LOW GROUP DELAY LC FILTERS
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Figure 1 illustrates the transformer coupl@dansformerReflected Shunt) principle. At the
parallel resonance point of the crystal, which is the point of maximum ghasge, the crystal
hasnear infinite impedance. At afither frequencies there is a large shunt load that reduces the
amplitude response, since the circuit is normally driven by a high impedance source. In this
circuit the impedance of the resonant citésimerely reflected as a shunt load to fblbowing
amplifier input. The effective shunt impedance is altered by the transformer turns ratio and the
coupling coefficient. It is not necessary to use a crystate any resonant circuit with a high Q

can be used.
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Figure 1. Transformer Reflected Shunt filter.
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Figure 2. LCi TRS filter.

In Figure 2the shunting load of the LC circuit is used to change the transistor amplifier
gain. The coupling coefficient is adjustieg the transformer turnsitio to oltain the best
shoulder reductiomfféresonanceThe coil used was an 8 turn Toko 10 mm adjustable
coil (.5uH). The 2 T primary and 4 T secondary are wound ovetadsggframe.

The first stage is extremely load sensitive. An emitter folloseeondstagewhich feeds
some of the load back to the saicannot be used, hence thatputload is driven from

the collector.

Figure 3 shows the response of the filter when the input is a broadband noise source.
The scale is 5 dB per divisiofhis indicaes the rejection of adjacent channels.
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Figure 3. The response to broadband noise at 48 MHz.
The operating point for least group delay is slightly toritjet of the peak, indicating the
energy stored in theesonant circuits vector adding to the signal
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The 3 dB bandwidth of the filter &6 MHz, indicating & of 80.

From the relationshipf 4 = Q/[IF], derived from T4 = [DF/ (2p Df) ], the group delay at
peak resonance should b&6nanosecondd his would mean a phase slew rate of 180
degrees i00 nanoseconds if the filter were not vector addirige total time to slew the
phase 180 degreesuld be20 IF cydes. The maximunsonventionallytolerated bit rate
would be 2.5 Mb/sThe maximum data rate would be much lower for 3PRK and 3PSK.



This filter does not have a reverse phase shift with frequency like the ZQM and negative
group delay filters. Therefore itust be operating in the vector adding mode. It was

found to have near zero group delay when tuned so that the signabiBasff peak.

That is, peaked approximately 1 MHz below the UNB frequency of 48. MHheremay

be a phase lossgith two level systems.

See the UNBl'extbok - Chapters 6 and 7. Chapter 4 of the Textbook discusses filters
that do not vector add and have group delay. Additional information is in Appendix 5.

UNB modulation consists of AM pulse switched carriers in sequence, using a rectangular
waveform wherepd / ot i's usually zero. The carrier
relative phase than that for a phase zero pulse. The resonant circuit of the filter stores
slow changingeference energy from the incoming signal, whicthenvector added to

the phase shifting carrier pulses.

Note thatthis storage of energy does not oceuren using 4 levels as in QPSKhe
group delay of the filter causes energy to be ststedly in accordane with the rise
time T4 = Q/[IF]. With QPSK there are frequent phase reversals thatel the
previouslystored energy.

Figure 5 shows the UNB signal for NRMSB, which has 90 degrees of phase difference
between the switched phase carrier pulse for the digital one and the pulse for the digital
zerq as shown by the dotted vectors. If thé&erence phase of the energy stored in the
resonator, as the filter is tuned, is between phase 1 and phase 2, and is relatively strong,
as it iswhenover coupledthe vector summed result chave a seriousesultant loss of

phase at the phase detector.
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Figure5. This example would apply to a near pdaked filter Cascading these filters
would result in considerable phase loss in a system. For example: %2 x ¥2 x %2 = 1/8. Only
1/8 the original phase difference would remdihis applies to a 2 level methathere

the phasefor one and zero carrier pulsaie 90 degrees apart
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Figure 6. An extreme case where the reference enlengf is very small and the
resultant vectors suffefery little phase loss. The filter of Figure 2 is off tuned to have as
little phase loss as possiblehis means théilter peak will be to the righor left of the
operating frequency arttiesignal will be 35 dB belowthe filter peakresponséevel.
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Figure 7.Spectrum for NRAMSB data using a random data pattern.
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Figure 8.Thespectrumat the filter outputThe signal is approximateydB below the

filter peak. There is an indicated phase shift for the reference energy of approximately
55- 60 degrees away from the signal average. THi-k5 degrees bew the digital
zero-90 degrees a 2 level system.

This filter would be used as a giiter in receivers equivalent to the RF filter ahead of
the mixer in a superheterodyne receiver. Crystal TRS filters following this filter would
reduce the sideband hump by 15 dB gescaded stage.
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Figure 9. NRZMSB Data at 3 Mb/sThe data pattern is 10101000he pp trace is the
pattern generator outptthe lower trace is the detected output from an SA602 used as a
phase detector. Digital 1 is O degrees. Digitao is 90 degrees.



Figure 10. EYE Pattern for Random Dat@&Mb/s. This patterm was made with no filter

to be used for calibration purposes. If there is a phase loss, it will show as a reduction in
level after the filter. The scale fixed at 1 Volt per divisionDip and recover at bottom

is also an indication of the group delay

Figure 11. The EYE pattern after the filter. The scale is 1 Volt per division. There is a
slight increase imutput voltage level iicatingno phase losss. The rise and fall slope is
slightly longer in time. The spectrum is that shown in figure 8 where the filter peak is to



the left of the signal and approximatelp4IB higher. This indicates a reference phase
approximately 60 deges off signal average, similar to that seen in Figure 6.

Figure 12. The EYE pattern for 6 Mli@ndomdata.



