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1. Introduction

This application note addresses key information that is needed when designing with the
SA605. Since the SA602A and the SA604A are closely related to the SA605, a brief
overview of these chips will be helpful. Additionally, this application note will divide the
SAG605 into four main blocks where a brief theory of operation, important parameters,
specifications, tables and graphs of performance will be given. A question and answer
section is included at the end.

2. Background

AN1994

2.1 History of the SA605

Before the SA605 was made, the SA602 (double-balanced mixer and oscillator) and the
SA604 (FM IF system) existed. The combination of these two chips make up a
high-performance low cost receiver. Soon after, the SA605 was created to be a one-chip
solution, using a newer manufacturing process and design. Since the newer process and
design in the SA605 proved to be better in performance and reliability, it was decided to
make the SA602 and the SA604 under this new process. The SA602A and the SA604A
were created. To assist the cost-conscious customer, Philips Semiconductors also offered
an inexpensive line of the same RF products: the SA612, SA614, and SA615.

Because the newer process and design proved to be better in performance and reliability,
the older chips are discontinued. Therefore, only the SA602A, SA612A, SA604A,
SAB614A, SA605 and SA615 are available.

Figure 1 shows a brief summary of the RF chips mentioned above. Under the newer
process, minor changes were made to improve the performance. A designer, converting
from the SA602 to the SA602A, should have no problem with a direct switch. However,
switching from the SA604 to the SA604A, might require more attention. This will depend
on how good the original design was in the system. In Section 4 “Questions and
Answers”, the SA604 and SA604A are discussed in greater detail. This will help the
designer, who used the SA604 in their original design, to switch to the ‘A’ version. In
general, a direct switch to the SA604A is simple.

SA60xx family genealogy

Single chip receiver
605
615

New FM IF
604A
614A

New Mixer
602A
612A

aaa-014295

Fig 1. Overview of selected RF chips
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3. Overview of the SA605

In Figure 2, the SAB05 is broken up into four main areas: the mixer section, the IF section,
the demodulator section, and the output section. The information contained in each of the
four areas focuses on important data to assist you with the use of the SA605 in any
receiver application.
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Fig 2. SA605 broken down into four areas
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3.1 Mixer section

There are three areas of interest that should be addressed when working with the mixer
section. The RF signal, LO signal and the output. The function of the mixer is to give the
sum/difference of the RF and LO frequencies to get an IF frequency out. This mixing of
frequencies is done by a Gilbert cell four-quadrant multiplier. The Gilbert cell is a
differential amplifier (pins 1 and 2) that drives a balanced switching cell.

The RF input impedance of the mixer plays a vital role in determining the values of the
matching network. Figure 3 shows the RF input impedance over a range of frequency.
From this information, it can be determined that matching 50 Q at 45 MHz requires
matching to a 4.5 kQ resistor in parallel with a 2.5 pF capacitor. An equivalent model can
be seen in Figure 4 with its component values given for selected frequencies. Since there
are many guestions from the designer on how to match the RF input, an example is given
in Section 3.1.1.1.

aaa-014297

Marker 1: f = 1.5 GHz; 21 Q|| 10.6 nH

Marker 2: f =900 MHz; 120 Q || 3.25 pF
Marker 3: f = 500 MHz; 588 Q || 2.75 pF
Marker 4: f = 250 MHz; 1785 Q || 2.5 pF

Fig 3. Smith chart of SA605 RF input impedance (pin 1 or pin 2)
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* Model

z

« Inductor L1 can be neglected until the frequency
approaches 1 GHz (neglect ‘C’).

* Two element model
R I [}

A RD_ Ii[;

Frequency R C

10 MHz 5kQ || 2.5 pF

50 MHz 4651 Q || 2.5 pF
100 MHz 3100 Q || 2.5 pF
250 MHz 1785Q || 2.5 pF
500 MHz 588 Q || 2.75 pF
750 MHz 175Q || 3.12 pF
900 MHz 120Q || 3.2 pF

1.1 GHz 48 Q || 3.4 pF
1.56 GHz 21 Q1] 10.6 nH

Fig 4. Equivalent model of RF input impedance

3.1.1 RF section of mixer

aaa-014298

The mixer has two RF input pins (Pin 1 and Pin 2), allowing the user to choose between a
balanced or unbalanced RF matching network. Table 1 shows the advantages and

disadvantages for either type of matching. Obviously, the better the matching network, the
better the sensitivity of the receiver.

Table 1.  Comparing balanced versus unbalanced matching

SA605 or SA602 Matching Advantages Disadvantages
Pin 1 and Pin 2 Single-ended ® very simple circuit ® increasein second-order
(RF input) (unbalanced) * no sacrifice in third-order products
performance
Balanced ® reduce second-order ® impedance match
products difficult to achieve
AN1994 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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3.1.1.1 Example

Using a tapped-C network, match a 50 Q source to the RF input of the SA605 at 45 MHz.
Refer to Figure 5.

> 45k 2.5pF
Z - I

RF input model at 45 MHz

aaa-014299

Fig 5. Tapped-C network

Step 1 Choose an inductor value and its ‘Q’ L = 0.22 uH Qp = 50 (specified by the
manufacturer).

Step 2 Find the reactance of the inductor.

Xp = 2mfL
= 2m(45 MHz)(0.22 pH)
~Xp =622 Q

Step 3 Then,

Rp = QpXp
= (50)(62.2)
- Xp = 3.11 kQ (the inductance resistance)

Step 4 Q= (RtotaI/XP)
= (RS IR I Rp)/Xp)
where RS’ = R,
= 4.5k|| 4.5k || 3.11k/62.2
= 21.39
~. Q=21 (the Q of the matching network)

where:

Rs = source resistance

R, = load resistance

Rs’ = what the source resistance should look like to match R
Rp = inductance resistance
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Step 5 7
R
Cl_ Ts_1-3g6
C2 Rg
-1 _ 1 _
Step 6 C; = = = 56.86 pF
Xp @  (622) 21 45 MHz
Step 7 Using C; = —=252_ \here Cr = 56.86 pF, <= = 856
Ci+cC2 C2
Cl
C; =
g‘ +1
Cc2
Cl Cl
2 =& +1)andc, = &
SNV 2" 86
thus:
C1 =539 pF
C2=64pF
L = 0.22 uH (value started with)
Step 8 Frequency check
o= -1
JLC
2nf = L
JLC
f =45 MHz (...so far so good)
Step 9 Taking care of the 2.5 pF capacitor that is present at the RF input at 45 MHz
C2, _ 64 pF .
— = Equation 1
c1, ~ 540 pF A )
Ciy = ClaC2 Equation 2
™ =TT, + o, (Faution2)

where Cty = Ct — 2.5 pF (recall value of Cy from Step 6).

Making use of Equations 1 and 2, the new values of C1 and C2 are:
Cla =524 pF
C2, =60.6 pF

Remark: At this frequency, the 2.5 pF capacitor could probably be ignored,
since its value at 45 MHz has little effect on C1 and C2.
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Step 10 Checking the bandwidth

- _f
BW

BW = f,—f,

BW = bandwidth
fu = upper 3 dB frequency
fL = lower 3 dB frequency

Using the above formulas results in:

fu = 46 MHz
f_ = 44 MHz
BW = 2 MHz

The above shows the calculations for a single-ended match to the SA605. For a balanced
matching network, a transformer can be used. The same type of calculations will still apply
once the input impedance of the SA605 is converted to the primary side of the transformer
(see Figure 6). But before we transform the input impedance to the primary side, we must
first find the new input impedance of the SA605 for a balanced configuration. Because we
have a balanced input, the 4.5 kQ transforms to 9 kQ (4.5 kQ + 4.5 kQ = 9 kQ), while the
capacitor changes from 2.5 pF to 1.3 pF (2.5 pF in series with 2.5 pF is 1.3 pF). Notice
that the resistor values double while the capacitor values are halved. Now the 9 kQ
resistor in parallel with the 1.3 pF capacitor must be transformed to the primary side of the

transformer (see Figure 6).

SA605

= Ic2

c1

Np:Ng

RF input model at 45 MHz

aaa-014300

Fig 6. Using atransformer to achieve a balanced match
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Step 1

Step 2

Step 3

Step 4

Step 5

Reviewing key areas when designing with the SA605

Zy (NP 2
- (&
where:

Zp = impedance of primary side

Zs = impedance of secondary side

Np = number of turns on primary side
Ns = number of turns on secondary side

Recall,

Zs=R|| Xc

Zs=9K || j 2.7k

where:

R =9k

Xe = =—=— = 27k at f = 45 MHz
2nfC

Assume 1 : N turns ratio for the transformer.

Zp = ﬁé = 2.25k||j 680
(assuming N = 2)

1
2n tX¢

R = 2.25k
(These are the new values to match using the formulas in tapped-C.)

= 52 pF

Because the transformer has a magnetization inductance Ly, (inductance
presented by the transformer), we can eliminate the inductor used in the
previous example and tune the tapped-C network with the inductance
presented by the transformer.

Let's assume Ly = 0.22 uH (Q = 50), therefore:

C1=381pF

C2 =66.8 pF

fy =46.7 MHz

fL =43.3 MHz

BW = 3.4 MHz

Taking the input capacitor into consideration:
C1 =347 pF

C2=61pF

L =0.22 pH (Q = 50)

Because of leakage inductance, the transformer is far from ideal. All of these leakages
affect the secondary voltage under load, which will seem like the indicated turns ratio is
wrong. The above calculations show one method of impedance matching. The values
calculated for C1 and C2 do not take into account board parasitic capacitance, and are,
therefore, only theoretical values. There are many ways to configure and calculate
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matching networks. One alternative is a tapped-L configuration. But the ratio of the
tapped-C network is easier to implement than ordering a special inductor. The calculations
of these networks can be done on the Smith chart. Furthermore, there are many computer
programs available which will help match the circuit for the designer.

Local oscillator section of mixer

The SA605 provides an NPN transistor for the local oscillator where only external
components like capacitors, inductors, or resistors need to be added to achieve the LO
frequency. The oscillator’s transistor base and emitter (Pin 4 and Pin 3 respectively) are
available to be configured in Colpitts, Butler or varactor controlled LC forms. Referring to
Figure 7, the collector is internally connected directly to V¢, while the emitter is
connected through a 25 kQ resistor to ground. Base bias is also internally supplied
through an 18 kQ resistor. A buffer/divider reduces the oscillator level by a factor of three
before it is applied across the upper tree of the Gilbert cell. The divider de-sensitizes the
mixer to oscillator level variations with temperature and voltage. A typical value for the LO
input impedance is approximately 10 kQ.

aaa-014301

Fig 7.  On-board NPN transistor for local oscillator

The highest LO frequency that can be achieved is approximately 300 MHz with a

200 mV (RMS) signal on the base (Pin 4). Although it is possible to exceed the 300 MHz
LO frequency for the on-board oscillator, it is not really practical because the signal level
drops too low for the Gilbert Cell. If an application requires a higher LO frequency, an
external oscillator can be used with its 200 mV (RMS) signal injected at Pin 4 through a
DC blocking capacitor. Table 2 can be used as a guideline to determine which
configuration is best for the required LO frequency.

Table 2. LO configurations

LO Suggested configuration using on-board oscillator

0 MHz to 30 MHz 'Fundamental mode, use Colpitts

30 MHz to 70 MHz Third overtone mode, use Colpitts

70 MHz to 90 MHz ‘Third to fifth overtone mode, use Colpitts with 22 kQ resistor connected

from the emitter pin to ground

90 MHz to 170 MHz Use Butler, crystal in series mode, and a 22 kQ resistor connected from
the emitter pin to ground

170 MHz to 300 MHz | LC configuration

Because the Colpitts configuration is for parallel resonance mode, it is important to know,
when ordering crystals, that the load capacitance of the SA605 is 10 pF. However, for the
Butler configuration, the load capacitance is unimportant since the crystal will be in the
series mode. Figure 8 shows the different types of LO configurations used with SA605.
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If a person decides to use the Colpitts configuration in their design, they will probably find
that most crystal manufacturers have their own set of standards of load capacitance. And
in most cases, they are unwilling to build a special test jig for an individual’'s needs. If this
occurs, the designer should tell them to go ahead with the design. But, the designer
should also be ready to accept the crystal’s frequency to be off by 200 Hz to 300 Hz from
the specified frequency. Then a test jig provided by the designer and a second iteration
will solve the problem.

DC
blocking
capacitor

= aaa-014376 = = = aaa-014377 = = aaa-014378

a. Fundamental Colpitts crystal b. Overtone Colpitts crystal c. Overtone Butler crystal

DC blocking
capacitor

DC
blocking
capacitor  klem — ———

= = aaa-014379 = = = aaa-014380 = = = = aaa-014381

d. Hartley L/C tank e. Colpitts L/C tank f.  Third to fifth overtone
Colpitts crystal

Fig 8. Oscillator configurations

3.1.3 Output of mixer

Once the RF an LO inputs have been properly connected, the output of the mixer supplies
the IF frequency. Knowing that the mixer’s output has an impedance of 1.5 kQ, matching
to an IF filter should be trivial.

3.1.4 Choosing the appropriate IF frequency

Some of the standard IF frequencies used in industry are 455 kHz, 10.7 MHz and

21.4 MHz. Selection of other IF frequencies is possible. However, this approach could be
expensive because the filter manufacturer will probably have to build the odd IF filter from
scratch.

There are several advantages and disadvantages in choosing a low or high IF frequency.
Choosing a low IF frequency like 455 kHz can provide good stability, high sensitivity and
gain. Unfortunately, it can also present a problem with the image frequency (assuming
single conversion). To improve the image rejection problem, a higher IF frequency can be
used. However, sensitivity is decreased and the gain of the IF section must be reduced to
prevent oscillations.

If the design requires a low IF frequency and good image rejection, it is best to use the
double conversion method. This method allows the best of both worlds. Additionally, it is
much easier to work with a lower IF frequency because the layout will not be as critical
and will be more forgiving in production. The only drawback to this method is that it will

AN1994 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.
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require another mixer and LO. But, a transistor can be used for the first mixer stage (which
is an inexpensive approach) and the SA605 can be used for the second mixer stage. The
SA602A can also be used for the first conversion stage if the transistor approach does not
meet the design requirements.

If the design requires a high IF frequency, good layout and RF techniques must be
exercised. If the layout is sound and instability still occurs, refer to Section 3.4.2 “RSSI
output”, which suggests solutions to these types of problems.

Another issue to consider when determining an IF frequency is the modulation. For
example, a narrowband FM signal (30 kHz IF bandwidth) can be done with an IF of

455 kHz. But for a wideband FM signal (200 kHz bandwidth), a higher IF is required, such
as 10.7 MHz or 21.4 MHz.
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. Sl ‘ ) ‘ ‘ ‘ 93| 0 =
) ~_] 3 maximum recommended %
= ~< : 96.0
S 550 ~l.. oscillator level
a I~~~ 923
E 8.0V \\ ~<[ 87.7
= 450 = 744
\ \\
S N
£ E— ™~ 727
T 350 6.0V 637
8 — | -~ w26
9 —— I~ 370
S 250 i
S ‘ —~—— 19.3
© ‘ o/ L L1 L] \
150 C R gdSasae o o
-55 5 65 125 R S N g 5
Tamb (°C) LO level at base VRms
CBE =5.6 pF
Fig 9. SA605 application oscillator level Fig 10. Mixer efficiency versus normalized LO level
-1 aaa-014240 15 aaa-014241
Geonv $ Geonv ‘ ‘
dB (dB) T T
(dB) =~ ——
-2 —_— —\\ —
I |
8.5V
8.0V
-3 85V X ~ 10 6.0V ™ AN
2-8 x 45V \\
45V
-4
-5 0
-55 5 65 125 -55 5 65 125
Tamb (°C) Tamb (°C)
50 Q input; 1500 Q output; external LO 220 mV 50 Q to 1.5 kQ, 14.5 dB matching step-up network
Fig 11. 50 Q conversion gain Fig 12. Single-ended matched input conversion gain
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3.2 IF section

The IF section consists of an IF amplifier and IF limiter. With the amplifier and limiter
working together, 100 dB of gain with a 25 MHz bandwidth can be achieved (see

Figure 13). The linearity of the RSSI output is directly affected by the IF section and will be
discussed in more detail later in this application note.

=
—1
[1e] (18) [15](17) (16) <15> (14) [11](13) (12) %

GND
42kQ — | 42kQ
| S T
internal [J 700 Q
Ve line
N N
1 1
7kQ
16 16
kQ 700 Q ka
40 kQ T e | 40 kQ
23 e —
\\— FULL WAVE 35 kQ FULL WAVE 8 kQ
RECT. — RECT.
VOLTAGE/
CURRENT CONVERTER

|

IF section:

Ay =100 dB
BW =25 MHz
|
IF amp: IF limiter:
Ay =40 dB Ay =60 dB
BW =41 MHz BW =28 MHz 283-014250

Pin numbers in parentheses are for SA605.
Fig 13. IF section of SA604A (SA605)
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45 aaa-014334 aaa-014336
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Fig 14. IF amplifier gain Fig 15. IF amplifier gain drop, 20 MHz response
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3.2.1 IF amplifier

The IF amplifier is made up of two differential amplifiers with 40 dB of gain and a small
signal bandwidth of 41 MHz (when driven by a 50 Q source). The output is a
low-impedance emitter follower with an output resistance of about 230 Q, and an internal
series build out of 700 Q to give a total of 930 Q. One can expect a 6 dB loss in each
amplifier’s input since both of the differential amplifiers are single-ended.

aaa-014245

40 ‘
IF output péwer / r
(dBm) /
0 41
Vs /
fund product
_40 /
@
RF2 i
¢~ third-order / ] i
—80 product / ‘ Lo,
-80 -60 -40 -20 0 20

RF input level (dBm)

RF =45 MHz; IF = 455 kHz; RF2 = 45.06 MHz; LO = 44.545 MHz

Fig 18. Third-order intercept and compression

The basic function of the IF amp is to boost the IF signal and to help handle impulse noise.
The IF amp will not provide good limiting over a wide range of input signals, which is why
the IF limiter is needed.

3.2.2 IF limiter

The IF limiter is made up of three differential amplifiers with a gain of 63 dB and a small
signal AC bandwidth of 28 MHz. The outputs of the final differential stage are buffered to
the internal quadrature detector. The IF limiter’s output resistance is about 260 Q with no
internal build-out. The limiter’s output signal (Pin 9 on SA604A, Pin 11 on SA605) will vary
from a good approximation of a square wave at lower IF frequencies like 455 kHz, to a
distorted sinusoid at higher IF frequencies, like 21.4 MHz.

The basic function of the IF limiter is to apply a tremendous amount of gain to the IF
frequency such that the top and bottom of the waveform are clipped. This helps in
reducing AM and noise presented upon reception.

3.2.3 Function of IF section

The main function of the IF section is to clean up the IF frequency from noise and
amplitude modulation (AM) that might occur upon reception of the RF signal. If the IF
section has too much gain, then one could run into instability problems. This is where
crucial layout and insertion loss can help (also addressed later in this application note).
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3.2.4 Important parameters for the IF section

3.2.4.1 Limiting

The audio output level of an FM receiver normally does not change with the RF level due
to the limiting action. But as the RF signal level continues to decrease, the limiter will
eventually run out of gain and the audio level will finally start to drop. The point where the
IF section runs out of gain and the audio level decreases by 3 dB with the RF input is
referred to as the —3 dB limiting point.

In the application test circuit, with a 5.1 kQ interstage resistor, audio suppression is
dominated by noise capture down to about the —120 dBm RF level at which point the
phase detector efficiency begins to drop (see Section 3.2.4.4 “Interstage loss”).

0.1 pF
47 pF
0.33 pH IF at 45 MHz
220 pF
50 Q
IF at 45 MHz
m.xer SA605
4 50 Q
j J_ RF generator
RF | MATCHING
50 Q >——
RF generator NETWORK LO LO
HP8753A HP8753A
NETWORK NETWORK
ANALYZER ANALYZER
aaa-014246
Fig 19. Test circuits for SA605 mixer versus diode mixer
-014247
8 - =
LO power diode mixer
(dBm)
0 //
//
_8 /
+ SA605’s mixer
-16
102 103 104
frequency (MHz)
Fig 20. LO power requirements (matched input)
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12 aaa-014248
LO power — SA605
(dBm) N
6 A\
N
° \
-6 — diode mixer
-12
102 103 104
frequency (MHz)
Fig 21. SAG605 conversion gain versus diode mixer

The audio drop that occurs is a function of two types of limiting. The first type is as follows:
As the input signal drops below a level which is sufficient to keep the phase detector
compressed, the efficiency of the detector drops, resulting in premature audio attenuation.
We will call this ‘gain limiting’. The second type of limiting occurs when there is sufficient
amount of gain without de-stabilizing regeneration (that is, keeping the phase detector
fully limited), the audio level will eventually become suppressed as the noise captures the
receiver. We will call this ‘limiting due to noise capture’.

Figure 22 shows the 3 dB drop in audio at about 0.26 uV (RMS value), with a

-118.7 dBm/50 Q RF level for the SA605. Note that the level has not improved by the

11 dB gain supplied by the mixer/filter since noise capture is expected to slightly dominate
here.
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Fig 22. SAG605 application board, -3 dB limiting (drop in audio)
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3.2.4.2 AMrejection

The AM rejection provided by the SA605/604A is extremely good even for 80 %
modulation indices as depicted in Figure 23a through Figure 23d. This performance
results from the 370 mV peak signal levels set at the input of each IF amplifier and limiter
stage. For this level of compression at the inputs, even better performance could be
expected except that finite AM to PM conversion coefficients limit ultimate performance for
high level inputs as indicated in Figure 23b.

Low level AM rejection performance degrades as each stage comes out of limiting. In
particular as the quadrature phase detector input drops below 100 mV peak, all limiting
will be lost and AM modulation will be present at the input of the quad detector (See

Figure 23d).
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c. SA605 AM rejection at =76 dBm d. SA605 AM rejection at —118 dBm
Fig 23. AM rejection results at different input levels

3.2.4.3 AMto PM conversion

Although AM rejection should continue to improve above —95 dBm IF inputs, higher order
effects, lumped under the term AM to PM conversion, limit the application rejection to
about 40 dB. In fact this value is proportional to the maximum frequency deviation. That is
lower deviations producing lower audio outputs result directly in lower AM rejection. This
is consistent with the fact that the interfering audio signal produced by the AM/PM
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conversion process is independent of deviation within the IF bandwidth and depends to a
first estimate on the level of AM modulation present. As an example reducing the
maximum frequency deviation to 4 kHz from 8 kHz, will result in 34 dB AM rejection. If the
AM modulation is reduced from 80 % to 40 %, the AM rejection for higher level IFs will go
back to 40 dB as expected. AM to PM conversion is also not a function of the quad tank Q,
since an increase in Q increases both the audio and spurious AM to PM converted signal
equally.

As seen above, these relationships and the measured results on the application board
(Figure 24) can be used to estimate high level IF AM rejection. For higher frequency IFs
(such as 21.4 MHz), the limiter’s output will start to deviate from a true square wave due to
lack of bandwidth. This causes additional AM rejection degradation.
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(1) RS5 can be used to bias the oscillator transistor at a higher current for operation above 45 MHz.
Recommended value is 22 kQ, but should not be below 10 kQ.

Fig 24. SA605 45 MHz application circuit
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Table 3.  Application component list
Component Value 'Description vPackage Part number
c1 33 pF NPO ceramic C0805K 445-127x-1-ND
c2 1220 pF 'NPO ceramic 'C0805K 445-7484-6-ND
c3 5 pF to 30 pF NPO ceramic: Murata TZC3P300A 110R00 TRIMCAP 490-1994-2-ND
c5 100nF+10% 100 nF + 10 % monolithic ceramic 'C0805K 311-1036-1-ND
Ccé6 5 pF to 30 pF NPO ceramic: Murata TZC3P300A 110R00 TRIMCAP 490-1994-2-ND
c7 1nF ceramic 'C0805K 399-3293-1-ND
cs 10 pF NPO ceramic CO805K 490-1994-2-ND
c9 100nF+10%  monolithic ceramic 'C0805K 311-1036-1-ND
c10 22 uF tantalum c1812 478-3117-1-ND
cu 100nF+10%  monolithic ceramic 'C0805K 311-1036-1-ND
C12 15nF£10% ceramic C0805K 399-1161-1-ND
c13 150 pF +2 % 'N1500 ceramic 'C0805K 399-1125-1-ND
Cil4 100 nF£10 % monolithic ceramic C0805K 311-1036-1-ND
Cc15 110.0 pF 'NPO ceramic 'C0805K 311-1036-1-ND
C17 100 nF£10 % monolithic ceramic C0805K 311-1036-1-ND
c18 100nF+10%  monolithic ceramic 'C0805K 311-1036-1-ND
c21 100 nF£10 % monolithic ceramic C0805K 311-1036-1-ND
c23 100nF+10%  monolithic ceramic 'C0805K 311-1036-1-ND
c24 5 pF to 30 pF trim  NPO ceramic; Murata TZC3P300A 110R00 TRIMCAP 490-1994-2-ND
c25 470 pF ‘monolithic ceramic 'C0805K
C26 39 pF monolithic ceramic C0805K
CN1 ' 8-pin header 'MA08-1 399-8083-10ND
CN2 BU-SMA-H J502-ND-142- | 520-142-0701-881
0701-881/886
FL1, FL2 ‘ceramic filter; 'surface mount | CFUKF455KB4X-R0
Murata CFUKF455KB4X or equivalent
L1 1330 nH Coilcraft 1008CS-331 'WE-KI_1008 B |1008CS-331
L2 1.2 uH fixed inductor Coilcraft 1008CS-122XKLC |WE-KI_1008 B |1008CS-122
L3 1220 uH fixed inductor 'WE-GF_L 1812L.S-224XJB
RO 100 kQ + 1 % 1/4 W metal film R0603 311-100KCRCT-ND
'R10M 100 kQ £ 1 % '1/4 W metal film 'C0805K 311-100KCRCT-ND
R11 100 kQ + 1 % 1/4 W metal film CO805K 311-100KCRCT-ND
R17 5.1kQ+5% '1/4 W carbon composition 'C0805K 311-5.10KCRDKR-ND
U1 SABOSDK TSSOP20 568-2087-5-nd
X1 44,545 MHz ‘resonant 3rd-overtone crystal UM-1 49HC/11453
[1] Optional.
3.2.4.4 Interstage loss

AN1994

Figure 25 plots the simulated IF RSSI magnitude response for various interstage

attenuation. The optimum interstage loss is 12 dB. This has been chosen to allow the use

of various types of filters, without upsetting the RSSI linearity. In most cases, the filter
insertion loss is less than 12 dB from point A to point B. Therefore, some additional loss
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must be introduced externally. The easiest and simplest way is to use an external resistor
in series with the internal build-out resistor (Pin 14 in the SA604A, Pin 16 in the SA605).
Unfortunately, this method mismatches the filter which might be important depending on
the design. To achieve the 12 dB insertion loss and good matching to the filter, an L-pad
configuration can be used. Figure 26 shows the different setups.

5 aaa-014302
LTI TTT T TTTIm T 7
. [~ interstage loss = 5.8 dB A
S 4L 10.2 dB 2 Y
@ 12.6 dB 1
) B 15.9 dB
< 3
5 2 7 '://j/
° A
i
g 1 74l
K /:::’7
Z LA
0
1073 1072 1071 1 10 102

IF input level (RMS) (mV)

RL =91 kQ
Fig 25. SA604’s RSSI curve at different interstage losses
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a. Series resistor configuration b. L-pad configuration

Fig 26. Implementing the 12 dB insertion loss
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Equation 1 is an example of how to calculate the resistors values for Rgxt in Figure 26a.

960 + R- )R
Xgg = 20Iog“/( ext)Rer_ gy (dB) 1)
960 + Rexr + Re 7

where:

X = the insertion loss wanted in dB
RexTt = the external resistor

ReLt = the filter’s input impedance
FIL = insertion loss of filter in dB

For the application board:

X=12dB
RFLT =1.5kQ
FIL=3dB

Therefore, using the Equation 1 gives: Rgxt = 5.1 kQ.

Below are the design equations for calculating Rsgries and Rspunt in Figure 26b:

Rect
Rseries = [960 - —W (2)
2x10 2
Reir
Renunt = —(_XdB) 3)
1-2x10 %

In this case, let's assume FIL = 2 dB, therefore Xqg = +10, R 1 = 1.5 kQ. The results are:

RSERIES =1.41 kQ
RSHUNT = 4.08 kQ

IF noise figure

The IF noise figure of the receiver may be expected to provide at best a 7.7 dB noise
figure in a 1.5 kQ environment from about 25 kHz to 100 MHz. From a 25 Q source the
noise figure can be expected to degrade to about 15.4 dB.

Demodulator section

Once the signal leaves the IF limiter, it must be demodulated so that the baseband signal
can be separated from the IF signal. This is accomplished by the quadrature detector. The
detector is made up of a phase comparator (internal to the SA605) and a quadrature tank
(external to the SA605).

The phase comparator is a multiplier cell, similar to that of a mixer stage. Instead of mixing
two different frequencies, it compares the phases of two signals of the same frequency.
Because the phase comparator needs two input signals to extract the information, the IF
limiter has a balanced output. One of the outputs is directly connected to the input of the
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phase comparator. The other signal from the limiter’s output (Pin 1) is phase shifted 90°
(through external components) and frequency selected by the quadrature tank. This signal
is then connected to the other input of the phase comparator (Pin 10 of the SA605). The
signal coming out of the quadrature detector (phase detector) is then low-passed filtered
to get the baseband signal. A mathematical derivation of this can be seen in the SA604A
data sheet (Ref. 2).

The quadrature tank plays an important role in the quality of the baseband signal. It
determines the distortion and the audio output amplitude. If the ‘Q’ is high for the
quadrature tank, the audio level will be high, but the distortion will also be high. If the ‘Q’ is
low, the distortion will be low, but the audio level will become low. One can conclude that
there is a trade-off.

Output section

The output section contains an RSSI, audio, and data (unmuted audio) outputs which can
be found on Pins 7, 8, and 9, respectively, on the SA605. However, amplitude shift keying
(ASK), frequency shift keying (FSK), and a squelch control can be implemented from
these pins. Information on ASK and FSK can be found in application note AN1993, “High
sensitivity applications of low-power RF/IF integrated circuits” (Ref. 3).

Although the squelch control can be implemented by using the RSSI output, it is not a
good practice. A better way of implementing squelch control is by comparing the
bandpassed audio signal to high frequency colored FM noise signal from the unmuted
audio. When no baseband signal is present, the noise coming out of the unmuted audio
output will be stronger, due to the nature of FM noise. Therefore, the output of the external
comparator will go high (connected to Pin 5 of the SA605), which will mute the audio
output. When a baseband signal is present, the bandpassed audio level will dominate and
the audio output will now unmute the audio.

220
200 il external,
. / 1 quad tank !
> LI I
£ d :
:g 180 v 100 kQ !
2 / '
3 // 40 kQ !
o 160 51 Koo
E / !
T thermistor 1
140 /;/' — [l ber U K
120
-55 5 65 125
Tamb (°C) aaa-014338
Fig 27. Audio output: compensated versus uncompensated
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3.4.1 Audio and unmuted audio (data)

3.4.2

The audio and unmuted audio outputs (Pin 8 and 9, respectively, on the SA605) will be
discussed in this section because they are basically the same. The only difference
between them is that the unmuted audio output is always ‘on’ while the audio output can
either be turned ‘on’ or ‘off’. The unmuted audio output (data out) is for signaling tones in
systems such as cellular radio. This allows the tones to be processed by the system but
remain silent to the user. Since these tones contain information for cellular operation, the
unmuted audio output can also be referred to as the ‘data’ output. Grounding Pin 5 on the
SA605 mutes the audio on Pin 8 (connecting Pin 5 to V¢ unmutes it).

Both of these outputs are PNP current-to-voltage converters with a 55 kQ2 nominal internal
load. The nominal frequency response of the audio and data outputs are 300 kHz.
However, this response can be increased with the addition of an external resistor (<58 kQ)
from the output pins to ground. This will affect the time constant and lower the audio’s
output amplitude. This technique can be applied to SCA receivers and data transceivers
(as mentioned in the SA604A data sheet, Ref. 2).

RSSI output

RSSI (Received Signal Strength Indicator) determines how well the received signal is
being captured by providing a voltage level on its output. The higher the voltage, the
stronger the signal.

The RSSI output is a current-to-voltage converter, similar to the audio outputs. However, a
91 kQ external resistor is needed to get an output characteristic of 0.5 V for every 20 dB
change in the input amplitude.

As mentioned earlier, the linearity of the RSSI curve depends on the 12 dB insertion loss
between the IF amplifier and IF limiter. The reason the RSSI output is dependent on the IF
section is because of the V/I converters. The amount of current in this section is monitored
to produce the RSSI output signal. Thus, the IF amplifier’s rectifier is internally calibrated
under the assumption that the loss is 12 dB.

Because unfiltered signals at the limiter inputs, spurious products, or regenerated signals
will affect the RSSI curve, the RSSI is a good indicator in determining the stability of the
board’s layout. With no signal applied to the front end of the SA605, the RSSI voltage
level should read 250 mV (RMS value) or less to be a good layout. If the voltage output is
higher, then this could indicate oscillations or regeneration in the design.

Referring to the SA604A data sheet, there are three primary ways to deal with
regeneration:
* Minimize the feedback by gain stage isolation
* Lower the stage input impedances, thus increasing the feedback attenuation factor
* Reduce the gain

Gain reduction can be accomplished by adding attenuation between stages. More details
on regeneration and stability considerations can be found in the SA604A data sheet

(Ref. 2).
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Fig 30. Audio level versus temperature

RF input = -76 dB; 100 kQ load
Fig 31. Data level versus temperature

4. Questions and Answers

AN1994

Question:

Answer:

Question:

Answer:

Bypass. How important is the effect of the power supply bypass on the
receiver performance?

While careful layout is extremely critical, one of the single most neglected
components is the power supply bypass in applications of SA604A or SA605.
Although increasing the value of the tantalum capacitor can solve the
problem, more careful testing shows that it is actually the capacitor’s ESR
(Equivalent Series Resistance) that needs to be checked. The simplest way
of screening the bypass capacitor is to test the capacitor’s dissipation factor
at a low frequency (a very easy test, because most of the low frequency
capacitance meters display both C, and Dissipation factor).

On-chip oscillator. We cannot get the SA605 on-chip oscillator to work.
What is the problem?

The on-board oscillator is just one transistor with a collector that is connected
to the supply, an emitter that goes to ground through a 25 kQ resistor, and a
base that goes to the supply through an 18 kQ resistor. The rest of the circuit
is a buffer that follows the oscillator from the transistor base (this buffer does
not affect the performance of the oscillator).

Fundamental mode Colpitts crystal oscillators are good up to 30 MHz and
can be made by a crystal and two external capacitors. At higher frequencies,
up to about 90 MHz, overtone crystal oscillators (Colpitts) can be made like
the one in the cellular application circuit. At higher frequencies, up to about
170 MHz, Butler type oscillators (the crystal is in series mode) have been
successfully demonstrated. Because of the 8 GHz peak fr of the transistors,
LC Colpitts oscillators have been shown to work up to 900 MHz. The problem
encountered above 400 MHz is that the on-chip oscillator level is not
sufficient for optimum conversion gain of the mixer. As a result, an external
oscillator should be used at those frequencies.
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Generally, about 220 mV (RMS value) is the oscillator level needed on Pin 4
for maximum conversion gain of the mixer. An external oscillator driving Pin 4
can be used throughout the band. Finally, since the SA605’s oscillator is
similar to the SA602, all of the available application notes on SA602 apply to
this case (assuming the pin-out differences are taken into account by the
user).

Below are a couple of points to help in the oscillator design. The oscillator
transistor is biased around 250 pA which makes it very hard to probe the
base and emitter without disturbing the oscillator (a high-impedance,
low-capacitance active FET probe is desirable).

To solve these problems, an external 22 kQ resistor (as low as 10 k) can be
used from Pin 3 to ground to double the bias current of the oscillator
transistor. This external resistor is put there to ensure the start-up of the
crystal in the 80 MHz range, and to increase the fr of the transistor for above
300 MHz to 400 MHz operation. Additionally, this resistor is required for
operations above 80 MHz to 90 MHz. When a 1 kQ resistor from Pin 1 to
ground is connected on the SA605, half of the mixer will shut off. This causes
the mixer to act like an amplifier. As a result, Pin 20 (the mixer, now amplifier
output) can be probed to measure the oscillator frequency. Furthermore, the
signal at Pin 20 relates to the true oscillator level. This second resistor is just
for optimizing the oscillator, of course. Without the 1 kQ resistor, the signal at
Pin 20 will be a LO feedthrough, which is very small and frequency
dependent.

Finally, in some very early data sheets, the base and emitter pins of the
oscillator were inadvertently interchanged. The base pin is Pin 4, and the
emitter pin is Pin 3. Make sure that your circuit is connected correctly.

Sensitivity at higher input frequencies. We cannot get good sensitivity like
the 45 MHz case at input frequencies above 70 MHz. Do you have any
information on sensitivity versus input frequency?

The noise figure and the gain of the mixer degrade by less than 0.5 dB, going
from 50 MHz to 100 MHz. Therefore, this does not explain the poor
degradation in sensitivity. If other problems such as layout, supply bypass,
and so on are already accounted for, the source of the problem can be
regeneration due to the 70 MHz oscillator. What is probably happening is that
the oscillator signal is feeding through the IF, getting mixed with the 455 kHz
signal, causing spurious regeneration. The solution is to reduce the overall
gain to stop the regeneration.

This gain reduction can be done in a number of places. Two simple points are
the attenuator network before the second filter and the LO level (see

Figure 26). The second case will increase the mixer’s noise figure which is
not desirable. Therefore, increasing the interstage loss, despite minimal
effect on the RSSI linearity, is the correct solution. As the interstage loss is
increased, the regeneration problem is decreased, which improves
sensitivity, despite lowering of the overall gain (the lowest RSSI level will
keep decreasing as the regeneration problem is decreased). For an 81 MHz
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circuit it was found that increasing the interstage loss from 12 dB to about
17 dB produced the best results (-119 dBm sensitivity). Of course, adding
any more interstage loss will start degrading sensitivity.

Conversely, dealing with the oscillator design, low LO levels could greatly
reduce the mixer conversion gain and cause degradation of the sensitivity.
For the 81 MHz example, a 22 kQ parallel resistor from Pin 3 to ground is
required for oscillator operation where a Colpitts oscillator like the one in the
cellular application circuit is used. The LO level at Pin 4 should be around
220 mV (RMS value) for good operation. Lowering the LO level to
approximately 150 mV (RMS value) may be a good way of achieving stability
if increasing interstage attenuation is not acceptable. In that case, the 22 kQ
resistor can be made a thermistor to adjust the LO level versus temperature
for maintaining sensitivity and ensuring crystal start-up versus temperature.
At higher IF frequencies (above 30 MHz), the interstage gain reduction is not
needed. The bandwidth of the IF section will lower the overall gain. So, the
possibility of regeneration decreases.

Mixer noise figure. How do you measure the mixer noise figure in SA605,
and SA6027?

We use the test circuit shown in the SA602 data sheet. The noise figure
tester is the HP8970A. The noise source we use is the HP346B

(ENR = 15.46 dB). Note that the output is tuned for 10.7 MHz. From that test
circuit the NF-meter measures a gain of approximately 15 dB and 5.5 dB
noise figure.

More noise figure data is available in the paper titled “Gilbert-type Mixers vs.
Diode Mixers” presented at RF Expo '89 in Santa Clara, California.

What is the value of the series resistor before the IF filter in the SA605 or
SA604A applications?

A value of 5.1 kQ has been used by us in our demo board. This results in a
maximally straight RSSI curve. A lower value of about 1 kQ will match the
filter better. A better solution is to use an L-pad, as discussed earlier in this
application note.

What is the low frequency input resistance of the SA605?

The data sheets indicated a worst-case absolute minimum of 1.5 kQ. The
typical value is 4.7 kQ.

What are BE-BC capacitors in the SA605 oscillator transistor?

The oscillator is a transistor with the collector connected to the supply and
the emitter connected to the ground through a 25 kQ resistor. The base goes
to the supply through an 18 kQ resistor. The junction capacitors are roughly
about 24 fF (fempto Farads) for CJE (Base-emitter capacitors), and 44 fF for
CJC (Collector-base capacitors). There is a 72 fF capacitor for CJS
(Collector-substrate capacitor). This is all on the chip itself. It should be
apparent that the parasitic packaging capacitors (1.5 pF to 2.5 pF) are the
dominant values in the oscillator design.

All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2014. All rights reserved.

Application note

Rev. 2 — 7 August 2014 30 of 39



NXP Semiconductors

AN1994

Question:

Answer:

Reviewing key areas when designing with the SA605

What are the differences between the SA604 and the SAG604A?
(See Table 4.)

The SAB604A is an improved version of the SA604. The SA604 has been
discontinued. Customers, who have been using the SA604 in the past,
should have no trouble doing the conversion.

The main differences are that the small signal IF bandwidth is 25 MHz
instead of 15 MHz, and the RSSI is internally temperature compensated. If
external temperature compensation was used for the SA604, the designer
can now cut cost with the SA604A. The designer can either get rid of these
extra parts completely or replace the thermistor (if used in original
temperature compensated design) with a fixed resistor.

Those using the SA604 at 455 kHz should not see any change in
performance. For 10.7 MHz, a couple of dB improvement in performance will
be observed. However, there may be a few cases where instability will occur
after using SA604A. This will be the case if the PC-board design was
marginal for the SA604 in the first place. This problem, however, can be
cured by using a larger than 10 puF tantalum bypass capacitor on the supply
line, and screening the capacitors for their ESR (equivalent series resistance)
as mentioned earlier. The ESR at 455 kHz should be less than 0.2 Q. Since
ESR is a frequency-dependent value, the designer can correlate good
performance with a low frequency dissipation factor, or ESR measurement,
and screen the tantalum capacitors in production. There are some minor
differences as well. The SA604A uses about 1 mA more current than the
SA604. An emitter-follower has been added at the limiter output to present a
lower and more stable output impedance at Pin 9. The DC voltage at the
audio and data outputs is approximately 3 V instead of 2 V in the SA604, but
that should not cause any problems. The recovered audio level, on the other
hand, is slightly higher in the SA604A which should actually be desirable.
Because of these changes, it is now possible to design 21.4 MHz IFs using
the SA604A, which was not possible with the SA604.

The two chips are identical, otherwise. The customers are encouraged to
switch to the SA604A because it is a more advanced bipolar process than
the previous generation used in the SA604. As a result, we get much tighter
specifications on the SA604A.

Table 4. Summary of differences for SA604/SA604A

Parameter SA604 SAG604A

RSSI no temperature compensation internally temperature-compensated

IF bandwidth 15 MHz 25 MHz

IF limiter output no buffer emitter-follower buffer output

with 8 k in the emitter

Current drain 2.7 mA 3.7mA
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Question: How does the SA605 mixer compare with a typical double-balanced diode
mixer?

Answer: Some data on the comparison of the conversion gain and LO power
requirements are shown in this application note. These two parameters
reveal the advantages in using the SA605 mixer.

The only drawback of the SA605 may seem to be its lower third-order
intercept point in comparison to a diode mixer. But, this is inherent in the
SA605 as a result of the low power consumption. If one compares the
conversion gain of the SA605 with the conversion loss of a low cost diode
mixer, it turns out that the third-order intercept point, referred to the output, is
the same or better in the SA605. Another point to take into account is that a
diode mixer cannot be used in the front end of a receiver without a preamp
due to its poor noise figure. A third-order intercept analysis shows that the
intercept point of the combination of the diode mixer and preamp will be
degraded at least by the gain of the preamp. A preamp may not be needed
with SA605 because of its superior noise figure.

For more detailed discussion of this topic please refer to the paper titled
“Gilbert-type Mixers vs. Diode Mixers”.

20 aaa-014249
T T 7T
IP3;
(dBm) diode mixer
10 /_\/;
U e TDA5330T___,-7
-10 - SA605 =]
\—/\/‘
e m—m e ”/ _
SAB02A T ===~
-20 L L L | |
100 1300
frequency (MHz)
Fig 32. Comparing different types of mixers

Question: How can we use the SA605 for SCA FM reception?

Answer: The 10.7 MHz application circuit described in application note AN1993
(Ref. 3) can be used in this case. The LO frequency should be changed and
the RF front-end should be tuned to the FM broadcast range. The normal FM
signal, coming out of Pin 8 of the SA605, could be expected to have about
1.5 uV (into 50 Q) sensitivity for 20 dB S/N. This signal should be band-pass
filtered and amplified to recover the SCA sub-carrier. The output of that
should then go to a PLL SCA decoder, shown on the data sheet of Philips
Semiconductors SA565 phase lock loop, to demodulate the base-band
audio. The two outputs of the SA605 Pin 8 and Pin 9 can be used to receive
SCA data as well as voice, or features such as simultaneous reception of
both normal FM, and SCA. The RSSI output, with its 90 dB dynamic range, is
useful for monitoring signal levels.
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Question:  What is the power consumption of the SA605 or SA604A versus temperature
and Vee?
Answer: The SA605 consumes about 5.6 mA of current at 6 V. This level is slightly
temperature and voltage dependent as shown in Figure 33. Similar data for
the SA604A is shown in Figure 34.
aaa-014357 aaa-014358
66 ! 9.0V 38
85V Icc
ce | (mA)
(m) // B'OY 3.6 — iy
5.8 e :
6.0V -
45vV__L—— 34
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// 32| A
. /
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Fig 33. SAG605 supply current versus temperature Fig 34. SA604A supply current versus temperature
Question: How can you minimize RF and LO feedthroughs?
Answer: The RF and LO feedthroughs are due to offset voltages at the input of the

100 kQ
39 kQ 0.1 pF
1 8
10 kQE 5kQ IjT_
39kQ [ 7 L
R Ll RN 2
0.01 pF == 3 6
T[4 5]
aaa-014359
Fig 35. Minimizing RF and LO feedthrough

mixer’s differential amplifiers and the imbalance of the parasitic capacitors. A
circuit, such as the one shown in Figure 35, can be used to adjust the
balance of the differential amplifiers. The circuit connected to Pin 1 and Pin 2
will minimize RF feedthrough, while the circuit shown connected to Pin 6 will
adjust the LO feedthrough. The only limitation is that if the RF and LO
frequencies are in the 100 MHz range or higher, these circuits will probably
be effective for a narrow frequency range.

AN1994
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Reviewing key areas when designing with the SA605

Distortion versus RF input level. We get a good undistorted demodulated
signal at low RF levels, but severe distortion at high RF levels. What is
happening?

This problem usually occurs at 10.7 MHz or at higher IF. The IF filters have
not been properly matched on both sides causing a sloping IF response. The
resulting distortion can be minimized by adjusting the quad tank at the FM
threshold where the IF is out of limiting. As the RF input increases, the IF
stages will limit and make the IF response flat again. At this point, the effect
of the bad setting of the quad tank will show itself as distortion. The solution
is to always tune the quad tank for distortion at a medium RF level, to make
sure that the IF is fully limited. Then, to avoid excessive distortion for low RF
levels, one should make sure that the IF filters are properly matched.

The most commonly asked questions: “Why doesn't the receiver
sensitivity meet the specifications?”; “Why is the RSSI dynamic range much
less than expected?”; “Why does the RSSI curve dip at 0.9 V and stay flat at
1V as the RF input decreases?”; “Why does the audio output suddenly burst
into oscillation, or output wideband noise as the RF input goes down, instead
of dying down slowly?”; “When looking at the IF output with a spectrum
analyzer, why do high amplitude spurs become visible near the edge of the IF
band as the RF level drops?”

These are the most widely observed problems with the SA605. They are all
symptoms of the same problem; instability. The instability is due to bad layout
and grounding.

Regenerative instability occurs when the limiter’s output signals are radiated
and picked up by the high impedance inputs of the mixer and IF amp. This
signal is amplified by both the IF amp and limiter. Positive feedback causes
the signal to grow until the signal at the limiter’s output becomes limited. Due
to the nature of FM, this instability will dominate any low RF input levels and
capture the receiver (see Figure 36).

Since the receiver behaves normally for high RF inputs, it misleads the
designer into believing that the design is okay. Additionally the RSSI circuit
cannot determine whether the signal being received is coming from the
antenna or the result of regenerative instability. Therefore, RSSI will be a
good instability indicator in this instance because the RSSI will stay at a high
level when the received signal decreases. Looking at the IF spectrum (Pin 11
for SA605, Pin 9 for SA604A) with the RF carrier present (no modulation), the
user will see a shape as shown in Figure 36. When regenerative instability
occurs, the receiver does not seem to have the ultimate sensitivity of which it
is capable.

Make sure that a double-sided layout with a good ground plane on both sides
is used. This will have RF/IF loops on both sides of the board. Follow our
layouts as faithfully as you can. The supply bypass should have a low ESR
10 uF to 15 pF tantalum capacitor as discussed earlier. The crystal package,
the inductors, and the quad tank shields should be grounded. The RSSI
output should be used as a progress monitor even if is not needed as an
output. The lowest RSSI level should decrease as the circuit is made more
stable. The overall gain should be reduced by lowering the input impedance
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of the IF amplifier and IF limiter, and adding attenuation after the IF amplifier,
and before the second filter. A circuit that shows an RSSI of 250 mV or less
with no RF input should be considered close to the limit of the performance of
the device. If the RSSI still remains above 250 mV, the recommendations
mentioned above should be revisited.

amplitude carrier amplitude
A
| \ spurious
carrier
-
- \
30 kHz bandwidth { \
frequency frequency
aaa-014332 aaa-014333
a. Carrier and in-band noise for high b. Forlow RF levels, noise and spurious
RF levels signals capture the receiver
Fig 36. Amplitude versus frequency

Question:  Without the de-emphasis network at the audio output, the —3 dB bandwidth of
the audio output is limited to only 4.5 kHz. The maximum frequency deviation
is 8 kHz, and the IF bandwidth is 25 kHz. What is the problem?

Answer: What is limiting the audio bandwidth in this case is not the output circuit, but
the IF filters. Remember that Carson’s rule for FM IF bandwidth requires the
IF bandwidth to be at least:

2(maximum frequency deviation + audio frequency)

With a 25 kHz IF bandwidth and 8 kHz frequency deviation, the maximum
frequency that can pass without distortion is approximately 4.5 kHz.
2(8 kHz + 4.5 kHz) is 25 kHz as expected.

Question:  What are the equivalent RF input impedances for the SA606, given the
equivalent circuit model of Figure 47

Answer: The SA606 input impedance versus frequency is given in Table 5.

The input matching technique discussed in this application note is applicable
for the SAG06.

Table 5. Inputimpedance versus frequency

Frequency R|C

10 MHz 7.5KQ || 2.4 pF
50 MHz 75kQ || 2.7 pF
100 MHz 6.25kQ || 2.7 pF
150 MHz 55kQ || 2.7 pF
250 MHz 5.0KkQ | 2.8 pF
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Table 6.  Abbreviations

Acronym Description

AM Amplitude Modulation

ASK 'Amplitude Shift Keying

ENR Excess Noise Ratio

ESR 'Equivalent Series Resistance

FET Field-Effect Transistor

FM 'Frequency Modulation

FSK Frequency Shift Keying

IF Intermediate Frequency

LC inductor-capacitor network

LO 'Local Oscillator

NPN bipolar transistor with N-type emitter and collector and a P-type base
PLL 'Phase-Locked Loop

PM Phase Modulation

PNP 'bipolar transistor with P-type emitter and collector and a N-type base
RF Radio Frequency

RMS 'Root Mean Squared

RSSI Received Signal Strength Indicator

SCA 'Subsidiary Communications Authorization
THD Total Harmonic Distortion
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7.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
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to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

7.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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