DSE 3T
Prysics (#) (" SEM

. P_APEK', 'Qommum§ (b - .&\Q}W’O’X\i‘ Y |
TOPIC" DI 4ITAL PULSE MODULATION

Scanned with CamScanner



A [ OIS ——

PC’M P\ Loa Moa@ﬁmﬂ)
C w\sg. I \O’L,PVJ/A

PCM . |
¢ nol |, oowses throv |

e bord ,Ta]rz,ma.v\k

im place » The o\rn_oxloa S\ m ve o%
f\ﬂp =% ~ A
Twe 4\ .
0\7\"10&0\5‘% g\\m\,m] AU NS {hw o2

0 il OLUX So, fot A D Y

c,onvo)x%.ﬂ
e m"» e prok_fo pw\K Yo\quap_ of—

VO'J - AT e

ﬁmx \/O\/\Lt,\f\. -mﬂva
(5{1 Lonveds

toKke 0N
e o) oa
\fﬁ%'m’r\z— WA'WL‘OU\
&1/\0\'{\/?‘2’0\}‘10‘“ quou&g ’\‘0’?‘0\2 SaancM YO\mﬂg_
S do)flbzd into av pwmbel of SlA\oYO\m,ZQS (jgi&)

oM ()’\AbYaﬂ%a_ h}-g .'D'hqa volue agg,an?\kw
Eoa . K
o we stomdored o code Yovey Lo ot TNge.

4%

| T the

Scanned with CamScanner



' ‘ l\ N ‘VO/Y\,-—'
(,a'mP :zhr{g R uted 4o dddtormmme RAhith oub *rm%(z 'OV.%( j

e 1t in  omd Ceds for ok Swbvomop® is

pulse 0"‘“\0\‘

hos, §100 2 —ion S 7 S e 122G
i ol wae & o q i ’-jto“wwiao mﬂmpuﬂ
bOQ\hVQ' % \IO'\MALE \&'\W ov 1 ml S\a pﬂ\b\ﬂd)
Ve - iy = o SO
R v P o |
poods imA IS T 2 ‘Hae O I IR 2
. Lk Than 2N T A
—yo- 00 il } J OW‘a s
g i c { v tehs
vaweg hed - o ALY e N%EJT . kot WMC_A
: ok S porr sq Ty e g |
Fov aﬂW"?‘ﬂ"M'\bM;;o,"’f Hhes T T:,éf‘”d waefr
_ lapdt . e BV -
%}rthﬂ" ‘ Y\% e Al nasnet v o Il
o code )L e 1 (PG P I
z}«ui-mf;ﬁ”&mm\p te 011 S “‘
- o W Lode wod 1Y
, = ‘O\m% \ e =
‘ , \ v ; |
X \ "“U\-’ 'TQJQ,PW\ZX .C_L%Q Q_gé) .
[+) _T'TL a/k% 0&“0'@5 %U.‘ o |
A e . ¥ T | !

Scanned with CamScanner



| Yol nehip ot wowdd  arist “FIMWM ooy OB i
o vk Ao Comvtop)y L5 otions

¥ e Showe  tag LineT 17
5 WO » The g\wod»?/\}’ iMne ot B o -

g wedaH
i o/p volteat
I - - a v»f-. ]-
Sy ) .-
5 L, ae Yol
I.N : ||
ATT ¢ l ‘ 7
e “
‘ g ""_5: ‘,
' E’ i |
: |

1

5 i

) vug |

I ‘ l | l

" | 1 ! .

Ei ‘l ‘ I |

| | o 'l

I i Col

i o

| : : S .
t
”r

|1 - e s panH slavt furnimn. 1t vefned o ok mid - fvrad

: ' 2o \avls Govyes bond
B . A WA av\,\o'f\hzo\hm pcnn .
] ! oL St ‘ :
' o WM \7\’0\(:}"/ {uma_‘m_ 4 te O\XQO %)DQQ’\B‘L Yo
| ot stouyose | on
BT o
- ®
J
!
s
L

Scanned with CamScanner



it

® @V\D"Y&{Z'm Exvoy 0 ke e fum Mo & e 2/p voHo?-‘?

- \ e s Yecavert
om0 m‘?fm W :

—

T

. tar gquonhizad Revad A
H 3 NLCO \op Qe ,
< M | \ ) M—nh"i'oﬁm 200 O UL L
1

\ Hau.
e Noigzs 09 '
w0 ~tfopd foo e O Yok vasi v,
com \i2 ‘Oﬁw‘ww

At PNZANL ~ SOMNTL RMON i
FE‘(W NO!S{p—" Ls Navele p-p 2!

. ; o (0 7% . - g /
+ LAV/Q/ & %’3‘(' A}%H\DW VQ?‘M 7~ MQXO—
M&b“;k\a WW& | rﬁ”&’ﬂfoﬂ la'a LS

Fe "MLBY N QMNL —

e feavl™ -
ST . | S At
AL e %O\er No\gﬁ;t{&é. L
S0 ’H/\L 5‘1%-’7\0‘& o if ’X‘h- ' | |
i ES R B
O v ko A
. s Yo o \q;cz(\/v 5/[44/ b 2 Ch
' Twie ghaws  Avet *D“‘wafiﬁ"’ oy pomP
wid oL _
~N0 (f?shjpg%f% o .
A ab y o) N, L
" il P T
AN ;

3 /1. 6

Scanned with GamScanner



@

®¥Tﬂ(l') s lm Shne wowe et oc,cmb’” fws

des voone, Ak o0es A

@M

»‘Y&N\%Q‘H/\o_

i 5 g
(5/&)@2 | @Mm’?\a ~, NS

m ~oaho bohusoom rrm bw’”ﬁ s G mw_ . M—)vl
\ NI

e nod voH—waﬂ— wolll o, TN
vmlwu. &j b oe 0'\/@1&ng \' . N\Omﬁ{

EYTAS Aietoy ol o L o A -ﬂ'\\AS’}_
- E o

Mglaﬁ-m & O\

to oxcesd holf hubw l/P o

Emox = W5 - : Q:YD'\}';CD‘
Now, the s\%mm! o 8
‘L’nw CO\BP_. \$; Y on

Evme

(Aﬂw‘fﬁf“

E ey 5
&KMV} Z v)

oY

| Yoo st mavf
. A PC-M_ sa,g\‘mn is o & (auc\ﬂ owﬂ o=

~oHo &'405‘{5 Tl w9 mé\b! phowsd ¥

lé\,
P wmf
ngk@‘?%&b@ pmﬁoame/ |

n 2P
H, M &/‘0 gfbK t:/ 13"%
' ':_Q_D'ﬂ\o-'l"’
-y \0\003'5**”\90&%& 2
bl ;o\ogCS/N% T Bitaly stz
2 i d 4114*@thff6
(g/’\‘%m A B
Al 2 4‘””‘0*6‘0173 ,
S o
- Ab — 4F4 O e s =D @OVWV@PQ-)"R
I T ~

Scanned with CamScanner



i 4 . s e e e MR

-, a1
BRI \o(m\a »Oﬂ“n . Yw\,u‘*”&

o o 20
A w»eFv‘R ek ¢ Xa\ﬂ croaned  PCM S‘E\YM 20 (),
1o b g 1‘“ | |

s QS/N?% (5),m A% = 10109 ()
N g ' .

N oW/
4 ° : ' ) ) \
° ®Wzss\m§'%ﬁ . gt M?fmo\ O\?}F
s )
ith- S—PU—O‘W *MM ovqﬁ MAr . T 'YO\"O%’L G'Nk;w
\TL%{WWA ) WSla\’ﬂfﬂ \Q\”("‘\'ﬂ’ £ 6%’ VNV _\}’ﬂ‘ %OQS /N)
o gt KO TSy etk T sk T T
ZUy0 » L Q/{—?»T,W ?td'\cm/ : ow 'n'Es:" ,z\_},
‘ i, sty P 7 by (56, f./—-—;r_\%w_
.pyobok\o\ ha M@’ﬁwm v
L femen Ao
«mhor s | . ;

2"
of Com\ow“s‘gw M

ol A r?m mh}'
m&MM N&-——? Comprss H\/
Alaovi

Lw'ﬂ%
\__PF' 4_,_,_/ V\W‘
B . \ g CLmD Povs’s %‘\)ﬂm}
R 1A w\’
e U 0y P yrperst
| oM ’%»momms o + W:rr@m”*“’
o The G atd YONTED T vl
¢ 00T ’ : s
5 ToTLA W : Ko, TR
NRYZRLLY S givs 'mﬁ volrmap 1
Prod the wa\iizd .
= W
| o _— M
: “v;m%\& v TP VO
N, e SUTLAC '-
n,,\,}—g/‘
V& \90@5
e

Scanned with CamScanner



Q.

. . . 'IM A‘ \0‘0 i(‘
o Imtoems o novomalizig volmgts
Aosc*'ibka Qva,

3 a%iam@.‘ﬂ [ M ~
Im (H’ IL") . GP ! ‘
| S vi - i o b PO '
\ ' p :
A o) e the m‘-’\aww e SO WU |
. M , Qmpwg.§&;M PW Wﬂsg)m/
f'aa@m«_   '_ = b

¥ o Chovdud ,QW""“‘M
e C@Wﬂﬁ%a -
L e PP

’-’
W:' £

49

Scanned with CamScanner



Y 1

et Racaive? i oo dudl Yt

The -
b M a
prond

goerad ko 97 °F 4o 0
AT peppmein. -nacass o 8, T2

idis B bR hon S mpses
“- - MM % ' aby AU Q"‘& fﬁ ' i
(g e attorsion MO8 | |
é " . Lo TS

Scanned with CamScanner



i Dwgrta) Connion. Systoms

be modnloded oo ov cmmxrm
A& Hae Caroniet i<
Mbm,@,ba‘no?

o) - dodov
‘ﬁ‘\%, vy agm% At Fumakion .
o sh\ﬁ’-fm M\amm} 3'2{‘”‘2 "Aodos Hrom-

nﬂrm into OV PM’S bl Y"?T'
Spechaam— Pussbomndl S

l'YlTOxalo "YO\%mwglm— ’8~ ; { e '
I mmamﬂo«hm mmwa}s 6?' O’m@‘m&L Fm’ S ”3

) ® ora ol ;ilw\snbw 4

! OZO\&M;MW(M uw@\x‘”& ,ngah 502 'm?‘Lanb

| 'W\am RIS L. VO‘HN o\‘r\OJOa ‘a L

| oondies

| .W “rp.u,\vw\ \oowm ow\o\ e i e C”g:_)

ovvw\%,a

Tt hin

\ng&(
- i KT;&“& (IbPSK>

1A s (b?‘ %Yp_wmv&
SR TS R ehif keying (eFsk)
@® [Sea Nt oy | e e

- — =
~

e el e .

4"\

Scanned with CamScanner



NN

0

[}

="
i
—

(=

<
o — e —

—

I
- On-off keying (OOK)
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| i E § i /\El\l\if\ﬂ:/\f\i > Binary phase shift keying (BPSK
°”wovnvhvwvw:vu p———
A R . : 5

: {\ :nn irn A :/\ E/\ y\ n L >’ Binary frequency shift keying (BFSK
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. ] | “)| | 1 1 .

Figure 12.9.1 Binary modulated carriers: (a) binary amplitude
shift keying (BASK), also known as on-off keying (OOK); (b) binary
phase shift keying (BPSK), also known as phase reversal keying
(PRK); (c) binary frequency shift keying (BFSK).
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o Amplitude Shift Keying

A4

With amplitude modulation the digita_l signal is used to s\yitch the carrier
between amplitude Jevels, and hence it 18 referred to as amplitude shift keying

(ASK). The particular case of binary modulatiop i8 illustrated in Fig, 12.99
consists of unipolar pulses. Because in this'

tched on and off, the method is known ag
es as interrupted continuous wave (ICW)

.

where the modulating waveform
particular case the carrier is S\.Vi
on-off keying (OOK), or sometim
transmission.

4

Ol = . =
1%

1 oap L AN
v UV AT

4

e e P

[\ [\ [N

Poap  aphn AN
—Ar—vrr—vv

Figure 129.2 Amplitude shift keying (ASK) (a) with unipolar rec-
tangular pulses and (b) with filtered pulses.

Amplitude shift keying is fairly simple to implement in practice, but it i8
less efficient than angle-modulation methods, to be described shortly, and is
not as widely used-in practice. Applications do arise, however, in such diverse
areas as emergency radio transmissions and fiber-optic communications (de-
scribed in Chapter 20). On-off keying of a radio transmitter may be achieved
as shown in the block diagram of Fig. 12.9.3(a)

In Fig. 12.9.3(a), the carrier frequency is generated by a crystal oscilla-
tor, which is followed by a buffer amplifier to maintain good frequency stabil
1ty. Again in the interests of maintaining good frequency stability, the
oscillator frequency is usually lower than the required carrier frequercy, an
one or more frequency multiplier stages are necessary. The driver amplifier *
4 power amplifier that provides the required drive for the final RF amplifie?’
which is a class C stage. This is similar to the circuits described in Section
8.10. Although the keying circuit could be used to simply interrupt the current
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Channel : Power |
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(b)

Figure 12.9.3 On—off keying achieved by (a) controlling the bias of
a radio telegraph transmitter and (b) use of a multiplier circuit.

in the final amplifier by means of a “make-break” contact, this could give rise
to undesirable transients and would be avoided in high-power circuits. The
more usual method is to use the keying signal to bias the class C into cutoff
for the off binary bits. For radio transmission it is undesirable to have rapid
these give rise to sideband spatter, and the dig-
ltered to remove the sharp transitions so that
wn in Fig. 12.9.1(b). A simple
have a time constant on the

changes in amplitude because
ital modulating waveform is fi
the modulated waveform appears more as sho
RC filter may be used, and in practice this may

BT ] tal wer stage in the trans-

Although keying could take place at a loWer po trans
mitter. this is not usually done since the class C bias on the ﬁnal'amphﬁm: is
derived from the drive signal, and removal of this could result mr«.exceiswe
current rise in the final amplifier. Where only low power stages ]a)re 111}: v:hdé
a product modulator may be used, as shown in Fig. 12.9.3(b). Denoting

unmodulated carrier by
e (t) = E, nax cos(2nf t + d,) (12.9.1)
rm as em(t), then the modulated waveform is

and the binary modulating wavefo
(12.9.2)

e(t) = ke, (t) cos(2mfit + &)

416
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Although this appears identical to the DSBSC expression given by Eq. (8.9.1),
the difference is that a dc component is present in the unipolar waveform,
and this results in a carrier component being present in the spectrum. For ex-
ample, if the unipolar waveform consists of an alternating series ...101010...,
1t appears just as the square wave of Fig. 2.7.2, and hence the modulated
spectrum has side frequencies extending indefinitely on either side of the car-
rier, as shown in Fig. 12.9.4(a).

More generally, when the binary waveform is random, the baseband
spectrum for the ac component is as shown in Fig. 3.4.3, and the modulated
spectrum (in this case a spectrum density) is as shown in Fig. 12.9.4(b).
Again, the dc component gives rise to a spike at the carrier frequency in the
spectrum density plot. The presence of a component at the carrier frequency
is important in the coherent detection of OOK waveforms, to be discussed
shortly.

If B is the overall system bauudwidth for the binary signal, the band-
width for the modulated wave, By is

By =2B (12.9.3)

In the particular case where raised-cosine filtering is used on the baseband
signal, then from Eq. (3.7.3), the modulated bandwidth becomes

Sninininini

|—«—>| =
m n= 5

Amplitude 4
4t Ly
f;:_Tfm ] fc_3fm 1 f‘. [ fc+3fm ‘ fc+7fm
-ﬂ""sfm f;:"fmfc'"fm fc"'sfm
(a)
4 Power
spectrum
density (W/Hz)
AT R >/
fe-4Ry | fe=Ry f fi+R, I Je+ 4Ry
fe= 1R, fo+2R,
(b)

Figure 12.94 - (a) Spectrum for OOK squarewave modulation. (b)
More general picture of the OOK spectrum.
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1+p
2T,

Bp=2

where Ry = UT)} is the transmitted bit rate. The ratio of bit rate to system
bandwidth, the parameter defined by Eq. (3.7.11), becomes, for the OOK mod-

ulated wave
_ B
By
1

= — - (12.9.5)
1+p

a

Thus, for the ideal bandwidth p = 0, OOK provides a rate of 1 bps/Hz,
and for p = 1, the rate is 0.5 bps/Hz. Demodulation of the OOK waveform
may take place using a simple envelope detector as described in Section 8.11.
A more efficient method is to use syrchronous detection. This method is illus-
trated in block schematic form in Fig. 12.9.5.

00K wave eout(t)
~ X LPF ——
Carmer
recovery fe
circuit

Figure 12.9.5 Synchronous demodulation of an OOK wave.

Synchronous detection requires a carrier recovery circuit, which is used to
generate a local carrier component exactly synchronized to the transmitted
carrier. As shown, the spectrum contains a component at the carrier frequency
that can be used to phase lock the VCO in a PLL. Applying the locally gener-
ated carrier and the received signal to the multiplier results in an output

eoui(t) = Ae(t) cos(2ufit + &)
= Ae, (Dlcos@nf,t + ) (12.9.6)

where A is an amplitude constant. Expanding the cosine squared term,
1 1
eout(t) = Ae,(t) 5 + -2-cos(41rfct + 2¢,) (12.9.7)

. The second harmonic carrier term is easily removed by filtering, leaving as
the output

A
Caut) = enl® (12.9.8)

4%
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Thus the baseband signal is recovered. The constant term A/2 ig gqgi]
allowed for by adjustment of gain. The synchronous detection just deSCﬁi)efl
is also referred to as coherent detection. The demodulation of the OOK wqy,
can also be carried out by using an envelope detector, as described in Sectjo,
8.11 (this also being known as noncoherent or nonsynchronous detection)
Once the baseband signal is recovered, it can be used to regenerate ney
pulses, or the digital information can be recovered, as shown in Fig. 12.4.1(a),

The coherent detector is more complicated than the envelope detector,
but it results in a lower probability of error for a given signal-to-noise input,
The analysis will not be presented here, but the results are that the coherent
OOK detection has a probability of error identical to that for the baseband
system, which for optimum detection is given by Eq. (12.5.5) as

1 [E
p,, = —erfe | — (12.9.9
2 N

0

The optimum noncoherent detector requires that E,/N,> 1, and for this
condition '

1 _
Py="e By 2N (12.9.10)

—~EXAMPLE 12.9.1

Calculate the bit-error probability for OOK using (a) synchronous carrier
demodulation and (b) nonsynchronous carrier demodulation' when fhe bit
energy to noise density ratio is 10 dB.

SOLUTION 10 dB = 10: 1 energy ratio, and therefore:

1 10 4
(@) Py, = ~2—erfc —2— =17.83 X 10

1
(b) P, = —¢ 92 = 0.00337
be 9 )

In both cases, the bit energy is determined from the average carrier
power. Let Py, represent the average received signal power; then for binary
transmission '

E, = PgT,
_Pr (129.11)
R,
A usefill relationship can be derived between the Ej /N, ratio and the

S/N ratio. The noise power at the receiver input is Py = NBy, where By ¥
the noise bandwidth. Hence

rs t v
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By _Pp By

N, R, P,

S By
R 12.9.12
N R, (12.9.12)

Fo.r the situation where By = By, where By is the system bandwidth, then
using Eq. (3.7.11), which defines o = Ry /By, gives

E, S

o T (12.9.13)
N, N

Thus the product of the two significant parameters for digital transmission,
Ry/Brand E; /N, is equal to the received signal-to-noise rati6.

Where the transmission channel may be assumed distortionless and
where raised-cosine filtering is used such that the receiver filter is the square
root of the raised-cosine characteristic (matched by a similar filter at the
transmitter, as is often the case with radio transmission), it can be shown
that the noise bandwidth at the receiver is By = Ry In this case, Eq.
(12.9.13) becomes

(12.9.14)

= |

S
N

The usefulness of Eqgs. (12.9.13) and (12.9.14) is that often the signal-to-
noise ratio is the known quantity, while to calculate the bit-error probability,
the E; /N, is the ratio required.

Frequency Shift Keying

With frequency modulation, usually refer_red to as frequency shz:ﬁ keying
| (FSK), the carrier frequency is shifted in steps or levels.correspondmg to the
levels of the digital modulating signal. In the case ott a binary signal, two car-
rier frequencies are used, one corresponding to the l_)lnvary 0 and the other to a
binary 1. In general, for binary modulation the carriers can be represented by

Binary 0: ey(t) =4, cos(2mfyt + )
Binary 1: e,(t) = 4 cos(2nfyt + o) (12.9.15)

The two carriers may be generated from separate oscillato.rs, indepen-
dent of one another, and this is indicated by sep«fn‘ate subscripts for the
amplitudes and fixed phase angles. The combined 51gna_1 can therefore'have
discontinuities in amplitude and phase, which are undgsnrable. Altematlvc.aly,
the modulation can be achieved by frequency n_mdulatmg a common carrier,
which prevents the discontinuities from occurring. The block schematics for

the two methods are shown in Fig. 12.9.6.

419
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Oscillator .
== — -
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" ENE
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(a) °
Binary

digital input +V
ﬂ ﬂ Frequency tm (MW] [
modulated
oscillator
L -V

(b)

Figure 12.9.6 (a) Separate oscillator method of realizing FSK. (b)
Single oscillator method, or CPFSK.

Denoting the mean carrier frequency by /., then a binary 1 results in
fi =f, + o, and a binary 0 in f; = f, — &/, where 25 is the difference between

the two signaling frequencies. The modulated signal is given by
b

Binary 0: ey() = A cos 2yt
Binary 1: e,(f) = A cos 2nf}t (12.9.16)

where without loss of generality the fixed phase angle has been set equal to
zero for each signal. Where a single oscillator is frequency modulated by the
digital signal, the method is referred to as continuous phase frequency shift
keying (CP. The modulation could be represented more concisely by Eq.
Uﬂﬁﬁ but a detailed analysis of such a waveform is very comph-
cated. A reasonable picture of the spectrum can be obtained by utilizing a dif-
ferent approach. Figure 12.9.7 shows the waveform for the CPFSK wave where,
for convenience, an integer number of carrier cycles per bit period is shown.
By treating the CPFSK wave as two OOK waves as shown in the figure,
the spectrum for the OOK wave shown in Fig. 12.9.4 can be used for each,
and the resultant spectrum is as sketched in Fig. 12.9.8(a). A special and
impor.ant case of CPFSK known as minimum shift keying (MSK) occurs
when 8f = R,/4. This is the minimum separation for which correlation

between the two signaling waveforms is zero. It can be shown that for any
closer spacing the correlation between the waveforms results in an increased

probability of bit error.
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Figure 12.9.7 (a) Binary waveform used in FSK. (b) FSK waveform.
(c) and (d) Resolution of (c) into two OOK waves.
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Figure 12.9.8 Power spectra for (a) CPFSK with wideiy spaced sig-
naling frequencies and (b) MSK.
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M "

For MSK, if it is assumed that the spectrum beyond the first nu]ls can
be ignored, the overall spectrum bandwidth is seen to be

By= —R
T 2b

(12.9.17)

This gives a bps/Hz figure of merit of . In practice, it is found that the rate
of decay of the spectrum outside a bandwidth given by By = Ry/2 is very
rapid, with the result that the bps/Hz figure can be improved to approxi-

mately unity.

"' Because FSK appears as two OOK waves, the coherent receiver can be
constricted by using two separate OOK coherent detectors, as shown in Fig.

12.9.9(a). The outputs are combined to form a polar binary signal, which, for
optimum detection, is then passed to a matched filter. Correlation between the

two signaling frequencies results in general in an increased probability of bit

error, but with MSK the correlation is zero and the expression for bit-error prob-

ability is the same as that for OOK, which is repeated here for convenience:
== =
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Figure 12.9.9 (a) Coherent and (b) noncoherent detection for CPFSK.
P

As pointed out in the introduction, when comparing 0OOK with CPFSK,
it should be kept in mind that the bit energy with CPFSK is double that of
OOK for the same carrier voltage levels at the receiver.

Noncoherent detection can also be used with FSK signals. Again, because
' FSK appears as two OOK waves, the noncoherent receiver need consist only of
two separate paths with band-pass filters tuned to the individual frequencies,
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as shown in Fig. 12.9.9(b). Each filter is followed by an envelope detector
described in Section 8.11. The outputs are combined to form a polar t.-.rnvet'o'rr(:xS
which is then passed as input to the pulse regenerator opcrating- at zero volt:
age threshold. When properly adjusted for optimum performance t.h'(; proba-
bility of bit error for the noncoherent FSK detector is given by , c

p L
= —e¢
ey

-E, /2N
b7 (12.9.19)

The noncoherent receiver is much simpler to build than the coherent
receiver, and for many applications the degradation in bit-error probability is
acceptable.

7%15{1859 Shift Keying
With phase modulation, usually referred to as phase shift keying (PSK), the

binary signal is used to switch the phase between 0° and 180°. It is also
known as piMq@g(PRK). The modulated carrier is described by

E. max cos(2mf .t + &), binary 1

elt) = E, .. cos@nft + ¢, +180%),  binary of  (12.9.20)

The circuit for implementing BPSK is a balanced modulator, as shown in Fig.
2.9.10(a).

Polar NRZ %I BPSK

E, max cOS(0J +0.)
(a)
To polar NRZ
BPSK > X detector
] [See Fig. 12.4.1(2)]
" Carrier
—» recovery
circuit

(b)

Figure 12.9.10 (a) Balanced modulator producing BPSK. (b)
Detection of BPSK. — —
<_————-""-_“’

The modulating signal is polar NRZ, and when this has value *1, the
odulated output is +1 X E 1, cos(2mft + &;) = By max cos(2nft + b, and
When it is -1, the modulated output is -1 X E; .« cos(2nfyt + &) =
\ max C0S(2mft + ¢, + 180°). Coherent detection must be used with BPSK
sihice the envelope does not contain the modulating information. The coherent
BRSK receiver is shown in Fig.'12.9.10(b). ~
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The BPSK modulator is similar to the OOK modulator, the difference
being that no dc component is present in the modulating waveform and there-
fore no carrier component is transmitted. The spectrum is shown in Fig.
12.9.11. This is similar to that shown in Fig. 12.9.4, but with no spike at the
carrier frequency.

Power
spectrum
density

f-Ry fo [+R, f

Figure 12.9.11 Spectrum for the BPSK wave.

The BPSK wave has in effect a DSBSC spectrum. With raised-cosine
filtering on the baseband signal, the bps/Hz figure of merit is also given by
Eq. (12.9.5) as 1/(1 + p). Coherent detection of BPSK followed by matched fil-
ter detection results in a bit-error probability given by

1 Eb
Pbe = —erfc_ [ — (12.9.21)
2 No

Just as binary baseband signals can be reformatted as M-ary signals
with a consequent reduction in transmitted bandwidth, so M-ary level modu-
lation can be used to similar effect. Quadrature phase shift keying (QPSK)
utilizes four distinct levels of phase shift and is a widely used form of multi-
level modulation. In this method a serial-to-parallel converter is used to con-
vert the binary signal p(¢) into two separate binary signals in which the bit
period is doubled, as shown in Fig. 12.9.12(a) and (b). These two binary sig-
nals are labeled p,(t) for in-phase and p q(t) for quadrature-phase components,
respectively. The in-phase component modulates a carrier to produce a BPSK
signal, while the quadrature component modulates a carrier component
shifted by 90° (hence the label quadrature), also to produce a BPSK signal.
The two BPSK signals are added to produce the QPSK signal, the modulator
states being as shown in Fig. 12.9.12(c). Thus the QPSK signal is equivalent
to two BPSK signals, but with the carriers 90° out of phase with one another
Each BPSK waveform has a DSBSC spectrum, as described previously anci
these spectra overlap. However, they do not interfere with one an:)ther
becal-lse of the phase difference between the carriers. Thus QPSK signaling
requires one-half the bandwidth of BPSK signaling for the same input bit

rate in both cases, and the bps/Hz figure of merit
. ? i .
cosine filtering is used. erit 1s 2/(1 + p), where raised-

Detection of QPSK is similar to that for
the recovered carriers must also have the 90° phase difference. A demodulator

circuit is shown in Fig. 12.9.13, Assuming that the demodulated output is fol-

lowed by a matched filter detector the bit-err 14
) 1t- .
same as that for BPSK as given by Eq_ (129921())1' Pl‘Obablhty for QPSK is the

4.4

BPSK with the difference that
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