R RR)C®RR, _1
v, 0, L1 °~CR
i s°+5s +
QCR C°R
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Lect. 20: Two-Integrator-Loop Biquad

R I(s)=
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N ﬁ ,-
N L a | ' C,=0 R =, R,=
R|=E=E‘-=EI/_°‘R<-_EIVVA¢'~»H>V2 R
T " ) I DC Gain: —
2
ForHP  T(9)=—"—
:? C, +Sl 1 r N 1 5'+s§“+mﬁ
V, c) "ClR RR,) C?RR,
V:_ 1 1 R1=w, R2 =00, R3=OO
i %+ +—
QCR C-R -
HF Gain: —
C

Electronic Circuits 2 (15/1) W.-Y. Choi




Lect. 20: Two-Integrator-Loop Biquad
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Lect. 20
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2 @y 2
§ —5— + @,
For AP T(s)=a, E!-Jﬁ
2 ] 2
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Lect. 20: Two-Integrator-Loop Biquad

Homework(1) Determine V,(s)/V(s), Vy,n(S)/V(s), V|(S)/V(S)

R,
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R; &
MW I ﬁ
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R, - = R
V.Oo—\\WW—— + _
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(a)
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Lect. 20: Two-Integrator-Loop Biquad

Homework(2): Determine V (s)/Vi(s)
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