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1. INTRODUCTION

1.1 OVERVIEW

Frequency synthesizer is a system that generates any one of equally spaced
requencies within a given band referenced to a stable frequency. The aim of the project
s 1o develop a prototype frequency synthesizer for the frequency range of 200 to 400
\Hz for possible use in the Receiver System of the Giant Meterwave Radio Telescope
GMRT).

GMRT is a very sensitive aperture synthesis radio telescope with 30 paraboloidal
ish antennas of 45m diameter each, set up at about 80 km North of Pune City as a
ational facility for fronthine research in Radio astronomy and Astrophysics. Twelve

tennas form a random array in a central 1| km x | km area and the remaining 18 are
ually distributed along the 3 arms of an approximate "Y' configuration, resulting in a
aximum baseline separation of about 25 km. GMRT has been designed 10 operate at 6
quency bands at 50 MHz, 150 MHz, 233 MHz, 327 MHz, 610 MHz, 1000 MHz to
500 MHz.

The signals from celestial sources are amplified in Low Noise Amplifiers and mixed

with Local Oscillator (LO) to an IF of 70 MHz. These 70 MHz IF signals from different
antennas are brought to central location (Central Electronics Building — CEB) and after
Base Band conversion are sampled and correlated. Since the RF frequency range is from
8 MHz 10 1420 MHz and the IF frequency is at 70 MHz, Local Oscillator frequency
required at each of the antennas is in the range of 100 MHz to 1500 MHz.
One of the major blocks in the GMRT Local Oscillator system is the ‘Frequency
ynthesizer'. Synthesizers are required at each of the antenna shells for the generation of
cal Oscillators. The frequency synthesizers to cover the above range of 100 MHz to
300 MHz are realized using a set of Voltage Controlled Oscillators (VCO), a YIG
‘trium Iron Garnet) Tuned Oscillator (YTO), each of them working within a Phase-
cked Loop (PLL), as per the following scheme.



LO RANGE TUNNABLE STEP-SIZE
OSCILLATOR
100-200 MHz VCOI | MHz
201-354 MHz VCO2 | MHz
355-600 MHz VCO3 5 MHz
500-1500 MHz | YTO 5 MHz

% 5 MHz oven controlled crystal oscillator is used as the basic reference for GMRT time
d frequency standard. All the other frequencies generated in the entire system are phase
ked to this basic reference.

.2 SCOPE OF THE THESIS

The scope of this project is to design and optimally realize a Frequency
ynthesizer covering a frequency range of 200 MHz to 400 MHz (VCO2 and associated

gy

LL) using new generation PLL ICs and VCOs, which arc now available. The power

issipation of these new ICs is low compared to older versions. This project was

ey,

signed 10 us so that, il successfully completed, it could be used in the future system
pgrades, Though the synthesizer was designed for 200-400 MHz, it can be modified to
caver any of the frequency ranges upto 1600 MHz using appropriate VCOs and YTOs.
i‘hc synthesizer uses a frequency reference of 105 MHz, which is generated at each of

= bt

e antenna shells in a separate reference generation system. The reference for this

quency is derived from the basic GMRT time and frequency standard.

3 ORGANIZATION OF THESIS

Chapter 2 introduces the reader to the basic working principle of PLL system,

Os, different Frequency Synthesis Techniques, Phase noise concepts. Chapter 3

vers system specifications, schematic of proposed system and design of PLL
thesizer subsystem. Chapter 4 includes Loop Filter and VCO subsystem design.

rface control drawing and material list are covered in chapter 5. The thesis ends with

clusion, list of references used and appendixes covering manuals of various ICs used
he system.






. "SYNTHESIZER SYSTEM CONCEPTS

.1 BASIC DESIGN CONCEPTS
.1.1 PLL TUNING SYSTEM

Tuning of telecommunications transmitters and receivers is the largest application
sa for today's PLLs and prescalers. High frequency PLLs have largely replaced older
ethods such as direct tuning a RC or LC pscillator to the desired local oscillator
equency.

At the expense of a quantised (instead of a continuous frequency) resolution,
LLs provide a cheaper, [aster, more compact and reliable solution to tuning circuitry
e fact that PLLs allow selection of frequencies in discrete steps, rather than aver a

ntinuous ranee, s not a big limitation for use in present day communication system.

LL:

w schematic for Phase Locked Loop is as illustrated in Fig. 2.1

FI'Cf'—" D ——— % — vco E Fm
PRESCALER ¢

Fig. 2.1 Block Diagram of PLL
A PLL is a feedback circuit that synchronizes the signal generated by a tunable
illator with a stable reference signal in frequency as well as in phase. In synchronized,

en called *Locked' state, the phase error between the oscillator’s output signal and

ference signal is very small



* If the phase error builds up, a control mechanism acts on the oscillator in such a
way that phase error is again reduced to a minimum. In such a control system, the phase
of the output signal is actually locked to the phase of the reference signal. That is why it
is referred to as ‘Phase-Locked Loop'.

[t consists of three basig, functional blocks:
¢ Phase Detector (PD)

« Loop Filter

« Voltage Controlled Oscillator (VCO)

and as necessary, single or dual modulus prescalers.

Phase Detector :
The phase detector compares the phase of reference signal with that of the phase
of VCO output signal. The output of Phase Detector is a measure of phase difference

between its two inputs. There are two Lypes of phase detectors:

» The Analog Phase Detector :

It works on integrating multiplier principle and reflects not only timing
differences, but also differences in the shape of input signals. It can offer superior signal-
to-noise ratio and can react almost instantaneously to minute changes in input waveform.
A PLL system utilizing this type of phase detector is able to lock on signals, which are
heavily buried in noise.

For example, four-Quadrant Multiplier, Double Balanced mixer etc. can be used as an

analog phase detector.

* The Digital Phase Detector :

Digital phase detector is built from digital components such as logic gates, flip-
flops to form either EX-OR gate, an edge-triggered JK master/slave flip-flop etc.
Comparison of various phase/frequency detectors is summarized in Table 2.1 and Table
2.2,
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Table 2.1 Circuit Diagrams and Input-Output waveforms of various

Phase/Frequency Comparators




TYPE OPERATING RANGE SENSITIVITY
4 Quadrant Multiplier -ntom Phase only
B EX-OR gate -mtom Phase only
Edge Triggered JK £/f -2nto 2n Phase frequency: insensitive
= for small errors
Tri-state Phase/ Frequency -2m to 2 Phase frequency
Comparator

Table 2.2 Comparison of various phase/frequency detectors.

EX-OR based phase detector is generally used in the applications where the
waveforms are symmetrical. For asymmetrical waveforms the phase detector gain is
reduced resulting iﬁ lower hold and lock ranges. Phase detectors using edge triggered JK
flip-flops show frequency sensitive performance for large frequency offsets only,
whereas tri-state phase/ frequency comparator is frequency sensitive for any value of
frequency offset. In this type of comparator, (shown in Fig. 2.2), the UP and DOWN
output signals are active LOW, Performance of tri-state phase/frequency comparator is
illustrated in Fig. 2.2. In case of zero phase error (not shown in Fig. 2.2) both UP and
DOWN output signals are permanently HIGH. If the VCO output signal U2(t) lags the
reference signal UlL(t), the UP output generates pulses with the duty cycle ratio

proportional to phase error. The DOWN signal is then inactive and vice-versa.

This type of comparator has several advantages:

* It has the best possible locking performance and best frequency and phase difference
detection. '

* Regardless of the amount of frequency error, the average output voltage is always

above or below half the operating voltage, This results in good locking performance.

Loop Filter :

The output of phase/frequency comparator is passed through loop filter, which
pulls the VCO in lock. Loop filter is generally a low pass filter, which deieriaings the
nf:-isc Characteristics of VCO. The loop filter integrates the output signal from phase/

frequency detector into a DC voltage to drive the VCO toa specific frequency.




. Courtesy of Dr. Ronald E. Best, Phase-Locked Loops. Theory, Design and Appltcariuns}

Fig. 2.2 Waveforms of Phase/Frequency comparator



Loop Filter functions :
It smoothes the Phase Detector output.

« [t determines the dynamic performance of the loop.

The dynamic performance includes capture and lock ranges, the noise suppression
bandwidth and the transient response.
Effect of LPF on:

Capture range: If beat frequency (the difference between the VCO output
.;-rcquﬂﬂ‘:-"f and reference frequency) is too high to pass through the LPF, the PLL will not
respond. Then the signal is said to be out of capture range. As the filter bandwidth is
increased, capture range increases. Thus, capture range is controlled by LPF.

Noise suppression: The charge on the filter capacitor gives a short time memory
to PLL. Thus even if the signal becomes less than the noise for few cycles, DC voltage on
capacitor continues to shift VCO till it picks up the signal again. This produces high noise
immunity and locking stability.

Faster lock-up times require wider Low Pass filters, while better noise
characteristics are achieved with narrow filters.

Lag/lead filter is generally preferred as it has two independent time constants, Hence

natural frequency and damping can be chosen independently. Also DC gain can be made

as large as may be necessary for good tracking.

VCO :

In Voltage Controlled Oscillator, output frequency can be changed by applying a
voltage to its control port or tuning port. The tuning voltage to frequency conversion of
VCO, implements integration with respect to phase.

" Order of PLL = Order of Loop Filter + 1

Types of VCOs -

* Crystal oscillator (VCX0O)
* Resonator (LC, coaxial or cavity) oscillator
. RC multivibrator

*  YIG-tuned oscillator



Vardctor tuned oscillator (VTO) :

Varactor tuned oscillator, has varactor diode as the basic component. The
resonator of a VCO is LC circuit with a ‘varactor’ as a voltage controlled variable
capacitance. Varactor is & diode operated in reverse biased condition providing a junction
capacitance, that is a fifnction of applied reverse bias voltage. The applied reverse bias
produces a wide depletion region. Since the depletion region acts as a dielectric between
two conducting plates, the device has the characteristics of a capacitor. The depletion
region capacitance is proportional to t-l'jc..s.:rca and inversely proportional to the width of
the depletion region. Thus the depletion region width is inversely prﬂpurti{:rnalwm the
feverse hias vo‘.ltag&

(V)

C{‘r‘} —— T‘;"—

Where n (constant) depends on doping intensity.

Types of varactors :

In linearly graded junction, for a given voltage change, the change in the
capacitance is smaller as compared to that of an abrupt junction. Since, in most cases,
maximum capacitance change is required; the linearly graded junction is not used as a
tuning diode. Hence most preferred types of varactor diodes are:

* Abrupt junction varactor :

It gives a non-linear tuning. It has high Q value and gives the best noise
performance. .

* Hyper abrupt junction varactor:

The hyper abrupt junction varactor provides a greater capacitance change than
the abrupt junction diode for a given voltage change. Hence for this diode, lower tuning
voltage range is required for given frequency range. Therefore, for wide band VCOs
these varactors are preferred. Fig. 2.3 shows the tuning sensitivity Vs frequency

characteristics of abrupt and hyper abrupt junction varactors.



(Courtesy of Product Catalog SIVERSIMA AB, Sweden )
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Fig 2.3 Tuning sensitivity Vs Frequency characteristic for varactors

For a varactor diode, capacitance is related to bias voltage by following equation:

C(0)

V)y=—"—
c=v+or

Where, C (0) is capacitance of the diode with zero bias.
¢ is built-in potential, which is 0.7 V for silicon diode and 1.2 V for GaAs diode.

Higher Q can be obtained from GaAs devices due to its lower resitivity. But it is more

expensive due to higher material and processing costs.
An abrupt junction varactor has a constant value of n = 0.5. Hence, it has a

smooth curve of ‘temperature coefficient of capacitance’ (Tec) Vs ‘reverse voltage' as

shown in Fig, 2.4,
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However, in case of hyper abrupt junction varactor, ‘n’ is a function of voltage,

and the shape of Tce curve depends on the details of n (V) curve shown in Fig. 2.5
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Fig. 2.5. Tee Vs Tuning Voltage characteristic of hyper abrupt junction varactor

Typer abrupt junction varactor has linear frequency versus voltage characteristics. For
his diode, lower Q value must be settled than an abrupt junction varactor with same
rreakdown voltage and same capacitance. Hence the noise will be higher as compared

to abrupt junction varactor diode.

Fundamenta] Oscillator Circuits :

11
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For a varactor diode, capacitance is related to bias voltage by following equation:

)
)= (V+@)"

Wl_u:r::, C (0) is capacitance of the diode with zero bias.

¢ is built-in potential, which is 0.7 V for silicon diode and 1.2 V for GaAs diode.,
Higher QQ can be obtained from GaAs devices due o its lower resitivity. But it is more
expensive due to higher material and processing costs.

An abrupt junction varactor has a constant value of n = 0.5. Hence, it has a
smooth curve of ‘temperature coefficient of capacitance’ (Tec) Vs ‘reverse voltage’ as

shown in Fig. 2.4.
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However, in case of hyper abrupt junction varactor, ‘'n’ is a function of voltage,

and the shape of Tcc curve depends on the details of n (V) curve shown in Fig. 2.5
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Hyper abrupt junction varactor has linear frequency versus voltage characteristics. For

this diode, lower Q value must be settled than an abrupt junction varactor with same
breakdown voltage and same capacitance. Hence the noise will be higher as compared

to abrupt junction varactor diode.

Fundamental Oscillator Circuits :

I

Fig. 2.6
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« The schematic illustrated in Fig. 2.6 is a simple design with minimum number of
components. When a Si bipolar transistor is used, the phase noise will be very low and

the maximum frequency will be typically 9 GHz. The oscillator will have a wide tuning

range and a high tuning speed.

i ]

r =i
L7

1

Fig. 2.7
GaAs FET transistor configuration shown iri Fig. 2.7 has the maximum frequency
more than 26 GHz. The phase noise will be 10 to 20 dB higher than for oscillators with Si

o

Fig. 2.8

The advantage of above configuration shown in fig 2.8 is that the excellent phase

transistors.

holse characteristics of the Si transistor oscillator can be achieved at frequencies up to
I8GHz. A number of harmonics wil] be generated and will have to be considered when

using the oscillator in a system.

High frequency VCO designs demand high ‘ft" transistors, high Q varactors. The
varactor Q falls rapidly at lower tuning voltages, therefore it is seen that for i.mpmperly
chosen varactor, the oscillations stop at low tuning voltages when varactor Q is too low.

VCO phase noise depends on the resonant Q of the oscillator, Higher the Q,
better is the phase nojse performance. But resonators with high Q tune over narrow

frequency ranges.



Advintages of wide band VCOs are:

e They Prnvidc fast tuning.
« When frequency pulling is significant enough to shift the VCO outside of its
frequency range, Wide band VCO can more easily accommodate the correction to the
frequency shift. ¢
Nurrow band VCO has better phase noise than wide band VCO. Hence the design
of the VCO must balance high Q, low phase noise and narrow tuning bandwidth against
low Q. high phase noise, and wide tuning bandwidth. To obtain a wide bandwidth, the
varactor diode must offer a wide capacitance change over the tuning voltage range. In
many applications, the tuning voltage range is severely restricted, and therefore the
varactor is required to offer a high capacitance ratio over a small voltage change. On the
other hand, the varactor Q is usually compromised by a high capacitance ratio.
The most important precaution in the oseillator design is to maintain the ac signal
across the diode to a low level. It gives low distortion and ensures reproducible tuning
characteristics. The recommended maximum limit for ac signal level across the diode is

100 mV. To muninuze the phase noise of the circuit, it is recommended that the varactor

he lonsely coupled to the resonator and resonator loosely coupled to the transistor.

Limitations of VCO :

* VCOs show significant degradation of noise due to non-linear reactance controlled
unit, varactor.

. Cﬂmmen.:iaﬂ}' available VCOs are generally one octave or less in the frequency
range.

To overcome these limitations, YIG-tuned oscillators are used.

YIG- Tuned Oscillator (YTO) :

Y1G tuned oscillator is a current controlled device. YIG i.e. Yttrium Iron Garnet
(¥1FesOn) oscillators have wide tuning range and Linear tuning characteristics. The high
Q of YIG resanator offers 20 dB better phase noise performance than the general VCOs.
But YIGs are not available at low frequencies (frequencies below 300 MHz).

13
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Fig. 2.9 Yttrium Iron Garnet.

The resonant element of YIG oscillator, as illustrated in Fig. 2.9, is formed by
suspending small sphere of Yttrium Iron Garnet within resonant cavity and then applying
magnetic field to it. Oseillator frequency can be changed by varying magnetic field.

YIG technology offers upto three octaves of tuning. The frequency range may be
limited, in the high end, by saturation of the magnetic structure and in the low end by a
physical frequency limit of the YIG crystal (500 MHz) and generally by the
semiconductor properties.

Y1G-tuned microwave oscillators exhibit an almost constant phase noise spectrum
over an octave [requency band. Lowest noise is achieved below 20 GHz and may be

turther improved at lower frequencies and in narrow band designs.

Prescaler :

A prescaler is an integrated circuit that divides the frequency of an incoming
signal by an integer P, The divisor ‘P’ is called the modulus.

A prescaler is a specialized ripple counter, which counts incoming pulses and
performs one output cycle for every ‘P’ received input cycles. If *P’ is an even number
the output is toggled following every 'P/2’ input pulses. For ‘P’ odd, one of the toggles is
delayed an extra input cycle (e.g., for P = 11, output high for 6 input pulses and low for 5
input pulses.)

There are distinct differences between prescalers and general-purpose divide
by N counters. Prescalers are comparatively simple devices, They contain a minimal

amount of logic (less than approximately 100 gates) and offer a few modulus numbers.



Program counters, contain a fair amount programming and decoding logic in order to
allow a wide selection of N.

Types of prescalers :

.

Single modulus prescalers.

« Dual modulus prejcalers.

single Modulus Prescaler :
Single modulus prescalers are fixed or semi-fixed dividers that only divide by a fixed

number ‘P’. A semi-fixed single modulus prescaler allows a choice of more than one
modulus (e.g. 32,64,128), but is not necessarily optimized for switching between
moduluses and the modulus choices are not spaced one apart.
Dual Modulus Prescaler :
Dual modulus prescaler allows a very rapid transition from a divide by ‘P’ mode to
a divide by ‘P+1" mode (e.g. from 10 to 11). Hence, they are often also called P/P+1
prescalers (10/11). In conjunction with PLLs and the pulse swallow method, dual
modulus prescalers allow finer frequency resolution than single modulus prescalers.
Advantages of Prescaler :
* It will totally remove variations in the amplitude noise (amplitude envelope of the
incoming signal) since its output amplitude is independent of input.
* It will reduce the phase noise (jitter of zero crossings) of the incoming signal by
approximately a factor of ‘P’ since its output only switches synchronously with one

out of every ‘P/2' input pulses.

2.1.2 Frequency Synthesis

Frequency synthesis is a combination of system elements that results in the
generation of one or many frequencies from one or few reference sources. There are three
MOst common types of frequency synthesizers :
* Digital Synthesizer

Direct synthesizer

* Phase locked or Indirect synthesizer
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* In Digital synthesizer, the waveform is synthesized piece by piece. This type of
synthesizer can change frequencies very rapidly and fine resolution is relatively easy to
.;];!ﬂil'l. But the upper frequency is rather limited.

The Direct synthesizer employs multiplication, mixing, and division to generate
desired frequency froma single reference. Like Digital synthesizer they can have very
fine resolution. But, the output frequency is a fixed multiple of the reference. This type
of synthesizer is very bulky.

Indirect synthesizer, (phase-locked synthesizer) rmultiplies the reference
frequency by a variable number. It does so by dividing its output frequency by that
variable and adjusting the output frequency so that, after division, it is equal to the
reference frequency. The phase-locked synthesizer can often be made fairly simple and
s suitable for miniaturization and for low power operation, It employs ‘Pulse Swallow

I'echnique’ described in the next section.

Frequency Synthesis using ‘Pulse-swallow technique’ (Fractional-N Synthesis):

F ouaL MooULUs PROGRAM
n "’{ PRESCALER COUNTER B Fout
+ PrP+1 ~
T
M CoOUMT

SHALLOW
COUNTER [

A COUNT

Fig. 2.10 Pulse Swallow Technique
The pulse-swallow technique ie. ‘multi-modulus division’ employs two
programmable counters (M and A) and a dual modulus prescaler inside the loop as
“hown in Fig. 2.10. M and A are the counts loaded in program counter and pulse
“Wallow counter, respectively. The counters arc presel by externally applied control

“21C 1o count from initial state to zero state (down counters). The condition is M must



be greater than A. Initially, the dual modulus prescaler is set to divide by ‘P+1" (in our
case, 11). After * A' pulses, i.c. when the pulse swallow counter reaches to 1ts zero state,
it generates 2 HIGH modulo control signal. This changes the prescaler division to ‘P’
(10) and inhibits pulse swallow counter from counting. But, the program counter
continues (o count td its zero state. Thus after additional ‘M-A’ pulses, the control
cienal gengratcd presets both program and pulse swallow counter. The division ratio
‘N' is given by:
N =(P+1)*A + Po(M-A)
=A + MsP

In other words, Fout = (A+MeP)e Fref.

Since, P is multiplied by M but not A, the frequency will change by Fref when
A is changed by 1. This technique is also called as ‘Fractional-N synthesis’. Thus,
Fractional-N Synthesis effectively implements a programmable divide-by N counter at

the VCO frequency.

Advantages Of Fractional-N Synthesis :
This technique requires only one high-speed integrated circuit, while remaining

divider circuitry operates at a frequency that is 1/P times input frequency. This saves DC

power and reduces cost. For the high-speed circuit, ECL technique is used, while for the

rest of the circuit CMOS or TTL technique can be used to overcome disadvantages of

ECL technigue.

Disadvantages of ECL technique are:

e [t dissipates larger stand-by power,

» High speed of ECL gates generates voltage and current transients.

Advantages of CMOS technique are:

* Almost zero power consumption in the steady state condition

* High noise immunity
* Large range of supply voltages

An impartant specification of Fralcti::mai—N synthesizer is that it provides greater
‘_Edc band suppression than a conventional unit, for same filter bandwidth. This allows the

use of wider loop filter, which results in a faster channel switching time.



2. 2 Phase Noise Performance of PLL

‘Phase noise’ is defined as the unwanted frequency or noise energy, which
modulates the fundamental output frequency (carrier) thereby determining the overall
noise floor characteristic of VCO's output. Phase noise performance is generally
considered as ‘Figure of merit’ in qualifying VCO's spectral purity.

More specifically defined, phase noise is single sideband power level, relative to
the level of carrier measured at specified offset frequencies from the carrier, in 1 Hz
bandwidth. When the energy of a desired signal appears only at the desired frequency,
phase noise is considered perfect and would consist of a single spectral line of
infinitesimal width. In practice, the typical noise floor landscape of the VCO's ourput
h;lp.'ing a relatively high noise d;:nsit}f very close to the carrier and tapering off

symmetrically away from the carrier, is observed. Another way of defining the above-
”nmnlium:d effects is to convert the single sideband power level to an equivalent
frequency deviation that would produce the same noise density at the same frequency

offsct from the carrier. This relationship is determined by the following equation:

?.Dlug{%””'-] = dBe (2.1)

div

Where, Fssb = frequency offset from carrier where single sideband power level is given.
Fdiv = equivalent frequency deviation (peak) that would produce the same noise
level in al Hz bandwidth at the same frequency offset from the carrier.
dBc = the level of the dBs below the carrier where the phase noise at given
frequency offset is specified,

For example, if the single sideband phase noise is -94 dBe/Hz, then Fdiv is given

a5

20 Ing[:z'[_mkH_.iJ} =944R

v

Thus, Fdiv=0.4 Hz peak
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Fan _ 02811 (RMS)

7

Therefore a frequency deviation of 0.28 Hz RMS equales to a single sideband
phase noise of ~94 dBc/Hz at a 10 kHz-offset frequency.

The instantaneous output of an oscillator may be represented by;

e (1) = [Ec + A(t)] sin[we.t + B(t)] (2.2)

Where, Ec and we represent the amplitude and the angular frequency of the signal,
respectively. A(t) and 6(t) represent AM noise and FM no ise, respectively.

The noise output of PLL is due to noise contribution of the reference source, the
phase detector, the loop filter, the VCO and the feedback divider (shown in Fig. 2.11).

Within the loop bandwidth, the reference noise is mult iplied by the loop division ratio.

2.2.1 Phase-Locked Loop Noise Model

A Al ABn ﬁfvco
PHASE LOOP VCO
Fref »| DETECTOR FILTER p K pHout
1 Ko 2 Fis) 3 4

ABmin +N >‘ )

Fig. 2.11 PLL Noise Model.
(Courtesy of VCO manual, Mini-circuits )

The closed loop transfer function of the loop is given by:

G(s)

T(s)=—2\5)
L 1+ G(s5).H(s) (2.3)



Where, G(8) = forward loop gain

KoKy F(5)

5
H(s) = feedback factor,

N
Thus,
_ N
= 48 (2.4)
K.F(s)
Where,
KKy

The reference noise and the divider output noise could be calculated as follows.

The closed loop transfer function relating oscillator phase Bout to reference Or is given as:

Opuls) _ NKF(s)
0.(s5) s+K.F(s) (2.5)

This equation shows that, PLL is effectively low pass filter with respect to noise of

reference signal.

The phase noise contributions of reference and divider noise are therefore given by:
2

N
JIEII""I".r:r'url = —-J'_ LAH,,,I +ﬂﬂlm I]: J:!
1+
K.F(s)

(26)

The loop division ratio must therefore be minimized so as to minimize the divider noise
<Ontributions,
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The phase detector also contributes to the output noise. In general, any noise input

following the phase detector contributes to the output noise.

The transfer function from point 2 to 4 is:

¢

K
Fls) =2
ﬂﬁ,,” ES}_ Lo ¥ {2 T]

ﬂﬁx (\5] - 1+ Kr'K‘P'I:':S:I
s.N

Any noise input following the phase detector is therefore inversely proportional to Ké.

The noise contribution is then given by:

a'Bm.ltz = ﬁsxz =.}I2 (2.3]
¢ |1+

K.F(s)
The phase detector gain constant must therefore be maximized so as to minimize the

accompanying noise contributions. Outside the loop bandwidth, the noise will be mainly
a function of the VCO. -

The transfer function from point 3 to 4 is given by:

1

&Enut- - -I- ‘:2 9)
ABy, |, KF(s) '
5

This equation shows that, PLL is effectively high pass filter with respect to noise
of VCO. When evaluating the output noise spectrum, we must take into account the VCO

"

noise and its sensitivity.
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The following equation gives all the VCO noise contributions:

i .|
K
A8, =l ——| | A6, +2¥-A0 * | =2 2
el {.E‘l’K.F{S}J { Yoo 5 n z (b.lﬂ}

Here, Kv 1s the VCO gain constant and ABn is any noise voltage appearing before the

vCO. The overall phase noise of the synthesizer may be given as:

A8, =xt+yt+2? (2.11)
In conclusion, within the loop bandwidth the reference noise will be multiplied by
the loop division ratio. Qutside the loop bandwidth, the reference noise will be
attenuated by the loop transfer function. Within the loop bandwidth, the VCO noise
will be attenuated. Qutside the loop bandwidth, the noise will be the same as that of
the free running VCO. Near the loop bandwidth, phase noise is not dominated by
either the reference or the VCQO, but instead it is a function of reference, YCO and

phase detector phase noise.

2.2.2 Sources of noise
In a synthesizer, the overall phase noise is determined by the contribution of each

and every unit, Tt includes noise contribution from reference, VCO, phase detector,
frequency divider and loop filter.
* The sources of phase noise in semiconductor devices are due to thermal noise. shot

noise and flicker or 1/f noise.
* Component limitations such as the finite Q of the tank circuit, leakage effect, etc.
* Externally induced factors such as inadequate ground contacts, microphonic pick-up,

or insufficient isolation of power supply and radiating signal sources.

Noise in oscillators :
. Phase noise in oscillators is due to instability. Phase instability results from the

inherent phase variations produced by oscillator as a function of time.,
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Phase noise from transistor oscillators (bipolar or FET) is due to the Q factor of
resonating tank circuit. As Q increases stability increases.

In general, phase noise generated by VCO is determined by:

« () factor of resonator

« ( factor of varactordiode.

« The active device used for the oscillating transistor.

Noise in power supply :

Magnetic devices are common sources of interference. Power supplies utilize

iransformers, which exhibit complex spurious signals

e Primary leads can serve as transmission noise for high frequency energy.

e Magnetic helds associated with transformer ron core can couple o nearby circuits,

o Current associsted with core saturation can also cause interference.

e Interruption of current within the magnetic device can result in voltage fluctuations.
Power supply regulators can be source of low frequency phase noisc due to offset

and drift. Noise can couple both capacitively and inductively, entering via power leads,

contro] leads ar even shiglded cables.

Loop filter phase noise :
The resistor preceding the Op-amp, i.e. R] determines the input impedance
of Op-amp. It means that increase in R1 will increase the noise contribution by the loop

filter, il Op-amp noise performance is not that had.

As the divide fatio N changes from N{min) to N(max). the reference phase noise power is
multiplied by 20 logN.



5.2.3 Ways to minimize noise

The following steps are recommended for obtaining the best overall
perfﬂrmﬂ-ﬂﬁﬂ-
vCO exhibits high modulation sensitivity, isolation from external circuitry must be
4dded to avoid external coupling. Before isolation can be added, the potential paths of

external coupling must be identified.

vCO's DC supply line :

DC noise can modulate the VCO and produce additive phase noise .If the VCO
is powered from a regulated power supply, the regulator noise will increase depending
upon the external load current drawn from the regulator. The phase noise performance
of VCO may degrade depending upon the type of regulator used. To improve the phase
noise performance of the VCO under the external load conditions, place a low ESR

clectrolytic capacitor of about 10uf on the Vec line as shawn in Fig. 2.12.

2 Vee

:

[P
T | v

Fig. 2.12 Power Supply De-coupling of VCO.

VCO tuning voltage line :

By filtering this line, the effects of spurious signal coupling can be minimized.

VCO’s output port :
By connecting an attenuator at this port, sufficient isolation can be provided to
prevent the spurious signals of other circuits from mixing with the VCO's output

Mgnal. An attenuator with nominal of 6 to 10 dB should supply adequate isolation.



power supply (VCC) and tuning voltage (Vtune) returns must be connected to the
primcd circuit board ground plane. VCO ground plane must be the same as that of the
printed circuit board and therefore all VCO ground pins must be soldered direct to the
printed circuit board ground plane.
Low noise power supplies must be used. Ideally, DC batteries for both supply (VCC)
\nd tuning (V-tune) voltages will provide the best overall performance.
Qutput must be correctly terminated with a good load impedance. It is also a good
pnlcticc to use a resistive pad between the VCO and external load.
Connections to the tuning port must be as short as possible and must be well
«reened, shielded and decoupled to prevent the VCO from being modulated by
external noise sources.
+ Adequate RF grounding is required. Several chip-decoupling capacitors must be
provided between the VCC supply and ground. Proper use of grounding and
shielding, in combination, can solve a large percentage of all noise problems. Ground
loops, which are susceptible to magnetic fields and differences in ground potential are
to be avoided.

A multi-point ground system is used at high frequencies to minimize the ground

impedance as illustrated in the Fig. 2.13.

CIRCUIT 1 CIRCUIT 2 CIRCUIT 3

Fig. 2.13 Multi-point Ground.
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3. SYSTEM DESCRIPTION

3.1 SYSTEM SPECIFICATIONS :

Frequency range : 200 MHz to 400 MHz

Frequency resolution : | MHz

« Reference frequency : 105 MHz

+ Reference power level : 49 dBm0.5dB

« Powersupply : +18V DC (less than 150 mA), -18V DC (less than 100 rﬂﬁj:
+10V DC (less than 1A)

« Minimum desired phase noise : -80 dBe/Hz @ 10 kHz offset from the caggigp

« Synthesized RF output power : -3 dBm 2 dBm

« Spectral purity :

(a) Harmonic contents < —30 dBc

(b) Other spurious products < —40 dBc

« Minimum suppression at an offset of 1MHz (Fpd) from carrier: -60 dBc

3.2 FUNCTIONAL OVERVIEW

The functional block diagram of the system is as illustrated in Kig. 3.1. Lhe
technical specifications and functional overview of IC Q3216 are given Wﬂgﬂ A
IC Q3216 is used in Direct Parallel Input mode. )

According to the s'ystem specifications, the frequency resolution ,.g;ﬂj.};.gqﬁﬂ 1S
IMHz. The internal reference frequency division chain, in IC Q3216 is not guf{igisnt i
divide available reference frequency, Fref (105 MHz), down to phase dctect_qrffmgy,
Fpd (1 MHz), using 6-bit R counter. Hence, external frequency divider is useg.

The internal VCO frequency division chain of IC Q3216 is used o gfyade fhe
VCO output frequency, Fvco (200 MHz - 400 MHz), down to phase deteqt;?rﬁféaqEEEﬁ,
Fpd (IMHz). In the prescaler mode, [requency division is accumplishﬂ_dﬂﬁ%hpglﬁég—
swallow technique, described in section 2.1.2, The pulse swallow counter gsrﬁgageuﬁpo@f

I0/11 front-end Dual Modulus Prescaler, 4-bit A counter and 7-bit M counter.
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According to internal circuitry of IC Q3216, the divide ratio is given as :
N = AHM+1)eP where, P=10.
[n our case, VCO frequency (Fvco) ranges from 200 MHz to 400 MHz and Fpd is
iMHz...N= Fvco/Fpd = 200 to 400
As. N = 10s(M£1)+A
M = integer (N/10)-1 and A =N-10e{M+1)
E.g. for Fvco =233 MHz, N =233
M =22 and A=3
As maximum ‘M’ count is 39 (for frequency 400 MHz), 6-bit M counter is sufficient.
For direct parallel input mode, 7-bit M counter (MO to M6) and 4-bit A counter (A0 to

A6) are available.

Qutputs of VCO and external reference frequency divider chains are connected to
an internal digital phase/frequency detector (PFD). The PFD is triggered by rising edges
of these signals and has 3 outputs, PDD QUT (Phase Detector pulse down), PDU QUT
(Phase Detector Pulse up) and Lock Indicator OUT as explained in appendix A.

The double-ended PFD outputs, PDD and PDU are given to the Loop Filter,
which are then integrated to drive the VCO to a specific frequency. VCO output is passed
through LPF (cut-off 380 MHz) for harmonic suppression. LPF output is further fed back
to VCO IN input of IC Q3216 through Power Divider. The other output of Power Divider

is taken as ‘Synthesized Output® of the system.

3.3 PLL SYNTHESIZER SUBSYSTEM

LINE CLE| BINARY I MHz
105 MHz — RECEIVER | COUNTER >

REF IN
IC —* PDD
Q3216
VCOIN —® ppuU

Fig. 3.2 PLL Synthesizer subsystem Block diagram



The block diagram and schematic for PLI. Synthesizer Subsystem is as shown in
Fig. 3.2 and Fig. 3.3, respectively.

+5 V supply derived from +10 V, is applied to the PLL synthesizer Subsystem.
Reference frequency 105 MHz is fed to binary synchronous counter through line receiver
IC MCI00ET16. It has pmitter-follower outputs and an internally generated reference
supply (Vbb) for single-ended reception. It is used to make input frequency, 105 MHz,
ECL compatible with the counter IC MC100E016. It also acts as a buffer,

To conven_aﬁtput of line receiver (105 MHz) down to 1 MUz or 5 MHz, 8-bit
synchronous binary up counter, MC100EO16 is used. It is a high-speed synchronous,
presettable, cascadable 8-bit binary counter. The counter features internal feedback of
TC\ (Terminal Count), gated by TCLD (Terminal Count Load) pin. To function as a
programmable counter, TCLD is kept HIGH, so that the TC\ feedback causes the counter
to automatically reload upon TC\ = LOW. TC\ pulses LOW after 256 cycles. To aet
frequency resolution of 1 MHz, TC\ should pulse LOW after 105 cycles. Hence, the
initial count to be loaded is (256-105) i.e. 15] (binary equivalent 10010111). Similarly,
for frequency resolution of 5 MHz, initial count to be loaded is (256-21) i.e. 235 (binary
cquivalent 11101011). Table 3.1 shows the initial count to be loaded at paralle] data
inputs of counter IC MC100E016 for step size of 1| MHz and 5 MHz.

COUNT [P7[P6 [PS|P4| P3| P2 Pl] PO
151 tfofol o111
2 [T LT o [

Table 3.1 Parallel Data inputs for counter IC

The inputs PO, P1 and P7 can be permanently tied to VCC. Inputs P2, P4 and inputs P3,
PS, P6 can be selected through switches S1 and $2 respectively.

Counter output frequency, | MHz or 5 MHz is given as reference frequency mput
0 IC Q3216 at pin 42 (REF IN). IC Q3216 is configured in Direct Parallel Input Mode
With BUSMODE\ input (pin 22) set HIGH and Q3036 MODE)\ input(pin 44) set LOW.
All the inputs except M7, M8, R4 and RS are taken directly from external inputs, as listed
't the Table 3.2,
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F =
SYMBOL PINS I/O TYPE FUNCTION
— M(6-0) [5(MSB), 14,13,10.9. CMOS/TTL M-COUNTER
8,7(LSB) INPUT BITS
[ A(3-0) | 21(MSB).20.19, CMOS/TTL A-COUNTER
., 18(LSB) INPUT BITS
 R(3-0) 5(MSB),4,3,2(LSB) CMOS/TTL R-COUNTER
INPUT BITS
PRE EN/ 16 CMOS/TTL PRESCALER |
INPUT ENABLE

Table 3.2 Direct Parallel Mode input functions

Prescaler mode is enabled by setting PRE EN\ (pin 16) LOW. Internal reference
frequency division chain is disabled by grounding inputs RO to R3 (pins 2 to 5) of R
counter. Internal VCO frequency division chain is used by programming MO to M35 (pins
710 14) and A0 to A3 (pins 18 to 21) of M and A counters respectively. Input M6 (pin
15) is disabled. Inputs M WR, A WR, HOP WR (PINS 24,2526 respectively), which are
not used in Direct Paralle] mode are disahled. Outputs PDD OUT, PDU OUT, REF DIV
OUT, VCO DIV OUT, LD OUT (pins 36,37,39,30,43 respectively.) are taken out
through JP2 connector.
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4. SYSTEM DESIGN

4.1 Loop Filter and VCO Subsystem

oo
VITT=L1

TO LPF

FMJG

10 4B
ATTEMUATOR

Fig. 4.1 Schematic for Loop Filter and VCO Subsystem

The schematic for Loop Filter and VCO subsystemn is as illustrated in Fig. 4.1. As
shown in the figure, supply of £15V DC and +15V- DC are applied to Loop Filter Op-
imp and VCO respectively.

The double-ended outputs, PDD and PDU from PLL synthesizer subsystem are
Applied to Loop Filter. Output of Loop Filter is applied 10 V-tune pin of VCO. For
Irequency range of 200 MHz to 400 MHz, tuning voltage required at V-tune pin ranges
from 2V 1o 18V, Therefore, any negative voltage should be prevented at V-tune pin.
When the system is in unlocked condition, Loop Filter output voltage might go (o
Cgalive saturation, Hence, it is required to design the circuit so that a certain positive
voltage (1.5 V 10 2 V) will be present at V-tune pin, irrespective of lock condition.

Diode and voltage divider circuit arrangement is as illustrated in Fig. 4.1, Voltage
"point 2 i3 20 v Therefore, any negative voltage at the output of the Loop Filter will

forwarg bias the diode.

i3



The resulting circuit is as illustrated in Fig, 4.2.

FROM
LOOP FILTER RL 47
C=18W7 T V=tunas PIN
1.747
+15V o Bt

Fig. 4.2 Voltage divider

Thus, this arrangement protects the VCO from negative tuning voltage. Any
positive output voltage of Loop Filter (2 V to 15 V), in locked condition will reverse bias
the diode. Therefore, in locked condition voltage divider arrangement will not come into
picture.

Qutput of VCO is applied at VCO IN pin of IC Q3216 through LPF and Power
Divider. Qutput power level of VCO is in the range +10 dBm to +15 dBm. Input
sensitivity range of IC Q3216 is 10 dBm to +5 dBm. To-make these two subsystems
compatible with each other, a resistive attenuator of 10 dB (approximately) is used

(tuking into consideration 3-dB insertion loss of Power Divider) as illustrated in Fig. 4.1,

4.1.1 Selection Criteria of VCO:

The VCO should provide linear operation over its target frequency range, without
stidden jumps in frequency or breaks in oscillation. The VCO's phase noise should meet
following design criteria :

* Phase stability (spectral purity)

* Large gain factor (Kv)

* Linearity of frequency versus control vollage
Large electrical luning range

"Capability for accepting wide band modulation
VCO must balance high Q, low phase noise and narrow tuning bandwidth against low
Q. high phase noise and wide tuning bandwidth. '

Requireq frequency range for the system is 200 MHz to 400 MHz



Magnum Microwave Voltage Controlled Oscillator HV37T-1 is selected with following

specifications :

Frequency range: 200 MHz to 400 MHz
Tuning voltage limits: 0 to +20 V DC
Bias voltage: +13 V DC (+1 %)
Average modulation sensitivity; 12.5 MHz/V
Power output at 25°C (50 €2 load): +10 dBm, min
The test procedure for the selected VCO is described in section 6.2,

4.1.2 Design of Loop Filter :

Selection Criteria of Op-amp:

High input impedance

Very high DC gain, so that the phase crror between the reference and output signals is
zZerao.

Low bias current to minimize the reference oscillator sidebands,

Low power consumption, small size

Wide bandwidth to accommodate the given frequency range.

High slew rate to handle high frequency signals of large amplitude

Op-amp used in differential confi guration further rejects the reference sidebands

hecause, the differential offset bias current is lower than the single ended offset hias

current.

Op-amp OP-27 is selected with following specifications :

"Alow

Itis a low noise precision operational amplifier.

It allows accurate high gain (1.8 million) amplification of low-level signals.

A gain-bandwidth product of 8 MHz and a2.8 V/usec slew rate provides excellent
dynamic aceuracy in high-speed data-acquisition systems.

Input bias current of 110 nA is achieved by use of a bias current cancellation

Cireuit. The output stage has good load driving capacity.



Magnum Microwave Voltage Controlled Oscillator HV37T-1 is selected with following

." r,n:l.'l ﬁcﬂ.ﬂﬂﬂﬁ .

Frequency range: 200 MHz to 400 MH
Tuning voltage limits: 0 to +20 V DC
Rias voltage: +15 VDC (+1 %)
Average modulation sensitivity: 12.5 MHz/V
Power output at 25°C (50 £ load): +10 dBm, min
The test procedure for the selected VCO is described in section 6.2.

4.1.2 Design of Loop Filter :

Selection Criteria of Op-amp:

High input impedance

Very high DC gain, so that the phase error between the reference and output signals 1s
Filigi N

Low bias current to minimize the reference oscillator sidebands,

Low power consumption, small size

Wide bandwidth to accommodate the given frequency range.

High slew rate to handle high frequency signals of large amplitude

Op-amp used in differential configuration further rejects the reference sidebands

because, the differential offset bias current 18 lower than the single ended offset bias
current.

Op-amp OP-27 is selected with following specifications

Itis a low noise precision operational amplifier.

It allows accurate high gain (1.8 million) amplification of low-level signals.

A gain-bandwidth product of 8 MHz and a2 8 Viusec slew rate provides excellent
dl‘"ﬂ-‘lmlc Accuracy in high-speed data-acquisition systems.

“A low 'nput bias current of £10 nA is achieved by use of a bias current cancellation

Cireuit, The output stage has good loud driving capacity.



Calculation of Loop Filter Component Values:

R2

FRD o N |"|| I,

PDU

Fig. 4.3 First order Loop Filter

A second order type two PLL is implemented using the first order type one Loop Filter
shown in Fig. 4.3).

Transfer function of first order type one filter is given by:

_ (1+s5T2)

F
() T (4.1)

Where, TI =RleC and T2 = R2eC

Hf(;)—b@E Fis Kv/s Bo(s)

/N

Fig. 4.4 Second order type 2 PLL

Fig. 4.4 shows second order type two PLL. The transfer function of output phase to input

n ) " .
hase in terms of frequency is given by:

6



0,(s)  N.(l+5T2)

2
0.(5) s N i

‘ KEv.EdD

(4.2)

Where, Kv (Rad/V Sec) is the VCO tuning sensitivity,
K¢ (V/Rad) is the phase detector gain constant,
N is VCO to phase detector comparison frequency divide ratio given by:
N = Fvco / Fpd
VCO output frequency, Fveo ran ges from 200 MHz to 400 MHz. For Fpd =1MHz, N
ranges from 200 to 400.

Using standard control theory,

Where, natural frequency is given as :

Ev.KD
“ NN 3

And the damping factor is given by:

(4.5)

From ahove equations,

Kv-Kd
wza : .E"lr ) C (45}



2.0
Fhe = (4.7)

1'|l|il'rﬂ h:l-“"rar

Kv = 2mel2.5 Rad/V Sec, VCO specification
Ko =0.302 V/Rad, for Q3216

Design Criteria :

Damping factor £ has an important influence on the dynamic performance of the PLL.
For { = 1, the system is critically damped. For £ > 1, i.e. for overdamped system, the
output will take more time to reach the steady state and the system becomes sluggish
and slow. If the damping ratio, { is too small, the overshoot increases. Due these
constraints, it is a design practice to select £ in the range 0.7 to 1.

From Eq. 4.4 and Eq. 4.5,

1
{ o —
JN
Hence, change in the Divide Ratio, N (200 to 400) changes the damping factor {. To
restrict € in the range 0.7 to 1, system is designed with £ = 0.85 at N = 300.
From Eq. 4.7 Reducing R2 decreases { and hence stability.

Input impedance of Op-amp is determined by R1. Increase in R1 will increase the

noise contribution by the Loop Filter if Op-amp noise performance is not that bad.

The natural frequency of oscillations, Fn is assumed to be 20 kHz.
We have, Fn = 20 kHz,

“oum=2me 20 kRad/s
And [ =085

e =38 E

Weget RI = | 517k0
And Rz:d.kn

Components selected :
C=33,r



R1=15k£2
r2=3.9kQ

It is observed lh;t, the above design does not provide adequate suppression at an
offset of 1 MHz (i.e. Fpd) from the center frequency. Hence, proper optimization of the

design 15 required.

Optimization of Phase Locked Loop:

The Q3216 digital phase detector supplies error information by generating pulses
at the reference frequency with a duty cycle proportional to the phase error. Voltage
offsets between the phase detector and VCO, caused by component mismatches, Op-amp
input offsets, or other balances are transformed into a steady state phase-error. This
results in error pulses of large amplitude and short duration that contain high power at
many harmonics of Fpd. High frequency, large amplitude signals on the inputs of an Op-
amp can cause non-linear saturation in the amplifier, greatly reducing its ‘Gain-
Bandwidth product’. This effect can be devastating to wide bandwidth PLLs,

One solution is to pre-filter the error pulses before they reach the active filter by
inserting RC low pass section by splitting R1. The modified Loop Filter with the ‘pre-

integrator’ filter is shown in Fig. 4.5.

R2 c

POD R1 R1

i gt b
ic:

Pou  ,RL R1

Fig. 4.5 Modified Loop Filter with pre-integrator

The addition of this circuit adds another pole, which can potentially degrade the

phase margin. The time constant, Tc, and frequency, Fc, of the pole are given by:

kL



Rl1.Ce

Te= (4 8)

And,

1

s (4.9)

The pole should be placed far enough below the reference [requency to pre-filter the
phase detector pulses enough to keep the Op-amp response linear and attenuate the
reference spurs on the synthesizer output, while keeping it far enough abave mn so as not

to degrade the phase margin.

From the first order lag filter design,
R1=1517kQ2
Inserting an RC low pass section by splitting R1,

R1/2=758 Q

A rule of thumb is to place Fc greater than 10 times Fn (natlura] frequency of
oscillations).
As Fn = 20 kHz,
Fc =10 Fn = 200KHz
Using equations given above,

Cec =284 nF

Components selected:
R112=750Q
Ce=2.2nF
The schematic for Loop Filter and VCO is shown in Fig. 4.6.

Performance of the system designed is evaluated in chapter 6, Section 6.3.
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4.2 POWER DIVIDER AND LPF

Power divider :

Power Divider is a passive device, which accepts an input signal and delivers
multiple output signals with specific phase and amplitude characteristics,
Selection criteria - !

The output signals of power divider should possess fc:lln_wing characteristics
s Equal amplitude
 Zero degree phase relationship between any two outputs
« High isolation between each output port.

» 3-dB (theoretical) insertion loss for two port power divider.

Mini-Circuits make power divider module, (PSC-2-1) is selected. The isolation
between the output ports is of the order of 25 dB. Typical insertion loss is 3.4 dB. (Other
details are given in Appendix F.) Performance characteristics viz. Insertion loss, Return

loss and VSWR,, of the power divider are given in Section 6.3,

Low Pass Filter ;

A passive LC low pass filter with cut-off frequency 380 MHz is used for
suppressing the harmonics present in the VCO output frequency. The typical harmonic
suppression should be about 40 dBc. The Return loss and VSWR characteristics of the
LPF are given in the Section 6.3
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5.  PRACTICAL REALIZATION OF
+ THE SYSTEM

5.1 Interface Control Drawing:

Fig. 5.1 and Fig. 5.2 give the top view and front — back panel view of the Plug in
Unit (PIU), respectively.

5.2 Material List -

A. Connectors and Cables

Parts list ;

B. PLL Synthesizer Subsystem
€. Loop filter and VCO

QUAL_RO SIK scnm___\.
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PLL Synthesizer Subsystem Component arrangement
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6. TESTS AND PERFORMANCE
EVALUATION OF THE SYSTEM

6.1 Test Procedure Of PLL Synthesizer Subsystem

The Test setup for PLL Synthesizer Subsystem is as shown in Fig. 6.1

105 MHT

=S GND
| |

PLL SYNTHESIZER
SUBSYSTEM

e
L Mz
HARCONT 2041 vCO IIN
ST GNAL ; -
GENERATOR

MDD

SHITCH
MODULE

HQHﬁTGH
POINTS

TEKTROMNIX 2485
OSCILLOSCOPE
C300 MHz)

FPOWER METER
HF 4378

Fig. 6.1 Test setup for PLL Synthesizer Subsystem.

A supply of +5 V DC is applied to the Synthesizer Subsystem. Current drawn

from the supply is noted. IC Q3216 is used in Direct Parallel mode. For loading parallel

data inputs, through JP2 connector, binary switches (SPDT) are used.

The waveforms observed at various monitoring ports, M1 to M35 are shown in Fig: 6.2.

* Initially, 105 MHz signal is applied at the reference input terminal of Synthesizer

Subsystem. The applied signal is monitored al monitoring port M2,

s Switches S1 and S2 are set to 1 and 0 respectively (For step size = 1 MHz), to convert

reference input frequency, 105 MHz down to phase detector frequency (Fpd), | MHz.

It is monitored at port M3 (Ref).

¢ Switches S| and S2 are then set to 0 and 1 respectively (For step size = 5 MHz),

get Fpd =5 MHz and is monitored at port M5.




e« Keeping the same setup as above, synchronization signal is monitored at port M3
(SYNC). Tt should give a continuous HIGH output as shown in Fig. 6.2.

¢ Using Signal Generator, | MHz signal (power level = 0 dB) is applied at the
‘'l MHz’ input terminal of PLL Synthesizer subsystem. Irrespective of the switch
arrangement, output @f Line Receiver (square wave of | MHz) is observed at port
MI. The signal at port M3 is checked for synchronization pulses of 1 MHz.

« OQutput of "AND’ gate is monitored at port M4, for both 1 MHz and 5 MHz step size.

« Externally applied 1 MHz signal is removed. Using signal generator, signals of
various frequencies (power level 0 dB) are applied to “VCO IN’ input terminal of
Synthesizer Subsystem. VCO frequency division ratios M and A are calculated using
following formulae. - -

N = Fvco / Fpd
Where, Fvco = externally applied frequency.
and Fpd = 1 MHz, for frequency resolution of | MHz
= 5 MHz, for frequency resolution of 5 MHz

As, M = integer (N/10) - 1
A =N-[10(M+1)]

Binary equivalent of M and A are loaded using switch arrangement.

FPD =1 MHz FPD =5 MHz
Fvco (kHz) N M A N M A
200 200 19 0 40 39 0
400 400 39 0 80 79 0
1490 1490 148 0 298 28 8

Table 6.1 Counter inputs for various frequencies
For the settings illustrated in Table 6.1, waveforms at various pins of connector

JP1 (PDD, PDU, VCO DIV OUT, REF DIV OUT) are observed.
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105 MHz ff\ /‘\ ' =
vy 2T | \ 8V
~ (-p)
. 1 e
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(5 MHz) | ——\{v '| /F \f\. \f\* \j\ W Bi;;’?
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VvVCO DIV OUT

L REF DIV OUT

Fig. 6.2 Performance Results of PLL Synthesizer Subsystem. (s« «o the sale)
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6.2 Characterization of VCO HV37T-1

+15W

vCo
HYZ7T =1

POMWER kb HP 5386 A

SUPPFPLY W FREQUEMNCY

0 TO 30V ATTENUBT OR COUNTER
C20 dB3

Fig 6.3 Test setup for characterization of VCO HV37T-1

The performance of VCO can be tested using the test set up shown in Fig. 6.3.
Supply of +15 V DC is applied at the ‘DC Voltage’ pin of VCO HVT37-1. VCO can be
tuned to a certain frequency in the range 200 MHz to 400 MHz by applying DC voltage
at *V-tune’ pin of VCO, using a variable power supply (0-30 V). A resistor of 5.6 kQ
(any high value resistor) is used as a current limiting resistor. VCO output frequency is
observed on frequency counter (HP 5386 A, 90 MHz to 3 GHz). Input power level of
frequency counter is +7 dBm (max), whereas VCO output power level ranges from +10
dBm to +15 dBm for the frequency range of 200 MHz to 400 MHz. Hence a *20dB’
attenuator 1s used to make VCO and the frequency counter compatible. The performance
characteristics of VCO (tuning voltage Vs frequency and output power Vs frequency) are

as shown in Fig. 6.4a and 6.4b.
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6.3 PERFORMANCE EVALUATION OF SYSTEM

Fig. 6.5 illustrates the performance of various subsystems viz. Power Divider,
LPF and the Frequency Synthesizer System itself The performance plots are arranged i-
tollowing manner J
6.5 A. Low pass filter’s Frequency Response (cut off Frequency, 380 MHz)
B. Power Divider's (PSC-2-1) Frequency response.
Frequency Spectrum - 105 MHz reference frequency signal
Phase noise of designed Synthesizer at 10 kHz offset from carrier
Phase noise of designed Synthesizer at 50 kHz offset from carrier
Worst-case phase noise performance of the system.

Suppression of 1MHz Phase detector frequency (Fpd).

T e TmUu o

Harmonic suppression
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The following table summarizes performance test results :

PARAMETERS SPECIFICATIONS RESULTS
!
Frequency range 200 MHz to 400 MHz 200 MHz to 350 MHz *
Frequency
resolution 1 MHz IMHz
Synthesized RF
output power -3 dBm 2 dBm -3 dBm+2 dBm
Minimum phase
noise @ 10 kHz -80 dBc/Hz -80 dBc/Hz
offsct from carrier -
+18V DC, less than 150mA +18V DC, 95 mA
Power supply -18"v DC, less than 100 mA -8V DC, 42 mA
+10V DC, less than 1A +10V DC, 90 mA
Spectral Purity Harmonic contents less than Harmonic contents :
=30 dBe, For 210 MHz, -30 dBc
Other Spurious products 205 MHz, -60 dBc
less than =40 dBe 340 MHz, -60 dBc

Other Spurious Products
less than —40 dBe
For 200 MHz, -70 dBc

Suppression at 1
MHz (Fpd) offset Less than —60 dBc 270 MHz, -60 dBc
327 MHz, -60 dBc

from carrier

*note : The maximum frequency that can be synthesized from the designed system is 350
MHz. This i1s due to the fact that the supply voltage that can be applied to OP-27 is 30 V

(max). In the designed system, OP-27 is given supply of £15 V, which restricts the
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(max). In the designed system, OP-27 is given supply of +15 V. which restricts the
maximum tuning voltage at V-tune pin of VCO to 15 V. This imposes the limit on the
maximum obtainable frequency.

Plot 6 5A shows performance characteristics of LPF

* Return loss ranges from -20 dB to -30 dB

» Insertion loss ranges from -0.15 dB to 0.5 dB

Plot 6.5B shows performance characteristics of Power Divider, PSC-2-1

* Return loss ranges from -25 dB to -40 dB

» Insertion loss ranges from -3.3 dB to -3 5 dB

e VSWR:101to1.09

Plots from 6.5C to 6.5H show overall phase noise performance of the system at

offsets of 10 kHz, 50 kHz, 1 MHz etc

~ As mentioned in Section 2.2, at frequency offsets less than loop bandwidth, the
Synthesizer output phase noise consists of reference Phase noise, Q3216 frequency
divider/phase detector noise floor and the Op-amp active filter’s noise.

Fig. 6 5D shows Synthesizer output Phase noise measured with | kHz resolution
Bandwidth at Frequency offset of 10 kHz. The plot shows that, at 10 kHz offset. the
output phase noise is about —67 dBc (Center Frequency, 210 MHz). Therefore, phase
noise in 1 Hz bandwidth can be calculated as follows -

Phase noise = -67-10 log (1k) dB¢/Hz

= -97 dBe/Hz @10 kHz offset

It should be noted that, the reference Phase noise power is multiplied by 20log(N)
and low pass filtered by the loop. As divide ratio, N varies from Nmin to Nmax (ie. 200
to 400), minimum degradation of about 4 dB will always be present in System
performance. In our case, the phase noise degradation at 10 kHz offset is from
—97 dBe/Hz to -88 dBe/Hz approximately,

As mentioned in the Appendix C, the phase noise of VCO HV37T-1 at 50 kHz
offset is —110 dBcfH.L‘ typical. Also, the reference frequency (105 MHz) phase noise is
about 110 dBe/Hz. So the maximum attainable phase noise is —110 dBc¢/Hz. In our case,
ﬂ:lf: maximum phase noise obtained is about —100 dBe/Hz at 50 kHz offset.
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T CONCLUSION

The thesis dealt ig detail the various conceptual design and realization aspects of
UHF Fractional-N Frequency Synthesizers. The design incorporates the current ‘State of
the art’ ICs. As highlighted in the chapter ‘Tests and Performance Evaluation of the
System’, the Synthesizer meets the design specifications. Although, UHF synthesizer
has been explained, the design can be used to build Synthesizers for any frequency range
up to 1600 MHz using appropriate VCOs and YTOs. Qualcomm have now introduced
an up graded version of the PLL Synthesizer IC Q3236 extending the frequency range to
2 GHz.
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= Backwands Cormpatalile watls il
CLMLAG L CTap

¢ MIL-STTD 881 Sepeencd Devices
available

= o L0 W Power U lIII1.II|II|.ll|HI! LS

* Une- L.fflp + U1 Prescaler .

o Single +5Y Supply Operativn .

» Wide Input Sensitiviey Range:

-10 1w +5 dBin

.l"rugrammnhlc via 16 TTL/CMUOS

Compatible Marallel Inputs, 8-Bit

Lrata Dus, “EE‘:E-'M&
+ 100 MHz Phasc/Frequency Detector
= [ligh Gain Lincarized Phase/
Frequency Detector [No Dead Zone|:
302 mV/itad _ '
= Qut-ol-Lock Indication
[?}VCD Division Ratios:
Por Scrial and 8-bit Dus Mude:
2 to 5135 up to 300 MHz or
" 90 to 5135 to 1.6 GHz
I'or Direct Parallel Mode:
1o 1295 up to 300 MHz or
90 to 1295 to 1.6 GHz )
= Relerence Division Hatios of 1 to 16

' in Dircct Parallel Mode or | to 64 in

Seral and 8-bit Bus Mode

- ngrz:m;mhlllt)r [or Faster
Multiplexing between Two
Pre-loaded Frequencies

o Evaluation Buards Availahle -
Qo410-1, -2

APPLICATIONS

s Lab [nstrumentation
Mobile/Alrbome Communications

* Frequency Hopping Systems

= Digital Hadios and Modems

* Lligh Performance Test Equipment
Lucal Oscillator Gueneration [or
VSAT, DBS, and GI'S Applications
RADAR and Missile Local

GENERAL DESCRIPTION

The QUALCOMM Q3216 is a low power,
single chip solution for Phase Locked
Loop (PLL) Frequency Synthesizers.
eguiring vnly a single 5V supply, the
Q321106 contains all the necessary
elements—with the exceplion of the
VO and loop lilter compunents—to
build a PLL Frequency Synthesizer .
operating from UHF through L-Band, and

jis also backwanls compatible with the
.[:QE-USG 1.C, as a replacable part,

The block diagram for the (33216 is
shown in figure 1. It's major cumpuoncnts,
described in detail in the following

SECLIOns, are;

- high speed line receivers

— +10/11 diial modulus prescaler

- 0-bit M and 4-bit A pulse swallow
counters oy

- 6-bit reference counter -

- digital phase/lrequency comparator

= piit-of-lock ;Icl::ctiun circuitry

- TTL/+5Y CMOS-compatible parallel,
serial, vr 8-bit data bus interlace.

The Q3216 is [abricated using a threc
metalization layer, single polysilicon

oxide-isolated Bi-CMOS process. Ius

Oscillators architecture provides breakthrough
prescaler performance for high [requency
ﬂJz‘i At " A i gn
e LW PR PLL : uperation, permitiing PLL designs with
WENCY SYNTHESIZER 4
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design makes possible wider luup
bandwidths yiclding (aster setiling tines
and lower VCO phase noise
contributions.

The parallel inerlace permits
hardwiring the Q3216 far applications
without the requirement of a processor.
The «10/11 prescaler can be bypasscd
selectively to make two divide modes
possible, When the +10/11 prescaler is
enabled, frequency divide ratios can he
achieved from 90 to 5135, in unit steps,
from DC 1o 1.6 Gliz when upcrating in
Serial vr 8-bit Bus interlace modes. Direct
Parallel interface allows divide ratios

s AR LS i unit steps up s L6
GHz. In the non-prescaicr mirnle, it js
poseible 1y divide inpuus direetly up to
SO0 MHz by 210 512, in unit steps when
uperating in Serial or 8-bit Bus intertace
and trom 2 w 128 using Dircet Parallel
interface.

Similarly, the reference counter allows
the reference input {requency tw be
divided directly in ratios of 1 to 64 with
the Serial or 8-bit Bus interface and from
| to 16 using Direct Parallel interlace. As
shown in ligure 2, the Q3216's highly
integrated architecture greatly simplifies
the design of UHF through L-Band
synthesizers, ®

Q3216M-16L MILITARY VERSION
DESCRIPTION

The Q3216M-16L is packaged in a d4-pin
bermetically sealed ceramic leaded chip
carrier [CLDCC). Device assembly is in
accordance with MIL-STL-883 lor Class
B microcircuits, Sereening and inspection

of all devices is in accordance with
Method 5004, Quality conlormance
inspection reguirements of all devices are
in accordance with Method 5005 of
MIL-STD-883 [or Class B microcircuits
for Group A and Group B testing.

QUALCOMM Incorporated, Y151 Products
6455 Lusk Buulevard, San Diego, CA 5217 779, USA,

Figure 2. Q3216 in o PLL Frequency Synthesizer System
e S v |
Lock _;__...um Veliage -
hfe;m : _ Jnﬂ'r-:g]_g_JI Loop fillet/ Controlled
Dscillator [: ] :
o i | ‘., Phase/ 11 Ampliier  Qscillator
@-—I*[ S—f +R [~ Frequency ‘t—*‘ >—'-( }
o | 7 L_Yeledor | |
pcloomt: !
| Eln_ """"""""""
| N
[
. |
|
|
: | Digital Interfoce
16-bit Direct Porallel, or 8-bit Data Bus, or 20-bit Sericd |nferfoce

The maximum sustainable junction
temperature for the device is +150°C,
Based on testing, the Q3216M-16L can be
safely rated for continuous operation in
still, ambient air at 85°C. Higher ambient
cunu'.it}uns may be pussible if active
cooling or other means 1o cunveet
thermal energy away from the part is
provided. Il is the customer's
respoasibility to perform the necessary
thermal calculations for operativn above
H537C.

E-mail: vlsi-productsitqualeomm com
Telephone: |619) 658. 5005, Fax: (619) 658.1556
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VCO Divider

The VCO frequency division chain is
used to divide the VCO IN (o 27)
trequenicy, Fycg, down to the phase
detector [requency, Fpg. It uperales in
two modes. ln the first mode, prescaler
wode (FRE EN/ = LOW) up to 1.6 CHz,
[requency division is accomplished with
3 pulse-awallow counter made up of the
L0/11 front-end dual modulus prescaler
[DMP), the 4-bit A counter and the 9bur

M counter, This mode, sclecicd by the

pulse-swallow counter, cilectively
implements a programmable divide by N
tounter at the YCO frequency, even

LUALCOMM Ineurporated, VLS Prdics
6455 Lusk Boulovard, San Divgy, CARII2L.2770 LSA,

though only the DMP is operating at that
frequency. The total VCO input
[requency division ratio, N, obtained

from programming the binary M and A
counters is given by:

N=Fvco/Fpp=10s[M+1)+ A,
fot ASM+ ] M2g i

When operating in the prescaler maoile,
frogramming of control inputs via the 8-
Bit Bus or Serial Bus interface utilizes
access 10 all nine M counter bits,

MO - M8, and provides continuous integer
divide ratios [rom 90 to 5135,
Programming of control inputs via the

E-email, vlai-pronducts@oqual commng, com
Teiephone: |61 9) 658-5005, Fax: [619) 658-15564




Lhrect Parallel interface does not uulize
the M7 and M8 counter bits since these
are not provided from external inputs.
Therefore, the direct parallel mode
allows the resulting 7-bit M counter to
provide continuous integer divide ratios
from 90 1o 1295,

With the M counter set ta 2 binary
value of “0”, the VCO inpht divisivn
chain is disabled; this, in turn, will cause
the phase detector outputs, PD U and
PD D, to go to an ECL 2V HICH and
LOW state, respectively. However, the

following non-continuous division ratigs

in the prescaler mode are possible:

N =20, 21, 22, 60...66,
30, 31, 32,33, 70...77,
40...44, 80...88.
50...55,

Given a value for N, the binary values,
M and A, are determined as follows:

: M = integer [N/10] - 1 (2)
and
A=N-10=(M+1) (3]

In the altemate mode, non-prescaler
umode, (PRE EN/=HIGH), the prescaler is
-bypassed so that the vCO input

frequency is divided directly by the M

counter. The counter operates at

frequencies up to 300 MHz In this
mode, frequency division ratio is
determined by

{Fvco/Fepl =M +1, M20 (4]

where M « 1,...,511 is the binary value
programmed to the MO - M8 inputs uof the
M counter and the values programmed o
the AD - A3 inputs of the A counter are
ignored. As in the previous mile,
programming via the 8-Bit Bus or Serial
Bhus interface will allow divide ratios of
2trh12, while ﬁrn;:mmming via the

Phucet Parallel interface will allow divide
EHIALCEWAM livevorpmanates], V1% Pronbhon i
fUhA Lk Boulevand, San Lnegn, LA vy 10 TOLINA

ratios of 2 1o 128. Finally, the output uf
the VCO [reyuency division chain is
available as the VCO DIV QUT signal
|pin 30, It is @ pscudo ECL-level]
emutter follower output, which requires
a pull down resistur (510 ohms is
recommended] and directly interfaces o
ECL logic. It is referenced to +5V and
GND. The wavelonn is a digital pulse
with a frequency of Fppand duty cycle of
10/N in the prescaler mode, and 1/N in
the nun-prescaler maode.

Reference Divider

The reference [requency division chain is
used to divide the REF IN (pin 41j
frequency, Fagg, down to the phase
detector frequency, Fpp, using the 6-bit

R counter. The counter operates at
frequencies up to 100 Mz and frequency
division ratio is determines] by

(Fres/Fpp) =R + | (5]

where R = 0,..., 63 is the binary value
programmed to the RO - R5 inputs of the
R counter. Asin the case with the YCO
Divider, programming of control inputs
via the B-Bit Dus or Serial Bus interface
utilizes access to all six R counter bits
and permits divide ratios of 1 to 64,
Frogramming of control inputs via the
Direct Parallel interface does pot utilize
the R4 and RS counter bits since these
are not provided from extemnal inputs.
Therefure, this allows the resulting 4-bit
R counter to provide divide ratios {rom

1 to 16, The divided result is available at
REF DIV QUT [pin 3%), and is similar tw
YCO DIV ouTr,

Digital Phase/Frequency Detector
The 23216 has a digi:ni.ll Phasc/Frequency
detector capable up to 100 Ml Jz vperation
and a1 phase detector gain constant of
302 mv/itad. This lﬁgh Baln suppresses
the active loop liler noise [oor.

¥
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Addivionally, the lugh phase deteoun g
permits wider lugp bandwidehs, whuch
yield faster seutling times and lower VCO
phase naoise contributions. The vutputs ol
the VCO and reference (requency divider
C]'IJIJ.'.I.S are conmeected Loy an internal
digital phase/{requency detector (PED).
The PFD is sriggered by the nsing cudges
ol these signals and has three vutputs,
Refer to ligure 6.

Two of these outputs make up a
double-ended PFD output. The two
signals comresponding to this output are
P13 U OUT [Phase Detector pulse Up) and
PD D OUT [Phase Detector pulse Down).
The first output, PD U OUT |pin 38),
pulses HIGH approximately 1.9 V when
the divided VCO lags behind the divided
reference in phase or [requency. The
pulse begins at the rsing cdge of the REF
DIV input and is terminated on the rising
edge of the divided VCO signal, vCO
DIV. Conversely, PD D OUT [pin 37)
pulses HIGH in the same manner when
the divided VCO leads the divided
reference in phase'pf frequency. The
pulse begins at the rising edge of the VCO
DIV input and terminates on the rising
edge of the divided reference signal, REF

" DIV. Thus, the phase error is encoded as a

pulse-width modulated wavelorm, whose
DC average is proportional to its duty
cycle which equals the phase error. In
typical differential phase detector output
applications, PD U OUT is subtracted
[rom PD D OUT in a dillerential OP-
AMP active loop integrator filier, as
shown in Figure 13.

Therclore, it is only necessary that the .

differential output power between the

two phase detector cutputs, PU and FD,

be linearly pfnpﬂrﬁuuatc to the phase
dillerence between the VCO DIV and REF
DIV input rising edges. A residual pulse
width, t,, is also added onto both phase |
detectof outputs after the rising edge of

1

QUALCOMM Incorparated, VLI Products
6455 Lusk Boulevard, San Dicgo, CA 92121-2775, USA,

the lagmng mpui Lo mitigate the usual
"dead zune” nunlincanty. Tius woiks as
lullows: as long as this residial pulsc is
kept abuve a minimum duration, then
the phase detector vutputs will always
reach full amplitude all the way down
zuro phase difference, Lh::ir:l:-)r
maintaining outpul power which stays
lincarly propurtivnate to the time skew
between the phase detector inputs.

The third gutput, LD QUT |pin 43), is
used for an out-of-lock indication. It
pulses LOW when either PD'U QUT ar
FD D OUT is pulsing HIGH. Lock
detection is performed by NORing the
phase detector PD U and PD D output
signals. The result is a signal which
pulses [or a duration equal to the time
skew between the VCO DIV and REE DIV
rising edges. These pulses are integrated
with an internal 2K scries resistor, and a
shunt capacitor connected to the CEXT
vutput [pin 34). When the PLL is out of
lock and there is pulsing on the PED
outputs sufficient to bring the voltage on
CEXT above an internal comparator
threshold, then the open collector output,
LD OUT, will turn on, sinking up to
25mA. LD OUT can be wired to an open-
collector [ault bus or used to drive an
LED, indicating an out-of-lock condition,
The Phase/Frequency Detector
waveforms are shown in
Figure 6.

It has been observed where certain

‘conditions produce electrical overstress

[EOS) to pin 43 and damage the LD OUT.
Such an vccurance would typically be the
result of capacitive discharge with
insufficient current limiting resistance
with respect to LD OUT and how out-of-
lock conditions are indicated within a
particular system design. Careful
attention to proper current limiting in
this regard will eliminate any EOS
potential,

E-mail: visi-products@qualcomm.con
Telephune: [619) 658-5005, Fax: (619) 638-155



o b w19l Frecessel inlerfaie (UF]] Made jeiechion

I e — ——

BUSMODE/ SMODE
INPUT INPUT sl 7
[ uw oW B-811 805
LOW HIGH SERIAL 3U5
WGH I | DIRECT PARALLEL INPUT_ |

Digilal Processor Integface (DPI)
Modes
The Q3216 can be programmed using one
of three operating modes including a
Direct Parallel input Mude, 8-Bit Bus
Mode, or Serial Bus Mode, All of the DPI
data and cuntrol inputa aperate at either
static or low speeds relative to the rest of
the device ani are ta be compatible with
CMOS/TTL levels, whose charactenstics
are described in Table 6. The DFI
outputs consist of twenty counter
programiming bits, MO - M8, A0 - A3, RO -
"15 as well as the prescaler enable control
input, PRE EN/. An Enhanced Operation
Mode option [or the 8-bit bus and serial
bus modes is provided 1o enable access o
all'af these counter programming bits and
18 described below. A Freguency
Multiplexing Mode option for the 8-bit
bus and serial bus modes is also pravided
to allow rapid toggling between stored
programmed [requencics and is described
beneath the following sections of these
two respective interface modes.

The interface modes are selected in the
following manner: When the external DPI
control signal, BUSMODE/|pin 22), is
HUGH, the DP is in the direct parallel
mode, When the BUSMODE/ input is
LOW, the DP1is in cither the 8-bit bus yr
sierial bus mode, depending an the I
or LOW state, respectively, of the
SMODE ipput [pin 21}, Senal mnode
addressing is accomplished in a standard
laslison uning three signals: SDATA,
SELE, and SEMN/. DPI mude selection is
summarized in Table 1. Tnorder to

CYIALLEIMM T aned, YIS) Prsdinete

(el 55 Lok Bub@wnid, Sam D hwp LA 9211 2200 1isA

consulidate the utility of as many of the
package pins as pussible, most of the
CTMOS/TTL inputs are multi-functional
as denoted in Figure 10; this is possible
because of some of the mutial
exclusivity of the DPI modes and these
inputs, Internally, these dilfering control
signal inputs are logically OR’ed to avoid
contention. -

Eshanced Operation: 03036 Mode”

An enhanced operation mode control
signal, Q3036 MODE/|pin 44, is
referenced after QUALCOMM's uriginal
single-chip PLL, the Q3036, and allows
the Q3216 to maintain identical DPy
modes and divider ratios as the Q3036 [or
backwards compatibility, or be set for
expanded divider capability and DPI
operation. When the Q3036 MODE/
input is HICH, this enables access toall
twenty counter programming bits for
operation only in the 8-bit bus or serial
bus interface mode if the additional M7,
M8 or R4, RS counter bits are required for
larger division ratios, This allows for
programmability to the full range of
divider rativs as described in the
Functional Overview section under the
VCO Divider and Reference Divider
subscetions, When the Q3036 MODE/
mput 1 LOW, all ol the cuunter
programming bits except M7, M4, R4,

and B5 are available in all three intedace -

mides with a comesponding reduction in
the available range of divider ratios as
also discussed | the above-mentioned
seetion, When operating with 030346

E-manl: whnr prosbuerssbagoal comm g
Felopbsmm. [fl90 tlell- 515, Fas! b0 psa |55
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C MODLE] set LOW, the M7, MB, 1L, an:l

IS inputs are seuinternally to the LUW
state. As initially menuoned, this allows
any ]Irl.."-'iUU-‘IJ.j"-tlf_‘SIuﬂ{:d Fj’l_!.l:!!l.:.':l.Z.El
CIrCUlLs UsSIng l_i_ic‘uJUJ_(‘n to be direetly
replaced with the Q3216 device.

All external CMOSSTTL inputs will
repester as a HIGH or LOW state when
lelt [uating, according to the LOW or
HICHI state of the Q3036 MODE/ input,
respectively.

8-Lit Bus Bade

Wl the BUSMODES input LOW aind the
SMODL input LOW, thie S-bat bus mode
is selected and the external LBUSO-7
nputs arg latched into one of the thaee
prunary registers, with the A W, M1
W, or M2 WR cxtemal control inputs
according to the timing requireiments
shown in Figure 8. In the 8-bit bus mode,
the interface is double-buffered consisting
of a set of primary registers and secondary

Table 2. B-bit Bus Mode Primary Register Map
I INTERNAL PRIMARY REGISTER MAPPING I
ATEN AWR IR WIWR
e RSING EDGE | RISING EDGE HISING EDGE
'“_' DBUSO AD [T M7
[ oams1 Al N W3 |
DBUSZ Al [T, [T
T Y] N3 %5
DBUSA 0 T WA
DBUSS i WS TN/
DBUSS T TS /A
DBUS7 ¥ PREEN/ WA

Direct Parallel Input Mode

With the BUSMODE/ input set HIGH
and the Q3036 MODE/ input set LOW,
all of the DPI outputs except M7, M8, R4,
and R5 are taken directly from external
inputs, as listed in the pin assignment/
descriptions, Table 8]. As can be seen
from the Q3216 Block Diagram (Figure 1},
BUSMODE/ is really the select input to a
row of 20 x 2:1 MUXes, one each of
whose inputs are connected to the
external inputs, with the exception of the
M7, M8, R4, and RS signals. This mode
allows the device to be hardwired for
fixed frequency phase-locked vscillators
as well as parallel-loaded fast frequency
hopping applications.

registers. The primary registers are
programmed in parallel fashion without
aflecting the inputs to the counters, The
contents from the primary registers arc
loaded into the secondary registers on the
rising edge of the HOP WR input and are
then immediately available to the
counters and prescaler as DPI outputs.
The DFI putputs are simply the
secondary register outputs. A mapping of
the DBUSO-7 inputs to the primary
registers for all twenty counter
programming bits is shown in Table 2,
and listed in the pin assignment/
descrptions, Table 8H.

1. Seriol Mode Data Pregromming Sequence

ferno (1 [2[3]a[s[e[7]s]e wo]ufz[13[iaf1s[re]17[18]19]20]
[ SDATA PRE |
A3 | A2 ! Al {AD
pur || %5 | B[ 8 [ W7 gy [ e [ | g mmﬁuu R3[R2|Ri| RO
Qizé
GHz Low POWER PLL
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ikl LOE DUSVIJUILY INPUL LAWY and the
SMODE input HIGH, the serial bus mode
is selected and data is shifted serially into
the SDATA input on the falling edge of
the SCLK input, while the shift enable
control input, SEN/, is LOW. [u the
same manner as the 8-bit bus mode, the
interface is double-buffered consisting of
a sct of primary repisters auwd sccondary
registers, The data for all twenty counter
programming bits is shiflted into the
primary registers in accordance 1o the
sequence shown in Table 3, starting with
KR35 and ending with AQ. The contents
from the primary registers are shifted into
the secondary registers on the rising edge
of both the SEN/ input and HOP WR
input asserted together according to the
timing requirements shown in Figure 9,
and are then immediately available to the
counters and prescaler as DPI outputs, A
list of the respective serial bus mode pin
assignment/descriptions is shown in
Table 81

8-bit Bus or Serial Bus Frequency Multiplexing:
"Ping-Pong™ Moda _

The Ping-Pong mode is a subsct ‘of both
the B-bit bus and serial bus interface
modes which enables the Q3216 to be
multiplexed between two pre-loaded
[requencies for applications involving
random [requency hopping, low-data-rate
F5K modulation, ur half-duplex
transceiving vperation using a single
synthesizer. ATE system environments
requiring multiple Irequencies also use
[ast switching synthesizers to greatly
merease system throughput, and they are
tnereasingly being used as the relerence
uscillator in commercial Magnetic
Resonance Imaging systems. In cither

Cinterface e, this is carricl out

by toggling between wwo different VOO
ivikion ratios in the primary and

LALLM T o wrmted, VEST Froluges
1155 Luuck Ravielew ool Sanddep, CA w2 2] 2y 1ISA,

programming bits in the primary registers
may be updated while the ones in the
secondary registers are controlling the
programmable divider and vice versa.

The so-called “ping-pong” lrequency
sclection is controlled by the external
input signal, FSELP in the 8-bit bus
mude, and FSELS in the serial mode.

As noted in the 8-Bit Bus Mode
subsection, alter the DBUSO-7 inputs are
latched into the three primary registers,
they are then only loaded into the
secondary registers after the HOP WR
input is asserted. This means that the
contents of the primary registers can be
updated with a new frequency word
while the secondary registers retain
control of the DPI outputs with the
previously loaded data. An external
[requency multiplexing control inpus,
FSELP | pin 18), enahles the device to be
toggled between these two pre-loaded
[requencies as noted in the pin
assignment /descriptions, Table 8H,
When the FSELP input is HIGH, the
synthesizer output {requency is obtained
from the frequency word stored in the
primary n:gist':rs, and when the FSELP
input is LOW, the output [requency is
obtained from the frequency word stored
in the secondary registers. The DIPI
outputs arc simply the multiplexed
output of either the primary or secondary
register outputs selected by the control
signal FSELP.

As noted in the Serial Bus Mode
subsection, alter the data for all twenty
counter programming bits is shifted inw
the primary registers, they arc then only
lvaded into the sccondary registers alter
the SEN/ and 110 WH inputs are
asserted. In the same manner as in the
H-bit bus mode, an external Grequency
multiplexing control input, FSLLS
[prine 16), enables the deviee to be tupgled

L]
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hetween these vwo pre-loaded lrequencies
as npteid b the pin assipnment/
deseriptions, Table 81 The synthesizer
outpul lrequency is simply the
multiplexed vutput of either the primary
or secondary register outputs selected by
the TUGH o LOW state, reapeetively, ol
the contfol signal FSELS.

For QA6 boplunentations usiag e
Ping-Fang mode lur FSE modulation of
the synthesizer's output , the data rate
Limitation of the loop will be a function
af the natural frequency, wy, since a
seeund-vrder LL 15 able to track [or
phase and frequency modulations of the

M
QUALCOMM Incarmorated, VLS| Produets

£455 Luak Noulevard, San Diego, CA 720212779, USA,

referense signal as bone ax the sodi bt oo
lrequencies remaimn witkn an angular
trequency band moupkly beiween zirg aud
iy - When using the Pung-1'ong mode tur
a lrequency hopping synthesizer, oras a
transmit and receive synthesizer for ball-
duplex operation, the synthesizer's
switching speed performance, otherwise
know as it's sewling time charactenstics,
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TECHNICAL SPECIFICATIONS
Tables 1 through 4 contain technical

specifications fot the Q3216 PLL. Figures

& and 7 contain timing specifications for
the Q3216 PLL.

Table 4, Absolute Maximum Ratings: Q32161160 & Q3216M-16L

reliability.

2. ECL and ECL 2V oulputs lerminated with 510 €2 to V.

3. Method meets the intent of JEDEC STD 17 Publication, This is the moximum
ollowable current flow through the input and outpul profection diodes.

4, Method meets the intent of MIL-STD-883, Methed 3015.

[ pARAMETER stheol| MK | max [ umits [ Nores
| Slorage lemperalure T -55 +150 | l
Junction Temperalure T - 55 +150 of 1
Supply Vollage (relotive 1o Vy;) Yu 5 +10 ¥ 1
Yolt ifferenti
oge n_n any Non Differential nput Va 05 | veres v I
Pin [relative 1o Vi)
Continwows Qutpul Currem I 25 -
Surge Outpul Current | 100 &
AC Coupled Yoll
. oup : oge on ony Yo ) 1275
Differantial Input
Lotchup Insensifiviry b | £7200 -
|| E50 Protedtion Yoo | 2000 -
Notes:

1. Stresses above those listed in this lable *Absolute Maximum Ratings™ may
couse permanent ond fundiional domage 1o the Q3216 Device, This is o
siress raling only. Functional operation of the Q3216 Device of these or any
other condilions beyand the min/max ranges indicated in the operational
sections of this spedification is nol implied. Exposure exceeding absolute
maximum rating condilions for extended periods may offect Q3216 Device

Table 5. Operating Conditions

Q32161-16N

Q3216M-16L

| PARAMETER [symsot ][ min [rvpica] max || miN [rrpica ] max | umits | Nom
(perating Ambien! Temperature Iy 7 +85 [ .55 +B5 £ s 2k
Operaling Voltage [Relative fo Yar) | Ve 45 | +55 || 445 +5.5 [
Jundiion to Cose Resistonce By 19 | U I
[ Junction to Ambien Resistonce Hy 51 H 5l | U 1
Holes:
1. 0 measured with packoge held ogoinst an “infinite” heatsink lest condition.
2. 0y measured in still-gir, room lemperalure les! condition.
EFAT]
1.6 Glix LOW POW
15 FREQUENCY SYNTI
OUALLOME Lcegmanated, Y1 Prosbiis kil wlsn promluctsesgualenmmenm TECHMICAL DATA SHEE

frlad Lusk Bowlevard, San Phcgge, LA WL 2770 1)4A

Veleplume. |B19) GB350, Fax: |6 1Y) 654|536
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| Tolie &, PC Heatienl Spacilicutions

| PARAMELR | STMEOL [ RN | MAX | UWIT> | NOTES |

| §CL HIGH Dutpul Voltoge I Ve Y nsofvg-ase ] wv |
ELL LOW Dutput Yolioge Yo Yoo - 2000 ¥y - 1620  m¥ 1
ECL TV HIGH Output Yolroge Voo o |Yee-1S0| Vo700 | my 1
ECLV LOW Qutput Volioge Vo |V 3250 Ve 2610] b |
CEXT HIGH Dutput Yoliage Voo o |Veo-1150) V700 v ?
AT L0W Dutpot Voliage Yo |Yo-2000]Y-1500] m¥ 7
{pen Collector Low Duiput Yalioge Yo = 500 my 1
Open Colletor HIGH Output Carrenl | g F 1| pA 1
(MOS/TIL HIGH lngut Curreni ik Iy 425 | 00 | pa 5
CHOS/TIL LOW ingud Current Tl -100 +1 ph b
CHOS/TIL HIGH Inut Volinge Va 20 - ¥ 7
CHOS/TIL LOW lnput Volioge Yy - 0800 | v ]
03036 MODE/ HIGH Input Curremt | Q3038/1y | +400 | +800 | A 8
Q3036 MODE/ LOW Input Coment | 03036/1, | 400 | 200 | pud 9
Supply Current (Woe - Vi) = ke = 160 mh 10
Noles:

1. Qutputs terminated through 510 €2 1o Vg,
2. Qulpuls measured directly with no termination resistance.
' 3. While Open Collector output is sinking 20 mA.
q, 1&;' = +5.51l'; Your =V - 10 mV,
5 1!"“- = ‘|'5..51l', Vu=Ve-10 Il'illlf,I Iﬂpl.l'l 13036 MUDU ="
6. Y, " = +5.5V Yy = Vg + 10 mV, Input Q3036 MODE/ = V™.
7. All CMOS/TTL inputs will regisler os o HIGH or LOW state when left floating,
occording fo the LOW or HIGH state of the 03036 MODE/ inpul, respediively.
B.Vy" = +5.5Y, Viu = V- 10 m¥.
9. ‘If“' = +5.5‘|’, 1Ir|;| = l'lrl +10mY,
10. Ve = +5.5Y (ECL, ECL 2V Outputs terminated through 510 €2 fo V.
* MV, values relofive to Vi

b Phase/Frequency Detecior Warelorms

}:;J’”‘ ISP | N &
REFDIV __ A~ ‘ I/ _\- .................. Vo

YCo oy
I
I]u wafn hl-\a

@___/ % d N

Noe: Vs s the CML logic voliage located af the 50% level between Yo and V..

qQi1ls
GHz LOW POWER PLL s
JUEMCY SYNTHESIZER 1§ . J
TECHNICAL DATA SHEET QUALCOMM Incorporated, VLS Products E-mail: visi-products@qualcom tom

| JECT T0 CILAMGE WITHOAT RN 6455 Lusk Boulevard, San Diego, CA 92121-277%, USA, Telephone: [619) 658-5U05, Fax: [617) 638-1556




Finere 7, Ty pecal leg (Static) ¥5- Vee

I[i_' Stﬂﬁ[ [I'l'll'!l]

116

[u'_ ¥5. IIIIIIL:

122~

121 =—

120 =

19 -

118 -
17

1154

114+

1134

112 5

-

110-

T S

108 -

107 =
106 -

105

104 -

103 -

102-

101 =

H0 -

99 -

90 -

97 -

56 -

95—

93-

92-

9] =
4

Hate:

Ve

5.5 b

All meosurements conducled with Q3036 MODE/ (pin 44) tied HIGH, no terminalion resislance

on any oulputs, ond oll inpuls [el1 open (internally pulled down).

'ALCOMB Incorporaned, VLS Prosiugss
feltad Lusk Wouleward, Son e, 6 93111

1IN LINA,

17

Bl vl proudygt setgpealcommcmn
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Takde 7. AC Hecwival Speafieatings

[  PARAMEIER [svezou] s |_max_ | unirs | i |
YCO 4, REF IN Dilfeentiol lopurts l '
200 I .
Smusosdal of Squute Wave Inpul Sensitivity Y (16} : :’: Ild:: I
Inpul VS#R 181
VCO IN Trequency Runge ko Jh 1600 MHz 13
[ REEGN Frequenty Range Fagr 0 100 MHz 21
10711 Prescaler Feequency f 10 1600 MHz 23
l M Counder Frequency Fy 0 300 L 13
A (ounter Frequency fy 0 160 MHz 13
R Counter Frequency fi 10 100 MHz 1
I Phurse Deledior input pulse widih, p x :
REF DIV, ¥CO O " 5 g
Phose Deteclor outpul residul pulse
. Iy 4 - m 56
width
Phase Detetor propogution deloy 1o 2 = m 54
DEUST-7 Yolid 1o M1 WE ’
I y MW, Iy 50 e m 1 ;
A WR rising |
DBUSO-7 Yolid ofter M1 WE, M2 W *
! || ot ¢ l‘ Iy . W - s 4
A WR rising .
SOATA Yobd Jo SCLK folling Iy 50 - s | |
SDATA Yaiid after SCLK falling ln .50 - i 4
SEN/ setup 1o SCLK folling by 50 = m [
SEH/ hold afler SCLK folling 1y 50 = m 4§ |
I M1 WR
llEm'f'_“"' e W T - 4
A'WR rising to HOP WR, SEN/ rising
Pulse width SCLK, M1 WR, M2 WR,
lrw 50 = s ]
AWR, HOP WR, ond SEH/
HOP W folling 1o SCLK falling, M1 WR,
| N liw 1] - ns 1
| M2 WR, A R rising
! | CHOS/TTL Ioput Copacitonce (i - 2 | f -
: Notes:

| 1. For YCO N [requencies < 100 MHz, minimum sinusoidal input power applies
[ fo non-prescaler mode operalion only,

| L. For squore wave inpuls with edge rales of ol least 200mY/25ns, there shall

] be no lower [requency limil.

- 3. Per input loading of Figure 5a.

i 4. Timing is referenced at the CMOS/TTL input logic vollage switching threshold.
5. Qutputs PD D, PD U loaded per Fiqure 21.

6. Timing is referenced af the 50% level between Vo and ¥y

01216
LF:K'I LOW POWER PLL
HCY SYNTHESIZER - 1]
LITIE(HI'IIL'AI DATA SHEET QUALCOMM [ncorporated, V0LSI Produers E-wsail; vlsi-products@gualeomm.com
| 10 CLARGE WITHOUT HOTICE &455 Lusk Bowlevard, San Dicgo, CA 92111 -ATT9, LISA, Telephone: |619] 658.5005, Fax: (619) 658-1556




l- Figure 8. Bus Mode Interface AC Timing Wavelorms | &
L. kg i I

; 13
DBUSO-7, * )k ><
M1 WR,
M2 WR, AWR
HOP WR ‘
Note: ¥sy is the CMOS/TTL INPUT lagic vollage switching threshold.
Figure 9. Sericl Mode Interface AC Timing Wavelorms
L hy I ol
SUA]‘A * » ' X x ........................ lI
SCLK
SEN/
HOP WR
| Note: Yo is the CMOS/TTL INPUT logic voltage swilching threshold.
03116
1.6 Gllz LOYY POWER I
¥ FREQUENCT STNTHESIZ
FILNAL MM i vrpeerata], YLD Priatoee

F ol vl LT (TR AT PP —

f55 Luak Marabevand, S 1 i an LA VIS A Fileepbwame: 70090 A5G S005 Fax: gh 149 G5 1550
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Figure 10 provides the pin conlhguration provide sumimanies uf the inputjoutput

ol the Q3216 PLL package aud tables 8A-] sipnal pin assigninents.

Figure 10. U3216 44-pin Conliguration

Vi
E2IN
K2 IN
E1IN
EOIN
¥ie
01034 HODZ/
L0 ouT
REF IN
REF IN/
Vit

‘ DBUSO, MO REF DIY
DEUST, M1 Voom
DBUSZ, M2 PO D
DBUSI, M3 FOU
Y Yir
Yie 134
SEN/, DBUSY, M4 1.6 GHz PLL Ve
SOATA, DBUSS, M5 H/C
SCLK, DEUSA, MA Yeeon
FSELS, DBUST, FRE EX/ YCO iy
Ve Vee

hﬁﬁulid Line Receiver laput Pia Functions

[ sTmaOL PINS | I/oTYPE ~ FUNCTION

0 IN 7 Differentiol INPUT | VCO driven differentiol inpet. )

WO N/ 18 Differentiol INPUT | VCO driven complimentary differentiol mput.

REF IN i1 Differential INFUT | Relerence driven differentiol input,

iEF IN/ 4] Differentiol INFUT | Reference driven complimentary differentiol nout.
*L Enhanced Operation Mode Control Input Fin Functions

fYMBOL FINS 1/0 TYPE | FUNCTION -
|‘_ ! 03036 MODE. When conligured LOW (Ve), iternal M-Counter Bits [B:7] ond R-Counter

VeV INPUT Bits [5:4] set to logic 0. Externad (MOS/TIL inputs “pulled up” internally through > 50 k2
11035 MODE/ 41 . resistors. When configured HIGH [Veo], imernad M-Counter Bits [B:7] and R-Counter bits [5:4]
progrommable in seriol or 8-bil bus mode. External (MOS/TIL inputs "pulled down” internally

j thraugh > 50 kL2 resistors,

— ——
+’. Divider Qutput Pin Functions
- R
Pmeot [ mws | iorree FUNCTION_ |

Yoo 10 ECLI00k YO Divided Dutput, Provides Dutput with Frequency equal 1o Y¥CO IN frequency divided by

QuTPUT YOO IN division rafin, z
R DIy 3 ECL100 k Reference Divided Outpul. Provides Cutput with kequency equol lo REF IH frequency divided
outeun by REF [N divisian ratio.
S B _
Q3116

t! LOW POWER PLL

HCY STHTHESIZER n

IECHMICAL DATA SHEET QUALCOMM Inearporated, VLS Producis E.mail: vlsi-products@qualeomm eom
%mim“mnn[[ 6155 Lusk Boulevard, San Dicgo, CA 92121.277%, USA, Telephone: |619) 655-5U05, Fax: [619] 4581554



Tuble 22, Mhuse Letedur Ourpat Pin Functicas

[ sympoL PHs T joree | FUNCTION _ r
U % ECLZY 100k OUTPUT | Phose DetetPuse UP. Pulses HIGH when YCO DIY logs 26 DI, i
D 37 ECL2Y 100k OUTPUT | Phose Detect Pule DOWY, Pulses HIGH when YO DI oo REF DY,

Tuble 8E Phase Lack Detect Output Pin Fuactions

5TMBOL PINS | 1jomwe ___ FUNCTION _ ]
F ek Detedt. High impedonce during phose locked operation, Low impeconce during phose |
L our 4 M OpColeter | L wcton

C EXTERHAL OR'd output of PD and PU provided by 100k ECL emitfer felower termingred
through 2k, an-chip, series resistance. External oftodment of 0.1 uF cmadilor eds 1o

o 4 ey & LI low poss filter OR"d output of PD and PU signaks. Outpd drives inverfing differential input
[ - | ol on<chip comparator used for switching L0 o, N

Table 8F. Unconnectzd Pin Functions

[Cmeor T s T vorm  FUNCTION |

L = a1 N/ [llnm'marluf Pin

Table &G, :h'nllngn Supply Fin fuadions

: |_[ SYRBOL [ pms | jjoTiE _ fuicron - e

Ve [ 0,02,23,3 3 Power Core Gireuiry Y POWER SUPPLY.
Yeem 3l Power Output drivers Ve POWER SUPPLY for YEO DIV OUT ond (T,
Vicos .3 Porrer Qutput drivers Ve POWER SUPPLY for PD U OUT, PD D OUT, and REF DIY OUT. _’

[: Vie 517,29, 40 Powes ¥z POWER SUPPLY, ]
B e —— — T

»* |
| faZlh
! wat Hil LY POYER L
H i FREGIRLY STHTEFSIIER
AT A entmrat e, VTS FiseLegge Foamaed wobogopec i cELalemn crem IR T ODATA ShEsr

i Tl Kave Dt £ V0] 07 o UGA, Ctlepbore Lt cb ol SR, Pass (WY 6081556 DARL Y, I0T TO CHARGE W0 HuwE HO0GE




Elri.?-,i"'l Processor Interface (DP1) 8-Bit Dus Maode Pin Functions

0L | PN | 1/0TYRE ~ FUNCTIOR |
;ETH[]DEJ'F .H [Mﬂsm'. |HFUT BHSHDHL “!-EEI !I'E|Ii SMODE ta kll‘ﬂ ona ﬂi d’l’n pqﬂH[ on mu],;_-', ﬂ: npﬁujm
' SMODE, Selects SERIAL BUS MODE {BUSMODLS Low, SMUDE high) or 8-BIT H|.|5
. ]| CMOS/TIL INPUT
wone ! WODE (BUSHODE/ Law, SHODE Low)
16 [M38], 15, 14 :
AL il 7 (MSA) - DATA BUS bit 0 (LS8
; 47-08USD 13.10,9,8,7158) CHOS/TILINPUE | DATA ET (Msg) (LE)
/ M1 WRITE Rising edge oclive. Lolches DATA BUS bits [7:0] (PRE EH/ and M[&:D1)1
?ﬂ;— 2 CMOS/TLINPUT |, a eegu e UALE -
_ primury regiler,
" - WRITE. Rising edge octive. Laiches DATA 8US bits [3:0] (R[5:4 :
LW 2 CMOS,TTL INPUT H? RITE .ﬁkﬂg ge odive. s its [3:0] (R[5:4] end M{ET]) to
primary regrsier.
T AWRITE. Rising edge octive. Latches DATA BUS bits [7:0] (R[3:0) and A[3:0])1
LHR 5 CMOS,/TTL IHPUT s (0] {R(20] ond ALZ0]) o
primary regisler,
HOP WRITE. Rising edge aclive, Loiches primary :ewler dote previously laiched with
J 24
[ el LT WP M1 WR, M2 WR, ond A WR, 1o secondary register,
Pravides oplien of selecting DP| inlarmation stored in primary registars (FSELP = 1) or
18
!’F;LP cova secandary registers (FSELP = "07),
—
: Jigltel Procassor Interfece (DP1) Sericd Bus Made Pin Functions
fimsoL - PINS lforree | FUNCTION |
SDATA 14 CMOS/TTLINPUT | SERIAL DATA. Data is shilted serially info input SDATA an fafling edge of SCLX signal.
Yoo DAIA loading with input SOATA. SEN/ cnd HOP WR mus! be
I/ 13 CHOS/TTL INPUT SHIFT ENABLE. LOW for SERIAL ng wll wpul : W/ m
usserted 1IGH when looding SERIAL DATA 1o sacondory registers I
{FT CLOCK. F dlive. Shilts sericl dato inlo input SOATA with eoch falling ed
SCIX 13 CMOS/TTL INPUT f;tHfELan b e WAL SON VS Wk e i
I : HOP WRITE. Rising edge ective, Laiches primary registers SERIAL DATA into secondary
HOP WR 26 CMOS/TTLINPUT | registers. SEN/ and HOP WR must be oerted HIGH when looding SERIAL DATA to secondary
regislers.
' - i S of selecting DI informotion e primary registers (FSELS = "17) or

secondary registers (FSELS =T

lgital Processor Interloce (DPI) Direct Parallel Input Mode Pin Functizns

PINS

JmsoL 1/0 TYPE ) FUNCTION
15 (MSE), 14,13, | -
Hi&:0) SUER 1LY, CMOS/TTL INPUT | M-COUNTER BITS G{MSE) - D{LSE).
| 9.8, 7(L58)
| [W58), 20,

i3:0) £HVeRL S 4 CMOS/TILINPUT | A-COUNTER BITS 3{MSE) - D(LSB).

L 18 {L58) i : .
(i30) 5(MsB), 4,3, 7(158) | (MOS/TTLINPUT | R-COUNTER BITS 3{MSE] - O[LSE]. I
."l EN/ 1] CHOS/TILINPUT | PRESCALER EMABLE. Enobles Divide by 1011 Prescater [Active LOW), |
- =

Q32186
&:’H POWER PLL
SYNTHESIZER i
ﬂ'llllut DATA SHEET QUALCOMM Incorporated, VLS Products E.mizil: wisi.products@qualeomm . com
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B. COMPARISON OF IC Q3036 AND IC3216

Parameters ¢

Q3036

Q3216

Input Sensitivity Range:

-10to +15 dBm

-10to +5dBm

Available Programmable

8-Bit parallel inputs

Parallel inputs, 8-Bit data bus,

Inputs (TTL/CMOS) serial input
Maximum Phase
Comparison Frequency 50 MHz 100 MHz
Of Phase/Frequency
Detector
Phase/Frequency 286 mV/Rad 302 mV/Rad (No Dead Zone)

Detector Gain

VCO Division Ratios

2 to 128 upto 300 MHz
110 to 1285 upto 1.6
GHz

For serial and 8-Bit Bus Mode: 2
to 3135 upto 300 MHz
90to 513610 1.6 GHz

For Direct Parille] Mode:
2 to 1295 upto 300 MHz
O0to 1295to 1.6 GHz

Reference Division
Ratios

ltwo 16

Serial and 8-Bit Bus Mode:1 to
64
Direct Parallel Mode:1to 16

Pulse Swallow Counter

7-Bit M
4-Bit A

9-Bit M
4-Bit A

Reference Counter

4-Bit

6-Bit
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Product Preview

& 500 pa Mg Fropagaiian Delay

* Yag Supply Quipui

* Dedicated VECo Pin for Esch Recaiver

The MCIQE- 10GE116

purs An inlernally gEnaisied relerence Supphy I¥ag!

reCooion
Acliva current sources

Dlus o deep collecror feanire gf
provida the recaivers wilh sxcallent common-made

CTOR _M

MC10E116
MC100E116

OUINT DIFFERENTIAL
LINE RECEIVER -

2 e differeniinl ine receiver with Emilier lollower aur-

% available Iy single eroed

ihe MOSAIC Il proeess
horme repechion. Each meaiver

haz & dedicated Voo supply laad, providing optimum Symmetry snd gisbility

The

recelvar design fealures clamp

I catse o dafined nae il boih tha

inverting snd non-inverting ingpuls are lef open; inthis case the O Bulpul gass
LOWY, whils the O output poes HIGH,

I Bath inverting gnd nan-lnvarting inpuis srg

dowl nol go 1o & celined

ampliliar lashion, producing outpun

Low,
The device Vgg outgut
ended reception of ECL

sigrals ta thel device anty. Whaen uging far thig e, i)

saual patantisl, ihe recorer
ruiher currant-shares in normal diflerermtial
vollags lavels mideeay berwean HIGH aag

sinie, byt

is indndad for uze 33 2 relsrence voltage far singls

Is recommended iha Yip s decoupled 1o Voo via o 001 uF capaciter,

The E116 features inpu

! pull-down resiziors, a3 doss the rest of the ECLinPS

h.ml.llr.
PINOUT: 28.LEAD PLCC [TOPF VIEW)
b W N e G & v
e W o = W
. [ H N n T n m n e
&R [ " il ] &
a (] ey
% [|a Wl vee
v [0 (] 6
LU THE M ] b
by 11 1] :] ¥ren
t [ wl] 6
3 ] 1 ] ] " n
L™= QI = pap s g | | -y e
O B v & & Yo O
PIN HAMES
= Fin Furssiinng
Do Dg. ﬁ Difterertial Ingy Pairs
Og Oa . | Dfteraniisl Gutput Pyire
: 3 __'I.I'_“ L Aalyrgrcs Vohege Cuipue

T S— T ———



DL CHARACTERISTICS v « wic fmening wgg rmase

MCI10E116. MCT00ET1E

periormancs KRN 19 bigrilicantly degracds.

1.'l'mnhﬂ"lilﬂﬂﬂhmmunm-mii-nnllummuumm-_muwmm"mﬂ.‘.m
l-n-uu--llﬂ-thtiilhm-ﬂumm-mnvmnw.mmm-—qngnu—ﬁuv»

Yoo - Ypen GMO
Ta=0C | 14« mT Ta o= W8T ; 'I
——
Symbal Chasscleritic Min | Typ [ Mas [ Min | Ty [ tes | win | Typ [ Man | Unit | Conditions !
Von Qurput Aslerance \'olug; v f
10E - 138 =12 =138 -8 =13 -119 1
L _{-12m 1.26)-13a -126(-138 =-1.M 1
('] Impast HIGH Eurqu.i 100 00 g il ll
gE Powst Suppiy Currgmg il [
108 ™| o n|n | o» |
100 n 15 9 [ x 1 a0 |
=
i L]
AC CHARACTERISTICS: Vg = Veg Imin) 1o VEE Imas); Vpop = Veps = GHO
Ty = ot Ta = I5'C Ta =BT B
Symbad Charscterinthc | Min | Typ | Max | Min | Typ | Mas | Min | Typ | Max | Unk e thany
PLH Fropsgation Deley 10 Ourpun |
1P, o 150 500 | 150 500 | 150 500 pe {
Vpp I Minimum lnput Swing 150 150 150 my !
Vima | ICommon Mods Rangs -10 -08|-20 -06 [ -20) -06| ¥ : Jl
L Vpp it uted hers oe an AC spec., isther Dhen pusl & w of BE Rbeary, Vipp men. defy M Sferammsl sl sy bebow gy AL



AOTOROLA

SEMICONDUCTOR
'ECHNICAL DATA

¢

Advance Information

» BOO MH: Min. Taggle Fraguency
¥ Differantial Quipuls

¢ Individual snd Camman Clocks

¥ Individual Aezats {asynchronows)
r Faired Seis (asynchrancus)

The MCIDE/IDAOE13) 13 a quad mastar-glave D-type Mip-llap with dilferential oul
Wis. Each Mlip-flop may ba clocked separately by holding Comman Clock [Ceh LOwW
ind using the Clock Enable (CE) inputs for clocking. Comman clacking is achiaved
v holding the CF inputa LOW snd using Cr to'clock all four Nip-flopa. 1n this cass,
ha ZE Inputs partarm the function of tantroiling the comman elock, 10 each flig-
e -

[ Individusl saynchronous resels ere provided (AL Asynehronous sel cantrals (5]
re ganged together in pairs, with thae pairing chozan 1o reflect physical chip

Trimelry.

Data gntere tha master when both Cc and £ are LOW, snd transiers to he slave

an either Cg or CE (ar both) go HIGH.

MC10E131
MC100E131

4.8r -
O FLIP-FLOP

PINOUT: 28.LEAD PLCC [TOP VIEW] - LOGIC SYMBOL
by o O; m weg 0 o [y s =
| e ] e S ey A e Y i | o O | 11 1
| E #m n 0 1 m n By o L el

J:EH ] vor

bee (1O (] 6 0=

i s vl iy e G Sl |
o [In (] o 4 q,_.____r'—J

ce[] (] o ' SITH P t— &

]
h f 1 1 J E L] r——J
' S .
x [« i7[] o G ]
TS, (R SN N NP [ i
= [ v e S ey e s
B N I m Ry NC  W¥erp
NAMES : -
Pln - Function ]
Dwis Inpurs
EE:I Ciock Enables lindrriduai)
rAa Patata
1 Comman Cloch
3 iy Satn' (paired)
O3 Teus Cuputy
1—5’ Imenring Oulputs
L‘ | 1;;-"- ‘““Hlmmmmmr——mm-mh .
PR i, T T F - " P, i

e




DC CHARACTERISTICS. vig  Vig fmond te Veg fmanl, Vg

MCI0E131, MCI100C 1Y

Ta = 0°C Ta = J-‘.i?-__{ = Ta = I:';T.. SERTE 2 t
Svymibol Charscterintic Min | Typ | Man | Min | Tyn | Mas ! Min | Typ l.l"-' Lhmn | Cemdmiany |
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The MCIOE 100E016 15 a hugh-¢pead wynchranms, preseltable, cascadahle § b —

binary counter. Architecture and operatian are the same as 1he MCIOHDITE in the
MECL 10KH lamily, extended 1o B:Buts, as shgwn in the lagic symbol

The counter features intarnal Teedback of TC, gated by the TCLD [rerminal cownt
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Voltage Controlled Oscillator

200 to 400 MHz

Electrical Speciflications!'):

| Fresjuency Range Y 200 1o 400 MHZ

Hower Dulput al 25°0 (50 olan lead) 10 rJ’r_!-u.1.. TPt {

Power Qutpant Variation vs, Tamperalure £ 5dB, typ

Freguency Drift vs. Temperature'® 10 MHz, typ.
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| Tuning Valtage Limits et ] 010420 VDG

280 Phase Noise (50 K 1z Oftsey 110 dBeMz, 1y
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‘GENERAL DESCRIPTION

Tha OF-27 precision operational amplilier combinas the low
‘oMset and drilt of the OP-07 with bath high-speed and low-
noise. Ofisets down 1o 25,:¥ and drilt of 0.8aY/™ C maximum
make tha OP-27 ideal lor precision instrumentation applica-
lions, Exceptionally low noise, 8, = 3.5aV//Hz . 81 10Hz. 8
i low 1/f noise corner fraguancy of 2.THL, and high gain (1.8
i mitlion), allow accurate high-gain amplification of low-level

SIMPLIFIED SCHEMATIC

OPERATIONAL AMPLIFIER

signals. A gaim-bandwidih product of BMHE and 8 2.8V pssc
slmw rale promdes axcellent dynamic accuracy in high-speed
dala-acquizsiton syslems. i

A low input blas current of *10nA is achinved by vsaof &
biasEuirant-cancellation elreuil, Over the military Lirpei -
atura range, S circuit typically halds lg and Ig 10 22004
and 15nA rexeclively. i
Tha gulput stage has good load driving ca pability, A guaran-
teed swing of £10V inta BOOMN and low outpul distortion make
~ihe OF-27 anexceilent choice lor professional audio apphcs-
tions. -
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BN S oo e o o _ _OP-27 LOW.NOISE PAECISION OPERATIONAL 4

Low cosl, high-volume praduction ol OP-27 s achieved by Oparatng Temparaluie Range

using an on-chep rener-rap Inmming nelwork, Thes reliabie OP-2TA_OP-278, OP-27C (4. £ HC) .. -551:,,“
and slabls ollzet Inmming scheme has proved its allectiva. OP.27E, OP-27TF [J, Z) oo L =25%C g b‘
ness gwel many years ol producton hislary CP-27E. OP-27F (P} .. 0Ty
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a . e
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