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|. Curriculum Objectives

1. To understand the operation theory of the bit splitter.
2. To understand the operation theory of the balanced modulator.
3. To design the balanced modulator by using MC1496.

4. To understand the methods of measuring and adjusting the balanced

modulator circuit.

1. Curriculum Theory

In the communication systems, besides PSK modulation that we have mentioned
before, there is another type of modulation, which we called quadrature phase shift
keying (QPSK) modulation. Both PSK and QPSK modulations use the variation of
phase of the carrier to modulate the data signal. However, the main difference
between PSK and QPSK modulations is PSK modulation uses binary system, which
means the phase difference of the carrier signal is 180° that represents “1” or “0” for
the data signal. If the data signal is not binary system, but M-ary level, then we can
use QPSK, 8PSK and so on to transmit the data signal more effectively. These types
of modulations just use the phase shift within 360° to represent the M-ary levels.
Therefore, N-bits of data signal can be transmitted at the same time. This will reduce

the transmitted bandwidth and a high transmission rate can be achieved.

QPSK modulated signal is a system with M = 4 levels, which means 2 bits data
will be transmitted at the same time. From the equation (3-1), we know that the QPSK

modulated signal can be expressed as

Xgpsi (1) = Acos [ t+(2m-1) % I')m=1,2,34 (3-1)
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From the above equation, we know that the phase of carrier of the QPSK
modulated signal is distributed to n/4, 3n/4, 5n/4 and 7n/4. Each phase
represents 2 bits data signal as shown in table 3-1. The signal constellation diagram is

shown in figure 3-1.

Expanding equation (3-1), we get

X gpsx (t) = Acos[(2m —1) g] cos (o, t)

— Asin[(2m —1)21 sin(w, t) (3-2)

Table 3-1 The signal constellation characteristics of quadrature phase shift keying.

Phases of QPSK 2 bits inputs
nl4 11
3n/4 10
5n/4 00
Tl 4 01
D (t)

Region 4

Signal Point Signal Point
(10) (11)
+~

Region 3

Dy(t)

7 7
. Signal Point Signal Point ;
Region 2 (00) (01) Region 1

Figure 3-1 The signal constellation diagram of QPSK modulation.
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From equation (3-2), it exits a group of orthogonal functions, which are

@, (t) =Acos (o,t) (3-3a)
D, (t) = Asin (o t) (3-3b)
So, from equation (3-1), QPSK modulated signal can be simplified as

X e () = cOS[(2m —1)%]@1 —sin[(2m —1)%]-@2 (3-4)

From the above equation, QPSK modulated signal can be assumed as a

combination of two BPSK modulation signal.

Figure 3-2 is the basic block diagram of the QPSK modulator. From the block
diagram, the input data signal has to be converted to parallel output by the multiplexer.
The outputs of the multiplexer are the I-data and Q-data, which will match with the
orthogonal functions and the balanced modulators to obtain the I-data of BPSK
modulation signal (I-BPSK) and Q-data of BPSK modulation signal (Q-BPSK). These

two groups of data will be summed to produce the QPSK modulated signal.

|-data Balanced I-BPSK

Modulator
Data /]\ Mc?dpuslged
Signal —=>{Multiplexer D, (1) — Signal
Input Output
Balanced

Q-data Modulator | Q-BPSK

!

Dy (t)

Figure 3-2  The basic block diagram of QPSK modulator
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Figure 3-3 shows the circuit block diagram of QPSK modulator. 2 bits data (2
bits in a group) is sent to the bit splitter at the same time. These two groups of data
will be split to parallel data. One of them will lead to I channel to become I-data and
the other will lead to Q channel to become Q-data. The phase of I-data is similar to
the carrier of the reference oscillator, which will be modulated to become I-BPSK.
However, the phase difference between Q-data and the carrier of the reference
oscillator is 90°, which will be modulated to become Q-BPSK. We know that the
QPSK modulator is the combination of two BPSK modulators. Thus, at the output
terminal of the | balanced modulator (I-BPSK), there are two types of phases will be
produced, which are +coswt and —cosw_t. Similarly, at the output terminal of the
Q balanced modulator (Q-BPSK), there are also two types of phases will be produced,
which are +sino t and —sinwt. When the summer combines these two groups of
orthogonal BPSK modulated signal, there will be four possible phases which are

+sino,t+cosm t, +sinmt—coswt, —sinwt+coswt and —sinw.t—coso,t.

I Channel  fo/2 =] | cos oot

ic1= Modulator 1
9 bits Data [P . c e : tgg:z é_ﬁ://
Signal Input oo 0=-
. Refergnce cos mct QPSK
= | Ca_rrler Linear Outout
Buffer - | Oscillator Adder ! BPF é
> o 1~ | cosmct
: 90°
. : : Phase Shift
Bit Clock - 1/2 | Logic 1= 41V \V ot
: fo/2 7] Logico=-1v
............. N Balanced
Bit Splitter Modulator 2| +sjn et

Q Channel fy/2

Figure 3-3 The circuit block diagram of QPSK modulator.
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Figure 3-4(a) is the truth table of the phase output of QPSK modulation and
figure 3-4(b) is the constellation diagram of QPSK modulation. From figure 3-4 (b),
QPSK has four possible signal constellations with same amplitude and the phase
difference is 90°. Therefore, although the QPSK signal has a +45° deviation

during transmission, the receiver still can demodulate the signal correctly.

Figure 3-5 to figure 3-10 are the details circuit diagrams of each block of QPSK
modulator in figure 3-3. Figure 3-5 is the circuit diagram of pseudo random data
generator. It is comprised by BCD counter and logic gates. By using the
characteristics of frequency division of the asynchronous counter, the input CLK
signal will be divided by 3 and the output signal can be obtained from Qg, which is a
pseudo random data signal. The function of AND gate is to ensure that the counter
achieved the motion of division 3. When the output of counter Qo and Q; are 1, then

the counter will reset to the original value.

_ Q I : Q
BInay NP | ppase Output of QPSK | *Sinoct —Cos ot rened Foinct+C0s gt

Q | Modulation Signal 1 0 1 1

0 0 _1350 —COS (DCt + COS O)Ct

0 1 —45° Q

|
0
1 0 +135 . Q i ! ¢ —sin .t +cos ot
1 1 4 45° —sino.t —cos o, ) 0 1
0 0 —sineo t
(a) The truth table of phase output (b) The constellation diagram

Figure 3-4  The truth table and the constellation diagram of QPSK modulator

|
|
| |
C;‘\fi’,j)o- CLK RST :—C Q1
I : QO
i Qo Q1 Q2 Q3 | !
D __ t ________ )
Pseudo
Data

Figure 3-5 The circuit diagram of pseudo random data generator.
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Figure 3-6 shows the bit splitter, which is comprised by four D-flip flops and
one JK flip flop. D-flip flop 1 (DFF1) and D-flip flop 2 (DFF2) comprise a shift
register, which its transmission rate is the same as the data rate. JK flip flop 1 (JKFF1)
and XOR gate comprise an inverter. The objective is to invert the CLK signal, then it
will pass through the capacitor to delay the signal so that the D-flip flop 3 (DFF3) and
D-flip flop 4 (DFF4) are able to convert the serial input to parallel output, which are

I-data and Q-data. The duty cycle of I-data and Q-data are the double the original data

signal, 2T,.
& o) /o)
Datal/P o—— D CR q p CLR q p CLR o — o I-Data
DFF1 DFF2 DFF3
CLKI/P © CK pr Qr —DPCK PR Q —DCK PR Q —
Q Q Q
+5V
>, ;
CLR Q CLR o |—o Q-Data
JKJKFFIQ b DFFAQ Q
Q- ®—DcK PR O -
K PR o
I

C1 I 100 nF

Figure 3-6  Bit splitter.

Figure 3-7 shows the unipolar to bipolar converter, which is comprised by
74HCUO04, 74HC126, 3904, 3906, Dz1, Dz2, Dzs and R1 to Rs. The objective of this
circuit is to convert the unipolar I-data and unipolar Q-data to bipolar I-data and
bipolar Q-data. After that these signals will be inputted to pin 1 of MC1496. The
operation theory is to invert the digital signal by inverter (74HCUOQ4) and then pass
through two followers (74HC126) to split the signal into two. These two signals
will pass through the switch, which is comprised by 3904, 3906, Dz1, Dz2, Dzz and

R1to Rs to convert the unipolar signal to bipolar signal.
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Unipolar
Data Input

Bipolar
Data
Output

Figure 3-7 The circuit diagram of unipolar to bipolar converter.

Figure 3-8 shows the details circuit diagram of balanced modulator. The
balanced modulator is comprised by MC1496. Both the carrier signal and data signal
are single-ended inputs. The carrier signal is inputted at pin 10 and the data signal is
inputted at pin 1. The Ry3 and R14 determine the gain and the bias current of the circuit,
respectively. If we adjust VR or the amplitude of digital signal, we may prevent the
modulated signal from distortion. Then this signal will pass through the filter, which
is comprised by pA741, Cs, Cs, R17, Rigand Rio. The objective is to remove the high

frequency signal in order to obtain the optimum PSK signal.

Figure 3-9 shows the phase shifter, which is used to shift the phase of carrier
signal. This situation will produce a group of orthogonal carrier signal, which will
supply to the balanced modulators of I-channel and Q-channel. The phase angle (0) is

related to R;, C; and the frequency of carrier. The expression is

tan (9)
R, =—2
2nf C,

(3-5)
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Figure 3-10 shows the circuit diagram of linear summer. The objective of the
linear summer is to combine the two groups of the orthogonal BPSK modulation

signals to become a QPSK signal.

R12

+12V

Cy
1 oowr

1k Rizlk

Data Ci R3
Signal
Input

100k 10nF 2.7k Rs

10kS (R,

Output

|—o PSK
C

Carri 100k
arrier

Signal o VV

Input 6.8k

-12v

Figure 3-8 The circuit diagram of balanced modulator.

100k Rz
1nF,, G
100k R1
Carrier + Carrier
Input 20Kk R; UA741 ——O OQutput
Terminal . - Terminal
icl

Phase
Adjustment llOnF

Figure 3-9 The circuit diagram of phase shifter.

1k

A

R4

1k Ry

1-8Psk o\ /\/\—
QPSK
Q-BPSKOJ\/\/\_ Output

1k Rz

330

Figure 3-10 The circuit diagram of linear summer.
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[11. Experiment Items
Experiment 1: Bit splitter

1. To implement the bit splitter as shown in figure 3-6 or refer to figure 3-1 on
ETEK HCS-8000-02 module.

2. At input terminal of CLK signal (CLK 1/P), input 5 V amplitude, 300 Hz
frequency TTL waveform and the duty cycle is 50 %.

3. By using oscilloscope, observe on the Pseudo random data output terminal
(Pseudo Data), I-Data output terminal and Q-Data output terminal of bit splitter,

then record the measured results in table 3-2.

4. According to the input signals in table 3-2, repeat step 3 and record the measured

results in table 3-2.
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Experiment 2: QPSK modulator

1. To implement the QPSK modulator as shown in figure 3-3 or refer to figure 3-1
on ETEK HCS-8000-02 module.

2. At input terminal of CLK signal (CLK 1/P), input 5 V amplitude, 300 Hz
frequency TTL waveform and the duty cycle is 50 %.

3. By using oscilloscope, observe on the Pseudo random data output terminal
(Pseudo Data), I-Data output terminal of bit splitter, Q-Data output terminal of bit
splitter, output terminals (TP1 and TP2) of unipolar to bipolar converter, then
record the measured results in table 3-3.

4. According to the input signals in table 3-3, repeat step 3 and record the measured
results in table 3-3.

5. At the carrier signal input terminal (Carrier 1/P), input a 3.6 V amplitude and 20

kHz sine wave frequency.

6. By using oscilloscope, observe on the output terminals of I-Carrier and
Q-Carrier of phase shifter, then adjust the variable resistor (Phase Adjust), so
that the phase difference between I-Carrier and Q-Carrier is 90°, then record the

measured results in table 3-4.

7. By using oscilloscope, observe on the signal output terminal of balanced
modulator 1 (TP3), adjust variable resistor (I-Carrier Adjust), until the waveform
without occurring distortion. Then slightly adjust variable resistor (I-Data Adjust)
to avoid the asymmetry of the waveform. Finally record the output signal
waveform of the balanced modulator in table 3-4, which is the I-BPSK modulated

signal.

8. By using oscilloscope, observe on the signal output terminal of balanced
modulator 2 (TP4), adjust variable resistor (Q-Carrier Adjust), until the
waveform without occurring distortion. Then slightly adjust variable resistor
(Q-Data Adjust) to avoid the asymmetry of the waveform. Finally record the
output signal waveform of the balanced modulator in table 3-4, which is the
Q-BPSK modulated signal.
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By using oscilloscope, observe on the output terminal of linear summer, which is
the combination of I-BPSK and Q-BPSK modulation signals. Then record the

measured results in table 3-4, which is the QPSK modulated signal.

10. According to the input signals in table 3-4, repeat step 7 to step 9 and record the

measured results in table 3-4.
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V. Experimental Results

Table 3-2 The measured results of bit splitter by changing the frequency of data signal.

CLK Signal Frequency 300 Hz 1 kHz

Pseudo Random Data
Output Terminal

I-Data Output
Terminal of Bit
Splitter

Q-Data Output
Terminal of Bit

Splitter
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Table 3-3 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz)

CLK Signal Frequency 300 Hz 1 kHz

Pseudo Random Data

Output Terminal

I-Data Output
Terminal of Bit
Splitter

Q-Data Output
Terminal of Bit
Splitter
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Table 3-3 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz) (Continue)

CLK Signal Frequency 300 Hz 1 kHz

Output Terminals
(TP1) of unipolar to
bipolar converter
(I-Data)

Output Terminals
(TP2) of unipolar to

bipolar converter

(Q-Data)
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TaEbTIEe 3-4 The measured results of QPSK modulator by changing the frequency of data
signal. (V¢ = 3.6 Vpp, fc = 20 kHz)

CLK Signal Frequency 300 Hz 1 kHz

I-Carrier of Phase
Shifter

Q-Carrier of Phase
Shifter

Balanced Modulator 1
(TP3)
(I-BPSK)
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Table 3-4 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz) (Continue)

CLK Signal Frequency 300 Hz 1 kHz

Balanced Modulator 2
(TP4)
(Q-BPSK)

Output Terminal of
Linear Summer
(QPSK O/P)
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V. Problems Discussion

1. What are the basic circuit structures of QPSK modulator and also explain its

operation theory?
2. What is the operation theory of bit splitter?

3. If the data input of bit splitter is 50% duty cycle, what are the output signals of

I-Data output terminal and Q-Data output terminal of bit splitter?

4. 1f we need the input phase and output phase to be 90° phase difference, then what
are the values for R; and C; as shown in figure 3-9? (Assume the carrier

frequency is 100 kHz)
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Chapter 3: QPSK Modulator

Table 3-2 The measured results of bit splitter by changing the frequency of data signal.

CLK Signal
g 300 Hz
Frequency
Tek 10.0kS/Fs 10 Achs S
C1 Freq
102.048 Hz
C1 Pk—Pk
512V
Pseudo Random Data
Output Terminal
2.00V : : = IVIS:.OOms: Chl & 248V 11 Apr 2006
11:07:24
Tek TR 10.0k5/? 10 Achs B
1 €1Freq
R
Lamplit?.lde
C1 Pk—Pk
I-Data Output .08V
Terminal of Bit
Splitter
IChH | AITRY ’ : NIS:.OOms: Chi :J' 2:.48 v. 11 Apr 2006
11:08:01
Tek I0.0KS/E 12 Achs .
C1 Freq
1 103.072 Hz
1 Low signal
] amplitude
Q-Data Output €1 PPk
Terminal of Bit
Splitter
iCh ] N TR : s ooims CRT SaEv 11 Apr 2006
11:08:23
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Table 3-3 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz)

CLK Signal
Frequency

Tek HETE 5.00KkS/s
E

1 c1Freq
1 102.040 Hz

Pseudo Random Data

Output Terminal

ooV o WT10.0ms Chi 238V 11 Apr 2006
11:28:51
Tek EHidH 5.00k8/;5 6 Acqs -
T
[ :
C1 Freq
1 102.106 Hz
4 Low signal
amplitude

C1 PK—Pk
4.00 V

I-Data Output
Terminal of Bit
Splitter

200V MT10.0ms CAT F  2.48V 11 Apr 2006

11:29:34

Tek 5.00kS/5
i

bl

C1 Freq
1 104.190 Hz
Low signal
1 amplitude

C1 Pk—Pk
4.08V

Q-Data Output
Terminal of Bit
Splitter

FRTAY M10.0ms CR1F  2.48V 11 Apr 2006

11:30:10
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TaEbTIEe 3-3 The measured results of QPSK modulator by changing the frequency of data

signal. (Vc = 3.6 Vpp, fc = 20 kHz) (Continue)

CLK Signal
Frequency

300 Hz

Output Terminals
(TP1) of unipolar to

bipolar converter

Tek I 5.00ks/s
E

7 Acqs
F

C1 Freq
102.040 Hz

1 1 N

W

(1-Data)
TToV 1o oms CHi 7238V 11 Apr 2006
11:30:43
Tek SHTEH S.OOKS/?‘ 5 Achs
C1 Freq
104.166 Hz
Output Terminals : 1 picpk
(TP2) of unipolar to I A L
. WU N U S U R [ O RS O O
b|p0|ar converter o
(Q-Data)
' ;'2.'00 v — T oS CHT ATV 11 Apr 2006

11:31:12
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Table 3-4 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz)

CLK Signal

300 Hz
Frequency

Tek EIEEIEH 1.00MS/s 8 ACQs
\C
3

I-Carrier of Phase “’\/\/\/\/\/\/\/\/\/\A |

Shifter VUV VYV eV VY

' T M’sd.'o;.‘s: R A2 AT Y 11 Apr 2006
11:32:11
Tek 1.00MS/FS 62 Achs .
20.C?]2F'Sr29I?HZ
C1 Pk—Pk
3.08 V
Q-Carrier of Phase
Shifter
1 | TV —HMS0-ops CRT FZ3%V 11 Apr 2006
11:32:47
Tek 1.00M5/rs 46 Achs .
C1 Freq
ii 20.6612kHz
C1 PK—Pk
Balanced Modulator 1 H /\ /\ /\ /\ /\/\A/\ 272v
(TP3) LA ARV VYA S VA VA VARV
(I-BPSK)
M TesV T T T T St 0Ms Chi #2485V 11 Apr 2006
11:35:41
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Table 3-4 The measured results of QPSK modulator by changing the frequency of data
signal. (Vc = 3.6 Vpp, fc = 20 kHz) (Continue)

CLK Signal
g 300 Hz
Frequency
Tek 1.00MS:;5 17 A_|(_:q5 .
...... | Zﬂc.:glFSrsEHZ
Balanced Modulator 2 A/\/\/\ /ﬂ /\/\/\/\ RX T
(TP4) Y VAV AR VAEA VAR AV A AV v Vo
(0-BPSK) S
oV S0.0us CRi 7 Z.48V 11 Apr 2006
11:36:25
Tek 25.0kS/rs 18 Achs .
: { 4.58s04kHz
1 | resé?l.\;:ion
Output Terminal of o il |||H | ‘| L
Linear Summer I
(QPSK O/P)
Ch | TR : W2 o0ms R #2385V 11 Apr 2006
11:39:06
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