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Fig. 1. 300 baud FSK modem block diagram.

II. SysreM ARCHITECTURE TABLE I
MODULATOR FREQUENCYAS A FUNCTION OF SL (V21/BELL 103),

The block diagram of the FSK modem is shownin Fig. A/O (ANSWER/ORIGINATE), TD (TRANSMIT DaTA), AND V25
1. The input to the modulator is the TD (transmit data) ANSWER TONE
signal, which is the digital data to be modulated. This input[—Mowe]—sost_—Ss«]—SSs]Sst===|“FREQUENCY (Hz)
would typically be provided by the RS-232 interface, or a]193 onicinate ° 0 0 0 1070

UART. The modulator generates a square wave whose - . | ; ! : a -
frequency1s shifted in response to the transmit data input. 103 ANSWER 0 1 1 r 2225

The transmit filter outputs a frequency shift keying vot ORIGINATE 1 8 0 0
signal at the TC (transmit carrier) output. The frequency of 1 9 ; 9
the FSK signal corresponds to the fundamental frequency|vei answer - ;
of the square waveat the inputofthefilter.

On the receive side, the receive filter, whose input is the
receive carrier, rejects the adjacent channel energy and
improves the signal-to-noise ratio of the incoming carrier.

The outputof the receive filter is fed into the demodula-
tor, where the digital data are retrieved from the filtered
FSKsignal.

The next major block is the energy detect circuit. It
detects energy levels at which reception and demodulation
of data are considered reliable.

Thelast block is the timing control and handshakelogic,
which, besides controlling all the other blocks, also imple-
ments the RS232 interface protocol and controls the Bell
103 and CCITT V.21 operations.

TII. MODULATOR

The modulator generates a square wave whose frequency
is shifted in a phase-continuous fashion. The generated
frequencyis a function of four signals: TD (transmit data),
mode (answer/originate), SL (103/V.21 SELECT), and V.25
(2100 Hz answer tone). As shown in Table I, the modulator
is capable of generating one of nine frequencies: four of

   ><
[wanewerroe|xxxfd

those nine are used for 103 operation, two for high band,
and two for low band. One of these two frequencies
represents a mark and the other a space. Two bands ate
used to enable simultaneous transmission and reception of
data on the same channel, hence, the duplex operation. The
other four frequencies are allocated for V.21 operation, and-
the ninth frequency is used for V.25 answertone.

The modulator, as shownin the left-hand side of Fig. 2,
consists of a PLA (progranimable logic array) driving a
programmable polynomial counter, followed by a divide by
32. The polynomial counter generates 32 times the desired
frequency. On each edge of this signal the PLA is updated,
thus determining the frequency of next pulse. This ensures
phase coherency of the generated signal. Since the output
of the programmable polynomial counter is divided by 32,
the maximum delay between TD and corresponding
frequency shift at TC is 30 ps. The divide by 32 is also
used as an auxiliary counter to control the divide of the
programmable counter. This is used to maintain a devia-
tion of all generated frequencies within 0.1 percent.

IPR2020-00034 Page 00002
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


IPR2020-00034 Page 00003

848 IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. SC-19, NO. 6, DECEMBER 1984

 
   
  

  
 

 
 
 
 

 
 
  
 

 
 
 

 
 
  

ENABLE

FROM
CONTROL4ANS./ORIG.
LOGIC 103/V21 PROGRAMMABLEFREQUENCY

GENERATOR 3
10 =§z<c

$ 3rd ORDER PROGRAMMABLE 2nd ORDER
PROGRAMMABLE DIVIDE BY ELLIPTIC 4th ORDER CONTINUOUS "N DIVIDER 32 LOW PASS ELLIPTIC SMOOTHING

3.58 c FILTER BAND PASS FILTER
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Fig. 3. Measured transfer function of the transmitfilter.
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Fig. 4. Receive filter block diagram.

IV. TRANSMIT FILTER

The function of the transmit filter is to produce an FSK
signal from the phase-continuous frequency-shifted
square-waveinput.

The structure of the ninth-order filter is shown in the

right-hand side of Fig. 2, while its measured frequency
response is shown in Fig. 3. The filter consists of three
major sections. Thefirst is a third-order switched capacitor
elliptic low-pass filter, sampled at 111.9-223.7 kHz, de-
pending on the modeof operation. The cutoff frequency of
this filter is programmed by changing the sampling
frequency.

The second section is a fourth-order elliptic bandpass
filter which is programmedto operate in either the high or
low band by changing both the capacitor ratios and the
sampling frequency. The third section of the filter is a
second-order Sallen and Key continuous smoothing filter.
It attenuates the sampling frequency of the preceding
section by more than 31 dB and produces a smooth FSK
signal at its output. ,

The prime objective of the transmitfilter is to pass the
square wave fundamental component, while attenuating its
harmonics. These harmonics could be located in the receive
band. Unless attenuated by the transmit filter, they would
be coupled back through the hybrid, unattenuated by the
receivefilter, thus causing degradation of bit errorrate.

The transmit filter was designed to have a zero at the
third harmonic of the square wave, to alleviate the above
problem.

The second objective of the transmit filter 1s to attenuate
the out-of-band energy. This is necessary since the modula-
tion process produces energy over a broad spectrum and
not just at the mark/space frequencies. The fundamental
component is attenuated by 24 dB to produce a signal at
—9 dBm at the TC (transmit carrier) output.

The filters were implemented using biquadratic
switched-capacitor second-order sections allowing imple-
mentation of both poles and zeros [2]. The filters were
designed using bilinear transformation [3] and the results
were optimized for acceptable group delay and frequency
attenuation performance.

V. RECEIVE FILTER

The block diagram of the receive filter is shown in Fig. 4.
The receive carrier is first fed into a second-order Sallen

and Key continuous low-passfilter, which is followed by a
second-order antialiasing filter clocked at 4 times the
frequency of the main filter to follow. This antialiasing
filter attenuates the incoming signal by 41 dB at the
sampling frequency of the following section. This mini-
mizes the aliasing effects and allows the main filter to be
clocked at a lower frequency with resulting smaller capaci-
tor ratios [2]. The antialiasing filter has programmable gain
that can vary between 5 and 17 dB.The gain ofthe filter is
changed under control of the energy detect circuit thus
implementing the automatic gain control function.

The next section is an eighth-order bandpass program-
mable filter. It can be programmed to operate in one of
four configurations depending on the band (high or low)
and the specifications (Bell 103 or CCITT V21). Changing
the capacitor ratios and sampling frequencies is used to
reconfigure this section for the appropriate transfer func-
tion. Both the transmit and receive filter can also be

configured to work in the same band of frequency allowing
true analog loopback, which facilitates testing.

The last section is a second-order Sallen and Key con-
tinuous low-passfilter. It attenuates the sampling frequency
of the preceeding section by 20 dB and produces a smooth,
filtered FSK output, which is fed to the demodulator. This
action reduces the jitter of the demodulated signal.
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Fig. 5. Measured transfer function of the receive filter. (a) Bell 103.
(b) CCITT V21 specifications.

The measured frequency response of the receivefilter is
shownin Fig. 5. The receive filter rejects out-of-band noise
so that the filtered signal can be demodulated with a
resulting low bit errorrate.

The filter was designed to reject the adjacent channel
energy, which is attenuated by 60 dB. This is essential since
that channel is used for carrier transmission, which is

coupled back through the hybrid and into the receive
section. Unless attenuated by the receivefilter, this compo-
nent would corrupt the demodulated data and result in
excessive bit-error rate. The filter was also designed to
minimize group delay distortion between the mark and
space frequencies. The bandwidth of the filter is 500 Hz

and is centered aroundthe center frequency of the received
carrier.

The dynamic range of the receive signal is 50 dB due to
the automatic gain control circuit employed.

VI. DEMODULATOR

The demodulator is the most critical part of the modem.
Its block diagram, the corresponding waveforms, and the
measured frequency response of the baseband recovery
filter are shownin Fig.6.

The input to the demodulator is the filtered receive
carrier (waveform A). The filtered signal is amplitude
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