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1 Leapfrog Filter Synthesis — Extra info

1.  Use the filter specification. Peform needed transformatioms 4

\Q,

2.  Identify the filter order and component values for the passive
filter implementation. Find the ladder structure. Unnormal- Al
ize the component values.

0 o &
3. Introduce currents and voltages in the ladder network.
lo 2 1y IN-1 IN+1
\% \% g \% g
Yi LY, 3 YN-1 N
<+> [J [J _____ [J [J
E %1 %3 N YL
4.  Find the equations determining the relation between the |, and V;.

lo = Yi(E=Vy),Vy = Zy(Ig—13), -

Lok = Yo(Voko1=Vaks 1) Voks1 = Zoks 1ok =l 1)) 5 -
In+1 = YL (VNy=0), Vy = V| (dependent on the filter order)

5.  Normalize all equations with the constant R to achieve voltage-unit variables
Zl
Rl, = RY,(E-V,), V,; = E(RIO_ RI,), ...

Rl = RY,(V v v = ZZk+1R| RI
2k = RYau(Vor1=Vaka 1), Vo1 = =~ (Rl =Rlysg), -

Rly:+1 = RY (VN=0), Vy = V| (dependent on the filter order)

6. Create the signal flow graph describing the equation system. Example for a third
order filter:

Vi
——
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Modify the graph by propagating the —1°s through the net and notify with negative

potentials, e.g., =V :

-Vl

—
VL:V3

RIR

In the filter, we have three amplifying and summating integrators: —1/sRC,

R/ sl,, and -1/SRG,.

A summating integrator can be implemented
using active components. The transfer func-
tion for this integrator becomes:

\% \%
VO:_iD\_/}+_2+__ _NO
sCR, R, RyH
This is a inverting integrator. This implies
that the integrator R/ SL, has to use an
inverting buffer to achieve a proper signal

path. This gives the following structure:

R R
Vi ,_7| z ,_8| V=V
L I
+ - Cs
p— v,
P N 1
/ Dr N Ce
+ =\ | — \ +
1 T L
I\t ~ \
\ ' |
\ inverting
Rs Re > L - buffer
 — — B | —
I X — L L
E Rz Ry R1o
—
R4

Now, the component values have to be identified. This is done by comparing the (orig-
inal) signal flow graph with the active network.

For example:
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Active Leapfrog Signal flowgraph Result
1 _E _R E _ E _
[_V]_]E - C4 . [_Vl]E - Ri 3 SRC_L - SRC]_ C:4|:24 - ClRi
v Vi vi, =Rg2a . M1 cRro-cR
[FValy, = sc4D§' HVilyv, = R Y5RG T sRG, 4
1 —R|2
[_Vl]_R|2 - SC4 R6 [_Vl]_R|2 = SRC_L( RIZ) C4R6 = ClR
-1) V4 R
[-RI,] . = —% Ot IRl = 5oV CR, = L/R
—RI RI - R V C:R: = L,/R
[- Z]Vs___DR_ [- 2]V3_5_|_23 sRg = Lo
_ 1R _ —
[Val g, = G Ry [Val g, = SRQ( Rl)) CeRg = C3R
_ 1 V; _ 1 R, _ Vi
[V3]V3 - _SC6R10 [V3]V3 - _SRQ,)RLV?’ - SC3RL CG 10 — C3

In order to achieve good matching properties, we choose the capacitances to be
equally large. For example:

C, = Cg = C¢ = 30nF

(This may be somewhat too large in an integrated circuit). From the equations above,
we see that

C.R C;R
17 _ 36.3F LIkQ _ 1.21KQ och Ry = =2+ = 1.21Q

R, = Re =
4 > C, 30nF Cs
and
Ry = Ry = A1 R, = Ry = 2
6= R = T R T ER
For symmetry and hence proper matching, we choose Rg = R; = Rg = Ry, and
R2 = cc 0OR=,Ly,/C; =1000/72.6 36.31.41kQ
1%~5
Finally

Rs = R, = Ry = Ry = 1.2101.4kQ = 1.71kQ

The resistance values of the inverting buffer, I, also have to be determined. Choose
(for matching) for example

r = Rg = 1.71kQ

Note that R, can be chosen so that the dc gain is 1. This is done by reducing R, to
half its value (scaling of the entire filter).
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Special case: Cauer Filters
Example: Consider the Cauer filter.

The equations for the voltages and currents are (unnormalized)

o R 727 L2||C

V3
(Vl 3),|4:ﬁL7

1 1

sG
For voltage-unit variables, we have normalized with R:
R R R
Rl, = =(E-V,), RIl, = V,-V,),RIl, = =V
0 R-( 1) Rlz sL,/ (1 +s2L C2)( 1=Va) Rly R
V, = C:l(RIO Rl,),and V5 = Q(Rlz Rl,).

The inductance and capacitance in parallel introduces some complexity to the signal flow
graph.The capacitance C, can be eliminated by introducing voltage dependent
sources to the circuit.

N
V3Cyl(C1+Cy)
G-

A 4

< 3
-
(0+¢)fOTA

™
E J— J—
Ci+Cy CotCs

|
1
L

Py,
£

Examin the help current, |',. Now we can rewrite the equations as

R

This gives
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1 1
V, = ——*  (RI,=Rl,) + =—2_V
LSRG+ Cyt 0 2 GGy B
And similar
1 . 2
= —_— — 4+
Vs SR G C3)(R|2 Rl,) c,+ C3V1

The corresponding signal flow graph becomes:

RIR,

The —1°‘s are eliminated:

_V1

RIR,

>4 )« $— >\-!-/<
E R/R; \T/ -RI;
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The active filter implementation becomes:

1 1
R7 Rg

Rs
1
| |

E_Ra
—

Note the use of C; and Cg as summation elements in the integrators. Component
values are identified as in the previous case.

Gm-C implementasttion (Non-elliptic)

The same signal-flow graph is used, but now we insert the corresponding integrating
and summating elements described by Gm-C building blocks.

L

Om1
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Gm-C Signal flow graph Result
_ gml _ R E _ E —
[FVile = ~5¢, F [FVile = R B SRG, ~ SRC, ¢~ Im©&iR
) _ ViR _ V4 _
[Vily, = "sC, Vi [Valy, = "sRGR =~ sRC, “4°~ Im2C1R
9 3
[-Vil g, = L ( Rl [-Vilg, = qu( RI,) C,4 = UmsCyR
_ 9 _ R _
[-RI5l, = 5%5 Vi[RI, = S—I_Z(—vl) Cs = gpul,/R
_ Oms _ R _
[-RI],, = %5 WV, [-RIl,, = s_l_2V3 Cs = gpsl,/R
9me
[V3]_RI2 = _5%3(_R|2) [VS]_RI2 = 03( Rl) Ce = ImeC4R
_ gm7 _ -1 R _ _V3 _
[Vsly, = —éfevs [Vsly, = SRGR '3 sCR, 67 Im7C3RL
Special case: Cauer Filters
V4 +gm4 gm5+ Vs
Oms }_D—..‘Q_{ Om11

Om2

E Om1 Om3
I—}
C C
With: 9™ = ~2 = 2 apq
Omo 93 C1+GC,

m8
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