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Introduction
This application note describes semiconductor compthe data sheet, hints how to simplify the development of
nents TEMIC produces for TV- and VCR tuners. a TV tuner and references to known weak points of

applications. The chapters may be read separately. They
Wontain all necessary information. References to other
chapters are marked by notes (see ,Appendix").

The various product groups are presented in the follo
ing three chapters.

* Trheestnaevg/SMOSMIC families replacing the IV|OSFETThe chapter ,The New EasyLink Concept" introduces a
P 9 ) - new concept of controlling the tuner by the PLL, the so-
* The TV mixer families called EasyLink Concept.

*  The PLL families The appendix contains a description of measurement
The term FAMILY is used for a group of componentsind design procedures. The respective results are used
with similar pinning or functional content. and given below.

Each of the main chapters mentioned above containBasic literature, CAD tools and a list of the abbrevia-
short overview, followed by information not given bytions used are given at the end.
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The MOSMIC Preamplifier

Overview Advantages of a MOSMIC
Preamplifier

The first generation of TEMIC MOSMI@s(MOS

Monolithic Integrated Circuits) with a transconductance o AGC

of 24 mS can be thought of as a BF998 MOSFET Vs

surrounded by some special components. These fulfill

the following tasks: o/P
A e

- Biasing the MOSMIC o—| ¥
I/P

|_._l
»  Shifting the pinch-off voltage Q Q
< Keeping the drain current to a nearly constant level -_l_

when reducing the gain Figure 1. MOSFET preamplifier

Though this new device is an IC, its handling an&igure 1 shows the circuitry of a conventional pream-
features are comparable to the BF998. Exceptions are:plifier using a MOSFET. The four resistors are neces-
sary for biasing the circuit. As the MOSFET is of the
depletion-type, the source resistor is used to limit the

* Itis not allowed to change the biasing current. The capacitor in parallel to it acts as a RF

« Gate 2 is used only for AGC purposes ground to keep the gain high.
«  The maximum G2 voltage is lower compared to a o AGC
MOSFET. Vgo——
o/P
e s
Table 1. The MOSMIC families
Type Vs F/ dB Y/ mS P
@ 800 MHz | @ 200 MHz
S849T 12V 1.3 24 Figure 2. MOSMIC preamplifier
S913T 9V 13 24 Figure 2 shows a preamplifier using a MOSMIC. A
S594T 5V 1.3 24 comparison with the old concept shows that all fi\_/e_
external components mentioned above have been elimi-
S886T 12V 1.4 30 nated. This offers an advantage in cost and PCB space
(which is doubled or tripled for a tuner with separate RF
S949T oV 14 30 branches for VHF and UHF).
S595T i 14 30 The second advantage is the different way to activate a
S918T 12V 15 40 preamplifier stage. Part of the MOSMIC device is a
power-down circuit. The MOSMIC is switched off, if
S593T SV 1.5 40 the G1 voltage is changed to a level below 1V, by

connecting a resistor to ground. Compared to the
standard method with a MOSFET (switching off the

Table 1 lists the families available at the moment. As thdraln voltage), the isolation between input and output is

T e ; O |ﬁ1proved significantly. This feature reduces antenna
biasing is fixed _by the internal circuit, adapted types Al Adiation and increases the decoupling from the antenna
necessary for different supply voltages.

to the IF part. A more detailed description of the
More families, e.g., with a different transconductance @witching method is given in the chapter ,The New
for higher frequencies, are under development. EasyLink Concept"“.
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The internal control circuit of the MOSMIC keeps theNow two differences have to be considered:

drain current on a nearly constant level when reducing
the gain by means of the G2 voltage. This new featuse
improves the large-signal behavior (intermodulation and
cross modulation). Figure 3 shows the difference
between a conventional MOSFET preamplifier and the
MOSMIC. The measurements were performed in the
test fixture with 50Q impedance.

The maximum allowed G2 voltage is lower. This
problem may be solved by a voltage divider near
the MOSMIC. As the AGC voltage of most of the
TV tuners is delivered by the IF circuit, we recom-
mend the adjustment of a few corresponding resis-
tors in the IF part.

Gain Reduction (dB) « The slope of the AGC curve is higher. Figure 4
0 -5 -10 -15 -20 -25 -30 shows a comparison. This is an inherent feature of
0 the MOSMIC, which might influence the stability
of the AGC loop in a negative way, depending on
-5 the prior layout with the MOSFET. Only slight
changes in the IF part have to be made in order to
T -10¢: solve potential problems.
m
j‘i’ -15 TEMIC is prepared to give direct support for these
3 | modifications. The new generation of IF amplifiers, for
2! 20 BF99§ S886]  example, allows a negative dynamic feedback. In prac-
" . tice, these problems can be observed only in the case of
25 g '\/‘ receiving standard L/ L' signals.
Ug2 (V)
-30 1 0 1 2 3 4 5 8
W
Figure 3. Intermodulation versus gain reduction // )-'"/V—. 5
Reference for both is an ideal gain-controlled amplifier / f -10
It can be intended as a constant gain amplifier with a / /
attenuator in front of the input. Thus, the possible outpt -15
voltage for a certain intermodulation distortion is con- J a
stant for all gain values. Figure 3 shows this outpu 20 5
voltage versus the gain reduction for an IM3 distortior [ ] 25 S
of -50 dBc. The curve for the "reference" amplifier l B
would be a horizontal line. Neither amplifier achieves [ BF994 / S886T 30
the ideal curve of the reference amplifier. The j [
MOSMIC, however, delivers about 3 dB more output -35
power for a given IM3. For a comparable output, this j
gives a performance increase of 6 dB for IM3 distor- -40
tions.

Figure 4. Comparison of gain control
Differences between MOSMICs
and MOSFETs

Replacing  MOSFETs by MOSMICs offers the

following advantages:

. Fewer external components

If a MOSFET (e.g., the BF998) is replaced by g
MOSMIC, the proceeding is easy. Dependent on the
supply voltage, the appropriate type is chosen. The patts Better intermodulation performance
mentioned above (four resistors and one capacitor) haye | .\, power band switching

to be removed. The source resistor must be replaced by
a short circuit. .

Less space required on the PCB

Higher reverse isolation when turned off
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The TV Mixer Families o
Overview
TEMIC actually produces two families of TV mixers, |\/. ;IJ
the U2300B and the U2321B. Their main 12yWes are o
listed in table 2. New types and families, gmixers in SC.
SSO packagesre still under developmerithe column
"Remarks" refers to other types ©
e ‘M’indicates a pin-mirrored type RE

I/P

e ‘O’indicates a version with 9-V supply voltage

Table 2. TV mixers

Type Packagg No. of | SAW | LO- |Remarks Figure 5. Common-emitter mixer
Mixers | Driver | O/P

o IF o
U2300B | SO28 3 Yes| Yes 9 o/P
U2320B | S0O20 2 Yes No M, 9
U2321B | SO16 2 No | Yes 9 jJ
The main differences between the two families: OSC"ﬂH—'
e Pinning
¢ Input impedance of the mixers
Mixer IC Selection Guide .

I/P

It is often necessary to replace a mixer in a finished
design. Package dimensions and pinning of the U2300B
mixer family are nearly the same or even compatible Figure 6. Common-base mixer

with various IC types from other suppliers. The

following sections explain technical upgrades of TEMIGQjuencies. This input must be driven symmetrically. By

products. this load, the bandpass filter in front of the mixer input
is neither de-tuned nor is its tuning-range reduced. The
The Different Mixer Circuitries signal voltage across the tuning diodes of the bandpass

filter is also reduced by the low-resistive load, thus
All TEMIC TV mixer ICs have implemented Gilbert minimizing intermodulation distortion. As mentioned
mixer cells. The input may be either a common-emittegarlier, all mixer cells are of this type, despite the VHF
or a common-base amplifier. part of the U2300B family.

The common-emitter input shown in figure 5 has a hig .
input impedance. It is resistive at low frequencies, butN€ SAW Driver

behaves as a capacitive half-plane for higher frequeﬁ\he SAW driver contained in the mixers of the U2300B
cies. This configuration has the advantage that the in%\%”y is suited to drive directly a symmetrical SAW
may be driven asymmetrically. By designing it to th?ter The high losses of the filter of up to 30 dB
neces_sary_tight .coupling, the bandpass.filter i!" front %ﬂela.ted to the picture carrier) are compensated. The
.the mixer input s de-tuned. Therefore,_|ts tuning ran ery low output impedance of the driver suppresses the
is reduced 90n_3|dera_bly. The VHF mixer cell of thes.o—called triple-transient response. Some tuner applica-
U23008B family is of this type. tions, however, need a different IF output connector,
The common-base input shown in figure 6 has a loe.g., an asymmetrical one with an impedance d@.7fk

input impedance which is resistive at low frequencidhis case, a discrete transistor stage should be taken into
and turns into the inductive half-plane for higher freeonsideration.
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The LO Output configuration. To improve the tracking and the shape of
the bandpass filter, tuned coupling is also possible by

For a PLL-controlled tuner, the simplest method is tgddmg one varicap diode and resistors.

use a mixer with a local oscillator (LO) output. If theThe common-base mixer is the better solution with

interface between mixer and PLL is well defined, thereegard to RF aspects. However, there is also the strin-
will be no problems with poor sensitivity of the PLL orgent necessity for a symmetrical input. There are two
a weak output signal of the oscillator. Some mixer-IC#ays to connect an asymmetrical bandpass filter to a
have no LO outpdt They were designed mainly for symmetrical mixer input:

voltage synthesis tuners. Of course it is possible to apply
these kinds of components. The chapter ,No LO Out-

put* will show how to connect these ICs to PLL circuitss A more sophisticated circuit including coils for

impedance transformation

Simple mutual coupling

Frequency Tuning Range

C
TV tuners differ in therequired oscillator tuning range. L2 |T +
Problems may arise if the tuning rangeanfoscillator is — C
too wide. Therefore some ICs havéhree mixers and c1 |

2

4

three oscillators. As a result, better performance is c3 -
possible compared to the 2-oscillator types, but dosts MX-I/P

the periphery are higher.

Figure 7. Mutual coupling

Influence of the Supply VOItage Figure 7 shows the first method. The mixer input is
coupled to the bandpass filter by means of coil L2,
Most TEMIC TV mixers are now available with twowhich is located near coil L1 of the secondary part of
different supply voltages (12 V and 9 V). This possithe filter. In reality, the bandpass filter looks more
bility simplifies the production of tuner types for twocomplex. The load of the filter is adjusted by the ratio of
supply voltages and makes customer demands easietHe windings and the distance between the coils. C2 and
fulfill. Some differences, however, have to be kept iT3 serve for DC blocking. The transformer may be

mind: extended to a resonant type by adding a suited capacitor
C4.
« The higher supply voltage gives a better large- L3 C2
signal performance .
. . . —— -3
e The coupling capacitors at the oscillators have to be = c1 :)
adjusted slightly 7T
L1 e |
e The lower power dissipation of 9-V types allows L4 C3
smaller IC packages i"z MX-I/P

Examples of Mixer Applications

Figure 8. Inductive transformation

The following sub-chapters contain ondpmeof the Figure 8 shows the more complex method. Again, [L1

important topics. For the overall circuitries of the speand C1 represent the secondary part of the bandpass

cific mixers, see the appropridte- or tuner data sheets. filter. C1 is connected to ground by L2. L3 and L4 per-
form the transformation of the mixer's low input impe-

Connection to the Bandpass Filter dance to the resonant circuit. At the same time, they are
mutually coupled to achieve a symmetrical signal at the

As explained in the chapter ,The Different Mixermixer input. The orientation of the coils is indicated by

Circuitries”, there are two different types of mixerpoints.

inputs.

The common-emitter type is very easy to handid N€ Different Oscillator Circuits

because usually only one input is connected to the

bandpass filter via a fixed capacitor. The other input pieveral types of oscillators are used for the different

of the mixer is RF-grounded by means of a secorapplications. All TEMIC mixers have an asymmetrical
capacitor. So there is no need for a symmetrical inp@tpin oscillator for the lowband- and symmetrical 4-pin
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oscillators for the higher frequencies. Four types ofhis is the whole VHF range including the Hyperband.
external circuits are recommended, depending on thA&ree problems arise with this concept:

count of mixers plus oscillators and on the frequency
band. The frequency span of each one is mainly limited
by the external components as all oscillators include
broadband amplifiers. e The padding capacitor in series with the varicap has
to be very large, and thus the varicap adds losses to
the resonant circuit

The switching diode adds losses to the resonant
circuit

The following figures show extracts from the data sheets

of the examples mentioned. Please refer to these for

complete information about the recommended circuitrys  In an oscillator with fixed feedback, there is only
one frequency with an optimum feedback condition.

The internal circuit of the IC is the same as in the
example above. The above mentioned problems can be

R minimized by adding a tuned feedback (BB515 plus
18Q 18-k resistor) to the circuit. Moreover, the tuning span is
2p7 increased significantly.
=~ BB620 5 9
| -
18 k 2p7 2p7
I L2 68 p
10n©° Vg
Figure 9. Simple 2-pin oscillator 18 k| | BB619 18K
Figure 9 shows the circuitry for the first oscillator type, Vo
e.g., band A of the U2300B. As this IC contains three
mixers plus oscillators, the frequency range is limited to Figure 11. Simple 4-pin oscillator

about 80 - 230 MHz. Pin 1 is the input and pin 3 the

output of an IC-internal amplifier. Output and input ardigure 11 shows the external circuitry for the Hyper-

in phase. The resistor R with a value of(1&erves to band oscillator, e.g., that of the U2300B. Pins 4 plus 7

avoid possible parasitic oscillations at frequencieare the inputs and pins 5 plus 6 the outputs of the inter-

around 1 GHz. nal symmetrical amplifier. Pin 4 is in phase with pin 5.
The range is about 230 - 500 MHz. A symmetrical oscil-

| 1 lator improves the performance of the mixer and reduces
L1 L radiation problems. If the tuning span is limited to a
sziiizpz factor of around 2 and the maximum frequency is below
Bd. I/l = == 700 MHz, there is no need for additional components to
|4 BB515 extend the range.

18 k The circuit shown in figure 12 is used for all UHF oscil-

lators. Again, the example is the U2300B. Compared to
figure 11, three components were added. L4 and the
100-pF capacitor increase the possible tuning range

18 k significantly. The 2k2-resistor suppresses possible sub-
harmonic oscillations of the extended circuitry. The
Vr proper value of the resistor has to be fixed for a certain

design. If the value is too small, losses are again added
Figure 10. 2-pin oscillator with tuned feedback  to the circuit.

The circuitry shown in figure 10 is recommended foAt frequencies above 700 MHz, the transit time through
VHF oscillators with switching diodes like the BA282.the oscillator amplifier can not be neglected. From out-
An example is the U2320B, where one oscillator coveside the IC this seems to be a capacitive load which
the ranges of about 80 - 230 MHz plus 230 - 500 MHmcreases with the frequency. One way to decrease this
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effect is to reduce the size of the coupling capacitojgg LO Output
between the IC and external circuit. This, however,
leads to problems at the low end of the oscillator. The

25

extension described above is the best compromise to LO
K 'S
solve the problem mentioned. R1
O mrmrm
17 C1
UHF

5

21

T O - |_| - Cc2
Oiiiilpo « | [R2 RF-I/P
of PLL
S Vi

18 k

Figure 13. Mixer without LO-O/P plus PLL

Some types of mixer ICs have no direct LO output to
connect a PLL. This is not, however, a major problem if
a corresponding PLL circuit is applied. TEMIC PLLs
are very sensitive and can therefore be used easily.

Figure 13 shows the principle circuitry. At the sides of

Figure 12. 4-pin oscillator with extended range  the oscillator's resonant circuits there is enough electro-

Some typical data of the varicaps used above can magnetic field strength to induce a sufficient voltage in
found in table 3.

Table 3. Typical data of the varicaps

a short wire or resistor. So the PLL gets its inputs from
two different sources (VHF and UHF). While only one
input is active, the other is decoupled to ground by the

capacitor and the resistor. The value of the resistors is
R @Y e Rs/Q about 50Q. The capacitors should be around 10 pF to
BB620 70 pF 22 1.3 form a high-pass filter together with the input
BB619 39 pF 15 0.6 |mpede}nce of _the PLL. This preventgllllz signals from
P disturbing the input. The overall sensitivity of the PLL
BB515 19 pF 9 0.5 is not reduced significantly.
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PLLs for a TV Tuner
Overview Controlling the PLL

Phase-Locked Loop (PLL) circuits are the best choice s mentioned before, there are mainly two types of bus
stabilize an oscillator on different frequencies with aystems. Independent from the PLL used, the develop-
certain step size. TEMIC produces a large variety afient engineer needs a flexible tool to program the PLL.
these types of circuits. They differ in the followingThe best choice is a PC with a small interface connected
features: to a parallel port. A suitable progréncan control all

necessary features of the PLL. These are not only the
divider ratios, band switches and different currents of
« Similarity to European and Japanese competitors the phase detector, but also the test mode of the PLL.

* Application in TV, satellite TV, telecom

«  Frequency range up to 1 GHz, 2.9 GHz and more This test mode is described in the individual data sheets.
The following actions can be started by setting certain

*  Pincount from 14 to 20 bits in the control words:

*  Packages DIP, SDIP, SO, and SSO e Connecting the output of the main divider to a band

* Busis BC, 3-wire or UNIVERSAL bus switch

« PLL self-oscillating or not e Connecting the output of the reference divider to a
band switch

The UNIVERSAL bus is a new development by o - .
TEMIC. ‘Universal’ means that the circuit automatically*  Inhibiting the output of the amplifier (OS bit)
detects.whether It is c_o_nnected to aﬁ'.' or a 3-Wiré with fyll control over the PLL IC, possible problems
bus. This feature simplifies the production of tuners foéan easily be detected
both bus systems. '

. . . .To check the connection between the PC program and
Table 4 gives an overview of the PLL families used i e PLL. a band switch can be activated aeldgswitched
TV tuners for analog transmission systems and S f agair’1. Some band switch outputs are of the open-
V. collector type and a resistor should therefore be con-

nected to the supply voltage.
Table 4. Recommended PLLs PRY g
To check the correct function of the reference divider,

look at the appropriate band switch. The desired refer-

Type U63xxB | U620xB| U621xB| U622XxB
ence frequency should be measured.
Package(s) (S)DIP20S014 | SO16 | SO16 o .
SO20L | sO16 The main divider function is checked at another band
- switch output. It must be kept in mind that the wave-
Self-osc. Yes | Yes/np Yes/no YeS 14 check the programming at a certain frequency, con-
Vg 5V 5V 5V 5V nect an external signal source to the input instead of the
Is 65 MA | 55 mA| 35 mAl 25 mA LO output. If the frequency of that source is lower t_han
— the programmed frequency, the tuning voltage quickly
Application TV TV TV |SAT TV| changes to its highest value (e.g. about 30 V) and vice

. L ) . versa.
Digital transmission systems were introduced in the

USA in 1994 (DSS via satellite) and will be introduced . . .

in Europe in 1995 (DVB). The demands conceminddPplication Hints

phase noise of the oscillators used in such systems ixf\ .

higher than in analog systems. Other types of PLLs alen€ Loop Filter

therefore necessary for digital application. Some tele, :

com types by TEMIC are well-suited for digital systems?VIOSt of the necessary parts forming the frequency

: control loop are implemented in the PLL IC. The only
;%i?al concepts for DSS / DVB are under develo%{dditional external components are an NPN transistor to

handle the 33-V tuning voltage source and a filter con-
The following chapters will not give an introduction tosisting of one resistor, R1, and two capacitors, C1/ C2
the PLL principle. The necessary literature is given ifsee figure 14). Together with the VCO, a "type 2 third-
the appendix. order loop" is forme?
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loop. One part of it is the gain constant K. The VCO
? Vg 33 VE tuning steepness and the current of the phase detector
1

contribute to it. The low-pass frequenay, is part of

the overall low-pass characteristic of the loop, while the

high-pass frequencyy,, mainly serves for the stability

of the loop (the so-called phase margin). The second
Vo low-passws, improves suppression of the reference fre-

}_‘ - guency.

|

Damping Factor and Loop Frequency

PLLIC One way to describe the control loop is by using a func-
- tion which includes the poles and zeros mentioned
above. Another way is by using a function which has

Figure 14. A typical loop filter been normalized to a form that includes two terms

This consists of two integrators, one being the VCO arrd  Natural frequencyu,

the second the filter with the three time constants . Damping factor, D, or the phase margin

11=R2xC1 (pole) The damping factor is used and can be calculated up to
T,=R1x (Cl+C2) (zero) functions of the second order. For higher orders like the
example above, the term ,phase margin“ is common,
T13=R1xC2, (pole) but the damping factor is easier to comprehend.
wherew =1 /1 andws > wp > wy. The damping factor describes how the loop will reach

. . . . its final value. A value of 1 means an exponential
R26 is not included in figure 14, it can be calcuIateipproach without ringing. A value < 0.7 means faster

from the data sheet. The curregp bof the pump has to . o .
be translated to its equivalent voltage source. Therefo}8Ck"n’ b?'t finging W'th a frequency of abow} and an
eXponential decreasing amplitude.

an approximation is
— Therefore wy, describes the speed of the phase lock loop
R2=(Vs/2)/ n .
(Vs/2)7lep plus the ability of the loop to suppress interference and
For a current of 18QIA, for example, R2 can be calcu-disturbances. For this effect, the loop can be seen as a
lated as= 13.9 KQ. high-pass filter with a cut-off frequency aof,. On the

As a result, the designer has some independenceofger side there has to be a low-pass filter in the loop to
influence the loop performance which can be describ&4PPress or smooth the pulses of the phase detector (e.g.
by the open loop gain. Unfortunately, this gain can ndt-8125 kHz). As a compromisey, should be around

be measured because of the integrating amplifier. Othgf0 Hz for the example above.

methods to characterize the loop have to be utilized, e variable parameters of the loop influence both the
the step responée There are some programs for th&jamping factor and the natural frequency. An exception

8 ) ) o
CADS of a PLL loop. is the cut-off frequencyys, which mainly influences the
An easy way to develop a PLL-controlled tuner is tsuppression of the reference frequency.
take the necessary component values from the app

priate data sheet. This is, however, only a proposal. T ependent on the possibilities given by the software to

result may be influenced by quite a different tunin @6ntrol the PLL, the large variation of the VCO's tuning
y yq teepness has to be kept in mind when optimizing or

steepness of the oscillator or by additional low-pass;. . :
filters, placed between PLL and the varicap diode of th}gitglrgfrt:ri Be?:f? o”g%”gggn;h; F;I;Lthtlér;eprt.irﬁu(?mpmg

VCO.
The following is necessary to check and optimize é rough formula-ls given in the literatdr for a
s . second-order loop:
ystem:
. Measurement of the performance K x 1
. = VCO cP
. Knowledge of what to change n N x C1
As mentioned above, the open loop gain, which is a
complex function, describes the performance of the D=05xw,xRlx C
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where C2 of the loop filter is neglected, N is the overadl
division ratio, K/co (in MHz/V) is the tuning steepness
of the LO and ¢p is the current of the phase detector

pump.

Avoiding Disturbances

Bus systems in general have more or less problems with
crosstalk caused by the activity on the bus with its very
fast digital signals of 5 V amplitude. TEMIC PLLs have
been developed to minimize noise from within the IC.
So the main problem is the layout of the customer apphi-
cation. The following points should be observed:

* Shortest possible connection between the interface
and the programming pins of the IC .

e Good ground connection for the IC

For I2C, a series resistor of about 2@0should be
used at SDA and SCL. Better performance is
achieved by a T type filter with 2 150Q plus a
capacitor of 100 pF from center to ground. Using
higher values for the resistors, problems will arise
with regard to the acknowledged feature of the bus.

Unused band switches may be connected together
with a pull-up resistor to ¥and a blocking capaci-

tor to ground. They should be programmed to the
high impedance state.

The programming wires may influence the VCO
and harmonics of the crystal oscillator may disturb
the IF part of the tuner. So keep them at a distance.

Hold the bus in an active mode only when a change
is necessary. PLLs are often programmed at very
short intervals.

10
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The New EasyLink Concept

Definition e They have to be protected against short circuits (All

leads of the tuner that carry the supply voltage are
EasyLink is a new concept for TEMIC PLLs. Customer- exposed to the danger of being shorted during
specific modified standard PLLs support the tuner measurements and alignment)

developer and manufacturer by the following features: . )
< |n addition to the problems mentioned above, PNPs

» Easy connection between PLL, MOSMIC pre- are not only unnecessary but also inconvenient for a
amplifier and mixer tuner with MOSMICs

To obtain the best performance, MOSMIC preamplifiers
should be switched df2 at Gate 1. The mixer has a tri-
state band switch input and needs three different

«  Correct band switching of the mixer used by the voltages. So the simplified circuitry in figure 15 shows

e Full support of the MOSMIC benefits including G1
switch-off

customer the "EasyLink" of all components. Compared to the
traditional approach, only few external components are
«  Full software compatibility necessary.
AGC ¢ ?
e Minimizing possible problems Vs
Gl 0
o1 e2 L‘
Examples s VHF
10k LOW
The following examples show the principle of G1 &3 'I‘
EasyLink. Solutions generally have to be found in co- 4 D ov Band
operation with the customer to meet his demands. 10 k s A N 2V switch
VHF|HIGH ™ Ny 4V
3-Mixer IC and MOSMICs Sine2 y =
10k s f(in) LO-O/P
This example shows the full benefit of EasyLink. A PLL UHF
shall control: MOSMICs EasyLink PLL ~ U2300B
* A mixer IC with three mixers and oscillators Figure 15. Example for an EasyLink

(e.g., U2300B) _ . o
There is an obvious problem in this case, however. In a

«  Three MOSMIC preamplifiers conventional concept, an active band switch activates
) o . the appropriate preamplifier. The mixer is switched by
First, a short overview is given about a special feature gfeans of a small network consisting of diodes and
today's PLLs. There are two types of band switches, opgsistors. The MOSMIC preamplifier is switched off via
with NPN- and one with PNP transistors. The traditionat{ by an active band switch. The concept of figure 15,
method for band switching is switching off the supplfogether with a standard PLL, would no longer be
voltage. Therefore, external PNP transistors have to bgftware-compatible to prior tuners. There is no solution
added to the PLL type with NPN switches. This need fQfs to how the MOSMICs and the mixer can be switched
external components led to the development of PLtf by a simple external logic. Therefore, the easiest way

circuits with PNPs. to solve this problem is to use the EasyLink. TEMIC can
Using internal PNPs for the band switch, however, hd8ake the minor modifications in the PLL’s logic on a
several disadvantages: customer-specific basis. The software remains un-
changed.
e The necessity for an additional pin in the PLL for
the supply voltage, e.g., of 12 V Non-SeIf-Oscnlatmg PLL
» Integrated PNPs need a lot of space on the chiphis is an example for reducing possible problems in the
thus increasing the price of the component tuner. One weak point of the oscillators is their

behaviol3 at low tuning voltages, where the quality
* They need a lot of current, because their DC currefdctor of the external resonant circuit is low. There are
gain factor is very low two possibilities:

Issue: 12. 95



TEMIC
AN T017 TELEFUNKEN Semiconductors

e The oscillation stops « If the PLL is of the self-oscillating type, it is
sfooled" by this effect. The input frequency seems
to be too high, and the tuning voltage decreases to
its minimum value and will remain there. Changing
The oscillators of TEMIC mixers are developed to avoid the channel without an additional band change will
parasitic oscillation. have no effect; the tuner is blocked.

e A parasitic oscillation starts at a very high
frequency

Most PLLs and prescalers are self-oscillating if the input  If the PLL is of the non-self-oscillating type, the
amplitude is too low. This is an inherent feature of this input frequency seems to be too low (i.e., zero). The
type of circuits. It is not possible to decide whether there tuning voltage therefore rises to a higher value and
is a valid input signal or not. The virtual input frequency the oscillation will start again. The voltage may
seems to be in the upper part of the normal operating decrease again and the oscillation may stop. The
range. cycle mentioned above restarts — changing the

. . . channel will nevertheless be possible.
TEMIC has long experience in producing prescalers W v poss!

with a modified circuitry. These devices don not self;
oscillate in the absence of an input signal. This princip
can be transferred to PLL circuits.

s the improved non-self-oscillating PLL has the same
atures as the oscillating PLL, it can easily replace the
standard type if useful.

There are therefore two possibilities if an oscillator has

stopped at a low tuning voltage, depending on the asso-

ciated PLL type:
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Appendix

This appendix contains a description of measuremenable 5. Calculation of the equivalent resistor
procedures to assist application designers. The
measurement results have been used in previg Ve Rp Rs Ve Rp Rs
chapters which include references to topics in th(s

chapter. Wherever possible, a simple gear was used for/ d& /Q /Q /dB /Q rQ

the measurements. 0 0 Infinity | -11 254.8 9.8

-1 12.2 204.9 -12 298.1 8.4
-2 25.9 96.6 -13 346.7 7.2
-3 41.3 60.6 -14 | 401.7 6.2
-4 58.5 42.7 -15 462.3 54
-5 77.8 321 -16 531.0 4.7
% -6 99.5 251 -17 607.9 4.1
) -7 123.9 20.2 -18 694.3 3.6

aw 7'\fo
-E r i l -8 151.2 16.5 -19 791.3 3.2

Measurement of Tuner
Parameters

Quality Factor of Resonant Circuits

DUT

Figure 16. Cable for Q measurement -9 | 181.8| 137 -20 | 9000 238
-10 216.2 11.6 21| 10220 24
c f—_,_—ﬁ This calculation is not necessary for some applications.
_|R|_ c Here, only the value of the equivalent resistor is impor-
j_d_ﬁ_ Rs tant and not the quality factor of the resonant circuit.
i L In many cases, the values of C and L are also unknown.

Determining the C value by a short experiment is easy.
Figure 17 Measuring Q factors A small capacitor ¢ (of a known value) is simply con-
nected in parallel with the unknown C and the change of
The necessary equipment includes a swept sigrie resonant frequency fromtb f. is controlled. C can
generator and a receiver which may include a broadbaf@w be calculated as:
detector (e.g. the Polyskop by ROHDE & SCHWARZ).

A specially assembled temperature-resistant coax cable C= _ GO
of the same impedance as the generator source is very i, D2 1
useful. Figure 16 shows how the cable is assembled. %E )

The measurement system is calibrated by connecting the
two inner conductors. This is equivalent to gnoRzero It can be seen from table 5 that the described method is
Q or an R of infinity (see figure 17 and table 5). Thevery sensitive for a smallfand a large R The series
DUT is then connected to the cable as shown in figuresistance of tuning diodes can thus be measured by
17, depending on whether it is a parallel or serieadding a high Q inductor and using the series resonant
resonant circuit. At the resonant frequency, theethod.

reactance of C and L realizes compensation and tE(e)r more complex circuits such as crystals, the use of a
voltage at the receiver is at a minimum referred to trEAD t0olL5 is Fr)ecommended to com yare the measure-
calibration performed earlier. The remaining circuit . : : par

consists of a voltage divider with three resistors';ﬁ.nent with the simulated equivalent circuit

Table 54 shows which equivalent parallel resistgy 6t

series resistor Rcauses the measured voltage gaivVoltage Levels and Load Impedance

tt tion), if th t i d i<BO . .
(attenuation), if the system impedance i Measurements of th¥oltage Gain (VG) of different

With a known capacitance or inductance value, th@ner stages are required to verify figures in the data
quality factor can now be calculated. sheet or to collect data for a level diag&nirhe load

Issue: 12. 95



TEMIC
AN T017 TELEFUNKEN Semiconductors

impedance must also be known for the calculation ¢fay/g| Diagram of a Tuner
PowerGain (PG) .

The VG cannot be determined very exactly as the ent. If computer programs like Microsoft Excel are

probe tip_used may influ_ence t_he res'“.'lt by I_oading aNfised, it is possible to simulate a kind of virtual tuner in
or de-tuning the test point. This possible failure can t@rder

reduced by using the following method: The gain g, ¢

meallsured gy meanj of a tuned recebiverd(s.g.a SPeCtilifeadsheets shown in table 6and table 7 are limited to
analyzer). A second receiver (e.g., broadband) is COise examination. In table 6, the columns and rows are

nected to the IF output of the tuner and monitors ﬂ]ﬁbeled to simplify the following explanation
change of amplitude when the probe tip is connected to '

the test point. This difference is subtracted from theirst of all, an explanation is needed for the data which
result of the tuned receiver. has to be entered into the level diagram: Row 1 shows
the bandwidth used (5 MHz). The different stages are
Garked and named; for example, the preamplifier is
column C. The voltage gains (row 7) and noise figures

w 9) of the different stages can be measured or taken

ﬂie level diagram is a powerful tool for tuner develop-
n

hey contribute to noise and other effects. The

The data sheets of the semiconductors used can be
sulted to obtain the load impedance, Rt a certain
point of the tuner. The most practical method again us

the receiver at the IF output. An additional resistiv om the data sheets. The impedance (row 3) between
load, R, is connected in parallel with the point Ofyo giages is also required. The voltage in field B4

interest. O'Il'he value (I)f this load ishcl?anfqeg untill ﬂ;goltage at the antenna jacket, e.g., 2.5 mV/ rms) is set
measured output voltage Is one half of the voltagh ot yalue, as from which the IF circuit shall start

without load . R is then equal to Rthe resistive part of ina th in of th lifi
the unknown impedance. WARNING: this method isreducmgt € gain of the preamplifier.

valid only, if the resistance of the load is smaller thamhe rest of the data is calculated by means of funda-
the output resistanéé of the preceding stage. mental equations. These are:

. . e The power at the inputs of all stages (row 5)
Cascaded Noise and Intermodulation

When a tuner design is complete, it is necessary to
determine the weak points concerning noise and inter-
modulation distortions. From the antenna to the IF out- Several noise parameters (rows 12, 14, 15)
put, there are several stages which contribute to these L . :
unwanted effects. Formulas describe the behavior of The noise figure from the antenna to this point
cascaded stages with regard to nbsand | ntetM odu- (row 16)

lation (IM). As some passive components produce IM A so-called quality factor (row 17)

also, a measurement is suited to support and improve the . . . .
design. The meaning of the quality factor is explained by an

example. The value of 0.44 dB per dB in field D17

The test set-up for noise figures or 1#of the third means that the cascaded noise figure increases by
(IM3) or second (IM2) order is used for the measured.44 dB in the following stage (F16) if:

ment. It is also possible to use a selective receiver (e.g.,
spectrum analyzer) for both measurements, this
replacing the noise figure meter. It will be necessary to
connect the measurement equipment to multiple poir®§
in the tuner.

The power gain of all stages (row 8)

The cascaded power gain (row 11)

The power gain of the preceding stage (C8) is
reduced by 1 dB

« The noise figure of the following stage (E9) is
By connecting a resistive load of an appropriate value in increased by 1 dB

arallel with the output of a certain stage, the overall L .
Sain is reduced by Fs)everal dB. If noiseg figure or | nterfaces with high values for the quality factor (e.g.,

remains at the same level, the following stages up to tfég;uzsn? rzcggi(:w stlr:gig:l?ésvi;h?ta:?:eslre;ggvssrz(l)ags;e%
test point do not contribute to it significantly. By ges p 9 9

repeating this method with the outputs of every stagg?'se'

those parts of the tuner can be determined where @he IF circuit is partly included because it may also
improvement is most effective. The results of the noidacrease the noise figure Signal-toNoise ratio (S/N).
measurement can also be compared to the level diagriginoise figure is calculated from data included in the
to verify its input data. data sheet.
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Table 6. Level diagram U2300B VHF-I/P

A B | c | D E F G H | J K L

1 | System settings: Bandwidth =5 E + D6

2 Preamplifier | U2300B SAW driver | SAW filter IF circuit

3 | Impedance® 75 500 500 1000 1000 1000

4 | Signal voltage/ 25 22.3 62.8 995.3 315 315
mV (rms)

5 | Signal power/ -40.8 -30.0 -21.0 0.0 -30.0 -30.0
dBm

7 | Voltage gain/ dB 19.0 9.0 24.0 -30.0 0.0

8 | Power gain/ dB 10.8 9.0 21.0 -30.0 0.0

9 | Noise figure/ dB 3.0 12.0 10.0 30.0 14.0

11 | Cascaded power 10.8 19.8 40.8 10.8 10.8
gain/ dB

12 | Noise level/ dBm | -174.0 -160.2 -149.1 -128.0 -157.9 -155.9
(1 Hz2)

14 | Noise level/ dBm| -107. -93.2 -82.1 -61.0 -90.9 -88.9

15 | S/IN/ dB 66.2 63.2 61.1 61.0 60.9 58.9

16 | Cascaded noise 3.00 5.11 5.23 5.34 7.36
figure/ dB

17 | Quality factor 0.44 0.44 0.33 0.42
dB/ dB

Table 7. Level diagram U2300B Hyperband I/P
A B | c | D E F G H | J K L

1 | System settings: Bandwidth =5 E + D6

2 Preamplifier | U2300B SAW driver | SAW filter IF circuit

3 | Impedance® 75 30 500 1000 1000 1000

4 | Signal voltage/ 2.5 5.6 62.8 995.3 31.5 31.5
mV (rms)

5 | Signal power/dBm -40.§ -29.8 -21.0 0.0 -30.0 -30.0

7 | Voltage gain/ dB 7.0 21.0 24.0 -30.0 0.0

8 | Power gain/ dB 11.0 8.8 21.0 -30.0 0.0

9 | Noise figure/ dB 3.0 12.0 10.0 30.0 14.0

11 | Cascaded power 11.0 19.8 40.8 10.8 10.8
gain/ dB

12 | Noise level/ dBm |-174.0 -160.0 -149.2 -128.1 -157.9 -155.9
(1 Hz)

14 | Noise level/ dBm| -107. -93.0 -82.2 -61.1 -90.9 -88.9

15 | S/IN/ dB 66.2 63.2 61.2 61.1 60.9 58.9

16 | Cascaded noise 3.00 5.02 5.15 5.34 7.36
figure/ dB

17 | Quality factor 0.43 0.04 0.03 0.42
dB/ dB
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Table 6 shows the level diagram for the VHF part of the A programmable voltage source
U2300B with an asymmetrical common-emitter input,
Table 6 shows the level diagram for the Hyperband part
with a symmetrical common-base input. The difference$ the mixer/ oscillator used has an LO output, the
between the input characteristics are explained in tieeunter can be connected to it. If this possibility is not
chapter ,The Different Mixer Circuitries”. given, a small probe should be placed near the oscillator
der test. This probe may be realized in the form of a
ort piece of wire or a 5Q-resistor at the end of a
ax cable. To increase the sensitivity of the counter or
extent its frequency range, an additional frequency
ider (prescaler) connected at the counter input is very

A programmable frequency counter

Both tuner branches have the same overall power ga'ﬂﬁ
of 10.8 dB (from the input to the SAW-filter outputS
J11). Everything seems to be very similar. But there is%®
big difference at the interface between the preamplifi«%]?
and the mixer. The input impedance (D3) of the Hypef'V
band mixer is much lower. The voltage across the tunifktgeful

diodes in the band-pass filter, which connects the mixghe first step is to check the DUT. It must be ensured
to the preamplifier, is therefore about 12 dB lowerhat harmonics or weak signals from the oscillator do
Varicap diodes produce intermodulation because of thejpt influence the test. If the tuner is PLL-controlled, the
non-linear behavior. This negative effect is significanthiamplifier of the PLL circuit should be disab&by the
reduced by the solution described in table 7. appropriate bus command in order to avoid conflicts

The level diagram is a powerful tool for developmentVith the external tuning voltage.

Several virtual tuners may be compared. The optimumeasurement now takes place. For all frequency bands,
gain values for the single stages can be optimized for the tuning voltage is increased from the minimum value
(e.g., 0V) stepwise to the maximum value (e.g., 30 V),
the oscillator frequency is measured and stored in the
memory of the computer at each step.

« Best performance concerning noise and intermodu
lation

« Reduced sensitivity to tolerances in production .

All stored values are plotted to display the results.

. Although the tuning voltage was the independent vari-
Measurement of Mixer able, it is better to plot the tuning voltage versus the

oscillator frequency. A sample plot (dotted line) is
Parameters shown in figure 18 in which the left vertical axis is the

Tuning Steepness of the VCO tuning voltage in volts.

The tuning steepness is an essential factor in wun¥i 'V df osc / dVT
development. It can be defined as the change of thaa « 138
oscillator frequency in relation to a change of the tuning I
voltage. The values are given in kHz/ mV or MHz/ V.

Only the curve is of interest for a voltage-synthesized or |
simply voltage-controlled tuner. Larger non-steady2®[
changes or negative values indicate problems with the |
oscillator :

- 2@

« Frequency drift versus temperature m: I 10
e AFC operation [ I
For a PLL-controlled tuner, the absolute values are also |
of interest because they determine the stability and the| * \» V.~
lock-in time of the loop. The results of the measuremerft 5@ 154 258 35@ 458 5584 658 758 858 958
method described are also used in the chapter ,Loop f osc / MHZ
Constants and Settling Time*.

Measurement should be performed under computer Figure 18. Tuning steepness

control. Up to 301 points are required for each fre- .
quency band, e.g. points at intervals of 100 mV in th&0 calculate the tuning steepness from the stored values,

tuning-voltage range from 0V to 30 V. Therefore, thé difference quotient of neighboring points is plotted
necessary equipment consists of against their associated frequency. The steady line

. _ shows the result with the right vertical axis being
* A computer with a suitable program assigned unit kHz/ mV or MHz/ V. The large variation
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of the steepness, ranging from about 1 kHz/ mV tourrent is limited by the resistors which decouple the
about 40 kHz/ mV at the lower end of the UHF igliodes. The negative voltage is increased until the oscil-
remarkable. lation stops or its amplitude falls below a certain level.

The example above shows the tuning parameters Ot'[l;)ge value at this point is the quality figure of the oscilla-

DUT equipped with a U2321B. The full frequency

range from 48 to 860 MHz is covered in three bands blihe ambient temperature also influences the stability of
with only two oscillators. The VHF branch is switchedhe oscillation. Instead of heating up the tuner, a corre-
to the second range by means of switching diodes (de¢ed measurement can be performed with the method
also the chapter ,Quality Factor of Oscillator Circuits"). described above.

It is worth mentioning the large variation of the tunin

steepness, especially at the edge of the bands. Promah‘keasurement of PLL
may arise concerning the stability of a PLL (see th

chapter ,Loop Constants and Settling Time*) or AFCF)ararneterS

performance. i . . o
It is not possible to determine all parameters for optimi-

zation of the PLL from the data sheets or CAD simula-

Qua“ty Factor of Oscillator Circuits tions. Thus, the only solution is a measurement.

This chapter describes a method on how to qualify tgs : :

whole oscillator circuit in the active state. In the chapt 0op Constants and Sett“ng Time

»Quality Factor of Resonant Circuits®, only the quality

factor of a single resonant circuit was estimated. Thfs |00p has to be fast but stable. The best way to check a

method, however, is not suited for measurement in &€sign is to measure the overall parameters of the loop.
active circuit. This is best done by controlling the step respdhseé

the loop. The PLL is therefore programmed to hop

The quality of an oscillator includes the Q of the resqyetween two frequencies, perhaps including a band
nant circuit as well as the stability of the oscillationchange.

This stability is mainly influenced by losses in the peri-

pheral components which reduce the gain. A simple method is to measure the tuning-voltage
response directly with an oscilloscope. As the tuning

Besides other effects (like lossy coils) in nearly all CoMsteepnes®? of the VCO is very high (up to 40 kHz/
ponents, there are two main factors which contribute {gy), the resolution will be poor. Moreover, there is no

the losses: direct readout for the frequency offset.
*  Tuning diodes A better way is to use a spectrum analyzer. This instru-
«  Switching diodes ment is very versatile. It can measure:

The equivalent circuit of a varicap mainly consists of & The spectrum of a signal in its standard mode
voltage-variable capacitor in series with a small resistor
Rg of less than 1. This resistor is changed from the
series type to a parallel-connected resistor to achieve an Amplitude modulation, when switched to a large
equivalent circuit of the parallel resonant type. The bandwidth and the zero-scan mode, tuned to the
appropriate R depends on the value of the effective  peak and thus suppressing frequency modulation
capacitance, £in series with B which consists of the
voltage-dependent part of the varicap and a commonly
used padding capacitor. The value gfdecreases when
Csincreases, i.e. at low tuning voltages. The weak point
of an oscillator is therefore its behavior at low VT,

Pulses, when switched to a large bandwidth

Frequency modulation in the absence of amplitude
modulation when switched to a suited bandwidth in

the zero-span mode and tuned to the slope of the
filter

especially around 0 V. In the zero-span mode, the spectrum analyzer acts as a
A switching diode also contributes to losses becausgceiver at a fixed frequency. Along the slope of the IF
parts of the coils are imperfectly shorted. filter, a frequency deviation or modulation is converted

] o ] .to a change of amplitude. The filter used needs to be
To realize an in-circuit method to qualify a stable oscilggjiprated only once.

lation, it is only necessary to add losses to the resonant

circuit in a controlled manner. This can be done blf the PLL is hopping between the frequencigs fp,
applying a small negative voltage across the tuninghere § > f;, the spectrum analyzer should be tuned to
diodes. The diodes thus start conducting while the f2 or < fi. This ensures that the analyzer is not influ-
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enced by the VCO frequency crossing the top of its 'Sensitivity
filter.

If the controller for programming the PLL is able toSome problems seem to stem from insufficient sensi-
produce a trigger signal after transmission of the lativity of the PLL.

byte, the spectrum analyzer can be triggered at that ti
and an exact measurement of the overall settling tim
possible.

"Measurement of the input sensitivity versus the input

eﬂ%quency should be performed in a special test fixture.
The main divider of the PLL is programmed to a suit-
Figure 19 shows an example for the measuremeaile value Thus, it is able to count its output in the test

described. It is performed without a trigger and thus th@ode. Typical curves and the guaranteed limits are

settling time cannot be determined. The LO hopicluded in the data sheets. The following has to be kept

between 600 and 601 MHz. Calibration of the verticdh mind:

axis is therefore very easy. It is 1000 kHz/ 4.5 divisions,

i.e. 222 kHz per division. The center frequency of the The input voltage should always lie between the

spectrum analyzer is tuned to around 596 MHz. Thus, guaranteed minimum and maximum values

the higher amplitude is caused "by the 600MHz".

RL -29.4d dBm *  When comparing the curves of an oscillating and a
ATTER 18 dB non-oscillating PLL, there is distinct sensitivity
.00/ dB/0 1V around the resonant frequency. Nevertheless, these
devices are not sensitive to harmonics of input
/\/\, Aj\__ signals on subharmonic frequencies. Both PLL
types behave similar. In order to avoid problems,

the first harmonic of the input signal should be
below -10 dBc for low input frequencies. A higher
harmonic content is possible even for higher fre-
guencies.

\ A A To perform a quick check of the tuner, the PLL is pro-
V V grammed to a suitable main counter value N with the
OS bit activated, thus disabling the amplifier output.
The appropriate band switch has to be activated for each
band to be checked, The VCO is tuned by means of the
CENTER 596.187 500 WHz SPAN @ Hz voltage at the 33-V pin which now is directly applied to
*RB 3.00 MHz  «UB 1B@ kHz *ST 500.8 msec the varicaps. It is convenient to use a spectrum analyzer
Figure 19. Measurement Of the Step response W|th an RF pI’Obe Connected to the Specia| band SWitCh
) ] to which the main counter output is sent in the test
Six msec. after the start of the jump, the frequengyode. Setting the sweep of the spectrum analyzer from
crosses the final frequency for the first time. Three oveg g 1000 MHz divided by N gives a quasi-direct read-
shoots follow, the first having an offset of 600 kHz. Theyt possibility. As the output of the main counter is a
fourth peak is less than 50 kHz of the final value. Th§quare wave (duty cycle <> 50%), many harmonics

loop needs 56 msec. up to this point The frequency ghpear on the spectrum analyzer screen.
the oscillation is about 32 Hz or 201 rad/sec. The

calculation formula®3 give the results below: The best criterion for checking a PLL circuit having a
sufficient input signal is displaying the output signal on
e Damping factor D = 0.33 a spectrum analyzer with a small frequency span. The

PLL will add noise sidebands to the signal if the input
voltage is just above the limit of operation. As the fre-

This example is therefore good with regard to th@uency remains the same, a counter cannot check this
damping facto?4, but too slow in the case af,. limit.

* Natural frequencyw,, = 213 rad/sec
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Utilities
Literature

Books about PLLs:

Best, Roland E.: Phase-locked loops. Theory, design and applications. [1]
2nd ed., McGraw-Hill, 1993.

Rohde, Ulrich L.: Digital PLL frequency synthesizers. Theory and Design. 2]
Prentice-Hall, Englewood Cliffs, N.J., 1983.

Gardner, Floyd M.: Phaselock Techniques.

2nd ed., John Wiley & Sons, New York, 1979.

Application notes by TEMIC:

Measurement of non-linear distortions with the spectrum analyzer, using the example of cross-modulation and

intermodulation in television tuners (ANT004)
TV tuner basics (In preparation)

Satellite tuner basics (In preparation)

CAD Tools for PCs

Programs for designing and evaluating PLLs:

SIMUL. Contained on a disk in [1]. Program for designing PLLs. (DOS)

R _PLL Listing contained in [2] on page 453. Designing a 5th-order PLL. (DOS)

PLLSYN From the RF Design magazine, Software Service (Disk RFD-0793). (DOS)

Several programs by TEMIC for controlling a PLL (LPT1 of the PC). (DOS / Windows)

General simulation tools:

PSpice By MicroSim. Demo versions are available for DOS and Windows.

They can handle only small circuits. However, this is sufficient for some purposes.
Mathcad By MathSoft. Program for solving mathematical problems.
Excel By Microsoft. Spreadsheet program for handling formulas.

Several spreadsheets, including the described level diagram, are available from TEMIC.

All programs and spreadsheets by TEMIC are available on request.
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List of Abbreviations and Expressions Used

AFC AutomaticFrequencyControl

AGC AutomaticGain Control

D Damping factor of a control loop (in the literatu¢es zeta)
dBc dB related to a (referencearrier

DIP DualIn-line Package (package for ICs)

DUT DeviceUnderTest

EasyLink New concept by TEMIC

G1 Gatel of a MOSFET or a MOSMIC

lcp Current of the phase detector's pump

IF I ntermediatd-requency

IM2 I nteM odulation of the2nd order

IM3 I nteM odulation of the3rd order (two-tone method)
IS Supply current

K Gain constant of a filter, phase detector or VCO
LO L ocalOscillator

MOSMICO MOS Monolithic I ntegratedCircuit

N Divider ratio of a counter

(O] Special control bit for the PLL which inhibits amplifier output
PC PersonalComputer with an x86-compatible processor
PG PowerGain

Q Quality factor of a resonant circuit

Rp EquivalentResistor in &Parallel resonant circuit

Rg EquivalentResistor in &eries resonant circuit

RX Receiver

S/IN Signal-to-Noise ratio

SAT Satellite

SAW SurfaceAcousticWave

SDIP ShrinkedDIP

SO Small Outline (package for ICs)

SSO ShrinkedSO

T Time constant of a filter pole or zero

X Signal sourceTransmitter)

u2300B Mixer IC by TEMIC

u2321B Mixer IC by TEMIC

UNIVERSAL New bus for 2C and 3-wire

VCO VoltageControlledOscillator

Vg VoltageGain

Vg Supply Voltage

VT TuningVoltage

w Natural (angular) frequency in rad / sea(>2f )

wWn Natural (angular) frequency of the PLL in rad / sec
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Notes
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MOSMIC is a registered trademark by TEMIC

See table 2 in chapter ,Overview", page 8

See chapter ,Non-Self-Oscillating PLL*"

See chapter ,CAD Tools for PCs*

See Rohde [2], page 31

See Rohde [2], page 31

See chapter ,Loop Constants and Settling Time*
See chapter ,CAD Tools for PCs*

See chapter ,Tuning Steepness of the VCO*

See chapter ,Loop Constants and Settling Time*
See Best [1], page 58

See chapter ,Advantages of a MOSMIC Preamplifier*
See also chapter ,The Different Oscillator Circuits*
EXCEL spreadsheet

See chapter ,Utilities”

See chapter ,Level Diagram of a Tuner”

See chapter ,The SAW Driver” for an exception
Implemented in chapter ,Level Diagram of a Tuner*
See chapter ,Utilities”

See chapter ,Controlling the PLL"

See also chapter ,, The Loop Filter*

See chapter ,Tuning Steepness of the VCO*

See Best [1], page 282

See chapter ,Damping Factor and Loop Frequency*
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