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ABSTRACT

This paper presents the design and analysis on a microwave frequency synthesizer with low phase noise characteristic utilized in
DAMA-SCPC system which shall provide telephone service and data service with low transmission rate through the KORE-
ASAT. The designed microwave frequency synthesizer is composed of four modules which are the 125MHz digital PLO,
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875MHz analog PLO, X14 frequency multiplier and 13GHz digital PLL synthesizer, respectively. In the wideband 13GHx PLL
frequency synthesizer, for overcoming the effcets due to voltage controlled oscillator(VCO) nonlinearity and division ratio varia-
tions, the circuit to control the loop gain is contrived. The new design approach to consider the effect for all components included
within circuits is proposed and described in detail for the purpose of the accurate estimation of the loop stability of PLL. and output
phase noise.

The estimated phase noise performances with the exact formula proposed on this paper are compared with those measured by
the phase noise measurement system, and the compared result shows the difference as low as 2dB. At 13.555GHz, the SSB
phase noise of the designed synthesizer is as low as -88dBc/Hz at 30KHz offset, and also the integrated phase noise over 30Hz to
30KHz offset is 0.96 in rms degrees. The nominal output power of the synthesizer is 13dBm, and its flatness over S00MHz tun-

ing band is 1dB

{ppr

[. INTRODUCTION

The use of phase locked loop(PLL) frequen-
cy synthesizers in communication, measure-
ment, and radar systems has been growing
steadily because of their many advantages,
especially frequency selection with digital
commands and predictable frequency stability
due to an external reference signal. Although
all synthesizers share common features, they
exhibit significant differences as a result of
specific system requirements and/or specific
applications. In the satellite communications,
these synthesizers are required as carriers for
increasingly sophisticated baseband informa-
tion, or as local oscillators for achieving fre-
quency conversions from/to carriers to/from
satellite transponder frequency. Because the
phase noise on the microwave local oscillator
has directly the influence on a digitally mod-
ulated carrier and the integrated phase noise
in the double sided nyquist bandwidth
increases the bit error rate(BER) of PSK sys-
tems(1-4). it must be designed to have low
phase noise performance in digital satellite

communication system. Therefore, the phase
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noise specifications for it of each system need
to be considerd according to transmission rate
per carrier. That is to say. in case of DAMA-~
SCPC system with low transmission rate. the
phase noise performance at small offset from
a carrier is more important than it at large
offset.

Recently. a microwave frequency synthesiz-
er of MMIC technique was developed owing to
semiconductor technology(5-7). but isn't yet
available on the system application to require
low phase noise performance due to high
phase noise performance of a (Voltage
Controlled Oscillator (VCO). In order to obtain
required frequency step size and low phase
noise characteristic of PLL synthesizer in
available satellite communication systems. it
is designed with a few PLLs which mix two
type. analog and digital, and is designed with
the technique which converts a signal fed
from a microwave VCO to a L-band signal for
overcoming the operational range of a fre-
quency divider and decreasing noise floor of a
reference signal and phase detector by divi-
sion ratio(7-11). Also., since the phase noise

can be accurately estimated owing to contri-
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butions of Robins and Kroupa(4,8.9], the
optimal design which considers size, cost and
performance of a synthesizer is possible in
order to meet required phase noise specifica-
tions.

In this paper, for overcoming the effect due
to VCO nonlinearity and divider variations,
an the circuit to control the PLL loop gain is
contrived. The design approach to consider
practical values of all components included
within circuits is proposed, and the loop sta-
bility analysis and the phase noise estimation
are in detail performed. Based on the pro-
posed approach, the microwave frequency
synthesizer with low close-in phase noise per-
formance has been developed for the purpose
of being used in DAMA-SCPC System which
will perform voice & data services with low
traffic density as a sort of earth station
using the KOREASAT.

Il. SYSTEM REQUIREMENTS

Since the performance of a coherent digital
modulation system is degraded by an exces-
sive amount of the phase noise, the phase-
noise requirements of the signal sources often
become the limiting factor for the overall sys-
tem. In general, the sideband phase noise can
be the cause of interference into the informa-
tion bandwidth and can limit the overall sys-
tem sensitivity(1.2]). Considering the phase
noise sources as independent random vari-
ables, the resultant equivalent phase noise
pdf(probability density function) approaches a

normal or gaussian curve since the number
of individual sources is large. The phase noise
is added with the channel noise within the
specified bandwidth to produce that a total
carrier-to-noise ratio is given by(2,3)
('}%)Tfa:_fc; -t oy

(¥) +(¥)

Channel

Phase

where,

C

(F)m., = total C/N caused by channel
C noise plus phase noise

(—}\—I_)c,,,,,,,,,, = C/N caused by total channel
C noise in the link

(_)phm = C/N caused by total phase

N
noise in the link

It is suggested that in many systems an
economic analysis will show that if the link
degradation caused by the phase noise exceeds
0.4 dB it will be cheaper to reduce the phase
noise itself than to improve it by increasing
the EIRP or G/T(4,9). The spurious phase jit-
ter may be introduced by each local oscillator
used for the frequency conversion and also by
the AM-PM effects resulted from each high
power amplifier in the satellite communica-
tion link.

The phase noise specifications that is
required in communication system using PSK
modulation technique depend on the carrier
recovery loop and BER of a coherent demodu-
lator(4). The phase error, which is resulted
from the phase noise density coming into the
carrier recovery loop, is determined by the
error response, transfer function and related
offset frequency of that loop, and is largest
in neighborhood of the natural frequency.
From the view point of BER, the phase noise
coming into a coherent demodulator brings
about the phase difference between an input
signal and a carrier. This, the phase differ-
ence, depends on the error response and noise
bandwidth of the carrier recovery loop.
Therefore, it can be summarized that the
phase noise specification at low offset fre-
quency depends on the carrier recovery loop
and by up to high offset frequency of the

1275

www.dbpia.co.kr



132

WEHESHRICES '95-5 Vol.20 No.5

double sided bandwidth depends on a coherent
demodulator.

The requirement for the phase noise perfor-
mance in the microwave synthesizer design of
DAMA-SCPC system with the double sided
bandwidth of about 30KHz is shown in Fig. 1
along with the IESS-308 specification(12).

[Il. FREQUENCY SYNTHESIZER DESIGN

The practical design approach to consider
the effect for all components included within
circuits is proposed for the purpose of the
accurate estimation of the loop stability and
phase noise. The designed microwave frequen-
cy synthesizer is composed of four modules
which are the 125 MHz digital PLO(phase
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locked oscillator), 875 MHz analog PLO, fre-
quency multiplier(X14) and 13 GHz digital
PLL synthesizer. respectively, as shown in
Fig. 2. Since the first. second and third mod-
ule is necessary to generate two reference sig-
nals for the fourth module which is the third
PLL
approach proposed in this paper is limited and
described in detail for only the third PLL
synthesizer. But, the detailed internal config-

synthesizer, the prcatical design

urations of each module are briefly explained
as follows.

The 125 MHz digital PLO module of the
first PLL is used to clean an external 10 MHz
reference signal received through long dis-
tance from an indoor unit by a crystal filter.
and to generate the 125 MHz signal locked to

TR Sl S SR A R R L] .-

of = =i~ =]ESS-308

i 1| =& DAMA-
' SCPC
System
SPEC.

T |

&

10MHz Ref.

1.E+3
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Fig. 1. The SSB phase noise specification of the microwave synthesizer

(DAMA-SCPC system)
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Fig. 2. The architecture of the microwave synthesizer

it. It is a digital PLL with 100 Hz loop band-
width and consists of a Q3036 frequency syn-
thesizer IC supplied by Qualcomm, the active
loop filter. the reference suppression filter
and the 125MHz VCXO(voltage controlled
crystal oscillator).

The 875MHz analog PLO module of the sec-
ond PLL is used to generate the 875MHz sig-
nal locked to the 125MHz reference signal
source. It is the analog PLL with about
20KHz loop bandwidth and consists of a sam-
pling phase detector, the 875MHz VCO with
very low phase noise characteristic, the lag-
lead loop filter and the auto-search circuit.

By the designed frequency multiplied mod-
ule, the output signal of the 875MHz analog
PLO is frequency-multiplied to the 12.25GHz
signal by using the SRD(step recovery diode)

harmonic generator followed by the wave-

guide band pass filter with about 40MHz
bandwidth.

In the digital frequency synthesizer module
of the third PLL. the 12.25GHz signal
coming from the frequency multiplier mod-
ule is mixed by the double-balanced mixer
with the signal coupled with the extent of
about 8dB from the 13GHz VCO out-
put(13.055~13.555GHz) in order to yield the
IF signal(805~1305MHz). And then, that IF
signal will be divided into 161 to 261 by a
divider according to the frequency selection.
In the digital phase detector, it is compared
with the reference signal coming from the
125MHz PLO module.

The assumption of linearity allows the loop
to be treated as a control system and modeled
via Laplace transform approach. The fourth
module, the 13GHz digital synthesizer, can be
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modeled as a PLL feedback control loop as
shown in Fig. 3. The phase detector gain. K,.
for the Q3036 is 0.302V/rad. and in this
design a second order type PLL is assumed,
that is. it has two perfect integrators (poles
on the imaginary axis). The tuning voltage-
to-frequency conversion of the VCO imple-
ments integration with respect to phase. and
the other integrator is given from an active
loop filter. The I/O transfer characteristic of
the microwave VCO is shown in Fig. 4. The
VCO is fabricated on the allumina hard sub-
strate and designed with a GaAs power FET
chip(FLKOZZXV) and can tune the band of
12.8 to 13.7GHz. Its gain Kv is varied from 2
I-86 x 10° to 211 - 45 x 10° (rad/sec)/volt
over 500MHz tuning band. A conventional
active loop filter type is shown in Fig. 5 (a).
In a while, the active loop filter configura-
tion proposed in this paper is shown in Fig. 5
(b). The contrived two-stage active loop filter
composed of a differential amplifier and lag-
lead loop filter is implemented to not only

have its natural function but also remove the

undesired transient term caused by mismatch-
ing of components in a typical loop filter that
accommodates two differential outputs of a
phase detector(13). The circuit B is the
demensionless factor induced to compensate
for the mutual relation between VCO nonlin-
earity and frequency divider variations. It
plays a role to keep uniformly the loop gain
and is implemented by a simple voltage
divider. In this paper, a new parameter. k',
which means the modified gain constant over
all tuning band is defined by the following
equation,
. (€]

k, = m;)u“ﬁm Wrad/s)/v), 1=1,2,3 (2
where. the K,”. N,” and B® are explained in
the next paragraph. When it is supposed that
500MHz VCO tuning band is divided into
three sub-bands(see Fig. 4), the K,” corre-
sponds to the gain in each sub-band.
Similarly., the N, corresponds to the arith-
metic mean of the N range given in each
band and the range of N over all tuning band
is varied from 161 to 261. First of all, if we

Loop Gain Control Command

f vco
{ F®
1 0]
+ 1 K
j Phase Detector Loop Filter
1
ND

Frequency Selection Command

Fig. 3. The block diagram of the PLL feedback control loop
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Fig. 5. Block diagrams of an active loop filter
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set the B® in third band to 1.25. k’, can be
determined as 883573 ((rad/s)/v]. After then,
the B” and B* are normalized with respect to
this value as shown in Table 1.

Henceforth. the transfer function. F(s), of

the active loop filter is given by

1+ sT,
F(9) =y (ﬁ%l) (3)

where,

Tl = RIC, T2 = ch

The open loop transfer function of the PLL
control system shown in Fig. 3 is expressed
by

GH(S) = K¢ .

k, (1 + sT,
( o7 ) . @

The closed loop transfer function of output
phase to input phase in terms of frequency is

given as follows.

and. the natural frequency(¢,) and damping
factor({) are given by

_ s _ waTy
wa =yt = (6)

o, and ¢ are usually constrained by the
noise performance, stability and settling time
requirements of the loop. The ideal time
response due to a reference frequency step in
an underdamped system is given by the fol-
lowing equation(13).

- \%‘-}:—? sin(W1-22w, e
%

¢mar( =

The phase error appearing at the VCO out-
put is then N times that at the phase detec-
tor input. This is analogous to an output fre-
quency step of N times that at the reference.
For this synthesizer design, @, = 21 - 100
Krad/sec (f, = 100 KHz), { = 0.707 and ¢, =

7.2 sec, settling time, are chosen irrespective

H(s) = Z"((\S-))- of the output frequency or division factor N.
ils
Therefore, if C is chosen to be 680 pF, then
(i
_ NO(QCw, s + wh) 5 R, = 1000 @ and R, = 3300 @ can be found
s+ 2w, s + Wl )
from equation (2) and (6).
Tabie 1. The determination of B with respect to Kv and N, variations
) SWITCH
. FREQUENCY K, _ )
1 Nm(l) B(\)
RANGE(GHz) [(rad/s)/v] Swi SW2
1 13.055~13.205 21 - 86 - 10° 176 3.50 OFF ON
2 13.205~13.455 2m - 62 - 10° 221 2.00 ON OFF
3 13.455~13.555 21 - 45 - 10° 256 1.25 OFF OFF
1280
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IV. LOOP STABILITY ANALYSIS

It is very important to guarantee the stabi-
lization of the control loop over the opera-
tional band of the frequency synthesizer.
There are many different methods of analyz-
ing the stability of feedback control sys-
tems(14). The approach used here is to derive
the total open loop transfer function of the
control loop and perform the Bode plot analy-
sis. To obtain the exact loop transfer function
for the practical design. op-amp finite
gain/bandwidth effects, additional poles zeros
for reference suppression filtering, the IF fil-
ter in the feedback path and other delays in
the loop have to be included in equation (2).
If these additional effects are neglected dur-
ing the stability analysis, the consequences
can be severe.

With the op-amp(OP-27-GS) response taking
into account the effect of the finite voltage
gain{4, = 1.8-10% and gain-bandwidth prod-
uct(GBW=8MHz), the transfer function of the
modified active loop filter, F,(s), becomes as
given in the following equation.

A (1+s5T,)
F =
D(S) 52 To( T1+T2) + S( T1+T2
+ T, +AT) +1
4 1) (8)
A
where, T, = 0
2#GBW
A, : op-amp finite voltage gain

GBW : op-amp gain-bandwidth product

There is a finite propagation delay through
the counters which implement the frequency
divider, and also there is an inherent sam-
pling delay of one-half the period of the
phase comparison frequency. Generally, since
the latter is at least an order of magnitude
greater than the former, divider delay may
be neglected. Because the phase error is
encoded using pulse-width modulation, there
is an associated output spectrum, with a DC
components equal to the duty cycle of the
phase error. If the higher frequency compo-
nents of the output are neglected, the phase
detector is modeled with a linear transfer
function as follows(15).

[
kyis) = Kse 2F

8)

C,=475F C4=33pP
| L {1
11 11
R;=270 ohm
——f— 1 m .
1 L2=22\I" 1 L4=27uH—_
Cy=150pF C4=390 pF Cy=330pF

Fig. 6. The block diagram of the reference suppression filter
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Fig. 7. The frequency response of the open loop transfer function
where, C]L4C5+ CngCz+ C3L4C4+ 03L4C5+ C5L202+

F,

. - the phase detector comparison frequen-

cy(5MHz)

The reference suppression filter of the 5th
elliptic type as shown in Fig. 6 is used to
remove sidebands on the synthesizer output

and its voltage transfer function is given

(LzCzSZ +1)(L2C252 +l)

() = AL B Cd iDL T Es 1 )

where,

A = R,L,L{C,CyCs+ C,CoCs+CC3Cs+
C,C4Cs+ CaC5C 4+ CoC5C5+ CoC(Cs)

B = LyL(CyCy+ CoCst C3Cyt C3Cst CyCs)

C = Rg(CLyCo+ CyLyCst C LyCs+ CyLyLyt+

1282

C5L4C4)
D= LzCz’f" L203+ ch5+ L4C4+ L4C5
E-= RS(C1+ Cg+ C5)

Also, the low pass filter followed by the
microwave mixer shown in Fig. 2 degrades
the loop stability, but its effect is small
enough to be neglected because its cutoff fre-
quency is much greater than the loop band-
width.

Therefore, the total open loop transfer
function. GH,(s),
factors mentioned by this time is expressed
by

including all the practical
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GHA= k() - 2 - Fo(9) - Jul9) . 0

In the real case considering all component
effects within the PLL, the frequency
response for the open loop transfer function
is shown in Fig. 7 in contrast with ideal
case. The simulation result of Fig. 7 shows
that the unity amplitude frequencies are
about 160KHz in the real case and about
180KHz in the ideal case, and the phase mar-
gins are about 47° and 69° in two cases,
respectively. This result is almost the same
with respect to all tuing band. Conclusionly,
though the degradation of the phase margin
is 22° in the practical design, the phase mar-
gin 47° is enough to allow for component tol-
erances and drift due to aging and tempera-

ture, etc.
V. PHASE NOISE ANALYSIS

In the PLL frequency synthesizer, some

major noise sources to be considered are the
reference phase noise, VCO phase noise,
phase detector noise and loop filter noise.
These noise sources can be added by the rule
of superposition since the loop can be modeled
as shown in Fig. 8 and the noise of each
block can be estimated. The phase noise of
125MHz digital PLO with the loop bandwidth
of 100Hz depends on that of 10MHz reference
signal within the loop bandwidth and free
running 125MHz VCXO outside it. The speci-
fication of 10MHz reference signal used in
DAMA-SCPC system is shown in Fig. 1.
Similarly. the phase noise of 875 analog PLO
with the 20kHz loop bandwidth is affected by
those of 125MHz second reference locked to
10MHz first reference and free runnig VCO.
In this paper, it is assumed that the estimat-
ed phase noise performances at each output
of 125MHz digital PLO module and 875 MHz
analog PLO module are given as shown in
Fig. 9 (a) and (b). The final output phase

vpd‘. “:Jl ¢'w,.
Dctector Filier - K ‘4 wa
K¢ F(s) T
Hos A
” ¢‘INJI ¢nilll
!!!25 n ’
25 - Low Pass
Divider D:VM(?)" Filter L Mixcr
i -

+25 * Nom Fals) )

% 4 ¢mll.n “
2.

125MHz 875MHz Frequency

Digual Analog ] Muluplicr

PLO PLO \ X 14

Pursa 14 X5,

Fig. 8. The modelling diagram for estimating the phase noise of the designed PLL syn-

thesizer.
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Fig. 9. The estimated phase noise performance of the first and second module
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noise performance can be estimated from the
block diagram of Fig. 8. That is, by assum-
ing a locked loop and applying Mason’s rule
to Fig. 8, the following equation (11) can be
derived as

N(i)

maul.n(s) = H(S) * 'E‘;FL"’:(T) * leS.n(S) +

N(x’)
_Fm AV . n(8) + Vi ()}

t 14 Qg5 ol8) + @ g o) +

N
O pix. a(8) + FAT {@ ps. ()

+O gy | + {1 —H(5)}
0 o, u($) a

where,

‘ N'Eli)Kde(li)F(s)
N3s + KK F(s) Fo(s)

H(s) =

The PLL transfer function H’(s) performs a

low-pass-filtering operation on all noise

Table 2. The notation and description for each of the modelling blocks

Notation .
Component Given
Description LT-PN* LT-PNSD"" Performance
(rad) (rad®
125 MHz Refer to
&35 A(s) Sy25 n(W)
Digital PLO 125, 218 125, nt W Fig. 9(a)
875 MHz Refer to
Analog PLO Pars. n(9) Sars. a(W) Fig. 9(b)
13 GHz Free Refer to
¢vco Svco n( )
Running VCD a8 A Fig. 10
Phase Vpd‘,,(S) Spd,,,(w)
Detector K, K/}
Refer to
Refernece D25 n(s) Saos o(W) Q3036 data
Frequency book(18)
Divider
v Vo b an, ols) Sax. n(W)
Loon Filt Vinl8) St alw) Negligible
oop Filter K, K (4.18)
Frequency ..
[ Iy Satan
Multiplier 14.2(8) 14.0{W) Negligible(16)
Microwave B i () S (W) Negligible(17)
Mixer ' ’

(*) LT-PN : Laplace transformed phase noise

(* *) LT-PNSD ' Laplace transformed phase noise spectral density
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sources except VCO free running phase noise,
and (1-H'(s)) performs a high-pass-filtering
operation on VCO noise. The notation and
description for each modelling block and
added noise source shown in Fig. 8 are in
detail summarized in Table 2.

Since all the considered noises are random
and uncorrelated, the output noise spectral
density can be obtained by summing the
respective spectral densities and is represent-
ed as the following equation (12) under the
assumption that I, (s) is neglected because its
influence is very small within the pass band.

and so H’(s) becomes H(s) given in equa-
tion (5).

N

Saurntid = 1710 12 ([ 222) - 51m. 0

a

N (S g n() + S s ()

+ Sav. (W) + Sr ()} + 147+

cocoBes- 125MH2
--e-

sc--A---- $1SMIL

-=--®---- Free-running :

VCO(13.355GH1)

220
-3¢
-40
50
-60
=70
80 |
-90
-100
-110
-120
-130
-140 ..
-150
160+

SSI Phase Noise{dlic/H /)

©** Noise

Fioor(Q3036 )

Reference
Degradation

StﬁS_n(w) + Smi,',.(w) + S,,IL,,(IL')]
11 =) | % S e, () 12

The total
microwave synthesizer for DAMA-SCPC sys-

output phase noise of the

tem estimated by means of equation(12) is
shown in Fig. 10. The noise floors of the fre-
quency multiplier(X14) and microwave mixer
can be neglected(16,17]. those of the phase
detector and frequency divider are determined
by Q3036(18]. Also. the noise floor influenced
by the loop filter is a great deal smaller than
those of Q3036. so it can be omitted(4.18).
Fig. 10 shows graphically the process to add

each noise source in due order.

VI. PERFORMANCE MEASUREMENTS

All, four modules. needed for the

=y LO(12.25GHq)

Outpul Frequency
(13 355G

—=— Nuise Floor
Deygradation

-170
1.0+

101242 1L0E+3  1.0E+4  LOE+S  1.0E+6

Frequency Offet{itz)

Fig. 10. The estimated total phase noise performance of the microwave synthesizer
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Fig. 11. The actual object of the integrated microwave synthesizer

LASER
PRINTER
MICROWAVE
FREQUENCY
SYNTHESIZER
13.055 ~ 13.555 GHz MICROWAVE PHASE 1EEE BUS SYSTEM

MIXER DETECTOR

® O ES 25 ,

BPP
put PHASE -
LOCK
) ‘7 Loop o =r

REF2
(455 ~ 955 MHz) REF1 (126 GH1) PC4B6DX
%
PN-9000

Fig. 12. The experimental set-up for the phase noise measurements

1287
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microwave synthesizer are integrated into 10
x 10 x 8.5¢cm3 package as shown in Fig. 11.
It becomes essential that spectral purity para-
meters such as the phase noise and spurious
are measured as a production quality verifica-
tion to ensure that the performance of this
advanced synthesizer isn’t degraded due to
deficient signal sources. The PN-9000
Automated Phase Noise Measurement System
is ideally suited to such requirements because
it is a fully integrated system and has been-
designed specifically to facilitate automated
phase noise measurements. Hence, the phase
noise measurement for the designed synthe-
sizer is performed using the PN-9000 system
which can analyze spectrum up to 10 to
40MHz without an external spectrum analyz-
er. The experimental set-up is shown in Fig.
12. At first, after setting the output signal
of the DUT to 13.055GHz. the signal coming
from the 10MHz reference unit of DAMA-

Microwave Frequency Synthesizer
(Fc = 13.055 GHz)

9/ ¥/1994 EROPTEST

wn  dicits tine! 6V tm
-0 T
20 W T
-40 !
-50
@ -0 M\]
R
2
5] 90 s Ay {
o T
Rt : I
[SURTT i
M -0 :
R :’
-140 {
-150 T
-160
T
100Kz 14 1004 1000tz %

Frequency Offset(Hz)

(a) fc = 13.055 GHz

1288

SCPC system is applied to the external refer-
ence input port of the DUT, and also the DC
power supplies, +15V & +5V, are applied to
the DUT. The signal to be tested from the
DUT output is down-converted to the inter-
mediate frequency range of the PN-9000 RF
system. The Europtest PN-9200A down-con-
verter as shown in Fig. 12 includes the
microwave mixer and the ultra-low-noise syn-
thesized local oscillator(REF 1). And then,
REF 2, a standard synthesizer, is locked by
the PN-9000 through its FM DC input, and
the FFT(fast fourier transform) spectral
analysis and data processing for its output
are made with the help of the 486DX PC
computer interfaced through an IEEE Bus
System. With minor change., the phase noise
for every signal to be tested from the DUT
can be precisely measured with the same set-
up given in Fig. 12.

The SSB phase noise performance measured

Microwave Frequency Synthesizer
(Fc = 13.305 GHz)
9/ 91998 EROPTEST
L décMa tine: MW4m

SSB Phase Noise

100z W 1000k 100Kz I

Freqeuncy Offset(Hz)

(b) fc = 13.305 GHz
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Microwave Frequency Synthesizer
(F¢ = 13.555 GHz)
9/ /193¢ EURDPIEST
ufn dBcha tine: 2w
-0
o Il m T
" m Il
, SR :
- S T n
Z 1S 1
@ j —
g | ™ t
£ 100 4
o H 7
M e -
A i i
-140 I*T :
-150 |
e i ]
1000 1 100U 10004 e
Frequency Offset(Hz)
(c) fc = 13.555 GHz
Fig. 13. The phase noise performance at three output frequencies
Table 3. The integrated phase noise up to 30 KHz offset
. . Integrated Phase
Output Phase Noise Density Noise(rms degree)
F
requency Offset Performance 10Hz~ 30Hz~ | 300Hz~
[GHz) (KHz) (dBc/Hz) 30KHz | 30KHz | 30KHz
1 -91.3
13.055 10 -89.9 1.04 0.91 0.53
100 ~-88.4
1 -90.4
13.305 10 -88.7 1.05 0.93 0.56
100 -87.3
1 ~-90.1
13.555 10 -88.1 1.09 0.96 0.58
100 -87.0
1289
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ATTEN 330cB
AL 20 .0acB8m

MKA 11 .50dB8m
13 .855492GHz2

L 1]

Output Cable Losx : 2.0 db

1008/

13 .55492 GHz
11 .50 g8am

o

CENTER 13 .585S006HZ
RBW 300kHZ vB8w 300kHZ

SPAN SO .00MH2Z
SWR 50 .0ms

Fig. 14. The output spectrum of the designed microwave
synthesizer

at three output carrier frequencies(fc=13.055.
13.305, 13.555GHz) are shown in Fig. 13.
Comparing the experimental result of Fig. 13
(c) with the estimated result (see Fig. 10}, it
can be known that the phase noise difference
is a maximum 2dB over the full range of
1MHz offset. From all performance curves of
Fig. 13, it can be also shown that the mea-
sured performance variations over all tuning
band are within a maximum 1dB.

Since DAMA-SCPC system services tele-
phone and data via Korea Satellite have low
transmmision rate(32Kbps). it is important,
above all, to have low phase noise by up to
30KHz offset to prevent the system perfor-
mance from being degraded. Referring to Fig.
13. each integrated phase noise amount can
be calculated and those values are listed in
Table 3 together with the SSB phase noise

densities. The initial offst of integration is

1290

Output Power Level (dBm)

150

14.0 +
_B—R-—8
w

13.0 ¢—u—"— "

12.0 +

11.0 +

10.0 T S S
13.055 13.155 13.255 13.355 13.455 13.555

Output Frequency (GHz)

Fig. 15. The output power level and its flatness

determined by the loop bandwidth of a coher-
ent demodulator in a digital communication
system, and is typically about 0.001 to 0.01
times of the symbol rate. In the case of
DAMA-SCPC system. it is about 30Hz, and
the maximum integrated phase noise is
0.96rms degree at fc=13.555GHz. An example
of the measured output spectrum is shown in
Fig. 14, and the output levels in the full
tuning band are also measured and those
results exhibit that the maximum ripple is

less than 1dB(p~p) as shown in Fig. 15.

VIl. CONCLUSION

The microwave frequency synthesizer with
low phase noise characteristic has been suc-
cessfully developed for DAMA-SCPC system
which shall provide telephone service and

data service with low transmission rate
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through Korea Satellite. The design approach

to consider the practical effect of all compo-

nents included within circuits was proper for

estimating accurately the loop stability and
the phase noise density, and the PLL’s band-~
widths over the full tuning band were uni-

formly kept by the devised loop gain control

circuit. The measured phase noise perfor-

mance of the synthesizer which has been

composed of three PLLs met the required

specification over all region. Especially, from
the output result of 13.555GHz, the SSB
phase noise of the designed synthesizer was
as low as -88dBc/Hz at 30KHz offset, and the
integrated phase noise over 30Hz to 30KH:z

offset was 0.96rms degrees. The nominal out-

put power of the synthesizer was 13dBm, and

its flatness was less than 1dB(p-p) in the full

tuning band. Since this microwave synthesiz-

er has low phase noise characteristic and con-

siderably compact, it can be utilized as

microwave local oscilators in satellite commu-

nication system and its technology will con-

tribute to the development of new milimeter-

wave synthesizers in the future.
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