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1. INTRODUCTION TO THE SA8026

1.1. Description

The SA8026 is a low voltage, low phase noise, TSSOP packaged, fractional-N frequency synthesizer. It is targeted
for wireless systems where good phase noise performance and fast switching time is crucial. Designed in the
QUBIC2 BICMOS process, the main synthesizer operates at VCO input frequency up to 2.5 GHz. The auxiliary
synthesizer can operate up to 550 MHz, and the phase detector up to 4 MHz. The design is based on the previous
SA8025 family. There is also a 1 GHz version, SA7026, which operates up to 1.3 GHz. The SA8026 and SA7026
also have single derivatives, the SA8016 and SA7016, respectively, where there are no auxiliary synthesizers.

1.2. Features
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Figure 1. SA8026 block diagram
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Table 1. SA8026 features

Typical performance:

RF
Main frequency range 2.5 GHz (max.)
Auxiliary frequency range 550 MHz (max.)
Reference frequency range 40 MHz (max.)
Phase comparison frequency 4 MHz (max.)
RF input sensitivity —18 dBm (min.)
DC
Supply voltage 27V-55V
lcc powered up 10 mA typical @ +3 V
lcc powered down l1pA @ +3V
Features

Low noise performance
Fully programmable via 10 Mb/s 3-wire serial interface
Hardware or software power-downs
Package TSSOP-20
Applications

2 GHz PCS mobile telephones
Portable battery-powered equipment

2. FUNCTIONAL DESCRIPTION OF SA8026

2.1. Phase detector and charge pumps
The phase detector drives the two charge pumps, PHP and PHI. The output charge pump currents are set via
software per Table 2.

Table 2. Charge pump current setting for the SA8026

CP1 CPO lpHA lpHp lpHp-su lpH)
0 0 1.5 % Iget 3 x IseT 15 x Isgt 36 x IseT
0 1 0.5 x IgeT 1xIgeT 5% IgeT 12 x IgeT
1 0 1.5 x Iget 3 x IseT 15 x Isgt 0
1 1 0.5 x IsgT 1% lget 5 x st 0

The reference current Isgt is set by an external resistor Rggt at Pin 14. Rget should be between 6 kQ and 15 kQ,
giving an Iggt of approximately 208 pA and 83 A, respectively.

lor = Veer where Vgt is a regulated 1.25 V reference voltage.
RSaET

There are three ways to connect the charge pump outputs to the loop filter:

e Connect only PHP to the loop filter

¢ Tie PHP and PHI together for higher charge pump output and connect to the loop filter
¢ Use the adaptive mode.
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2.1.1. Speedup mode

As seen in the block diagram (Figure 1), there are two independent charge pumps, PHP and PHI. The charge
pumps will enter the speedup mode at the rising edge of the strobe after the last bit of WORD A is sent. The
charge pumps will get out of speedup mode when the strobe goes back low. Speedup mode can also be activated
via software by programming the Tgp bit in Word E.

If CP = 00, the output current of PHP = 15 X IggT, and PHI = 36 X Iggt
If CP =01, the output current of PHP =5 x Igg, and PHI =12 x Iggt
If CP =10, the output current of PHP = 15 x Igg, and PHI =0

If CP = 11, the output current of PHP =5 x IggT, and PHI =0

One drawback of the speedup mode is that there is a secondary glitch that occurs when the charge pumps go from
speedup to normal mode. This switching causes a difference in final phase error due to different current gains
which results in frequency instability or glitch in the frequency domain. It will, in effect, cause the switching time to
be longer depending on the loop bandwidth. One way to combat this problem is to experiment with the strobe
pulse width to optimize the duration that the charge pumps remain in speedup mode.

The following graphs show typical measurements of the sink and source currents of the charge pumps for different
CP settings.
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Figure 4. PHP charge pump vs. temperature with CP=10
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2.1.2. Charge pump-phase detector characteristics
The following setup is used to obtain the phase detector gain curve.

lcp_ave
PHP
HP8664 1GHz +10000

Q

GND

SR02063

Figure 18. Phase detector gain measurement

The HP8663 supplies the reference input, and the HP8664 supplies the RF input. The two frequencies are divided
down to obtain a comparison frequency of 100 kHz. The phase of the HP8664 is varied and Icp_avg is measured
as a function of the phase error.

" terror »
—— =l
- 1T " """ — — — — - 1 — — — lCPﬁAVG
SR02064
Figure 19.
t
lep_ave = (-F;mr) X lep )
PC
. T
Phase Detector Gai |cp avg X (%) 2
- error

Phase error values are taken in the region of +10 ns. The loop spends most of its time in this region when it is
locked or near locked. Figures 21 and 23 show the source and sink gains of the phase detector.
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Conditions: Rggt = 12 kQ, CP = 00; Icp = 306 pA, Vcc =3.0V
Figure 21. Phase detector gain
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Figure 23. Phase detector gain
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2.2. Fractional compensation

.| FRACTIONAL
ACCUMULATOR

lcomp
lPump LOOP FILTER
frReF >

U & VCO

SR01800

frg — MAIN DIVIDER

Figure 24. SA8026 fractional compensation method: current injection

SA8026 fractional compensation current is added to Ipyp and lpy, via an 8-bit DAC (FDAC) to reduce the fractional
spurs. Design target is for at least 15 dB of compensation with FDAC values of 80 for FMOD = 8 or 128 for

FMOD = 5. The optimum FDAC value may be dependent on board layout and may vary up to 10%. The designer
can get better fractional spur rejection by further tweeking the FDAC value.

The compensation current generated is:

| _ lpump % FDAC
comp 128 © 5 x 128

If FDAC is fixed, the compensation current is then directly proportional to the value contained in the fractional
accumulator (FRD).

x FRD 3

2.2.1. Find FDAC
At every cycle, the VCO advances on the reference by FRD/FMOD of the VCO cycle. The instantaneous phase
error is then:

FRD 1
FMOD * VCO “)

where FMOD is the modulus used. Therefore, the extra charge taken from the filter is given by:

Qv = EMOD x vCo ®)

To compensate for this charge, we add an equal amount of charge to the filter.

_ lpuwp FDAC 128
Qeove = o8 X 5x 128 < TRP X o ©)
_ lpuwe X FDAC x FRD @
- 640 x VCO
Setting Qn = Qcomp and solving for FDAC
FRD X lpyye _ lpuwp X FDAC X FRD ®)
FMOD x VCO ~— 640 x VCO

_ _640
:> FDAC = =55 9)

From Equation (9) above, the optimal theoretical FDAC value for FMOD = 8 is 80, and 128 for FMOD = 5.
Note that FDAC is:

* |Independent of the reference frequency
¢ Independent of VCO frequency
* Independent of charge pump current.
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Figure 25. Fractional compensation for FMOD = 8

From Figure 25, the measured optimal FDAC value is 76. Note that the theoretical or expected optimal FDAC
value is 80. Near the optimal value, minor variation of the FDAC value can result in large degradation of fractional
suppression. FDAC can vary as much as 10-15 dB for +2 counts. The characteristics of this curve will be the same
from device to device but might be shifted by +2 FDAC counts.
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Figure 26. Fractional compensation across frequency, | seT =165 mA, Ve =3V, FDAC =76

Although it is desirable to have the fractional compensation constant across frequency, Figure 26 shows that it can
vary as much as 10-15 dB. This is equivalent to 2 counts as stated. If this variation is a problem, the designer
can reprogram the FDAC to get back to the optimal compensation.
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Figure 27 shows the average optimal FDAC for different Isgt and supply voltages. One way to predict the behavior
of the fractional compensation is to look at the phase detector gain plot. Since the optimal FDAC value is also
dependent on the board layout, the phase detector gain curve has that information. Ideally, the curve should be flat.
If the curve is above or below the expected phase detector gain near the zero phase error, the FDAC value will have
to adjust for it. This adjustment is based on the theoretical optimal FDAC value. Another plot that could help
designers is Figure 28, which shows the performance of the fractional compensation with different IsgT. The designer
can trade-off between Isgt and the amount of fractional compensation.
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Figure 27. SA8026 optimal FDAC value for FMOD = 8
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Figure 28. Fractional compensationvs. |  ggt
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2.3. Reference divider

The reference oscillator drives a preamplifier to provide the clock for the reference divider. The maximum
frequency allowed is 40 MHz. For better noise performance, it is recommended that a TCXO be used. The
reference divider is programmable with values between 4 and 1023 and followed by a three bit binary counter. The
3 bit SM (SA) determines which of the 5 output pulses are selected as the main (auxiliary) phase detector input. To
avoid cross-talk between the main and auxiliary divider, the phase detector signals generated by the reference
divider for the main phase detector occur at different time as the phase detector signal for the auxiliary divider.
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Figure 29. Reference input sensitivity
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Figure 30. Reference inputimpedance
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Table 3. Reference input impedance
Typical input impedance of the REF;, port at Vpp =3.0 V

Frequency (MHz) Re (Ms) Im (Ms) Resistance (k Q) Capacitance (pF)
5 0.09 0.02 10.91 0.50
13 0.10 0.05 10.50 0.65
21 0.10 0.07 10.48 0.55
29 0.10 0.10 10.05 0.53
37 0.11 0.12 8.86 0.52
45 0.10 0.14 9.64 0.48
53 0.11 0.16 8.93 0.49
61 0.11 0.20 9.27 0.52
69 0.11 0.20 9.12 0.47
77 0.11 0.24 8.97 0.49
85 0.11 0.26 9.31 0.49
93 0.11 0.29 9.30 0.50

101 0.11 0.31 8.74 0.49
109 0.10 0.33 9.61 0.49
117 0.13 0.35 7.76 0.48
125 0.12 0.38 8.30 0.49
133 0.12 0.41 8.01 0.49
141 0.11 0.44 8.74 0.50
149 0.14 0.45 7.37 0.48
157 0.15 0.48 6.83 0.49
165 0.14 0.51 7.22 0.49
173 0.14 0.53 6.95 0.49
181 0.15 0.56 6.70 0.49
189 0.16 0.57 6.20 0.48
197 0.17 0.59 5.98 0.48
205 0.16 0.62 6.36 0.48

1999 Nov 16

16



Philips Semiconductors Application note

SA8026/7026/8016/7016 AN1893
Low voltage fractional-N dual frequency synthesizer

2.4. Main divider

The RF, differential inputs drive a pre-amplifier to provide the clock for the main divider. The pre-amplifier has a
high input impedance, dominated by pin and pad capacitance. For single-ended operation, the input signal should
be fed to one of the inputs while the other one is AC grounded. The divider consists of a fully programmable
bipolar prescaler (first 7 LSBs) followed by a CMOS counter. Total divide ratios range from 512 to 65536.

At the completion of the main cycle, a main divider output pulse is generated which will drive the main phase
comparator and the fractional accumulator is also incremented by the value of NF. When the accumulator overflows,
the overall division ratio N will be increased by 1 to N+1, the average division ratio over FMOD (either 5 or 8 will be:
NF
Nfrac = N + FMOD (10)
The output of the main divider will be modulated with fractional jitter. The phase jitter is proportional to the contents
of the fractional accumulator and is nulled by the fractional compensation charge pump.
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Figure 31. Main divider input sensitivity versus frequency and supply voltage (Temp = 25 °C)
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Figure 32. Main input impedance
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Table 4. Main input impedance
Typical input impedance of the RFj, port at Vpp = 3.0 V

Frequency (MHz) Re (Ms) Im (Ms) Resistance (k Q) Capacitance (pF)
500 1.15 1.64 0.87 0.52
600 1.22 1.97 0.82 0.52
700 1.28 2.30 0.78 0.52
800 1.37 2.50 0.73 0.53
900 1.47 2.80 0.68 0.55
1000 1.58 3.20 0.63 0.56
1100 1.69 3.60 0.59 0.58
1200 1.70 4.00 0.56 0.60
1300 1.80 4.60 0.52 0.62
1400 1.90 5.10 0.48 0.64
1500 2.00 5.50 0.45 0.67
1600 2.10 6.10 0.41 0.70
1700 2.20 6.80 0.38 0.73
1800 2.30 7.20 0.35 0.77
1900 2.40 7.60 0.33 0.80
2000 2.50 8.20 0.30 0.85
2100 2.60 9.10 0.28 0.91
2200 2.70 9.80 0.26 0.98
2300 2.80 10.40 0.23 1.06
2400 2.90 11.10 0.21 1.15
2500 3.10 11.70 0.19 1.26
2600 3.30 12.40 0.17 1.38
2700 3.50 13.40 0.15 1.52
2800 3.70 14.30 0.13 1.71
2900 3.90 15.30 0.11 1.93
3000 4.00 16.00 0.10 2.24
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2.5. Auxiliary divider
The Auxiliary divider structure is the same as the main, except that there is no fractional capability and it is only a
14-bit divider. Permissible divide ratios range from 128 to 16384.
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5 S0 = ypp=500Vv
g 21000 || == ===~ Vpp=3.75V
i — —  Vpp=300V
& -15.00  ——on  Vpp=2.70V
g -2000 —
a o — -
2 2500 [ =——{_ — =
2 —~—— - | _L-1- -’ l =
% 230,00 |~ - —/ P e

- ==
b= \ R
S 3500 | =
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=
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FREQUENCY (MH2)
SR01880

Figure 33. Auxiliary input sensitivity
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Figure 34. Auxiliary input impedance
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Table 5. Auxiliary input impedance
Typical input impedance of the AUX;, port at Vpp = 3.0V
Frequency (MHz) Re (Ms) Im (Ms) Resistance (k Q) Capacitance (pF)

50 0.10 0.17 10.22 0.56
90 0.12 0.29 8.49 0.51
130 0.11 0.41 9.19 0.51
170 0.13 0.54 7.45 0.51
210 0.15 0.67 6.77 0.51
250 0.16 0.80 6.30 0.51
290 0.17 0.92 5.78 0.51
330 0.19 1.05 5.30 0.51
370 0.19 1.19 5.18 0.51
410 0.23 1.32 4.44 0.51
450 0.24 1.44 4.20 0.51
490 0.26 1.59 3.92 0.52
530 0.28 1.72 3.60 0.52
570 0.32 1.84 3.10 0.51
610 0.36 2.00 2.82 0.52
650 0.39 2.15 2.57 0.53
690 0.40 2.28 2.48 0.53
730 0.43 2.45 2.31 0.53
770 0.47 2.62 2.14 0.54
810 0.50 2.77 1.99 0.54
850 0.55 2.98 1.81 0.56
890 0.59 3.19 1.69 0.57
930 0.65 3.40 1.53 0.58
970 0.71 3.62 1.42 0.59
1010 0.77 3.89 1.29 0.61
1050 0.86 413 1.17 0.63

2.6. Lock detect

The output LOCK maintains a logic ‘1’ when the auxiliary phase detector is ANDed with the main phase detector.
The lock condition for the main and the auxiliary synthesizers is defined as a phase difference of less than

+ 1 period of the reference frequency.

2.7. Power down

The SA8026 can be powered down either by hardware or software. The PON (hardware) signal is exclusively
ORed with the PD (software) bits in the B-Word. If PON = 0, then the part is powered up when PD = 1. When the
synthesizer is reactivated from power-down, the main and reference dividers are synchronized to avoid possibility
of random phase errors on power-up.

2.8. Test pin
The Test pin (Pin 2) is used as an input pin for the test mode. For normal operation of the synthesizer, this pin
should be either grounded or connected to Vpp.
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2.9. Pin functions

PIN PIN
NUMBER MNEMONIC EQUIVALENT CIRCUIT
Vbp
1 LOCK
GND
2 Test Voo
20 PON yy
19 STROBE . = [
18 DATA Y [\:'T
17 CLOCK . GND
Vbbcp
8 PHP
9 PHI 8
11 PHA
GNDcp
Vee
1.5K
A
14 Rset 10

REGULATED )
VOLTAGE 1.23v

14

GND
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PIN PIN
NUMBER MNEMONIC EQUIVALENT CIRCUIT
1.5V Voo
5 RF; -+ -
in+ y W | |ﬁu< 'y
1K
6 RFi_ _ N 6
A
12 AUXin
GND
Vbbb
16 REFin+ 'y
16
15 REF; - 'y

GND
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3. LOOP FILTER DESIGN
3.1. Normal design equations
o . Final frequency resolution after settling
5 = frequenc;_/ error after settling (11)
switching step
tsw : Switching time (sec) 4 : Damping factor
fn : Natural frequency Kvco : VCO gain (Hz/V) or 2tV CO gain (rad/V)
Wn . 211, (rad/sec) Ko . Phase detector gain = Icp/21t (A/rad)
N : Divide ratio
-1nd - /1 -1¢2
C * tow
Ks * Kveo
C, = KI oo 13)
0.5
N
R, =2 14
1 C(Kq) . KVCO Cl) ( )
G,
C. =75 (15)
® 1> 100 (16)
R, Cs "
R2
PHP ' — : O VCO
R1 G Cs
SA8026
C1
l SR02096
Figure 35. Loop filter
- 1/2
BWae = 5 [ 22+ 1+ J22+ 17+ 1 ] 17)
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3.2. Design example

This design example will give the user an idea of the performance of all parameters: phase noise, fractional spurs
compensation, comparison spurs, and switching time. The resulting components are used on the demo board. For
a quick AC verification of the demo board, the user can refer to the measured plots in this application note.

VCO frequency (fyco) = 2083 to 2108 MHz

Channel spacing (fchan) = 30 kHz

Comparison frequency (feomp) = 8 [B0 kHz = 240 kHz
Switching time (tg,,) = 400 psec

Switching step = 25 MHz

Frequency error = within 1 kHz

VCO gain (Kyco) = 40 MHz/V Murata MQG101-2098
Reference crystal (fief) = KSS VCTCXO 19.44 MHz

Determine R ggt
Choose Icp =500 YA ; CP = 00 (Table 2 on Page 5)

3'VSET: 3-1.25_

RSET IQSET

500 pA

lep = 3+ lggr =
RSET: 7.5 kQ

Determine N:
To ensure the same switching time from both directions, we use the worst case,

_ 2108MHz _
N = 240kHz 8783

Determine wy:
From Equation (11)

— 1000 _ —
d = Sgg= 0.04e-3

Pick ¢ = 0.707 ... critically damped
From Equation (12)

B —|n(o.04e—3- ,/1—0.707)

On = 0.707 - 400e—6

= 37034rads

Determine R 1, C4, Cy:
Using Equation (13) with 2mtfrom Kyco (rad/V) and /51t from Kg, (A/rad) canceled out,

500e—6- 40e6
= R0 aUCO 00 use 1.8 nF
C1 = g783- 37032 ~ 1O7F
Using Equation (14)
0.5
— 9. ) 8783 - O 22 kQ

R, = 2 - 0.707 (5006_6_ 1006 1_8e_9) 22.086lK2 use
Using Equation (15)

C, = 1-?8‘9= 180pF

Determine R 5, C3:
Using Equation (16)
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For the Auxiliary Synthesizer, follow the same procedure as described above.

VCO frequency (fyco) = 492.9 to 500.9 MHz
Comparison frequency (foomp) = 240 kHz
Switching time (tg,) = 1.8 ms

VCO gain (Kyco) = 6 MHz/V

Determine N:

N = 500MHz

= a0kHz - 2083

Determine wy:

_ 1000 _ —
d = 5e 6= 0.04e-3

Pick & = 0.707

B —|n(o.04e—3- ,/1—0.707)

®n = 705,707 1800e—6

= 8230rad's

Determine R 1, C4, Cy:

C, = (—2506—6' 636) = 10.63nF 0 use 10nF

2083 8230
0.5
_ 9. . 2083 - 0 18 kQ
R, = 2 0.707 (2508_6_ Fet 10e—9) 16.67K2 use 18
_ 10e-9 _
C,==j5 =1nF

3.3. Performance measurements
The following parameters are measured for performance verification:
¢ Close-in phase noise/integrated phase jitter

¢ Fractional spurs compensation

e Comparison spurs

¢ Switching time

Close-in phase noise is measured using the marker noise option on a HP8563 spectrum analyzer. If this option

does not exist, a common way of measuring the phase noise is by reading the level at a particular offset
(usually 1 kHz) with respect to the carrier (dBc). Use the equation below to calculate the phase noise.

Phase noise (dBc/Hz) = dBc — 10log(RBW), where RBW is the resolution bandwidth of the spectrum analyzer.

Note that using the equation above will yield a phase noise result approximately 2 dB better than with the marker
noise option. This is because the marker noise option already adds a correction factor of 2.5 dB to the measurement
in consideration of the actual noise power bandwidth and equipment accuracy (see Phase Noise Setup).

Switching time is measured using a HP53310A Modulation Domain Analyzer. Use external trigger with the 3-wire
bus strobe as the trigger source (see Switching Time Setup).

Integrated phase jitter and residual FM are measured using a Rohde and Schwarz Modulation Domain Analyzer or
by using the formulae below with the single sideband phase noise plot.
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10 a8/ SPOT FRQ = 1. 00 kH=
RL —50 dBocrsH= —77. 17 dBC/H=
f meMWWM%
L ) o
Mkl
f
é&() ‘ \’y\m
Mo, |
ﬂ“ﬂwﬂ‘uﬂk
f, 1= Integrated BW —— f,
100 FREQUENCY OFFSET 1
Hz= FROM 2. 088 GH=z CARRIER M=
SR01961
Figure 36.
Integrated phase jitter:
f2
O, = ISq) (Hdf (18)

fy

Where f; is normally taken from 0.001R to 0.05R and f; is normally taken to be equal to R. R is the symbol rate in
hertz for digital communications systems. S(f) = 24.(f).

Integrated residual FM:
f2

f f2s, (fdf (19)

f

1

Where f1 and f, are offset frequencies for which the quantity applies. S(f) = 24.(f).
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3.4. Performance results
3.4.1. Simulated results of design example
(1) Magnitude of open loop transfer
80 ™~
‘O\
SN
60 I _
~— N 0= NORMAL MODE
40 < :~\O\ 0= SPEEDUP MODE
20 \‘\x\\\_
% 0 \CL\‘ [~~~
\D\\ O
-20 \(L\ R
o~
—40 \:r\\\
—60 Y NN
\\~
-80
2 5 103 2 5 104 2 5 105 2 5 106
Hz
_120 (1) Phase of open loop transfer
iy T T 1111
130 P N O=NORMAL MODE | | ||
/’ ‘\ 0 = SPEEDUP MODE
1
-140
X
i N
@ _150 /
i // h
-160 P N
A ub\
» N
-170 ~
] lr\__
-180
2 5 103 2 5 104 2 5 105 2 5 108
Hz
SR02065

Figure 37. Open loop response for design example.

The phase margin is around 53° in normal mode, and 48° in speedup mode. If PHI charge pump were connected
to PHP for an Icp of 8.5 mA in speedup mode, the phase margin would have reduced to 29°. Thus there would be
peaking in the response as loop becomes less stable. A better way is to connect the PHI output to the integrating
capacitor for two different loop responses. This approach is described in the “adaptive mode” section.

1999 Nov 16 27



Philips Semiconductors Application note

SA8026/7026/8016/7016

: . AN1893
Low voltage fractional-N dual frequency synthesizer
(1) Magnitude of closed loop 0,/0;
80 =1 Jxﬁiiiiﬁh — 0
D N
70 \\
N
60 \D\\ \
N N
o 50 Ny \\
40 \\ \‘13
| | 0= NORMAL MODE N N
30| | 5 =SPEEDUP MODE \:‘\ NJ
N
20
\\
10
2 5 103 2 5 104 2 5 105 2 5 106
Hz
(1) Phase of closed loop 0,/0;
0 L I [ T [ TTT11
SO ~__ | | | I T T 11
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N N
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w75 \ \
G 100 \j\ \‘
B N |V
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\[]\\\\
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m\
-175 =0
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Figure 38. Closed loop response for design example.
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3.4.2. Loop bandwidth measurement
Loop BW calculated from Equation (17) in Section 3.1. “Loop Filter Design” is 12.13 kHz. Figures 39 and 40 show
the actual loop bandwidth which correlates well with the design equations and simulated results of Figure 38.

10 dB./~ SPOT FRO = 1. 00 =<H=
RL —S0O dBoc/H= —7 7. 17 dBC/H=

= w2 T

W\Jg i 'WWWNW WW”\%.

1 e Fractional spur
[y U\
) r‘r Comparison spur
P,
)
Ao
By — Ll
100 FREQUENCY OFFSET 1
H= FROM 2. 098 GH= CARRIER MH =
SR01959
Figure 39. Loop bandwidth normal mode: CP = 10
10 9B/ SPOT FRQ = 1. 00 kH=

RL. —5S0 dBco/ /H= —78. 00 dBC / H=

|

|

|
MMV] e TN L i | ﬁ]\
]

i —

=

B
e

i

SRR NV S % W W O S

100 FREQUENCY OFFSET il
B 22 FROM 2. 088 GCH= CARRIER M=

SR01960

Figure 40. Loop bandwidth speedup mode: CP =10

With the same FDAC value as in normal mode, spurs are enhanced during speedup mode. The designer needs to
adjust the FDAC value if speedup mode is used all the time.
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3.4.3. Main phase noise

ATTEN 18dB VAUG 3B AMKR -77.51dB/Hz
RL BdBm 18dB/ 1. 802k Hz
AHKE
1. 080 kifz
D751 4B-H3
WMMW‘NJ‘J et g VY]

CENTER 2.897B4E691GHz

RBW 30Hz

UBKW 38Hz

SPAN 5. 800k Hz
SWP 9B69ms

SR01951

3.4.4. Noise floor

Figure 41. Main phase noise (@ 1 kHz offset = —77.51 dBc/Hz)

Cal. Phase Noise (dBc/Hz)

-140.00

-142.00

-144.00
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SA8026 Phase Noise Floor
2.1GHz VCO

& 3888

500 1000 1500 2000 2500 3000 3500 4000

Comparison Frequency (kHz)

4500

SR02187

Figure 42. Noise floor

Figure 42 shows the noise floor for different comparison frequencies. This plot is obtained by measuring the

close-in phase noise at 1 kHz offset and then subtracting 20log(N), where N is the main divider ratio.
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3.4.5. Comparison spurs

ATTEN 18dB VAUG 188 aMKR -B1.17dB
RL BdBm ipdBr 240. Bk Hz

Y =g

=RX

=)

|
m
m|N

A1
- -

CENTER 2.B8978472GHz SPAN 588.BkHz
RBW 3.0kHz UBW 3.8BkHz SWP 148ms

SR01950

Figure 43. Comparison spur (@ 240 kHz = —-61.17 dBc)

Comparison spurs are mainly caused by the mismatch of the charge pumps. However, leaky external components,
such as loop filter capacitors and VCO, will also contribute to this spur.
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3.4.6. Fractional compensation performance

The quickest way to check for fractional compensation performance is to set FDAC = 0, then increase FDAC until
optimal compensation is found. Figure 44 shows the fractional spur with the FDAC set to 0. Note, there is some
attenuation from the loop filter. Note that this value may vary by a few counts from device to device. This variation
is also board layout, V¢, and Isgt dependent.

ATTEN 12dB UAUG 42 aMKR -~11.33dB
RL BdBm 18d B~ 38. BkHz

AMK
30.

kH

|
[

Y.

(=]
I
[
[
[41)
w
tl:ll
—t
— .

{,,.._-—4——'—

mencw R

CENTER 2.@8978472GHz SPAN 188.kH=z
RBW 1.8kHz UBK 1.B8kHz SWP 250ms

SR01954

Figure 44. Fractional spur @ 30 kHz =-11.33 dBc, FDAC = 0 (uncompensated)

ATTEMN l2dB VAUG 108 aMKR —42.17dB

RL @dBm 18dB- BHz
f
AMRR [ T
B Hz
DI—=4z117 4B I
/1

o)
= L. W

CENTER 2.89578472GHz SPAN 198. BkHz
RBW 1.8kHz UBHW 1.09kHz SWP Z25@ms

SR01953

Figure 45. Fractional spur @ 30 kHz = -53.5 dBc, FDAC = 76 (compensated)
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3.4.7. Switching time measurement

F1

F2
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F2

2.897875716% ‘
)
]
1
]
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2.897625716¢ a o
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F 2.89785871GY E 2.89782571G% a —25.88kY
2. 89785154146Y
L
2.897858541468 : LlAaah i
: YL
2. 8976495414GY '
—-2.588ns A.88s 2.588ns
588.8ps/div
T 55.6ps 1 378ps a 322ps
E 2.8978585414GY F 2,89785154146% o 1.90800kY
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Figure 47. High-to-Low switching to within 1 kHz (30 MHz jump)
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3.4.8. Secondary glitch

A secondary glitch occurs when the charge pumps go from speedup to normal mode. This switching causes a
difference in final phase error due to different current gains which results in frequency instability or glitch in the
frequency domain. It will, in effect, cause the switching time to be longer depending on the loop bandwidth. One
way to combat this problem is to experiment with the strobe pulse width to optimize the duration that the charge

pumps remain in speedup mode.

2. A9786074664

2.89768587466 )
«N%M,z@.wﬂv;, e ’\.J\‘ WWMAM
F1 \
______________________________ :___ S N S S
2. 89784874664 '
-2.588ns B.88s 2.588ns
588, Bps/div
P2 1 @.8@s T 222ps a 222ps
F 2.R9785A746GY E 2.A978441866Y a —6.641kY

SR01955

Figure 48. Strobe pulse width =200 ps in software (WINSYNTH); frequency pull = 6.6 kHz
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Figure 49. Strobe pulse width =900 us in software (WINSYNTH); frequency pull = 6.6 kHz
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3.4.9. Auxiliary phase noise

ATTEN 18dB VAVG 7@ aMKR —-81.51dB-/Hz
RL 8dBm ladB~ 3P8Hz

AHKE

308 |H=z
DI=81{51 4B-H%

S b —— Sl A B
CENTER 508. 154441iMHz SPAN 2. 888k Hz
REW 38Hz VBW 38Hz SWP 411lms

SR01949
Figure 50. AUX phase noise (@ 1 kHz offset = -81.51 dBc/Hz)

3.5. Adaptive mode

To take advantage of having two charge pumps, designers can implement the loop filter in adaptive mode where two
different loop responses are realized. When the synthesizer switches from channel to channel, a wider loop
bandwidth is desired. Once the synthesizer is locked to the correct frequency, a narrow filter bandwidth is required
for lower noise performance. This mode can be implemented by connecting the PHI charge pump to the integrating
capacitor C4, controlling the width of the STROBE (amount of time in speedup), and selecting CPO,1 in Table 2.

Derivation for Conventional Filter with 1 charge pump
Assuming there is no spurs attenuation pole,

lpyp \Y

Ry

C1
; SR02097

|
V = IPHFR1+SLST

sRC, +1
= lpy T

Since the charge pumps are in speedup mode, Ipyp = X OnormaLs Where X is the current factor set by CP in
Table 2.
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Then,

sRC, + 1
V=X: |NORMAL(%)

Thus, the transfer function becomes:

\V; sRC, + 1)
Fn(s) = =X
N( ) I NorRmAL ( sC
_ -1
Pole = OHz Zero 7R.C,
Gain = X

Derivation for Adaptive Filter with 2 charge pumps

Assuming there is no spurs attenuation pole,

IpHp \

Ry

Cl /;[
SR02083

V = (Rl + %l)IPHP—i_ %llpm

_(sRC; +1
=T

Since the charge pumps are in speedup mode,

IpHI

lerp = X+ InorumaL and lor = Y * InormaL
where X and Y are the current factors set by CP in Table 2.

Then,
— (SR1C1 + 1)X ) INORMAL +Y - INORMAL

V sC,
Thus, the transfer function becomes:
\Vi (sRC, + )X + Y
Fa(s) = =
A = G,
_SRCX + (X +Y)
= G,
sR,C,X
(X+Y)(X+Y +1>
= sC
Pole = OHz Zero= _X+Y Gain=X+Y

Zﬂ:RlCl * X
The gain is increased by a factor of X+Y and the zero is shifted by (X+Y)/X
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Conventional Filter with 1 Charge Pump

S

R1
Co
Cy ;
P1,P2=0 p3 = (C1+C2)
(27R1C1C2)
_ 1
fz = 5Rict

Speedup Mode

Normal Mode

} }
0| pl,p2 z p3
A

-180

Reduced Phase Margin During Speedup

Adaptive Filter with 2 Charge Pumps

S
Ry
Co =
PHI
C

1

/77 777
P1,P2=0 pg = (C1+C2)
(27R1C1C2)
fz = X+Y 1 lePHP_SU
X 27RIC1 Y=lpn
Speedup Mode

Normal Mode

—-180

} }
pl, p2 z p3 :\

Phase Margin is the Same for Speedup and Normal

fz _ Xty _ Ve
=X For CP = 00, fz'/fz = 3.4

SR02098

Figure 51. Filter response for different modes
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4. PERFORMANCE OF THE SA8026 IN DIFFERENT APPLICATIONS
4.1. 1S-136
Table 6. Measurement results for IS-136 Application
NP = Not Populated
Parameters  1S-136 Application
Loop Components C1=10nF R1=9.1kQ
C,=1nF R, = NP
C3 =NP
VCO VCO Gain Kyco 40 MHz/V
Murata VCO Frequency fyco 2098 MHz
Frequency Range 2058 — 2138 MHz
Channel Spacing 30 kHz
Comparison Frequency 240 kHz FMOD =8
Reference Frequency: VCTCXO KSS 19.44 MHz
Charge Pump Current Gain Icp 492 pAlcycle
Rser 7.5kQ
CPO, CP1 CPO=0,CP=0
Results
Loop Bandwidth 5 kHz
Close-in Phase Noise @ 1 kHz —74.2 dBc/Hz
Integrated Phase Jitter; 10 Hz — 100 kHz 2.9 mrad rms
Residual FM; CCITT Filter 2100 MHz 30 Hz rms
Fractional Spurs —64 dBc
Comparison Spurs —71 dBc
Switching Time to within 1 kHz 2078 to 2108 MHz 744 ps

ATTEN 18dB UAVUG 1B aMKR —74.51dBsHz
RL BdBm 18dB~ 1. BBk H=z

aMKR

1.888 ki=z

DI=74]S1 4B H3

A ,

CENTER 2.B97878684GH=z
RBW 38Hz VBW 3BHz

SPAN 5. BBBkHz
SWP 9B69ms

SR01964

Figure 52. 1S-136 phase noise
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ATTEN 18dB VAUG 188 aMKR —-62.508dB
RL BdBm 18dB~ 380. BkH=z

AMKH

I
30. 8 kHi !‘
i

DI-6z[S@ 4B

|
FARN
M,lr" N,

FA=

M
o™ ]
0, ¥
— S M”‘M
CENTER 2.@9787 12GHz SPAN 108 . @k Hz
REW 1.BkHz UBW 1.BkHz SWP 25B8ms

SR01965

Figure 53. 1S-136 fractional spur

2. 187921888264

i
/

2. 107920008268

— o
-

Z.1879198882GY I
—2.580ns 8.88s Z.SBBMS‘

500. Bus/div
T 66.7ps T 811ps a 744ps
 2.1880912947G% F 2.1880022947GY o 1.8088kY L

Figure 54. 1S-136 switching time
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4.2. DCS1800
Table 7. Measurement results for DCS1800
NP = Not Populated
Parameters  DCS1800 Application
Loop Components C,=15nF R1=3.6 kQ
Cy,=15nF |R,=7.5kQ
C3 =560 pF
VCO VCO Gain Kyco 40 MHz/V
Murata VCO Frequency fyco 2098 MHz
Frequency Range 2058 — 2138 MHz
Channel Spacing 200 kHz

Comparison Frequency

1000 kHz FMOD =5

Reference Frequency: VCTCXO KSS

13 MHz

Charge Pump

Current Gain Icp

492 pAlcycle

RseT 7.5kQ
CPO, CP1 CP0=0,CP=0
Results

Loop Bandwidth 8 kHz
Close-in Phase Noise @ 1 kHz —81 dBc/Hz
Integrated Phase Jitter; 10 Hz — 100 kHz @ 2100 MHz 20.6 mrad rms
Fractional Spurs —76 dBc
Comparison Spurs —80 dBc
Switching Time to within 1 kHz 2078 to 2108 MHz 467 s

ATTEN 18dB  UAUG 33 aMKR -81.51dB/Hz
RL @dBm 1Bd B/ 1. @Bk Hz
AMKR
1.060 kHz A
DI=81]s1 dB-HZ m
A A gl Loand o Ls o L b i
Aahadil® L0 L B | vy i B

RBW 3@H=z

CENTER 2.B8982081308GHz
UBW 3BH=z

SPAN 5. BBk Hz
SWP 9ESms

SR01967

Fig

1999 Nov 16
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ATTEN 18dB UAUG 188 aMKR -75.808dB
RL BdBm 1Bd B~ 200 . Bk Hz

aMKR
288 (B8 kH=z

DI=7ETep 4B

N‘"“"w.. X

:—x/l‘m““‘” N

CENTER 2.8982014GHz SPAN 5098 . Bk Hz
RBW 3. 8kHz VBW 3.BkHz SWP 14Bms

SR01968

Figure 56. DCS1800 fractional spur

7 . 108608229476

]

=,_
—

..
=
——
—
p—

2. 108001294768

2. 1888802947GY

-2.588ns 8.88s 2.588ns
588.08ps/div

T 66.7ps T 533ps & 467ps

F 2.1A88012947GY E 2.1888822947GY o 1.88688kY |

SR01969

Figure 57. DCS1800 switching time
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4.3. PHS

Table 8. Measurement results for PHS Application
NP = Not Populated

Parameters  PHS Application

Loop Components C,=10nF R1=4.3kQ
Co=1nF R, = NP
C3=NP
VCO VCO Gain Kyco 18 MHz/V
Murata VCO Frequency fyco 1662 MHz
Frequency Range 1651 — 1674 MHz
Channel Spacing 300 kHz
Comparison Frequency 2400 kHz FMOD =8
Reference Frequency: VCTCXO KSS 19.2 MHz
Charge Pump Current Gain Icp 492 pAlcycle
RseT 7.5kQ
CPO, CP1 CPO=0,CP=0
Results
Loop Bandwidth 12 kHz
Close-in Phase Noise @ 1 kHz —83 dBc/Hz
Integrated Phase Jitter; 10 Hz — 100 kHz @ 1.663 GHz 13.2 mrad rms
Fractional Spurs —76 dBc
Comparison Spurs —80 dBc
Switching Time to within 1 kHz 1649 to 1677 MHz 344 ps

RL BdBm 18dB~ 1. 88BkH=z

ATTEN 1@dB VAUG 12 aMKR —-83.85dB-Hz

|
]

AMER
1.0080 kK=

D[~83]85 dB/H%

Bl AL TEE T ey s

CENTER 1.B63499275GHz SPAN 5. B8080kHz
RBW 3BH=z UBW 38H=z SWP SB69ms

SR01970

Figure 58. PHS phase noise
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ATTEN 1@dB VAUG 1B8@ aMKR —77.84dB
RL BdBm 18dB~ 3880k H=z

AMK R
3608 [kH=z

DI=77184 dB

1
I
|
!
[
/
%

e s W’-Wcjfkunm«
CENTER 1.BE63588GHz SPAN 1.BBBMH=z
RBW 1@kHz UBW 1@kHz SWP S@. Bms

SR02051

Figure 59. PHS fractional spur

1.6776001745G%

b

1677999174568

T el

1.6775981745GY i
-2 .508ns ' a.88s 2.500ms

5688.0ps/div
T 66.7ps T 411ps a 344ps
£ 2.1888012947G% E 2.1888822947GY a 1.8888kY

SR02052

Figure 60. PHS switching time
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4.4. PCSI1S-95
Table 9. Measurement results for PCS CDMA
Parameters  PCS I1S-95 Application
Loop Components (NP = Not Populated) C1=47nF R1=12kQ
C,=47nF |R,=NP
C3=NP
VCO VCO Gain Kyco 15 MHz/V
Murata VCO Frequency fyco 1780 MHz
Frequency Range 1705 — 1795 MHz
Channel Spacing 1 10 kHz
Comparison Frequency 80 kHz FMOD =8
Reference Frequency: VCTCXO KSS 19.2 MHz
Charge Pump Current Gain Icp 492 pAlcycle
Rser 7.5kQ
CPO, CP1 CPO=0,CP=0
Results
Loop Bandwidth 830 Hz
Close-in Phase Noise @ 1 kHz —60 dBc/Hz
Integrated Phase Noise; 10 Hz — 100 kHz 56 mrad rms
. . 1780 MHz
Residual FM; CCITT Filter 62 Hz rms
Fractional Spurs @ 10 kHz —61 dBc
Comparison Spurs @ 80 kHz —-80 dBc
Switching Time to within 1 kHz 1760 to 1790 MHz 5.24 ms

NOTE:

1. Because CDMA channel spacing is 1.25 MHz and AMPS is 30 kHz, the common channel spacing between the

two for this design is 10 kHz.

ATTEN 1BdB  UAUG 38 AMKR —B@.51dB/Hz
RL BdBEm 1@d B~ 1. @Bk Hz
AMKR
1.880 kHz
D=6@8.51 dB-Hz
mvw,w‘"‘“w e A PP Ll O

CENTER 1.788PB99PBGH=z
RBW 3BHz UBW 3BH=z

SPAN 5. 088kHz
SWP 969ms

SR02053

Figure 61. 1S-95 phase noise
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ATTEN 1@dB VAVUG 22 aMKR —-B1.17dB

RL BdBm 1@dB/ 18, @Bk Hz
aMKR
10. 60 kHz

DITE1.17 dB J

[ A T W
o

A
IW MW
CENTER 1.780818PBGHz SPAN 50. BBk Hz
RBW 3BB0H=z UBW 3BBH=z SWP 1.4Bsec

SR02054

Figure 62. 1S-95 fractional spur

1. 799AAB8520GY : v1

1. 78999985206

1.78999885206% : :
-10.80ns A.88s 18.60ns
2.080ns/div

T 222ps T 5.467ns a 5.244ns
F 2.1888812947GY £ 2.1888822947GY a 1.88088kY

SR02055

Figure 63. 1S-95 switching time
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5. FREQUENTLY ASKED QUESTIONS

Q: How much improvement in phase noise performance of the SA8026 compared to the SA8025?
A: ltis around 6 dB better @ 1.7 GHz.

ATTEN 10408 VAVGEG 400 MR —EB5 . 83303
Rl OdBm 140ds ./ 1.000KHz2

OMEK R
1.000 Kki-z

O _esl.33 las

SA8025

/

hadtd Al s “.'-\r\»«a,.»my\m/"ﬂ (g WOVNTY N WY S

v W L4 LAd
"J‘A\;\‘WAMMNNV\P’.V\ANAW\/U e A A AP RANA A AT
CENTEAR 1.66902566806H=2 SFPAMN S .000KkM2

RBW 30H=z2 VBW 30H=z SWPR DE9ms

SR02188

Figure 64. Phase noise comparison between SA8026 and SA8025

©Q

The device latched up and | could not program it. What do | do now?

A: The device may have inadvertently entered the test mode. This test mode is only used at the plant to verify
certain design parameters. The remedy for this problem is to reset the device by programming WORD E
per data sheet.

Q

What should | do with unused inputs?
A: Unused inputs, such as RFj,., should be AC ground.

Q: Bypass capacitors are recommended for all current setting resistors for SA025 to improve noise
performance, is it the same for SA80267

A: No. Unlike SA8025, SA8026 only has one current setting resistor and no bypass capacitor is heeded.
Using a bypass capacitor may cause the device to oscillate because of the internal circuit.

Q

Will fractional compensation vary from device to device?
A: Yes. However, we guarantee a 15 dB compensation.
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6. APPENDIX A

6.1. Loop filter design

Phase Lowpass vCO
Detector Filter
Reference
XTAL Divider [0} F(s) oo
LPF: Icp(s) V(s)
+N
I C
SR02071
Figure 65. Loop filter block diagram

Derivation of 2nd order PLL formula used in this application note

F(s) =

V(s) _sRC + 1

lo(s)~  sC

From the block diagram, the open loop response of the system becomes:

G(S)H(s) = =

o " Kyveo

sRC+ 1

1+

Ns

K(b * cho(SRC+ 1) _

s$?NC

sC

0

)

To find the characteristics equation, equate 1+G(s)H(s) to 0.

Ko * Kveo

K@'KVCO'R
> > g 4 Kok

S +

NC

Comparing with the standard 2nd order characteristics equation (s2 + 2Zu\s + w2)

2 ch ) cho

ON T TNC

2 Kd).KVCO.R

2wy =
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To find wy, use the envelope of the decaying unit step response of the second order system (0<{<1)

1 1+ Le{wntsw
1+
J1e~o / J1-¢
be) __A__ \_\ RN — — —

1.0
JAVASA S
1 /// \ 1_Le—§<lm‘sw
[1¢2 J1-C?

(Dntsw

SR02072

Figure 66. Envelope of decay unit step response of the second order system

Assuming d is the resolution desired at lock time, we let the envelope shown above equal to this resolution
141 _egfonisw=1-9 (25)
/12

Solving for wntsy, We have:

Oty = —%1n(6 : /1_-@2) (26)

B 1n(6 : \/1_—2;2) @27)
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8. SA8026 DEMO BOARD

8.1. Setup instructions

8.1.1. Demo board setup
1. Connect the interface cable from the demo board to the interface card

2. Plug the interface card to the parallel port

3. Supply the demo board with 7 VDC

4. Switches are used to select regulated supply or external supply voltage

5. Tweak VR3 for appropriate VDDA (default is set for 3.7 VDC on the demo board)
6. Tweak VR1 for Vpp if Vpp is different from VDDA

7. Connect MAIN-OUT or AUX-OUT to spectrum analyzer

8. Run WINSYNTH.EXE to program the device

Optional Aux:

There are provisions for an optional SA602 on the board for designers that wish to check an Auxiliary
frequency other than that VCO module.

Supply Voltage:

Main VCO: 3.0VvDC
AUX VCO: 4.7VDC
TCXO: 3.0vDC
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8.1.2. Synthesizer phase noise setup

PC Compatible
HP 8563E
Spectrum Analyzer
Philips
Winsynth
| ggoood Sy t
[ Ooooo Connected to
% ] ogoooo Printer Port
[ (- ooo 43 3-Wire Bus
@ =t % Interface Card | | | | | | |
oo & GVEDCS
C1o00000@ (XXXX]] / \

|O0000l[i}s P]'il'l'1
CVEDCS @
F o SA7026

SAB026

Emz
|:12|
AUXVCIJ

D 'ucu %00 AUX ouT
E!EIIIE

[ [

.H%@ =

Rel

Keithley 2000

Multimeter
~750VDC | O G HP Power
00000000 A @@ Supply
g s s f s s I 00
b s N s s s 4 ~7.50V
[ ~36.50mADC | OO i

00000000 A @ O

I====2006 O d0opO
|

b s s s e R4

SR01962

Figure 67. Synthesizer phase noise setup
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8.1.3. Synthesizer switching time setup

PC Compatible

Modulation
Domain Analyzer
Philips
HP53310A CODOO O Winsynth
I o O
= OO = Connected to
; OCOo o - Printer Port
= % % % % 3-Wire Bus
o Oooo Interface Card | | | | | | |
=| Oooo GVEDCS
Ex A B c [XXxx)|
©@ © O @ / \
L ]
@
SATO26
SAB 026
- E‘Emg
m 9
REF IN
Emz E.
[Radcaz
AUXVCIJ
AUX OUT
E!EIIIE
C217|C g
. Rerl
Keithley 2000
Multimeter

[ -750vDC  |OG

,00000000 . 0@ HP Power Supply
o::::: OO

P Y s s N s B4 ~7.50V
| ~36.50 MADC | /L\ OO
50m (OXQ) =

00000000 A @ @

I====2006 O dOopo
|

by s s s e R4

SR01963

Figure 68. Synthesizer switching time setup
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8.2. SA8026 demo board schematic
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Figure 69.
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8.3. SA7026/8026 demo board layout

TOP VIEW
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Figure 70. SA7026/8026 Demo board layout
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8.4. SA8026 Bill of materials
Table 10. Application components list for SA8026 demo board
Qty | Volt | Value | Part Reference Part Description Vendor Mfr Part Number
Surface Mount Capacitor
12 |50v | 100pF Cé'l% ‘2"9?'31?'3?'3%6 CAP CER 0805 NPO +5% Garrett Philips 0805CG101J9BBO
1 50V 180 pF C5 CAP CER 0805 NPO +5% Garrett Philips 0805CG181J9BB0O
1 |50V | 1000 pF Cc10 CAP CER 0805 NPO *5% Garrett Philips 0805CG102J9BB0
1 50V | 1800 pF C6 CAP CER 0805 NPO +5% Garrett Philips 0805CG182J9BB0O
3 50V | 0.01uF C11, C41, C42 CAP CER 0805 X7R *10% Garrett Philips 08052R103K9BB0
8 50V 0.1 uF C2, 15, 37, 38, 39, 40, 44, 45 CAP CER 0805 Z5U +20% Garrett Philips 08052E104M9BB0O
6 16V 4.7 uF C28, 30, 32, 34, 36, 43 TANTALUM CHIP CAP Garrett Matsuo 267M 1602 475K 533
C7,8,9, 12,18, 19, 20, 21
14 UL C22, 23, 24, 25, 26, 27
Surface Mount Resistor
10 |s0v| oe RL9, ég,lllg,zylgézo, 29 | RESCHIP 0805 1/10 W #5% | Garrett Philips 9C08052A000-JK
6 50V 18 Q R5, 6, 7,16, 17, 18 RES CHIP 0805 1/10 W 5% Garrett Philips 9C08052A180-JK
4 |50V 50 Q R3, 4, 15, 37 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A500-JK
3 50V 100 Q R25, 26, 27 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A101-JK
1 |50V | 200Q R34 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A201-JK
1 50V 240 Q R35 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A241-JK
1 |50V | 560Q R2 RES CHIP 0805 1/10 W 5% Garrett Philips 9C08052A561-JK
4 50V 10 kQ R30, 33, 38, 40 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A103-JK
1 |50V 12 kQ R19 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A123-JK
1 50V 18 kQ R12 RES CHIP 0805 1/10 W 5% Garrett Philips 9C08052A183-JK
1 |50V 22 kQ R8 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A223-JK
2 50V 33 kQ R39, R41 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A333-JK
7 UL R11, 21, 22, 23, 24, 28, 42
Surface Mount Inductor
1 50 V UL L1 Surface Mount Inductor Coilcraft Coilcraft 1008HS-181TKBC
1 50V UL L2 Surface Mount Inductor Coilcraft Coilcraft 1008HS-751TKBC
Surface Mount Resistor Trimmer
1 50V 2k VR1 3mm 1-Turn J-H Trimmer Garrett Tocos G3A202M
2 50 V 20k VR2, VR3 3mm 1-Turn J-H Trimmer Garrett Tocos G3A203M
Surface Mount Selector Switch
2 |50V | Switch | SW1, SW2 | 3mm Selector Switch | Digikey | Bourns 7813J-1-023E
Surface Mount Temperature Control Crystal Oscillator
1 3V ﬁﬁf TCXO TCXO KSS KSS TCX0-201C1-19.44
Surface Mount Voltage Control Oscillator
1 5V | 496 MHz VCO Voltage Control Oscillator Murata Murata MQE740-496
1 3V 2093 MH VCO Voltage Control Oscillator Murata Murata MQG101-2098
Surface Mount LED
1 |sov] LED | D1 | Surface Mount LED | Digikey [ Lumex |  LUB60205CT-ND
Surface Mount Diode
1 |sov] uL | D2 | Variable Capacitance Diode | Philips [ Philips | BB215
Surface Mount Integrated Circuit
1 5V | SA8026 Ul 2.5 GHz Fractional-N-Synthe. Philips Philips SA8026
1 5V UL u2 Dual Balance Mixer Oscillator Philips Philips SA602A
2 25V | TK11900 U3, u4 Adjustable Voltage Regulator Tocos Tocos TK11900
Miscellaneous
1 Printed Circuit Board KML Vector Philips SA7026/SA8026
3 SMA Main-out, Ref-in, Aux-out SMA Straight Receptacle DC Elect. Connex 132134
1 Header Single Row Header 36-Pins Mouser Waldom 538-22-03-2121
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8.5. 3-wire bus card schematic

c1 c2
4.7 uF 0.1 puF
= = R1 R2 R3 R4 R5 R6
10kQ || 10kQ || 10kQ || 10kQ 10kQ || 10kQ
J 1 —o\
14
: —o
= Data—in 2 o
15
JPL U1A Clock-in 3l ©
HEADERG6 HEF4050BT 16
1 Strobe—out 2/] 3 Strobe—in a4l 5
2 Clock-out ) 17 o
3b Data-out TX—in 5 o
4 TX-out U1lB 18 o
5 b_vdd-out HEF4050BT 18 =)
6 4 "5 2 o
N —O
20 o
8
21 © o
9
o
22 o
N HEF%EOBT d-n 101 o
GND 23
7N 6 ulo°
|V 24 o
12| 4
u1D 25 o
HEF4050BT 13| 4
10 <l| 9 7
U1E =
HEF4050BT GND
1 N\ 12
UIF
PNV HEF4050BT
= VDD
PIN 8 = GND 15~ 14
PINS 13, 16 = NC ~

SR02058

Figure 71. 3-wire bus card schematic
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9. INTRODUCTION TO THE SA7026

9.1. Description

The SA7026 BICMOS 1.3 GHz fractional-N dual synthesizer integrates programmable dividers, charge pumps and
a phase comparator to implement two separate phase-locked-loop control functions, main and auxiliary, in one
TSSOP20 package. The device is designed to operate at 3.0 volts with a maximum active supply current of

8.8 milliamperes, and a standby current of 1 pa. The main divider operates over a frequency range of 500 to

1300 MHz, with an RF input signal sensitivity of —18 dBm. The auxiliary divider operates over the range between
80 to 550 MHz with equal sensitivity. The external, high-precision reference oscillator provides low drift, low phase
noise accuracy to the two sources. (Note: Please refer to the SA7026 data sheet for exact device specifications.)

9.1.1. Loop filter design vs. charge pump current
An example of the design of an effective loop filter is shown below. Note that loop filter bandwidth increases when
the charge pump compensation switches to speedup mode during channel switching.

CP1 CPO lpHA lpHp lpHP-SU lpHi
0 0 1.5xIseT 3XIseT 15xIseT 36XIseT
0 1 0.5xIgeT IxXlseT 5XlseT 12xlseT
1 0 15xIseT 3xlseT 15xIseT 0
1 1 0.5xIggT IxXlseT 5xXlseT 0

9.2. Features

| Vop | Vobcp
E | 13
17‘ L.
CLOCK 2-BIT SHIFT 22-BIT SHIFT PUMP
pata |22 REGISTER REGISTER CURRENT
' SETTING
14
19 CONTROL . PUMP RseT
STROBE ADDRESS DECODER LATCH N— BIAS
LOAD SIGNALS

PHP

LATCH COMP
5
RFin+ —
ﬂ>_, MAIN DIVIDER SASE— 1|

RFin- » | DETECTOR

AMP ‘X‘] _ :
U I LYY

16
REFin+ —— = REFERENCE 2ld 22
REFin- — DIVIDER

15

e

PHI

— LOCK

k
bl

| LATCH K
| PHASE 1 PHA

12

AUXin | AUX DIVIDER DETECTOR 7%
AMP

2 201 pon

TEST ———» | 4 | 7.10
" GND I GNDcp

SR01496

Figure 72. SA7026 block diagram
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Table 11. SA7026 features

Typical performance:

RF
Main frequency range 1.3 GHz (max.)
Auxiliary frequency range 550 MHz (max.)
Reference frequency range 40 MHz (max.)
Phase comparison frequency 4 MHz (max.)
RF input sensitivity —18 dBm (min.)
DC
Supply voltage 27V-55V
lcc powered up 7.5 mA typical @ +3 V
lcc powered down l1pA @ +3V
Features

Low noise performance
Fully programmable via 10 Mb/s 3-wire serial interface
Hardware or software power-downs

Package TSSOP-20
Applications

Mobile telephones
Portable battery-powered equipment

9.3. SA7026 Main loop filter design: 964 MHz

9.3.1. Design example:

VCO frequency (Fyco) 940-970 MHz

Channel spacing (Fchan) = 30 kHz

Comparison frequency (Fcomp) = 8*30 kHz = 240 kHz
Switching time (tsy) = 400 usec

Switching step = 25 MHz

Frequency error = within 1 kHz

VCO gain (Kyco) = 9 MHz/V Murata MQE001-964
Reference crystal TCXO (Fref) = 19.44 MHz

Determine R ggt
Choose Icp =500 uA; CP =00 or 10

3 Veer_3-1.25_

lep =3 lger = 500 uA
e ST TReer | Reer t
RSET =7.5kQ
Determine N:
To ensure the same switching time from both directions, we use the worst case,
_ 964 MHz _
N = 240 KHz — 4017

Determine wp:
From Equation (11) on Page 23:

_ 1000 _ )
d = 52 = 0.04e-3
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Pick ¢ =0.707 ... critically damped
From Equation (12) on Page 23:

B —1r(0.04e—3- ,/1—0.707)

On = 0.707* 40006

= 37034 rads
Determine R 1, Cq, Cy:
Using Equation (13) on Page 23 with 2mtfrom Kyco (rad/V) and 1/2mfrom K, (A/rad) canceled out

50086 - 4066 _
Ci = 2017- 37034 ~ 820 PF

Using Equation (14) on Page 23:

_ . . 4017 5
Ri=2-0.707 (5009—6- 9e6 - 0.8219—9) 47 KQF

Using Equation (15) on Page 23:
C, = 0.82e-910 = 82 pF

Determine R 5, C3:
Using Equation (16) on Page 23:

0 = 1 = 10w,

Ry Cs

Auxiliary VCO:

Fvco = 492.9 to 500.9 MHz
Fcomp = 240 kHz
Switching time = 1.8 ms
KVCO =6 MHz/V

Determine N:

_ 500 MHz _
N =240 knz — 2088

Determine wp:

5 = 1000 _ 4 pge-3

2566
Pick & = 0.707
~1r{0.04-3 - /1-0.707)
On = 5707 18066~ 02°0 rads
Determine R 1, C4, Cy:
G (2083- 82302> 10.63 nF use 2o
- 9. . 2083 5 _ O use 18 kQ
R, = 2+ 0.707 (25%_6‘ 083, 10&9) 16.67 k2
c,=1829_ 1 pnr

10
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9.3.2. Measured performance
10 4dBA SPOT FRA == 1. 00 =H=
R 50 dBc/H= —82, 17 dBC{H%
[ T i T T T
| I \ T, , !
- b4-H + } t
| ( |
Il e L
g
H i ~ N N
. |
A% 1
\
olh
>>>>>>> o e L Ll
SEREAH
i H ! N
— 1 It 14 L L
100 FREQUENCY OFFSET 1
H= FrROM 954, 5 MH= CARRIER MH= SR02189
Figure 73. Loop filter response in Normal mode: CP =10
10 dB. SPODT FRQQ == 1. 00 kH=
RL —S0 dBo./H= —83. 0 dBC.H=
| e A A A B R N R A R AR R N A A
L R R, 1
- 1 i
O -
. L
it |
- USSR S S
N i
i D
L { Cded i
L RSN L I 0 A A A I I RS T A
100 FREQUENCY OFFSET 1
H= FROM SE4. 58 MH= CARRIER MH= SR02190

Figure 74. Loop filter response in Speedup mode: CP =10

* With the same FDAC value as in normal mode, spurs are enhanced during the speedup mode. The designer

needs to adjust the FDAC value if speedup mode is used all the time.
Loop BW calculated from Equation (17) on Page 23= 12.13 kHz
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ATTEN 10dB VAUG 24 aAMKR -83.68dB/Hz
RL BdBm 18d B/ 1. 000k Hz

A A PAAL g AP St A g

CENTER S64. 189489MHz SPAN 5.B800kHz
RBW 38Hz UBW 38Hz SWP 969ms

SR02073

Figure 75. SA7026 Main phase noise measurement result (@1 kHz Offset = —-83.68 dBc/Hz)

ATTEN 18dB VAVUG 100 aMKR —-77.00dB

RL —18.8dBm 18dB/ 240k Hz
AMKR
240 [kHz

DIr=%71oo 4B

il
il
(1
[
[

WORA" N"J"-L s Tara)
CENTER 9B64. BESHMHz SPAN 1.0086MHz
RBW 1BkH=z UBW 18kHz SWP 50. Oms

SR02099

Figure 76. SA7026 Comparison spur measurement result 7026 (@240 kHz = —-77.00 dB)
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Fractional Compensation Performance:

The quickest way to check for Fractional Compensation Performance is to set FDAC = 0, then increase FDAC until
optimal compensation is found. Note that this value might vary by a few counts from device to device. This variation
is also board layout, V¢, and Isgt dependent.

ATTEN 18dB UVAUG 39 AMKR —14 . 90dB
RL GdBm 18d B~ 38. BkH=z=
UID|AVG
# 100

I W =

CENTER 964. 999 7MH=z= SPAN 100. BkH=z
#¥RBW 1. 8kH=z UBIW 1. .BkH=z= SHWP 258 ms

SR02074

Figure 77. Fractional spur @ 30 kHz = —-14 dBc; FDAC = 0 (uncompensated)

ATTEN 18dB UAUG 1804 aMKR —4@. 16dB
RL OdBm 189d B~ BH=z

e i ey

CENTER 964. 873 7MH= SPAN 180 . Bk H=z
¥RBW 1. k= UBW 1. 9kH=z= SWP 250ms

SR02100

Figure 78. Fractional spur @ 30 kHz = —40.16 dBc; FDAC = 76 (compensated)
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SA7026 Auxiliary phase noise

ATTEN 18dB UAUG 33 AMKR -77.84dB/Hz
RL BdBm 18dBs 1. B00BkH=z

AMKR
1.000 kHiz
DI=77184 dB/H%

WW W WVW”U h%
CENTER 508. 15989 1MHz SPAN 5.8008kHz
RBW 38H=z UBW 38BHz SWP 969ms

SR02075

Figure 79. SA7026 AUX phase noise measurement result @ 1 kHz offset = —77.84 dBc/Hz

Optional AUX: (SA7026)

There are provisions for an optional Philips SA602 on the demo board for designers that wish to implement an
Auxiliary frequency other than the standard VCO module allows.

Switching Time:

The Channel switching time response and settling time is identical to that shown in the application note for the
SA8026 (see Section 8.1.3. on Page 52).
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10. SA7026 DEMO BOARD

10.1. Setup instructions

10.1.1. Demo board setup

1.

2.

8.

9.

Connect the interface cable from the demo board to the interface card.

Plug the 3-wire interface card into the parallel port of the computer and attach to port connector on the demo
board.

Supply the demo board with 7 VDC. Refer to the individual Demo Board schematic and layout for component
placement and exact circuit values. (All supply voltages are set to proper value when board is shipped).

Switches SW-1 and SW-2 are used to select either the regulated on-board supply or external supply voltage.
(For SA7026 and SA7016, set both SW-1 and SW-2 fully CCW).

Tweak VR3, regulator U4, for SA7026 pin 13 voltage equal to 3.7 volts.
VR1 on “bottom side” of 7026 board (Vpp, pin 3) is adjusted for 3.0 volts.
Connect MAIN-OUT or AUX-OUT to the spectrum analyzer.

Run WINSYNTH.EXE to program the device.

The Lock detect LED is ON when Main VCO and AUX VCO are locked.

Supply Voltage: Frequency Sources SA7026
Main VCO: 4.2VDC

AUX VCO: 4.7VDC
TCXO: 3.3VDC

See SA7026 power supply section board layout.
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3.7 V Adj
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[ |
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. u4
5V Adj “a vry 33k SW-2 —
= = ® O
I I 10 kQ N 5Vtp.
Gnd +7V

SR02076

1999 Nov 16

Figure 80. SA7026 demo board regulator section
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Figure 81. SA7026 demo board schematic diagram
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10.2. SA7026 Bill of materials
Table 12. Application components list for SA7026 demo board

Qty | Volt | Value | Part Reference Part Description Vendor Mfr. Part Number
Surface Mount Capacitor
1 50 V 8.2 pF C26 CAP CER 0805 NPO 0.5 pF Garrett Philips 0805CG829C9BB0O
1 |50V 12 pF c27 CAP CER 0805 NPO +5% Garrett Philips 0805CG120J9BBO
2 50 V 18 pF C23,C25 CAP CER 0805 NPO +5% Garrett Philips 0805CG829C9BB0O
1 50V 56 pF C24 CAP CER 0805 NPO +5% Garrett Philips 0805CG560J9BBO
1 50 V 82 pF C5 CAP CER 0805 NPO +5% Garrett Philips 0805CG820J9BBO
13 | 50v | 100 pF S b 1S 11 CAP CER 0805 NPO +5% Garrett Philips 0805CG101J9BBO
1 50V 820 pF Cc6 CAP CER 0805 NPO +5% Garrett Philips 0805CG821J9BBO
2 50 V 1000 pF C10, C22 CAP CER 0805 NPO +5% Garrett Philips 0805CG102J9BBO
3 50V 0.01 uF C11, C41, C42 CAP CER 0805 X7R +10% Garrett Philips 08052R103K9BB0
8 50V 0.1 uF C2, 15, 37, 38, 39, 40, 44, 45 CAP CER 0805 Z5U +20% Garrett Philips 08052E104M9BB0O
6 16V 4.7 uF C28, 30, 32, 34, 36, 43 TANTALUM CHIP CAP Garrett Matsuo 267M 1602 475K 533
7 uL C7,8,9,12,18,19, 20
Surface Mount Resistor
10 | 50V 0Q R1.9,10,13 12,20, 29 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A000-JK
6 50V 18 Q R5, 6, 7,16, 17,18 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A180-JK
4 50V 50 Q R3, 4,15, 37 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A500-JK
3 50V 100 @ R25, 26, 27 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A101-JK
1 50V 200 Q R34 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A201-JK
1 50V 560 Q R2 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A561-JK
1 50V 1.2 kQ R35 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A122-JK
1 50V 7.5kQ R19 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A752-JK
4 50 V 10 kQ R30, 33, 38, 40 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A103-JK
2 50 V 12 kQ R23, R24 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A123-JK
1 50V 18 kQ R12 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A183-JK
2 50V 33 kQ R39, R41 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A333-JK
1 50V 47 kQ R8 RES CHIP 0805 1/10 W +5% Garrett Philips 9C08052A473-JK
5 UL R11, 21, 22, 28, 42
Surface Mount Inductor
1 50V 180 nH L1 Surface Mount Inductor Coilcraft Coilcraft 1008HS-181TKBC
1 50V 750 nH L2 Surface Mount Inductor Coilcraft Coilcraft 1008HS-751TKBC
Surface Mount Resistor Trimmer
50V 2k VR1 3mm 1-Turn J-H Trimmer Garrett Tocos G3A202M
50V 20k VR2, VR3 3mm 1-Turn J-H Trimmer Garrett Tocos G3A203M
Surface Mount Selector Switch
2 [ 50V | Switch | SW1, SW2 | 3mm Selector Switch | Digikey Boums | 7813J-1-023E
Surface Mount Temperature Control Crystal Oscillator
1 [ 3V ]| 1944MHz | TCXO | Temp. Control Crystal Oscillator | KSS KSS | TCX0-201C1-19.44
Surface Mount Voltage Control Oscillator
1 5V 496 MHz VCO Voltage Control Oscillator Murata Murata MQE740-496
42V 964 MHz VCO Voltage Control Oscillator Murata Murata MQEO001-964
Surface Mount LED
1 [sov ] LED ] D1 | Surface Mount LED | Digikey Lumex | LU60205CT-ND
Surface Mount Diode
1 [s0v [ BB215 | D2 | Variable Capacitance Diode | Philips Philips | BB215
Surface Mount Integrated Circuit
3.7V SA7026 Ul 1.3 GHz Fractional-N-Synthe. Philips Philips SA7026
1 5V SA602A u2 Dual Balance Mixer Oscillator Philips Philips SA602A
2 25V TK11900 U3, u4 Adjustable Voltage Regulator Tocos Tocos TK11900
Miscellaneous
1 Printed Circuit Board KML Vector Philips SA7026/SA8026
3 SMA Main-out, Ref-in, Aux-out SMA Straight Receptacle DC Elect. Connex 132134
1 Header Single Row Header 36-Pins Mouser Waldom 538-22-03-2121
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11. INTRODUCTION TO THE SA8016/7016 LOW VOLTAGE FRACTIONAL-N
FREQUENCY SYNTHESIZER

11.1. Description

The SA8016 and SA7016 low voltage, fractional-N synthesizers. They are single PLL counterparts of the SA8026
and SA7026 in the TSSOP16 package, in which there are no auxiliary PLL and PHI current charge pumps to
achieve lower current consumption and reduced package size in single PLL applications. The SA8016 draws a
maximum current of 9.5 mA and the SA7016 a maximum of 7.3 mA. A block diagram of the SA8016/SA7016 is
shown in Figure 83 and the typical features are listed in Table 14.

The output charge pump current setting can be configured via software for the SA8016/SA7016 (see Table 13).
The settings are different for the SA8026/SA7026 and can be found in Table 2 on Page 5.

The theoretical fundamentals, design example and performance measurements for the SA8016 and the SA8026
are the same. This is also true for the SA7016 and the SA7026. Please refer to the appropriate sections for
additional details.

Figures 84 and 85 show the schematic and layout of the SA8016/7016 demo board.

11.2. Setup instructions

11.2.1. Demo board setup
1. Connect the interface cable from the demo board to the interface card.

2. Plug the interface card to the parallel port.

3. Supply the demo board with 7 VDC.

4. Switches SW-1 and SW-2 are used to select on-board regulated supply or external supply voltage.
5. Tweak R30 for appropriate VDDA, (default is set for 3.7 VDC on the demo board)

6. Tweak R4 for Vpp if Vpp is different from VDDA.

7. Connect MAIN-OUT to the spectrum analyzer.

8. Run WINSYNTH.EXE to program the device.

Supply Voltage:

SA8016: SA7016:
Main VCO: 3.0vDC 4.2VDC
TCXO: 3.3VDC 3.3VDC

Table 13. Charge pump current settings for SA8016/7016

CPO lpHp lpHP-sU
0 3X|SET 15XISET
1 1X|SET 5X|SET
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Figure 83. SA8016/SA7016 block diagram
11.3. Features
Table 14. SA8016/SA7016 features
Typical performance of SA8016 Typical performance of SA7016
RF: RF:
Main Freq. Range: 2.5 GHz max. Main Freq. Range: 1.3 GHz max.
Ref Frequency Range: 40 MHz max. Ref Frequency Range: 40 MHz max.
Phase Comparison Freq.: 4 MHz max. Phase Comparison Freq.: 4 MHz max.
RF Input Sensitivity: —18 dBm min. RF Input Sensitivity: —18 dBm min.
DC: DC:
Supply Voltage: 27-55V Supply Voltage: 27-55V
lcc Powered-up: 8MATyp @ +3 V lcc Powered-up: 6.2MATyp @ +3V
lcc Powered-down: 1pA @ +3V lcc Powered-down: 1pA @ +3V

Features:

Low-noise Performance

Fully-programmable via 10 Mb/s 3-wire serial interface
S/W power downs

Features:

Low-noise Performance

Fully-programmable via 10 Mb/s 3-wire serial interface
S/W power downs

Package: TSSOP-16

Package: TSSOP-16

Applications:
2 GHz PCS mobile telephones, WLAN
Portable battery-powered equipment

Applications:
1 GHz PCS mobile telephones, WLAN
Portable battery-powered equipment
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Figure 84. SA7016 Demo board schematic
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Figure 85. SA8016/7016 demo board layout
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11.4. SA8016/7016 Bill of materials
Table 15. SA8016/7016 Bill of materials
Qty | Value Part Reference | Part Description Vendor Part Number Manufacturer
Surface Mount Capacitors
8 100 pF c1,Cc:121,’ %31’5??:’1(7310' NPO Ceramic 0603 +5% 50 V Garrett CE101JINO MMC
1 | 180 pF (82 pFl) C4 NPO Ceramic 0603 +5% 50 V Garrett CE181J1NO MMC
1 |1.8nF (820 pFl) C5 X7R Ceramic 0603 +5% 50 V Garrett CE182K1NR MMC
2 10 nF C19, C24 X7R Ceramic 0603 +10% 25 V Garrett CC103K1INR MMC
3 100 nF C21, C23, C26 Z5U Ceramic 0603 +20% 25 V Garrett CC104M1NU MMC
2 2.2 yF C18, C16 Tant Chip Cap 10 V A M-series £10% | Garrett 267M1002225K-533 Matsuo Electronics
4 4.7 uF C9, C20, C22, C25 Tant Chip Cap 20 V B M-series +10% | Garrett 267M1602475K-533 Matsuo Electronics
5 NL C6, C7,CCi:l4.2, C13,
Surface Mount Resistors
6 0 RL R R 2 Chip Res 0603 1/16 W +5% Garrett 9C06031A-000JK Philips
1 10 R26 Chip Res 0603 1/16 W 5% Garrett 9C06031A-100JK Philips
3 18 R6, R7, R8 Chip Res 0603 1/16 W +5% Garrett 9C06031A-180JK Philips
2 51 R3, R5 Chip Res 0603 1/16 W +5% Garrett 9C06031A-510JK Philips
3 100 R20, R21, R22 Chip Res 0603 1/16 W +5% Garrett 9C06031A-201JK Philips
1 200 (1301) R25 Chip Res 0603 1/16 W +5% Garrett 9C06031A-201JK Philips
1 560 R2 Chip Res 0603 1/16 W +5% Garrett 9C06031A-561JK Philips
1 2k R4 3mm 1-turn J-H Res Trimmer Garrett G3B202M Tocos America
2 10k R28, R31 Chip Res 0603 1/16 W +5% Garrett 9C06031A-103JK Philips
1 12 k R13 Chip Res 0603 1/16 W 5% Garrett 9C06031A-123JK Philips
2 20 k R27, R30 3mm 1-turn J-H Res Trimmer Garrett Garrett G3B203M Tocos America
1 22 k (47 k1) R9 Chip Res 0603 1/16 W +5% Garrett 9C06031A-223JK Philips
2 33k R29, R32 Chip Res 0603 1/16 W +5% Garrett 9C06031A-333JK Philips
I
Surface Mount Integrated Circuit
1 | sA8016 (7016Y) UL zﬁéit%?amzs;ﬁm’;gg?e SAB016DH (SA7016DH) Philips SA8016
Miscellaneous
1 U4A VCo (m%(éég%gi?) Murata
1 U5 TCXO 19.44 MHz TCXO0-201C1-19.44 KSS
1 U2, U3 Voltage regulator TK11900 Toko
1 LED D1 SMT LED —red P500TR-ND Panasonic LN125C
1 0.100” header Single row straight header 0.100” Digikey S1011-36-ND Sullins
SW1, SW2 3mm switch Digikey 7813J-023ECT-ND Bourns
2 SMA edge connector Digikey J502-ND EF Johnson 142-0701
NOTE:

1. Component values are for the SA7016 demo board.
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12. WINSYNTH — SYNTHESIZERS SOFTWARE CONTROL

12.1. What is Winsynth?

* Winsynth is a 3-wire bus, PC-based control program for the new frequency synthesizers and runs under the
Windows environment.

* Winsynth is designed with ease of control in mind.
* Winsynth is designed to present the majority of controls in each control window for quick access.
* Winsynth is still under construction.

12.2. What parts can be controlled by the program?
¢ Currently the program is set up to control:

SA1630 — SA7016 — SA7026 — SA8016 — SA8026 — SA9025 — SA9550 (in development)

12.3. Introduction

This control program has been designed to run in the 16-bit Windows 3.xx environment and will run under the
Windows 95 and Windows 98 operating systems. The program cannot run under Windows NT due to the nature of
this operating system. “NT” will intercept any attempt to write to the printer port. This will generate a port error
message notifying the user that port communication will not be successful.

Figure 86 shows how the screen for the SA8026 and other dual synthesizer parts will look. The control window is
laid out with associated controls in the block with which they belong. The window is organized with the Main VCO
control occupying the upper left and the associated register words in the lower left of the window.

The upper center portion holds the Reference Divider controls, and below this, the Auxiliary VCO controls. Bottom
center is a messaging window where the system will report anything that may need attention.

Above the messaging window is a series of button controls that allow sending all words to the device or only a
single word to the Main or Auxiliary VCO control registers.

The upper right-hand portion of the window holds the controls that affect the charge pump. RseT, IsgT and lpyp are
part of a charge pump current calculator and are interactive with each other. FDAC and CP Ratio affect the part’s
charge pump settings.

The lower right portion shows a block set aside for presets and sequencing of the main VCO. You will be able to
save the main VCO frequency settings in any of 9 storage settings. You will be able to update the display by
selecting a preset, or update the display in addition to updating the device at the same time.

The Auto Load function, located just above the Data Word frame in the lower left, will send any changes that are
made to the device. The Data Word window allows the display of data in either Hex or Binary format.
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SA8026 Control Window
SA8026 2.5 GHz Dual Synthesizer
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Figure 86. Shows the window for the dual synthesizer parts
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SA7016 Control Window
SA7016 1.3 GHz Single Synthesizer

—Main VCO - Reference Dividler ————  Charge Pump
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Reset Kohm |

o |
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B || [
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@ . @ . Iphp—su: 1530
— Strobe —WORD Delay mS
Width us 100 _
8 H Send Main Send Al \_IQK —Main VCO Sequence
Sen
[J speedup | [ Auto Load Quit I —Select Sequence
[ Auto B2 |
— Data words Message Window Hﬁurstl I Ml |
A: 248894 Update I Save I
£ Asledl Loop  Set Sequence |
(® Hex O Binary Hﬂaltl I 1 H HBeset I

SR02080

Figure 87.  Shows the window for the single synthesizer parts

It can be seen that the two control windows are essentially the same, with the exception that in Figure 87 the
Auxiliary VCO control is removed.

Figures 88 through 90 show the basic menu setup.
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Menu Window
B "WinSynth” Synthesizer Control (Beta Version 0.758 9/30) —Untitled
[SIEW 3 Wire Synthesizers 3 Wire Transmitters Filter Set Up Help
/ New Ctrl+N

File
Control Open Ctrl+O

Save \ Ctrl+S

Save As... Defaults to a data

file with an extension

1 FIRST DAY of ".DAT"

2 SECOND DAY

3 D:\SA8026FNTEST.DAT

4 C:\SYNTH\FIRST.DAT

Exit

SR02077
Figure 88.
B 'WinSynth” Synthesizer Control (Beta Version 0.758 9/30) —Untitled
File EERVICESGESVLES 3 Wire Transmitters Filter Set Up Help
SA7016 \
Single Synthesizers
Dual / SA7026 gle Sy
Synthesizers \ SA8016
SA8026
SR02081

Figure 89.

Menu Window (continued)
B "WinSynth” Synthesizer Control (Beta Version 0.758 9/30) —Untitled
Filte\r Set L\Jp

SA1630 '\ Under construction
SA9025

File 3 Wire Synthesizers 3 Wire Transmitters

Help

SA9550

/ allow manual port selection
Thes devices have transmit

Currently this field is set up to

- : Filter calculator
or receive functions

SR02082

Figure 90.
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Printer Port Selection

Options
Lo ]| [cma
Port Available
— Status
— Printer Port Select /
® LpPT1
Ed Detected
Port
Selection > O LPT2
N 378H
O LpPT3 \
Hexadecimal
Port Address
SR02084
Figure 91. Printer port selection

The setup window (Figure 91) is currently configured for manual port selection and is accessed with the “Set Up”
menu selection. After making a successful port connection, click on the “OK” button to save the settings. If
“Cancel” is used, then no saving of settings will occur. The program will start up the first time defaulting to LPT1. If
the hardware port is not the same address as selected, then there will be an error message generated indicating
that there has been a “Port Error”. If this happens, then click out of the error box and select “Set Up” and
reconfigure the port selection as seen here.
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SA8026 2.5 GHz Dual Synthesizer

—Main VCO
— Frequency MHz

If desired, the frequency of the main VCO can be

ﬂi incremented by the fractional amount using the
= Main Divider N i incrementer bars located just to the right of the main VCO

frequency edit box. Note that if the “Auto Load” function is

Enable Main ™__ not checked and a change in frequency is made, then you

NMain | ~F Comp KHz will have to enter the new data into the device by using
one of the “Send” buttons.
RSM I 1 & 240

Direct entry of main VCO frequency, main divider ratio,
main comparison frequency and fractional frequency
steps can be made. Related fields will be recalculated.

— Fractional Accumulator

NF  Step KHz FMOD

@8 Os / This is the location of the “Auto Load” check box. When

checked, any change that is made to any control is sent
automatically to the device.

— Strobe —WORD Delay mS

Width uS 100

I23 &

I speedup | [ Auto Load

— Data words
A: 248894

B: 451350
C: 882400

@ Hex @ Binary

SR02085

Figure 92.

Figure 92 shows the location of the “Auto Load” check box. When checked, any change that is made to any control
is sent automatically to the device.

If desired, the frequency of the main VCO can be incremented by the fractional amount using the incrementer bars
located just to the right of the main VCO frequency edit box. Note that if the “Auto Load” function is not checked
and a change in frequency is made, then you will have to enter the new data into the device by using one of the
“Send” buttons.

Direct entry of main VCO frequency, main divider ratio, main comparison frequency and fractional frequency steps
can be made. Related fields will be recalculated.

Figures 93 and 94 focus in on the main VCO controls. It is suggested that the main comparison frequency be entered
first, if different than the default value of 240 kHz used in the program. Then enter the desired reference frequency.

This is suggested because the reference frequency entries are related to the main comparison frequency. The
reference divider ratio will be calculated using the main comparison frequency. You may find that it does not matter
which order is chosen to initially set up this portion. With this taken care of, you can enter the desired VCO
operating frequency. Note that all direct entries are set up not to use the enter key. Windows uses this key to
execute the function or button that is highlighted. This is usually the “OK” button which normally will exit the
window. There is a trap for this key that currently pops up a message box giving the user the option of exiting the
current window.

Next, it may be desireable to send the current settings to the synthesizer. This can be accomplished in a number of
ways. If it is decided that the device should be initialized with all words, then use the “Send All” button to perform
this task. Otherwise, use the “Send Main” button to send just the one word associated with the main VCO register.
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SA8026 Main VCO Control

SA8026 2.5 GHz Dual Synthesizer

—Main VCO
I~ Frequency MHz
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Freq. MHz —‘ {

B
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- Charge Pump

Reset Kohm

=
o
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Figure 93. SA8026 main VCO control
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Main VCO Control

SA8026 2.5 GHz Dual Synthesizer

— Main VCO
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Figure 94. Main VCO control
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SA8026 Auxiliary VCO Control
SA8026 2.5 GHz Dual Synthesizer
—Main VCO r Reference Divider — 1 |  Charge Pump
I~ Frequency MHz
Reset Kohm |

=] - Freq. MHz NRef
L= (el —

— in Divi Iset uA
NI rLock Detect Output Select —
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i - CP Ratio
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— Strobe —WORD Delay mS Frequency Step: 240 KHz Ipha: 153
Width uS 100 H -
I 23 Sl OK —Main VCO SequenceF———
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SR02088
Figure 95. SA8026 auxiliary VCO control
Auxiliary Control
~Auxiliary VCO
__L-[V] Enable Aux
Divider Enable —
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Figure 96. Auxiliary control
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The auxiliary VCO controls operate in much the same way as the main VCO, with the exception that there are
fewer of them.

Figure 97 shows the location of the charge pump control. There are only two items to control in this function. The
rest is devoted to a calculator for the Rget resistor. FDAC and CP ratio are the two active controls. FDAC controls
the fractional spur compensation DAC while CP ratio controls the pump current ratios.

RseT IseT and Ipyp are all interrelated. That is, when one is changed, the other two will be recalculated. CP ratio,
when changed, will redisplay the new values in the Ipyp, IpHp-su, IpHi @nd Ippa fields. Refer to the SA8026 data
sheet for the CP settings.

SA8026 Charge Pump Control
SA8026 2.5 GHz Dual Synthesizer
—Main VCO r Reference Divider ——— §  Charge Pump
I~ Frequency MHz L= it
LzoesolliS — 1 [— Reseticonm [ 12|
BB el | | o] =
[ DA AT rLock Detect Output Select — IsetuA
Enable Main | Main+auxiliary (P—P) EH FDAC % [80 -]
NMain 8741 | -F Comp KHz | Auxiliary VGO — - CP Ratio
rov [ B | [0 ] | | I enatle Go O1 Oz O3
- Freq. MHz RSA— 8 +
— Fractional Accumulator ——— < = ARG
NF  Step KHz [ sco6 5] | |+ ] iphp:| 306 | | Fier |
— FMOD ——
30 | Iphp—su: 1530
®8 O 5| | Auxilary Divider: 2084 )
Iphi: 3672
— Strobe — WORD Delay mS Frequency Step: 240 KHz Ipha: 153
Width uS 100 H .
23 Eee OK —Main VCO Sequence
Send All
I speedup | [ Auto Load Send Aux Quit I —Select Sequence
P Fyc
~ Data words Message Window Hﬁurstl L= =
A: 248894 T SiGhE Update I Save I
B: 451350 Width 23 uS LOOP ~ Set Sequence |
C: 882400
Default Mode
® Hex O Binary Hﬂaltl I 1 H HBeset I
SR02090

Figure 97. SA8026 charge pump control
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Charge Pump Control
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Figure 98. Charge pump control
SA8026 Sequencer
SA8026 2.5 GHz Dual Synthesizer
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Figure 99. SAB8026 sequencer
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Change in Preset
N\ —Select S nce ——
Sends Entered g | | —— 9 Presets
Sequence Continually — E Auto 1 |
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Sending of Sequence Y Pt gpdate I Save ]
L "~ . )
LOop — Set Sequence |™~—Save Main VCO Settings
N to Selected Preset
Manual Update of Main VCO Halt 12 Reset
Fields with Selected Preset b
il AN
Sequence can be set in any order (“123”, “312", “213", etc.) - Clears Sequence and Sets to 1

SR02093

Figure 100. Sequencer functions

Two new controls have been added for greater flexibility of the “Main VCO Sequencer”. These new controls,
named “Sweep” and “Trigger”, can extend the testing of the synthesizer by sweeping the frequency between a
start and finish frequency or by stepping from one to the other. “Trigger” is used to issue a trigger pulse to a
“Modulation Domain Analyzer” on the second frequency stored in the sequencer for measuring settling time. This
helps to lessen the confusion of the instrument should a trigger be issued for both frequencies. The instrument will
not read correctly or, if averaging is used, it will try to average both frequencies. This is not desireable as the
frequency of interest in this case is only the second frequency entry.

The trigger pulse will be issued on the interface card labeled “TXEN”. This is a function that is not used for the
SA8026 family and can be used to advantage here.

To set up the sequencer for either of these functions, enter in the “Main VCO” (see Figure 94) the start frequency
and save it in position “1” of the sequencer. Then select the second frequency of interest and enter “2” in “Set
Sequence” of the sequencer. The “Set Sequence” window will have to have sequence “2” entered so that the
sequencer will know of the second frequency limit that has been stored. Click on “Loop” and the sequence will be
repeated until halted.

Some Modulation Domain Analyzers like the HP 53310A may not have the resolution to give a good readable
measurement with one trigger. The trigger function used in conjunction with the averaging function of the
instrument can be used to advantage.
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Loop Filter Calculator

These values are
imported from the
active window

SA8026 2.5 GHz Dual Synthesizer
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— Data words
— Switchi — i — | R2: 18 K
A 248894 Switchin DampingFactor -l
B: 451350 ’ (@85 150.0 pf
4,
C: 882400 m
@ Hex @ Binary — Comp, atcyéam requency Error— Hupdatel H oK I
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SR02094

Figure 101. Loop filter calculator

Frequency and main comparison pump current, lpyp, are imported when the filter calculator is enabled.
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Comparator Gain Frequency Error Damping Factor
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Figure 102. Loop filter calculator
For an explanation of the terms and calculations, as well as the location of the component references, refer to the
section on design examples.

SA8026 Miscellaneous Controls
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Figure 103. SA8026 miscellaneous controls

1999 Nov 16 87



Philips Semiconductors Application note

SA8026/7026/8016/7016
Low voltage fractional-N dual frequency synthesizer

AN1893

Definitions

Short-form specification —  The data in a short-form specification is extracted from a full data sheet with the same type number and title. For
detailed information see the relevant data sheet or data handbook.

Limiting values definition —  Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or
at any other conditions above those given in the Characteristics sections of the specification is notimplied. Exposure to limiting values for extended
periods may affect device reliability.

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

Disclaimers

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such applications
do so at their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from such application.

Rightto make changes— Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits, standard
cells, and/or software, described or contained herein in order to improve design and/or performance. Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right infringement, unless
otherwise specified.
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