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FREQUENCY HOPPING

Chitchai Parnchalermpong
Wanchart Sudhiwon
Tongtod Wanichsri Advisor

1988

ABSTARCT

This thesis mentions to Frequency Hopping communication
system , one kind -of Spread Spectrum systems. Bandwidth is spread
out by using Frequency Synthesizing according to code from
PN Code generator for reduction in waste due to noise in the
communication , Jamming and more attainable privacy . It mostly
scopes to the design and practice with components used in
Freﬁuency Hopping system , that composed of Frequency Synthésizer,
PN code generator , Transmitter , Reciever including Code Tracking

system for complete exhibition in no quite far-distance.
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MC1648/MC1648M

VOLTAGE-CONTROLLED
OSCILLATOR

tank circuit consisting of the inductor (L)
and capacitor (C).

A varactor diode may be incorporated into
the tank circuit 10 provide a voltage variable
input for the oscitlator (VCO}. The MC1648
was designed for use in the Motorola Phase-
Locked Loop shown in Figure 9. This device
may also be used in many other applications
requiring a fixed or variable frequency clack
source of high spectral purity. (See Figure 2.)
Input Capacitance = & pF typ Ve supoly INCNE? Ve romtr e
Maximum Series Resistance for L. (External Y c
. Inductance) = 50 Q typ upon system requirements.

Power Dissipation = 150 mW typ/pkg

(+5.0 Vdc Supply)

Maximum OQutput Frequency = 225 MHz typ +5.0 Vde 7,8
-56.2 Vdc 1,14 7.8

( The MC1648 requires an external parallﬁ

Bias Point o
Tank 12

Supply Voltage | Gnd Pins Supply Pins
1,14

L SUFFIX P SUFFIX F SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE CERAMIC PACKAGE
\ CASE 632 CASE 646 CASE 607 J

FIGURE 1 ~ CIRCUIT SCHEMATIC

vee?
tar

Js 1 ai
-
a3 Q2
3
r—0 Qutput

Vees
(21

- J ﬁ}'f"
(s} R} Q1o 7 Q6
D1
L]
Qs
yo2 ay
o ° 10} un {8 15}

VEEY) Bias Pt Yanu Vg 2 AGC
Numbers in parenthess denote pin number tor £ pachage (Case 6071, L pachage (Case 632), anda P Pechage (Care 646).
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FIGURE 3 -~

MC1648/MC1648M

TEST CIRCUIT AND WAVEFORMS

Vee

1200

‘Use high 1impecance grobe { >10 Maegohm mun
. be uwg).
.
**The V200 ohm #4310 &anNU (N¥ ICOPE terIMinaLIon
IMPEUANCE CONttItute ¢ 25 | aitenualor probe
Coex ynall be CT 070 50 or equivatent.

Bnut' anly that supply oppoity ground

PRF = 1 0 MH;
Outy Cycie tvpei - =%
‘v

OPERATINGCHARACTERISTICS : , |

anure 1 illustrates the circuit schematic for the
MC1648. The oscillator incorporates positive feed-
back by coupling the base of transistor Q6 to the
coliector of Q7. An automatic gain contral (AGC)
is incorporated to limiy the curreht through the
emitter-coupled pair of transistors (Q7 and Q6 ) and
allow optimum frequency response of the oscillator.

in order to maintain the h\igh Q of the o'scillalor,
and provide high spectral purity at the output,
transistor Q4 is used to {ranslate the oscillator sig-
nal to the output differential palr Q2 and Q3.
Q2 and Q3, in conjunction with output transistor
Q1, provides a highly buffered output which pro-
duces a square wave. Transistors Q9 ang Q1) pro-
vide the bias drive for the oscillator and output
buffer. Figure 2 indicates the high spectral purity .
of the oscillator output {pin 3}. |

When operating the oscillator in the voltage

controlled mode (Fugurq 4), it should be noted that
' '

[

FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE
' CQNTﬂOLLED MODE '

the cathode of the varactor diode (D) should be
biased at least 2 Vgg above Vgg (1.4 V for pos-

itive supply operation).

When the MC1648 is used with a constant dc voltage
to the varactor-diode, the output frequency will vary
slightly because of internal noise, This variation is plotted
versus operating frequency in Figure 5.

. FIGURE S — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM

o

~ H
Z 100 o
2 e A A Oscillator Tapk Components
z T Y - {Circuit of Figure 4)
z 1 1 [N
g LT MHz ] BuH
9 - ™ 1010 Mv211s | 100
4 -
e 10 ] 1060 | Mv211s | 2.3
K: P 60100 | MV2106 0.15
L
2
2z T
2
[s)
w
['s
'S
-~ 1.0
1 10 10 100
I.OPERATING FAFQUENCY, (MHz) Sugiral Gurrarator
HP GOS8
20 kHz ubove MC 1648 Freyuency \ or Equiv
300 mv
8W,.*» 1 0kH2
MC1648 10 mv Product 20 kHz Froquency Volimetes
Under Tesr Attanual Detector HPB310A ,.pg.mgrs £
MCI164y ar Eqguiv or Equw

Fregyency (1)
(HPS210A ouput voltagel tFull Scale Frequency)
1.0 voig

Frequency Deviation a

NOTE: Any trequency deviation caused by the signal genarator and MC 1648 POwaer
wpply should by determined and MIRKN2ed Pror 10 tyusting,
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MC1648/MC1648Mm

TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Ty = 25°C

Vin. INPUT VOLTAGE tVoLYs)

FIGURE 6
64 N . .
Lt Micro Metat Toroidal Core #T4410,
= 60 i 4 turns of No. 22 copper wire,
I s v s :
3 T n -t ‘
> s2 - ‘ .
44
z a // .
w .
3 a0 - 3
.
T 36 ,/ 1w, 1200
w - “T
I 3z / —— O 1out
2 28 - =
I ]
oY 24 / 5 _i - O
e 2 ¥ Mvisoy 12 59
S 16 / SufF < ‘VCCl'VCCZ"E’V“C 0.V uF
T2 p— = Veer=Vegz~Goa L
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1] 10 20 30 40 s0 60 70 O ygo 10 < “The 1200 ohun resistor and the COpe turmina.
Yvon impedance canstitute 4 25°1 atienuator
. A -07 font.
Vin. INPUT VOLTAGE (VOLTS) pighe, Coax shali bg CT-070-60 or syuivalen
™
FIGURE 7
r T
18
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T v 3 ]
é 6 "
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8] 15
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o)
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h " O
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5 1o ! Mvig0r 12 5
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. FIGURE 8
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- 180
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MC1648/MC1648M

Typical transfer charactensncs for thg
oscillator in the voltage comrollad modo are
shown in Figures 6, 7, and B Fagures 6 and 8
show transfer characteristics employing only
the capacitance of the varactor diode (plus the
input capacitance of the osciliator, 6 pF tydi-
cal). Figure 7 illustratas the osciltator operating
in a voltage controlled mode with the cutpul
trequency range limited. This is achieved by
adding a capacitor in parallel wijth tha tank
circuit as shown, The' 1 k§ resistor in Figures6
and 7 is used to protect the varactor dioda
during testing. It is not necessary as long
as the dc input voltage does not cause the diode
10 become forward biased. The larger-valued
resistor (51 k1) in Figure 8 is required to
provide isolation for the high-impedance
junctions of the two varactor diodes.

The tuping range of the oscillator in the
voltage controlled mode may be calculated as:

tmax - VCplmax) + Cg
fmin VCpimin) + Cg

1

2n\/L{Cp(max) + Cg)

1
Cg = shunt capacitance (input plus ex ternal
capacitance).

where f i =

Cp = varactor capacitance as a function
of bias vonage K

Good RF and low-frequedcy- bypassing is
necessary on the power supply pins, (See
Figure 2.) g

Cgpéci;og; (C1 pnd C2 of Figure 4) should
be used to hypass the AGC point and the VCO
input  (varactor diode}, guaranteeingl only
dc levels at these points.

For output frequoncv operation ‘berwaan
1 MHz and 50 MHz a 0.1 -uF capacitor lf suffi-
cient for C1 and C2. A higher lrequpncles
smalter values of capacnance should be usad
at lower frequencies, larger values of capaci-
tance. At high irequancms the value of pypass
capacitors depends’ dlrectly upon the physical
layout of the system. Al pvpassmg should be
as close to the package Rins as possibie to
minimize unwanted l?nd Ir)ductanca

The peak -to-peak swmg of the tank circuit
is -s8t internally by thq AGC circuitry, Since
voliage swing of the lank circuit pravides the
drive tor the output butfer, the AGC potential
directly affects the output waveform, If it is
desired to have a sine wave at the output of
the MC1648, a series resistor is tied from the
AGC point to the most negative power poten-
tial (grownd if +5.0 velt supply is used, —5.2
volts if a nega;lve supplv is used) as shown in
Figure 10.

At frequencies above 100 MHz typ, it may
be desirable 10 increase the tank circuit peak-
to-peak voltage in order to shape the signal
at the output of the MC1648. This is accom-
plnshed by tvinq a series resistor (1 k2 mini-
mum) fram the AGC tq the most pasitive
power potential (+5.0 volts if 3 +5.0 volt sup-
ply is used, grOund if a:-5.2 volt supply is
used). rngure 1 !llusuatas this principte.

APPLICATIONS INFORMATION

The phase locked loop shown in Figure 9
illustrates tha use of the MC1648 as a voltage
controlled oscillator. The figure ijllustrales
a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and
landmobile communications, amateur and
CB receivers. The system operates from a single
+5.0 Vdc supply, and requires no internal trans-
lations, since all components are compatible,

Frequency generation of this type offers
the advantages of single crysial operation,
simple channet selection, and elimination of
special circuitry to prevent harmonic lockup,
Additional features include dc digital switching

N
1

(preferable over RF switching with a mujtiple
crystal system), and a broan rangu of tuning {up
to 150 MHz, the range being set by the varacior
diode),

The outputg frequency ‘of the synthasizer
loop is determnqed bY lhe raference fraquency
and the number programmed at the program-
mable counter; foug Niggf. The channel
spacing is equal to frequency. (f,gq). .

For additionél information on applications
and designs for phase locked-lcops and digital
frequency synthesizers. sce Motorola Applica-
tion Notes AN-532A, AN-535, AN-553, AN-
564 or AN594.
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MC1648/MC1648M

FIGURE 9 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION

Voliage
. Phase Low Pass Controlled '
19t —8 Dutucror Falter Oscillatar = Tout
MCA044 MCr648 .
fout = Nigyy
whera
| Modulus Ensble Line ' N«NpoebP+A
Counter Control MC12012
Logwe B ip =
—1  mciz014 SPE e
v
| Zero Datect Line
lour = b,
hd TNp A
Programmable Programmgble

Counter Counter

MC4a016 MC4a01t6
i Counter Reset Line '

N=Npo®P+A
. f

Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0 Ydc supply. To obtain a sine
wive at the outpul, a resistor is added from the AGC
arcuit {pin 5) 10 VEE.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0 Vdc supply. To extend the
welul range of the device {maintain a square wave output
Hove 175 MH2), a resistor is added to the AGC circuit at
wn 5 {1 k-ohm minimum).

FIGURE 10 - METHOD OF OBTAINING A SINE-WAVE QUTPUT

Figure 12 shows the MC1648 operating from +5.0 Vdc
and +9.0 Vdc power supplies. This permits a higher voltage
swing and higher output power than is possible from the
MECL output {pin 3). Plots of output power versus tolal
collector load resistance at pin 1 are given in Figures 13
and 14 for 100 'MHz and 10 MHz operation. The tojal
collector load includes R in parallel with Rp of L1 and
C1 at resonance. The optimum value for R at 100 MHZz 15
approximately 850 ohms.

FIGURE 11 — METHOD OF EXTENDING THE USEFUL RANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)

oL
H_
—

v i 5.0 vde

Output

A konjng
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MC1648/MC1648M

FIGURE 13 - POWER OUTPUT versus COLLECTOR LOAD

FIGURE 12 — CIRCUIT USED FOR
COLLECTOR OUTPUT OPERATION

‘ OQuitput

+5.0V

FIGURE 14 — POWER OUTPUT vers

t5.0vVv

us COLLECTOR LOAD

Sue test cucuit, Figure 12,1« 100 MHz
€3+ 3.0 - 35 oF
Coliector Tank
L1 =022 uH
R-508-10k2

Apol L1anq CY - 11 ® {2 @ 100 MHz Resanance

Oscillator Tank

€1 :=1.0-2.0pF

€3~ 470pF’
Collector Tank
Lt 22,7 uH

Sew test ciccuit, Flgura 12,1 = 10 MHz

(P |
+

C1 24 - 200 pF

R =504 - 10k(}
Rpaf LY and C1 = 6.8 k52 @ 10 MHz Rusonance

- Y ’ Oscillator Tank s gy
L2 - 4 turns #20 AWG 3/16™ 1D L2 = 2.7 uH
C2+1.0-17.0pF C2= 16 - 150 pF
7 A4
: i

- 6 a 12
'f AT 2 ’ 7
T 5 Py T30
E 2
E E R "
L4 N i~
- IN !
2
a A \ 2 u/
3 e 6
> N > A ]
[o] [+]
« 2 c 4 T
w M N w . p
2 q N z
o 0 2 ¥
a ' o .

0 .0

10 100 1000 10,000 ' 0 100 . 1000 10,000

TOTAL COLLECTOR LOAD (ohms)

TOTAL COLLECTOR LOAD (ohms)
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