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9-4 THE 555 TIMER

6.

e linear integrated circuits is the 555 timer. 5'%96“‘«'? Cor.
rsatile llnul e as the SE/NE 555 in early 1970. Since its de.
. at i ced this device & o 2 oful aoplicati
poration first mtlrndllh“n aesd I qumber of novel and ;;;,Liull ;1‘;;\;/)#: a‘tmnx. A
he ice has becll Usv tahble ¢ astable mu ratc .
s S8 d'c‘]mC applications includes monostable and asta e s, de.
se ¢ atom: . eanerators, analog frequency me
g mrt‘ ]S Ldigr:f,al logic probes, waveform g‘“""mmrq] jgvic:; infﬁrarz:iyt me-
< wnc;,fa (;:(lw;‘nctérs lcm'pcruturc measurement and contro |V s <, e rans-
vt Jlar and toxic gas alarms, voltage feguistcr, b L o y .. oy
mitters, burglar ing circuit that can produce accurate and highly

. is a monolithic timi : eyt v
others. The 5551 lation. The timer basically operates in one of two modes;
1011, table (frce~running)

stable time delays or oscil i3 ac an as

i . . monostable (one-shot) multivibrator Or &5 TS de o it
ﬁ*llt:]lfirvitra‘iolr. The device is available as an g-pin me{tlc}! ("fn’ ar:l;i -g:: ‘;rll(m.;( [()ij
or a 14-pin DIP. Figure 9-15 shows the connection ldgfdhm @ Nk G4
gram of the SE/NE 555 timer. The SE555 is designed for the operating iempera
ture range from —55° tO +125°C, while the NE555 operates ot i temper.ature
s of the 555 timer are these: it op-

range of 0° to +70°C. The important feature i
erates on +5 to +18 V supply voltage in both free-runming '(as_)tabl'e) and one-
shot (monostable) modes; it has an adjustable duty cycle; timing is from mi-

croseconds through hours; it has a high current output; it c.:gn source or sink
200 mA: the output can drive TTL and has a temperature stability of 50 parts per
million (ppm) per degree Celsius change in temperature, Or equivalently
0.005%/°C. Like general-purpose op-amps, the 555 timer is reliable, easy to use,
and low cost.

The next several sections explain the operation of the 555 timer as a mono-
stable and astable multivibrator; a few simple applications using these two modes

are then presented. 1

One of the most ve

:

9-4-1 The 555 as a Monostable Multivibrator

A monostable multivibrator, often called a one-shot multivibrator, is a pulse-gen-
erating circuit in which the duration of the pulse is determined by the RC network
connected externally to the 555 timer. In a stable or standby state the output of
the circuit 1s.appr0ximately zero or at logic-low level. When an external trigger
pulse is applied, the output is forced to go high (= V). The time the output re-
3112123 (;1 1gp is determined by the external RC network connected to the timer. At
- srtlab?e :2:;11?}11“8 interval, the output automatically reverts back to its 10gic"
i °. The output stays low until the trigger pulse is again ap lied. Then
yele repeats. The monostable circuit has only one stable state (output | o

hence the name monost
. ahl(’. L 2 > R, s A
i i Normally, the output of the monost&ble‘@?tiwm.

NE
LR

Specialized IC Applications
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8] 555 H;J h""‘h
Utqu E |7 erge
Reser 4 E] Thresheq
\[P‘l r"’"’"fnl m"m

(a)

7
Discharge 0—
‘QL{ -

flop
Output
stage
3 & 1&
Output Ground

(b)

i . [Courtesy of
FIGURE 9-15 (0)“55:5 timer connecfion diagram. (b) Block diagram. {Cou
Signetics Corporqti‘on.)

-on of the 55

. with the P = gin funct! ' metal can pec
Betore p.ro(?eed";tgant (o examine gs ll):l ni DIP and 8-pint
tivibrator, it 18 l-m%ossion refer to the P
- C V
the follow1ng d159,15(a)1~ s ol
ages [see F1gurc 9-4 WA
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7
& Trigger
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" l I Input 2 555 8
-—-t——? 1
Outpu 5[ c,
0.01 uF
(a)
+Vee )
10 uF +
R s Decoupling __c’ <
A < capacitor n:;sm Comparator 1
b +
Threshold 2y
Control es 3= -
voltage
2s5kn
5 -3 Comparator 2
1 Vv g
+ o B 4 o i
o-Lrlnput Trigger 4
Discharge — ]
i i
C= !
F
1
(b)
Trigger input \
Output waveform
Capacitor voltage

(e)

FIGURE 9-16 (o) and (b) 555 connected as a monostubl;"
output waveforms. (e ating




Pin 1 ?i‘:tfa4l:(1. All voltagey yre measured wi
Pin 2: rl!:k.'e;: The output of the lilnLl'r Jk Wll‘h respect (o ¢
yoer Se ¢ b : . cpends ihay
e a2 LR . i T sttt
is greater than 2/3 v . owever, wher p 18 low if 1t
Jarger than 1/3 V. is app 1 A negative-

lied to this p
ich 1 n sSwile IS pin, the ¢
which In turn switches the output of |Iic timeL i

his terming;.
plitude of the exter-

1€ voltage at this ni
: =L ¢ s> pin
2oIng pulse of amyp  tude

~vomparator 2 output £oes low
output remains high as long as the trigger lur: l."’fh Isee Figure 9. 15(h)1. The
Pin 3: Outpur. There are two WAYS R koad o n‘;ml 18 held at a low voltaoe.
minal: either between pin 3 ung gl'()un;:| ([:»it'l‘"‘;(.(:r-(:xncctcd o the output ter-
voltage + Ve (pin 8) [see Figure 9-16(b)]. When the e+ 414 supply
current flows through the load connected between pin %P”l(]|.<.4l(,)w, the load
output terminal and is called the sink curre gl Ve into the

el Tnad e+ stnk current. However, the current through
the grounded load 18 zero when the output is low. For this reason. the load 1
connected between pin 3 and + V. is called the normally on luac} and that %
connected between pin 3 and ground is called the normally off load. On the L
other hand, when the output is high, the current through the load connected
between pm_3 and + V. (normally on load) is zero. However, the output ter-
minal supplies current to the normally off load. This current is called the
source current. The maximum value of sink or source current is 200 mA.
Pin 4: Reset. The 555 timer can be reset (disabled) by applying a negative
pulse to this pin. When the reset function is not in use, the reset terminal
should be connected to + V. to avoid any possil_)ility of false triggering.
Pin 5: Control voltage. An external voltage applied to this terminal changes
the threshold as well as the trigger voltage [see Figure 9-16(b)]. In other
words, by imposing a voltage on this pin or by connecting a pt be;wee{xvt;m
pin and ground, the pulse width of the output waveform can be vgng;l. 2 ::
not used, the control pin should be bypassed to ground with a 0.01-p

; noise problems. \
PacHORED PREYRE Lk X ‘overting input terminal of comparator 1,
Pin 6: Threshold. This is the noninve g mp tor [see Figure 9-16(b)).
which monitors the voltage across the externlz:il Ca];l)tzc O Vi, the oupe
When the voltage at this Pil.1 IS = threSh(')tch\ég thg oufput C(;C1: the timer low.
comparator 1 goes high, 'wl}lch in tumdSY:xlternz;lly ¢ O fector of iy
Pin 7: Discharge. This pin 15 ConmCtsvnl  the output is high, Q, is off and
in Figure 9-16(b). when across it. On the
tor Q,, as shown 1n I'g ternal capacitor C connected n e
ut 18 ) |

other hand, when e ou]t : apacitor C t0 ground.
shorting out the external cap

+5V 1o
pin 8: +Vcc. The supply V(;ltage 0
with respect (O ground (pin 1)-

+18 V is applied to this pin

tion. : i
9-4-1(a) Monostable opera +en the output is 10w that is, the circuit
w

iti und.
re 9-16(b), initially pacitor C i shorted out 1o groutit:

to Figu : and ca i 2. transistor Q11
According 1o 38 FL cistan @Rl Al rigger pulse © P 2 0 citor € and
11008 ae ation of a negative ss th externak GRPASTVE ~

ases the sho
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rts charging up toward V¢ through

drives the output hi sh. The capacitor ( now sta ,
I g 4 equals 2/3 Ve, cOmparator

R,. However, when the voltage across the capacitor B t :
I’s output switches from low to high, which in turn drives the ou l;_’Ul to its low
state via the output 0 me time, the output © the flip-flop

f the flip-flop. At the same .
turns transistor @ on, and hence capacitor C rapidly.(hsch_argcs through the_ tran-
sistor. The output of the monostable remains low antil a trigger _pulse is again ap-
plied. Then the cycle 9-16(c) shows the trigger 1nput, output volt-
age. and capacitor v As shown here, the p_ulsc width of the
trigger input must be xpccled pulﬁc w.!dlh Of. the OUt_put Wave.
form. Also, the trigger pt gative-going input signal with an am.
plitude larger than 1/3 Ve

The time during which th

, = 1.1R,C seconds
re 9—17 shows a graph of the vari-
duce desired time delays. Note that

repeats. Figure
oltage waveforms.
smaller than the e
1lse must be a neé
e output remains high is given by

(9-7)

C is in farads. Figu
d C necessary to pro

where R, is in ohms and
ous combinations of R4 an

100
10
3 1
Q
[
g
2
a
3 0.1
0.01
0.001
10 s e e ' | . ;
T ms 10 ms 100 e ] l
1s 10s
Tima de‘av —— X
t,=1.1 '
FIGURE 9- A

l D { O R l C-"' I i . s I I

m Specialized IC Applications
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q & ¢ 1 10 uF
8 4 AZ ' ~| Decoupling
2 6 ] capacitor
555 WA
3 == Qutput
5 P _L
o v
—i— ]
0.01 uF
-y v
; w 9-18 Monostable muyltivi
Sl & ultivibrat : -
: .!Pl)ke edge triggering. rator with waveshaping network to prevent positive
ﬂﬁs graph can only bﬁ USe_:d as a guideline and gives only the approximate values i
of Ry and C for a given time delay. i

~ Once triggered, the circuit’s output will remain in the high state until the set
e Ip CI?PSCS- lThe output will not change its state even if an input trigger is ap-
d again during this time interval t,- However, the circuit can be reset during
timing cycle by applying a negative pulse to the reset terminal. The output
will then remain in the low state until a trigger is again applied.

* Often in practice a decoupling capacitor (10 uF) is used between + V¢ (pin 8)
d ground (pin 1) to eliminate unwanted voltage spikes in the output waveform.
ymetimes, to prevent any possibility of mist_rigg.ermg _thc_a monostable multivi-
ator on positive pulse edges, a waveshaping circuit consisting of R, C,, and diode
is connected between the trigger input pin 2 and V¢ pin 8, as shown in Fig-
9_18. The values of Rand C; should be selected so that the time constant

, is smaller than the output pulse width 7.

16(a),

the circuit of Figure 9- Ry
s Determine the value of Cor
anging Equation (9-7), we ge)t}
(10)(10°) _ 0,909 pF = | uF
C= .
1 (107%) .
iy e value can be obtained for C from the t@e
g sam |

9_4 The 555 Timer @Y
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Output
Input Output o igper
trigger triggered g /
e !
ovu-—-—"‘_"" T = 0,6 m':!_,___f2cyclﬂ—“! | :
o e A (m
0 05 i e o
| ! ' :
I
S i ! | |
voltage ! : ' !
I |
-4
cc tp = 0.6 ms—»]
ov —
| FS——— .7, | . 1 1

L 1 1.6 1(m
0 0.5 _l?_’—-—o-l e

onostable multivibrator os a divide.

FIGURE 9-19 Input and output waveforms of the m
by-2 network.

9-4-2 Monostable Multivibrator Applications
9-4-2(a) Frequency divider
The monostable multivibrator of Figure 9—16(a) can be used as a frequency di-
vider by adjusting the length of the timing cycle ¢, with respect to the time pe-
riod T of the trigger input signal applied to pin 2. To use the ‘monostable multi-
vibrator as a divide-by-2 circuit, the timing interval ¢, must be slightly larger than |
the time period T of the trigger input signal, as shown in Figure 9-19. By the
same concept, to use the monostable multivibrator as a divide-by-3 circuit, £, must
be slightly larger than twice the period of the input trigger signal, and soon.
The frequency-divider application is possible because the monostable multi- |
vibrator cannot be triggered during the timing cycle. '

EXAMPLE 9-6 il :
The circuit of Figure 9-16(a) is to be used as a divide-

o

byz netwo

should be the value of R,?

SOLUTION

PPRTG s i
FiL PN RL2

For a divide-by-2 network, 1, should be slightly larger than 7, Let
t = 12T S

& oS J»

Therefore,

(1

> kHz = 0.6 ms |

SR s
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Rearranging Equation (9_, i
lelds

RA = M&;?)
(.H(10%) = 545k

d resistor
WaVEfOrmS

9—4-2(5) Pulse stretcher

by combination of a 10-k()
\ 1Xe
or R4 The input and s
for Ra output ‘:l"d a 50-k() Potenti
e shown ip I-?igure);n_?;?;r e

other words, the LED may pe ﬂa%ﬁci:::;sg (t)
. u

on time is infinitesimally small com
can be used to remedy this problem
Figure 9-20 i :
indicafor at the cnfth ?l‘::vs,r;baslc monostable used as a pulse stretcher with an LED
i tput. I he LED will be on during the timing interval 7, =
which can be varied by changing the value of R, and/or Cg e

9-4-3 The 555 as an Astable Multivibrator

An astable multlyibr a.tor, _often called a free-running multivibrator, is a rectangu-
lar-wave-generating circuit. Unlike the monostable multivibrator, this circuit does
not require an external trigger to change the state of the output, hence the name
free-running. However, the time during which thé output is either high or low is
determined by two resistors and a capacitor, which are externally connected to

the 555 timer.

+Vee

{\
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Ty e a as stable multivi
Figure 9-21(a) shows the 555 timer connected s ;ﬂi:; umwduvnv:::m. 7
tially. when the output is high, capacitor C Swﬂﬁmé o g2 o ¢ oenate 5/,3 n oughy
and'l,i’ However, as soon as voltage across s l?:s;clow e B 3 Ve, comy:
arato?'l triggers the flip-flop, and the output swi e (i 0 %!}:n 3-21%}_£
glow capacitor C starts discharging througl;r Ry an : u‘;‘ sérs e |ﬂ : the yojy
age across C equals 1/3 Vec, comparator 2°s Ol'll”tj t gglta nerhoe g—ﬂ(:p, and g,
output goes high. Then the cyqle repeats. 1l;hc outpu 2 APaCiton vy
age waveforms are shown in Figure 9-.-21(‘ ). i ocx %
As shown in this figure, the capacitor i perio i m{n hargchhiCh disch -
between 2/3 Ve and 1/3 Ve, respectively. The time ng the Capacisg

+Vm- +5V
]

—— e —— )
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charges from 1/3

given by Ve to 213 Ve

0 i

(9-8a)

the capacitor discharges f; Sand Cis in faradg, §
k ‘ ads. Similarl i
y, the time during whi
g which

is low and is given by ; '
3 Ve 18 equal to the time the output
= .. - t =
form 18 18 In farads. Thus the total 14
al period of the output wave-
=
e Tt = 0.69(R, + 2R,)C 9-9)

This. in turn, gi
. gives the frequency of oscillation as

fs= Lo RS
T (R, + 2R
- > g ) C
Equation (9-10) indicates that the frequency f, is | :
age Vgc- The frequency of oscillation (fr Y Ja 1S independent of the supply volt-
by using Figure 9-22. ' ee-running frequency) f, can also be found
Often t T .
or The I(Iiuttl;r: (t:CH;l duty cycle is used in conjunction with the astable multivibra-
thf;t e yCIEIS the ratio of the time ¢, during which the output is high to
0 me period T. It is generally expressed as a percentage. In equation form,

(9-10)

s~

t.
% duty cycle = —} X 100

o

RA+RB
= —~———(100
(100) ;

] —RA+2RB ,J_?Z'(’
The duty cycle of the square wave is 50%. This means that, accb.;ding to Equ
tion (9-11). the astable multivibrator shown in Figure 9-21(a) will not proct ce
square-wave output unless the resistance Ry = 0 (). However, there is 2 da

i ' i i F i 1 ed dir
in shortin resistance Ry tO zero. With Ry 0 Q, terminal 715 _conne¢;‘ | di
to +V %Vhen the capacitor discharges'through Ry and @, (P10 7), an extra cut*
rent isgﬁpplie oh a short between termina .and -;\lf,%

may damage 0,2 ¢

by Ve throug a
B imer. Fort nately, an alternative is avaiid
is explained in the gection on

ce the ti _
i a tor applications:
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Capacitance C (uF)

I ¥ _7.
o.omm 1 10 100 1k 10k 100k

Free-running frequency (Hz)

FIGURE 9-22 Freerunning frequency versus Ra, Rg, and C.
SOLUTION Sh
From Equations (9-8a) and (9-8b), . 3 3 2 : :,:;i}”‘
£ = (0.69)(22kQ + 3.9kQ)(0.1)(107%) . .
= 0.421 ms i
p = (0.69)(3.9kQ)(0.1)(107%)
= 0.269 ms gy
Therefore, ‘
1
fo = (0.421 + 0.269)(107%) 1.45 kHz
Using C = 0.1 uF and R, = 2R, = 10 k(), the free-m;mm

from the graph in Figure 9-22, as indicated by
the log-log scale; that is, vertical and horizon
cales. ' S

Applications
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Voo = +B v

s
1000 ‘l
R +
" I Cy = 100F

. - Dmuplinq
10k POT 8 q capacitor

7

R

S O ol R e P g
Output oV

E L__|2 1 5

0.01 uF

FIGURE 9-23 Astable multivibrator as a square wave oscillator,

-
=
-]
-
F-
o
AAAA
YWYy

9-4-4 Astable Multivibrator Applications

9-4-4(a) Square-wave oscillator

without reducing R, = 0 €1, the astable multivibrator can be used to produce a
square wave output simply by connecting diode D across resistor Rg. as shown in
Figure 9-23. The capacitor C charges through R, and diode D to appronmately
2/3 V. and discharges through Ry, and terminal 7 (transistor Q,) until the O&aapac-
itor voltage equals approximately 1/3 Ve then the cycle rgpeatsf. Tg dre“sli S::
square wave output (50% duty cycle), R, must be a corpbmanon oh a :zt :
tor and potentiometer SO th ter can be adjusted for the ex square

at the potentiome S
VVH\TZ. el . _*——_-f-‘~§ﬁ;wm;

9—4—4(b) Free.running ramp generator [ b Whe“m*
; fhg T ral e
e ed as a free-running ramp gene Vg
ultivibrator can be use . nng ramp BRI il
Thle ?: tI{;bI:nlc?RH are replaced by a current mirror. F]E ers I?rrgri(ﬁ:ir?dr%‘s't’ﬁﬂs s
i l(; 'hAator configured to perform this function. ( ;
multivibr

ltage across €
onstant rate. When VOUSEK
S ~anaCi ward Ve at @ P 1dly discharges ot
0 CapacE Cr;:)m- | turns transistor 0, on, and € rapidly arge

3 V... compa , wever,
tzr/ansifs:ior 0, Refer to F1gure ;)/; 1 3(‘b)'£g1parat0f switche
Cis approximately equal to 1/ 7 7. Thus the charge—d

1 a al . ¥ ;
then’cape e i qhar%i‘;% ‘(j);f) the capacitor 15 1€ \
. ’ n A &
i i dlSChE:eg::cg for all prachcal purposes

to its charging tlme.d O arging 4
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4!
— +| 10-uF
R Voi [+ + s Decoupling
W e D1¥IN914 ‘ £ 8 a capacitor
3 —
s me Volo Poveon 5 .
VVV"_V‘ v 4_1_ 555 a
a3V e o Jug
Output
VC 2 1 5
0.05 uF C, 0.01 uf
(a)
Vee
=5V
VJ
Voltage
atpin3 2
e H i 1 ; L.
I I
! | | | il
1 I { ; H
I 11
i I 0 '
I ' oo o
h : ! ¥
L4 I I | ||
2 e e e I |
Ve 3 Vec 1 |
Output |

voltage

S —

=t o iy

i 5~
(b)

FIGURE 9-24 (a) Free-running ramp generator circuit. (b) Output wi

O IGEE
where I = (Ve — Vyp)/R = constant current in amperes
Therefore, the free-running frequency of the ramp generii}t

pplications
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g to the CirCUit of

Fiousas
Tfafnp generator if lZure 9 ,4(

o 1) Aatersd
R is set gy 1) |“(‘;H;‘.‘rm”“: the frequ
N i d "N“'I"‘ ‘1 - e |
Ay v

By Equation (9-12p).

(3){5_.‘; 0.7
fn o R _‘,()k ¢
(5)(5)( |'(')A”x)' = 5.16 kH~

-5 PHASE-LOCKED LOOPS

E

e ‘;.}L,_,,fA;lthpugh the evelution of the phase-lock
ocked loop began in the early 1930s, its cost

A _outweighed its advantages at first. With the r id devel
. apid development of integrated-circuit

~ technology, however, t ~
» the phase-locked loop has emerged as one of the fundamen-

~ tal building blocks in electroni
B aoplications Su(():glgz S\C/Ihnl?logy. The phase-locked loop principle has
B ontrols tracki (frequency modulation) stereo decoders, mo-
0 , tracking filters, frequenc hesiy it e .
~ EM demodulators, frequency shift keyi ()/Ffé)iél)t demc(:jd transmitters and receivers,
: : ey e ng ecoders, and a generation of |
. pal oscﬂl.ator frequen_cles in TV and in FM tuners. Today the phase-lozzcll(é?lnlgop(;;
: w%sp aEva;llable as a .smgle package, typical examples of which include the Signet-
Tl SE/NE 560 series (the 560, 561, 562, 564, 565, and 567). However, for more
; :fecoﬂi cor omical operation, discrete ICs can be used to construct a phase-locked loop.
‘*’42,55-1 Operating Principles
- Figure 9-25 shows the phase-locked loop (PLL) in its basic form. As illustrated
R this figure, the phase-locked loop consists of (1) a phase detector, (2) & low-
 pass filter, and (3) a voltage-controlled oscillator. il
quency IN wit c

_ The phase detector, or comparator Compares the input fre

feedback frequenc _The output of the phase detector is proportional to the
‘ % Fidosm he output voltage of a phase detector 18

se difference between fi and four: T
efore is often referred to as the error \{oltage. The output of
i voliace o b i e low-pass filter, which removes the high-

| ~tor i lied to the ( :
B d?s(étzrnlds ;rlsguizg “This dc level, in turn, 18 the input to the
e lled oscillator (VCO). The filter also helps in establishing the dy-
e contro e The output frequency of the VCO is di-

mi ' ircuit. :
v g PLLd‘c::] level. The VCO frequency is compared with
{ is equal to the input frequencies. In

rectly proporti _ b
L . : usted until 1 . _
e, (0Pt frequenct g hrough three states: free-running, capturé, 8¢

o _;)hase—loc

es an
ked loop g0€S L

95 Phase-Locked Loops
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Forward path

Voltage-
fin c— Phass o controlled four
detector filter
Input oscillator Output
frequency 1 frequency

¥

FIGURE 9-25 Block diagram of a phase-locked loop.

Feedback path

the phase-locked loop i i the free-running state,
lied, the VCO frequency starts L0 change and the
capture mode. The VCO frequency contin-
ues to change until it equals the input frequency, and the phase-locked loop is
then in the phase-locked state. When phase locked, the loop tracks any change in
the input frequency through its repetitive action.

Before studying the specialized phase-locked-loop IC, we shall consider the
discrete phase-locked loop, which may be assembled by combining a phase de-
tector, a low-pass filter, and a voltage-controlled oscillator (see Figure 9-25).

Before the input is applied,
Once the input frequency is app
phase-locked loop is said to be in the

F &5

9-5-1(a) Phase detector |
s the input frequency and the VCO’fmqﬁency and
generates a dc voltage that is proportional to the phase difference betweer the two
frequencies. Depending on whether the analog or digital phase detector is used,
the PLL is called either an analog or digital type, respdctivqu.;;gvgn.wmnﬂ- :
of the monolithic PLL integrated circuits use analog phase detectors, the ajor-
ity of discrete phase detectors in use are of the digital type 1 ainly beca 3
simplicity. For this reason, we shall consider only digital-

F The phase detector compare

|
R RS S N SR P ——

here.
A double-balanced mixer is a classic example of an ai

On the other hand, examples of digital phase detectors are th

1. Exclusive-OR phase detector
2. Edge-triggered phase detector
3. Monolithic phase detector (such as type 4044)

Figure 9-26(a) shows the exclusive-OR phase detector &
OR gate such as CMOS type 4070. The output of the excl
only when fiy or four is high, as shown in Figure 9-26

In this figure, fiy is leading four bY ¢ (phi) degrees; t
ence between fiy and four is ¢ degrees. The dc output va
OR phase detector is a function of the phase difference

Specialized 1€ Applications
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Figure 9-26(c) shows dc output voltage as a function of the phase difference

tween fiv and fiy. This graph indicates that the maximum de output voltage o
curs when the phase difference is 7 radians or 180°. The slope of the Curve EC—
tween O and 7 radians is the conversion gain k, of the phase detector, For exam le-
if the exclusive-OR gate uses a supply voltage Ve = 5V, the conversigp gpa?r;

kr, 18

=2V 159 Virad p
P T P e
The exclusive-OR type of phase detector is generally used if the f,, and f, are
square waves. The edge-triggered phase detector, on the other hand, is preferred

if the fi. and f,; are pulse waveforms with less than 50% duty cycles,

Figure 9-27(a) shows the edge-triggered type of phase detector using ap R
S (reset—set) flip-flop. The R-S flip-flop, in turn, is formed from a pair of crgeq
coupled NOR gates. such as the CD4001. The R-S flip-flop is triggered: thay i
the output of the detector changes its logic state on the positive (leading) edge 0%
the inputs fiy and four [see Figure 9-27(b)]. The graph of dc output voltage ver.
sus phase difference between fix and four is shown in. Figure 9-27(c).

The advantages of the edge-triggered phase detector over.the exclusive-OR type
of detector are (1) the dc output voltage 1s linear over 27 radians or 360°, as op-
posed to 7 radians or 180° in the case of the exclusive-OR detector, and (2) the
edge-triggered detector also exhibits better capture, tracking, and locking character-
istics than the exclusive-OR detector. However, both types of detectors are sensitive
to harmonics of the input signal and changes in the duty cycles of fiy and fqr.

In a monolithic phase detector IC such as CMOS type 4044, the harmonic
sensitivity and duty cycle problems are absent, since the circuit responds only 1o
transitions in the input signals. In other words, the phase error and hence the out-
put error voltage of the monolithic phase detector are independent of variations
in the amplitude and duty cycle of the input waveforms. Therefore, in eritical ap-
plications the monolithic phase detector is preferred over both the exclusi
and edge-triggered types of phase detectors. vl ;?

Figure 9-28(a) shows the block diagram of the MC4344/4044 phase
tor. As shown in this figure, the MC4344/4044 consists of tw?g digt
tectors, a charge pump, and an amplifier. Phase detector 1 is used
that require zero frequency and phase difference at lock. On the
quadrature lock is desired, phase detector 2 can be used. When det
in the main loop, detector 2 can also be used to indicate whet
is in lock or out of lock.

The input/output transfer characteristic curve of phasi
Figure 9-28(b). As shown here, the curve is linear over 4

has a conversion gain k, of 1.5 V/dmw = 0.12 Virad.

£ ¥

S,

i

v

9-5-1(b) Low-pass filter e

The second block shown in the PLL block diagram o
pass filter. The function of the low-pass filter is to rei

Specialized IC Applications
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FIGURE 9-30 VCO block diagram.
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NE/SE566 b1 uF
|
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e Modulati
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MWW 00— I 4 — v, e input
S
2Ry
\V

FIGURE 9-31 NE/SE566 VCO connection diagram.

While the SE/NE 566 VCO is discussed in Section 7-18, a typical connection
diagram is repeated in Figure 9-31, for convenience. The maximum output fre-
quency of the NE/SE 566 is 500 kHz. For higher output frequency,ﬁtﬁhe;gfom, in-:
tegrated circuits such as Motorola’s MC4324/4024 and MC1648 may be used.

5|

A
Ui

9-5-2 Monolithic Phase-Locked Loops s k‘ : J; s

The Signetics SE/NE 560 series is monolithic phase-locked loops. °
560, 561, 562, 564, 565, and 567 differ mainly in operating frequ
power supply requirements, and frequency and bandwidth adjustment ra:
the SE/NE 565 phase-locked loop is discussed here because it is one
commonly used devices of the 560 series. 1t boas v
Figure 9-32 shows the block diagram and connection diagram' of
PLL. The device is available as a 14-pin DIP package and as a 10-pin m
package. The important electrical characteristics of the 565 PLL

* Operating frequency range: 0.001 Hz to 500 kHz =~
. Ope‘fating voltage range: *6to +12V |
. Inpu‘t level required for tracking: 10 mV rms minimum to
maximum |
* Input impedance: 10 k() typically s
* Output sink current: | mA, typically
* Output source current: 10 MA, typically
~ * Drift in VCO center frequency ( f;,

1) with temperature: 300
ed IC Applications

Scanned with CamScanner



\\m_,_ﬁ‘_ﬂ e Low pass filier
2 LA, 1
0—-—........____
3 ? s £ 7 Dermodulated
o detactor Amplifier output '
6 L'—' ~= Rafarencs output
4
e_;
) :
v
co i
8 9 3
boopnkd VD
R, < 1
y
4\ -\
(a)
®
v 14] nC
Input | 2 13 NC
Input | 3 E o
NE/SE 11| NC
VCO output | 4 565
Phase comparator | o E "
VCO input
:] E,mfnal ﬂﬂsﬂm
Reference output | 6
: : External resistor
pemodulated [ :’] for VCO
output R
s
14.pin DIP package (il
(b) o

565 PLL block diagram. (b) Conner'tim di&érd*\u:
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supply voltage: 1.5%/V maximum

. g s 'O center frequency with
Drift in VCO center freq 54V pp at £6 V (see block diagryy,

e Triangle wave amplitude: typically
pin 9) .

» Square wave amplitude: typically 54V
pin 4)

« Bandwidth adjustme

pp at =6 V (see block diagran,

nt range: <% 110 > +60%

The center frequency of the PLL is determined by the free-running fTGQUenCy

of the VCO, which is given by the equation

)

JouT.= 4R1C1

where R, and C, are an external resistgr and a capacitor Co\r;gegtfd to pins 8 and
9, respectively [see block diagram of Figure 9-32(a)]. The : r;:e-rufnmng fre-
quency four is adjusted externally with R and C, to be at th e cen erlo the input
frequency range. Although C, can be any value, R, must have a value l?etween
2 kQ and 20 kQ. A capacitor C; connected between pin 7 and the positive sup-
ply (pin 10) forms a first-order low-pass filter with an }ntf:mal resistance gf 3.6 k().
The filter capacitor C; should be large enough to ‘e_llmmate variations in the de-
modulated output voltage at pin 7 in order to stabilize the VC_O frequency.

The 565 PLL can lock to and track an input signal over typically =60% band-
width with respect to four as the center frequency. The lock range f; and capture
range f of the PLL are given by the following equations:

2 8fOUT

= + H (9-14)
f Vv Z ‘

where four = free-running frequency of VCO (Hz)
V=(+V) — (—V)(volts)

and

) { fi - -
Je e (2#)(3.6)(103)(62)] 39 .

where C, 1s in farads. :

The lgck range usually increases with an increase in input voltage but de-
creases with an increase in supply voltages. Pins 2 and 3 are the input terminals
of the 565 PLL, and an input signal can be direct-coupled provided that ther® is
no dc voltage difference between the pins and the dc resxétames seen from pins
2 and 3 are equal. A short between pins 4 and 5 connects theVCO output (foq'r)

to the phase comparator and e ‘ \ i

; nables the ¢ - Kaii A the 10
ik signal e e comparator to compare four with
In frequenc t ool vl e bs o B S SRR

el quency multiplication applications a digital frequency divider is m.sefwd

ween pins 4 and 5, as will be shown 1 nce
: ) ater. A dc reference
approximately equal to the dc potential of the demodulat:lf{’ t

plications such as frequency shify keying (FSK), the de refm:-vﬂltage atpin®

Specialized IC Applications 58

Scanned with CamScanner



is used as an input to the compar.
R e TLL cubbe decreasedpammn [Refer to Section 9-5.3(b).] The lock range

. with little ¢ .
the VCO by connecting a resistance het\:/ti:g;irl\? :he i;;e;t-running RPATICR Ok
8§ 6 and 7.

ﬂmctmmofp

melock ﬂmge ﬁfft.olnd the cﬂpm;);me;ﬂzrwm '.' m-'m_ 5 ﬁ_ 'M ;
+V =410V
|
Ry :L l" C,
12ke e .
3
10 g 0.001 uF
! ' 7 Demodulated
Inputo—-—-'-—z — output
6 o Ref
NES65 gu':::“
- —0 VCO output
- s a5 o

|
| Capture range |
_—-———-—"

|
|
|
|
l 5
|
2,433k 25k 2.566 k

|

i

|

:

! l

l| i~ four
| ' |

]

1

5

Frequency (HZ)

{b) 8
-9. (b) Relationship between fgg

3 (a) Circuit of Example 7
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SOLUTION

.

From Equations (9—13) through (9-15),
Y.
o = : == =7 ki
(4)(12)(10°)(10°°)
.w.
pe 2 8COUN) o
; (20)
A_va 1/2
= =*x = =.%+66.4
Je T\Na:w.@:o&:s:o 7 e
- The relationship between four. f;. and fc 1s depicted E Em:ﬁ 9-33(b).
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