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ABSTRACT :

In this paper design and development of a PC- Based S- Band Down Converter/ FM
Telemetry Receiver are discussed. With the advent of Direct Digital Synthesis (DDS) &
Phase Locked Loop (PLL) technology, availability of GaAs & Silicon MMICs, Coaxial
Resonator Oscillator (CRO), SAW Oscillator, SAW Filters and Ceramic Filters,
realisation of single card PC- Based Down Converter and Telemetry Receiver has become
a reality. With the availability of Direct Digital Synthesis and Phase Locked Loop devices
having microprocessor bus compatibility, opens up many application in Telemetry and
Telecommunications. In this paper design of local oscillator based on hybrid DDS & PLL
technique, Coaxial Resonator Oscillator and Front-end are discussed in detail.

DIRECT DIGITAL SYNTHESIS (DDS) : 

It is an oscillator having analog output with a fine frequency resolution realised by digital
techniques. It basically consists of Numerically Controlled Oscillator (NCO), Digital to
Analog Converter(DAC), Low Pass Filter(alias filter) and a reference clock as shown in
fig(1). Its frequency is selected by changing the tuning word.

F   = Frequency resolution × Digital tuning word.out

The frequency resolution is given by,
F  = F  ÷   2resolution  clock 

n



where n is the length of the phase accumulator in NCO. DDS is realised using STEL
1172B NCO having 32 bit accumulator and a reference clock of 40.0MHz.

PHASE LOCKED LOOP (PLL) :

The phase locked loop as shown fig(1), consists of a Voltage Controlled Oscillator(VCO),
Dual modulus divider, phase/ Frequency Detector (PFD) and a loop filter. The VCO
output frequency is divided by a factor N and compared with a stable reference (F  ).ref

Error voltage derived from the PFD is applied to the VCO after passing through a loop
filter, to stabilise the VCO frequency. In locked mode, the output frequency is F  (Fout ref

×N)with the frequency resolution F .. Qualcom Q3216 PLL chip having 20 bit serial busref

interface alongwith prescalar UPB 584B chip is used in realising the first local oscillator of
Down Converter.Fig(1)  

HYBRID DDS & PLL :

In this mode, the DDS output frequency is used as a reference to PLL as shown in Fig(1).
This hybrid DDS/ PLL output frequency is varied by varying both N and DDS output
frequency. The hybrid DDS and PLL output frequency, F  is the product of N and DDSout

output frequency. The advantages of this mode are given below.
*  Both higher frequency comparison (–4.50MHz) at the phase detector and very high
frequency resolution (less than Hertz) can be achieved same time.
*  Because a higher reference frequency is used, less noise is injected inside the loop band
width of the PLL.
*  Because of higher reference frequency, wider loop band width can be used which results
in fast settling time.
The limitation of the DDS is the presence of spurious outputs. The spurious outputs near
the carrier can be minimised to 75dB down with respect to carrier if the selected clock is
minimum four times the DDS output frequency. Other spurious outputs will be removed by
using either highly selective crystal filter or ceramic filter for narrow band applications.
For continuous frequency coverage the required band width of the filter is,
B.W  š DDS centre frequency ÷ NDDS      min

The L.O -2 of S- Band Down converter and the LO-1 of S- Band FM Telemetry Receiver
are realised using this hybrid mode technique. Details of LO-2 are given below. 
Tuning range :  470 to 570 MHz
Range of  N :  104 to 127
DDS frequency :  4.5MHz ±0.045
Thus by varying DDS output frequency by ± 45KHz about centre frequency and VCO
frequency division ratio (N) from 104 to 127 the DDS /PLL output frequency can be tuned 



from 470 to 570 MHz with resolution of 0.15Hz. The value of N and tuning word
corresponding to DDS frequency can be programmed respectively to the PLL and NCO
chips. 
    

VCO DESIGN USING COAXIAL RESONATOR (CRO) :

The Coaxial Resonator Oscillators at 1.8GHz for S- Band Down Converter and 2.05GHz
(100MHz tuning range) for S- Band FM Telemetry Receiver are designed using EEsof
software. A coaxial resonator is a transmission line of either quarter wavelength with a
short or a half wavelength with a open behaves as a parallel resonant circuit. The coaxial
resonator for a required frequency is selected using the software provided by the Trans-
Tech Inc, "Coaxial Resonator Design Program for Windows".

The 8/2 resonators SR 8800SPH 1850AY and SR 8800LPH 2175 of Trans- Tech Inc., are
chosen for 1.8GHz and 2.05GHz oscillators respectively. The active device chosen is NE
64535 bipolar microwave transistor. The small signal S-parameter of the transistor for a
bias of V = 8v and I  = 10mA are given are given below. CE     C



       Freq.(MH)       S        S      S   S11       21      12       22

  500 0.56p-122 12.34p110 0.03p41 0.58p-39
1000 0.52p-161   6.83p87 0.04p42 0.44p-42
2000 0.52p168   3.69p63 0.07p48 0.40p-49
3000 0.53p 146   2.49p42 0.10p47 0.40p-63

A feedback capacitor C is connected between emitter and ground and its value is chosen1  

so that the real parts of input and output impedance will have sufficient negative resistance
and lower reactance value. For a capacitance value. of 1.5pf, the S  and S  , Z  and Z11  22  in  out 

are given below.
        Freq (GHz)         S      S          Z        Z11      22          IN        OUT

2.20 4.186p-56.80 2.53p-42.3 -59.26-j25.13 -73.80-j46.6
2.25 4.640p-61.76 2.74p-46.4 -56.59-j22.50 -68.70-j42.0
2.30 5.170p-67.90 2.98p-51.7 -54.00-j20.00 -63.60-j37.8

The resonator network consists of coaxial resonator (R  , C  , L  ), GaAs varactor diode2  3  1

ND5050-3D (C  ) and coupling capacitors C  & C   as shown in fig(2). 4     2  5

Fig(2a) Fig(2b)

As the value of coupling capacitor C  is increased the tuning range will increase at the2

expense of Q. The value of C  should be above a critical value, below which the circuit5

will not oscillate. The output impedances are given below for the two oscillator circuits for
varactor capacitor values. 



Varactor Freq. Output Varactor Freq. Output
Cap.(pf) (GHz) Imp.(S) Cap.(pf) (GHz) Imp.(S)
0.5 1.804 -195- j10 0.5 2.087 -175+j10
   1 1.798 -203+j7.0    1 2.056 -186+j2
   2 1.792 -200+j14    2 2.020 -177+j12
   3 1.790 -197- j3.0    3 1.999 -178+j15
   4 1.788 -196- j10    4 1.985 -180-j4.5

Table (1a) Table (1b)

The circuit will oscillate with 50S load without the need of the output matching network,
because the magnitude of the output impedance is more than 50S. The CRO has become
increasingly popular upto 3.0GHz frequency range, where medium tuning bandwidth and
good stability are required. The tuning range of 16.0MHz[Fig(2a)] and 100MHz[Fig(2b)]
are achieved for coupling capacitor(C ) value of 0.5pf & 2.0pf respectively.2

S- BAND DOWN CONVERTER :
The incoming signal is first filtered through a low loss interdigital band pass filter and then
amplified by very low-noise amplifier (LNA). whose noise figure is 0.6dB. The first stage
of the LNA is realised using High Electron Mobility Transistor (HEMT), having device
noise figure 0.13dB (ATF 35076). This stage is designed using EEsof software and is
shown in fig(3). The S-parameters and noise parameters are given below.
Freq S S S S Nf ' R11 21  12 22 min S opt n

(GHz)
2.0 0.98p-31 4.10p149 0.035p67 0.49p-24 0.13 0.82p23 0.23
3.0 0.95p-43 4.04p137 0.051p59 0.47p-33 0.20 0.80p30 0.20
4.0 0.92p-60 4.01p122 0.067p68 0.45p-45 0.50 0.74p42 0.19

   
The overall S-parameters and noise figure of this stage are given below.
Freq. S S S S N.F11  21 12  22 

(GHz) (dB)
1.8 0.443p-092.8 14.30p66.68 0.044p18.25 0.382p-69.4 0.394
2.0 0.250p-132.4 14.00p38.10 0.048p-6.60 0.316p-087.2 0.332
2.2 0.127p145.4 13.27p11.22 0.050p-30.0 0.245p-102.9 0.322
2.4 0.223p065.0 12.23p-13.85 0.049p-51.7 0.181p-116.4 0.375
2.6 0.350p029.0 11.00p-37.30 0.048p-72.0 0.129p-128.0 0.493



Fig(3)

The second stage is a GaAs monolithic amplifier whose noise figure is about 2.4dB. GaAs
voltage variable attenuator used between LNA and first mixer to improve dynamic range.
The silicon bipolar MMIC active double balanced mixer/IF amplifier having gain of 8dB is
used as first and second mixers. The second mixer output (II IF,70MHz) is passed through
SAW filter, after amplification. The SAW filter with different bandwidth are connected
through SP4T switches and SAW filter is selected depending upon the data bandwidth of
the incoming signal.
The non-coherent AGC is applied to two attenuators to operate all stages in linear region
for maximum input signal strength of -30dBm. The local oscillator power requirement is
only -5.0dBm for both mixers. The block diagram of the S-Band Down Converter is shown
fig(4). This unit is mounted in environmentally safe enclosure near  the antenna. The input
frequency and IF filter bandwidth are selected by PC, using custom developed application
program. By replacing CRO by varactor tuned DRO and by changing prescalar division
from 2 to 4/8 and front end by C/Ku band MMICs it can be configured to C/ku band
Down Converters. 



FM TELEMETRY RECEIVER :
The block diagram os FM Telemetry Receiver is shown in Fig(5). The front end of the
receiver is similar to that of the S- Band Down Converter. The first L.O is realised using
hybrid DDS & PLL technique and second L.O is SAW oscillator and its frequency is
corrected using AFC loop. The input frequency is selectable to any frequency with in a
resolution of 100Hz in the band of 2.2 to 2.3GHz. It employs a modular architecture to
configure the receiver for different data rates, IF band width and FM deviation response. It
is integrated in to a custom developed application program. After the input frequency has
been selected, the control program provides both input signal strength and output levels for
the selected input frequency.
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