LEAP FROG

TECHNIQUE

Operational Simulation of LC Ladder Filters

RLC prototype—> low sensitivity
One form of thistechniqueis called “Leapfrog Technique’
Fundamental Building Blocks are

- Integrators

- Second-order Realizations
Filters considered

- LP

- BP

- HP

- BE
jw Zeros



General Principles
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Interior Portion of a General LC Ladder Network
Interior components are reactive elements only.
R0 or R¢=0 and R ! O (finite)
Branch voltages are voltage and current

How to select the proper “STATE” variable ?
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Systematic approach by writing voltage and current equations
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- Immittance Functions
- Voltage Transfer Functions, convert | to V functions
ie, Vi =IR



Terminations of LC Ladder Filters
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Load termination
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The approach to map a passive RLC prototype is to pick the state-variables
which can be expressed as integrators, since integrators are the basic
building block. By applying KCL, KVL, KCL, ..., as many times as the order

of the filter, one can write the state-equations that can be implemented
by active filters. an example is shown below:
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A Typical Passive RLC Filter
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Signal Flow Graph of RLC Prototype of Fig. Shown in previous page.



Low-Pass Ladder Filters
(Zeros at Infinity)  (All Poles)

Example: A Fifth-Order LP Filter
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Active RC Building Blocks
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L ow-Pass 5th-Order Active -RC

Leapfrog Filter
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OTA-C Implementation
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5t-Order OTA-C Leapfrog Implementation
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Voltage Scaling of OTA-C All Pole Leapfrog Filters.
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System L evel Representation: 51"-Order LP Leapfrog Filter
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Current Level Scaling Technigue

Case 1
lo, v, R represents input resistance of a current-mirror
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LC Ladder Filters with Finite Zeros
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:> Dependent Sources to Replace the
Bridging Admittances
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LC Ladder Simulation

. Start from the desired LC LP prototype network satisfying
SPECS.

. Eliminate shunt elements in the series branches or series
element in the shunt branches.

. Normalize and transform the network if the realization is

not low-pass.
. Select the state variables such that (le—)t( =f (X, ns)

. Solve for each state variable in terms of the other states

and output variable including the proper scaling.

. Synthesize each equation with its corresponding building block.



Example: Low-Pass With Finite Jw Zeros
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Active RC Fifth-Order Elliptic Filter



OTA-C Elliptic Implementation
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Fifth-Order OTA-C Elliptic Filter



Finite jw Zeros: An Alternative Approach
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Component Calculations
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Note that if Rg, = R thenthe OTA # 7 can be eliminated and the
output of OTA # 6 can be ssmply connected to its negative terminal.



Voltage Level Scaling Algorithm

Basic |dea:

1) Multiply by k? the admittance level of the node x in the C
subnetwork connected to the node.

1) Multiply by k the transconductances of all the OTAs with outputs
or inputs connected to the node. In the last case, splitting the OTA
In two If the other input is not grounded.
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