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Chapter 6
 PCM Demodulator
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PCM Demodulator
 6-1: Curriculum Objectives
 1. To understand the operation theory of PCM demodulation.
 2. To understand the operation theory of PCM demodulation circuit.
 3. To design and implement the PCM demodulator.
 4. To understand the methods of measuring and adjusting the PCM demodulation circuit.
 6-2: Curriculum Theory
 The Operation Theory of PCM Demodulation
 In early days, the communication system is mostly using the analog signal to transmit signals.
 However, due to the maturity of computer and digital network communications, a lot of data or
 information is transmitted by using the technique of pulse wave modulation. Pulse wave modulation
 can be used to transmit the analog audio signal or data with a certain rate to sample the analog
 signal and this rate is the transmission rate. At the receiver, the received signal will be
 demodulated by the PCM demodulator to recover the original continuous wave analog signal.
 Generally, pulse wave modulation can be classified as pulse amplitude modulation (PAM), pulse
 width modulation (PWM), pulse position modulation (PPM), and pulse code modulation (PCM).
 PAM, PWM and PPM modulations belong to analog modulat ion and the PCM modulat ion
 belongs to the digital modulation. It is deserved to pay attention that PCM modulation is a
 real digital signal that can be processed and stored by computer. However, PAM, PWM and PPM
 modulations are similar to AM, FM and PM modulations, respectively.
 For any pulse wave modulation, before modulating, the original continuous type signal
 must be sampled and the sampling rate of the sampling signal cannot be too low, or else the
 recovered signal will cause distortion.
 The sampling rate depends on the sampling theorem which the sampling theorem is defined as: for
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any pulse wave modulation system, if the sampling rate excesses double or more times of the
 maximum frequency of the signal, then the distortion level of the data recovery at the receiver
 will be the minimum. For example, the frequency range of the audio signal range of the audio signal
 is 40 Hz ~ 4 kHz, then the sampling signal frequency of the pulse wave modulation must be at
 least 8 kHz, therefore, the sampling error can be reduced to minimum.
 Figure 6-1 is the block diagram of PCM demodulation. During transmission, the PCM
 signal is hard to avoid the noise interference.Therefore, before the PCM signal sends into the
 PCM demodulator, we utilize a comparator to recover the signal to the original level. The
 PCM signal is a series pulse wave signal, so, before demodulating, the series pulse wave signal will
 be converted to parallel digital signal by a serial to parallel converter. After that the signal will pass
 through n-bits decoder (normally should be a D/A converter) to recover the digital signal to
 original quantization value. However, this quantization value not only includes the original audio
 signal, but also includes a lot of high frequency harmonics, therefore, we utilize a low-pass filter to
 remove the unwanted signal at the final part.
 Figure 6-1 Block diagram of PCM demodulation.
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2. The Implementation of PCM Demodulator
 The implementation of the PCM demodulator is similar to chapter 5 which is IC CW6694 from
 Conies. We only need a few components to achieve the PCM demodulator. Figure 6-2 is the circuit
 diagram of PCM demodulator. We will connect a buffer (μA741) to the PCM demodulation data
 terminal at pin 27 of the IC. The objective of this buffer is used for impedance matching. Master
 clock (MC1k) is the operation frequency of the system, which is 2048 kHz square wave frequency.
 Sample clock (SC1k) is the sample frequency, which supplies the required operation frequency
 of the internal sampler. The sample frequency is 8 kHz, i.e. the input PCM signal will be
 decoded in every 0.125 ms, then the decoded quantization value will send to low-pass filter and
 finally the audio signal can be obtained from pin RO. The sampling frequency is obtained
 by using the counter to divide the 2048 kHz square wave signal by 256. The equivalent circuit of
 pin PI, PON and RO of the PCM demodulation circuit is shown in figure 6-3. U1 is the buffer,
 which is used to match the impedance of low-pass filter and the output terminal of OPA. U2 is an
 inverting amplifier and the gain can be expressed as
 AV = −R1
 R2
 (6-1)
 From figure 6-2, capacitor C3, resistors R3, R4, R5, and µA741 comprise a first order active
 low-pass filter, which is used to remove thehigh frequency part of the audio signal and it
 also provides with the amplified gain. This is because the amplitude of the demodulated
 audio signal may not enough, therefore, the low-pass filter also provides with the function of
 amplification at the output terminal. The 3 dB frequency point of U2 is
 fo =1
 2𝜋 𝑅4 𝐶3
 (6-2)
 And the gain can be expressed as
 AV = −R5
 R3
 (6-2)
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Figure 6-2 Circuit diagram of PCM demodulator.
 Figure 6-3 Equivalent circuit of the output terminal of PCM demodulator.
 From figure 6-2, FS0 and FS1 are the data format selection of PCM encoder as shown in table 6-1.
 The data format selection of PCM encoder can encoder the sample to 8-bit p -Law format, 8-bit A-
 Law format or 16-bitdigitaI data format. As a result of the FS1 in the encode circuit is grounded,
 therefore, the FS1 in the decoder circuit must also be grounded. From table 6-1, when FS0 is
 “HIGH’ level, the output encode data format of PCM is 16-bit. When FS0 is "LOW" level, the
 output encode data format of PCM is 8-bit. The se lect ion o f FS 0 and FS1of bo th the
 modu lat ion and demodulation must be same, otherwise, the demodulated audio signal will
 be different from the original audio signal. Pin RST is the reset pin of this IC.
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Table 6-1 Output data format of PCM.
 FS0 FS1 Data Format
 0 0 8 bits μ-Law
 0 1 8 bits A-Law
 1 0 16 bits Liner
 1 1 8 bits CVSD
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6-3: Experiment Items
 Experiment 1: PCM demodulator
 1. Refer to the circuit diagram in figure 5-3 or figure DCT5-1 of GOTTDCT-6000-03 module.
 Let J1 short circuit and from the input signal terminal (Audio I/P), input 250 mV amplitude
 and 500 Hz sine wave frequency to generate the PCM modulated signal.
 2. Refer to the circuit diagram in figure 6-2 or figure DCT6-1 of GOTT DCT-6000-03 module.
 3. Let J1 of DCT6-1 short circuit and connects the output terminal (PCM O/P) of modulated
 PCM signal of DCT5-1 to the input terminal (PCM I/P) of demodulation PCM signal of DCT6-
 1. By using oscilloscope, observe on the output terminal of buffer (TI), 2048 kHz square
 wave generator (T2), 8 kHz square wave generator (T3), demodulated PCM signal output
 terminal (T4) and signal output terminal (Audio O/P), then record the measured results in table
 6-2.
 4. Follow the input signals in table 6-2, then repeat step 3 and record the measured results in table
 6-2.
 5. Let J2 of DCT5-1 and DCT6-1 short circuit. From the signal input terminal (Audio I/P)
 of DCT5-1, input 250 mV and 500 Hz sine wave frequency. Then connect the output terminal
 (PCM O/P) of modulated PCM signal of DCT5-1 to the input terminal (PCM I/P) of
 demodulation signal of DCT6-1. By using oscilloscope, observe on the signal waveforms of T1,
 T2, T3, T4 and Audio O/P. Finally record the measured result in table 6-3.
 6. Follow the input signals in table 6-3, then repeat step 5 and record the measured results in table
 6-3.
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6-4: Measured Results
 Table 6-2 Measured results of PCM demodulator when J1 short circuit
 Input Signal of
 PCM Modulator
 Output Signal Waveforms
 500 Hz
 250 mV
 TP1 TP2
 TP3 TP4
 TP5 Audio O/P
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Table 6-2 Measured results of PCM demodulator when J1 short circuit. (Continue)
 Input Signal of
 PCM Modulator
 Output Signal Waveforms
 1 Hz
 250 mV
 TP1 TP2
 TP3 TP4
 TP5 Audio O/P
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Table 6-3 Measured results of PCM demodulator when J2 short circuit.
 Input Signal of
 PCM Modulator
 Output Signal Waveforms
 500 Hz
 250 mV
 TP1 TP2
 TP3 TP4
 TP5 Audio O/P
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Table 6-3 Measured results of PCM demodulator when J2 short circuit. (Continue)
 Input Signal of
 PCM Modulator
 Output Signal Waveforms
 1 Hz
 250 mV
 TP1 TP2
 TP3 TP4
 TP5 Audio O/P
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6-5: Problems Discussion
 1. From figure 6-2, what are the objectives of U1?
 2. What are the functions of FS0 and FS1?
 3. From figure 6-2, what are the objectives of U2?
 4. Explain how the PCM signal recovers to audio signal?
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