U

er P

: TI'
licat

on Guige

o8
FUJITSU



Table of Contents

008! T SRR 3
FUJIESU PLL AFCRITECTUIE ...veiveetie et e ste st te ettt e sttt e st e e e e st e e seesae e s st et e e steeebeesReesseesReesReebeesbeeseeeabeesbeeteesbeenteeteeenenens €
R T AT @ o L PSS €
RETEIENCE DIVITET ... .eeeeeee ettt ettt sttt et e ettt et et e s e see e s e e s e e s ae e st emeeee e e e neeeeeebeeneeseeseeaneeneeneeanean 7
RGO Lo =0 1 SRR 7
e LT A OO I 1V ] PSSR g
Charge PUMP/PNESE DELECTON ... .eiuieueeieeiteeieie ettt ettt ettt sttt et e e e e s teetees e seeetees e e teneesaesnesneeneeseeneeaneeseeneeanen g
FEALUIES OF SEIBCTEA PLL SBEIES ... eete ittt ettt sttt ettt et e et e s e e te st e seeseeeaeebeeneeseesbees e e teneesse e e eteabeeneeneenneaneenaeas c
R LaYOUL fOr GOOU RESUILS .....eveeetieeteestesieesieestie s e e st e st e st este e te e ste e s aeessaesteesteesbeesaeesbeesaeesaeesbeebesseeanbaeseeeneeeeesneesseenneens 13
MBASUFEMEINTE HINES ...ttt sttt et ettt st e e e s s e e e e e eeeene e s eeseeneeseeeteereebesneeneensesteneeens 13
T IV Lo AT} (11U SRRUSS 13
Fujitsu Super PLL Evaluation BOAIA LINBUP ........coeeierieieiiiesie ettt see st ene e sne e eneennenee e 14
PLL PrOGIAMMING ..e.vveeveittesiesteeeeeeeestesseestveaseesseeassesseesseessesaseeaseesseesseessessssessesasssssesssssssssssesssssssesssessenanseessesssesssensses 15
SWAllOW COUNTEE CRICUTALIONS ...ttt sttt et et e s te st ese e be e st es e beeseeneeseeeteeneeneeneeaneas 15
Programming Example: FM Broadcast Receiver Local OSCIHIALOr...........ccevviiiiiiiiisee e 16
Programming Example: High Frequency HOPPING RECEIVEN .....cvviiueeie ettt ee e re et snee s nnee s 17
0 To ol T LT g D o o OSSO 18
FUjitsu PLL LOOP FIlter CalCUIBLIONS. ... ..veeieivee e cieeeerteeste e e et e e ste e s te e e saeesbe s e e s besnae s s besneesneeeeesneeaneesnneas 19
LOOP Filter DeSiGN EXAMPIE. ....ceeieeeeie ettt ettt e be st et e ntestesteeseeneese e e e eeesbeeneeneeseeeneeneenen 19
RECOMMENUE TEXES ...ttt bbbt bbbt bbb bbbt ekt re bbbt b et b et bene et 20
APPIICALION BENCAMAIKS. ... .. eviiti ettt et et e e b e s be st e e te e st e se e st e sbesbeereesaenbesreaneenbentenreens 21
DESIGN EXAMPIE L .oeeeieieeie ettt ettt sttt et et st e ete et e st e e be et e be s be e st e st e e aeeRe st e nteeteete e beeRenreenrenrenreens 22
DESIGN EXAMPIE 2 ..ottt ettt sttt ettt et e et e e e et e Rt e e e e R e Rt e Rt e ee e eae et e e eee Rt ere e neeneeneenteneeeee e 24
DL 1o T e U0 L SIS 26
00 0SSOSR 28

Fujitsu Microelectronics, Inc. = 3



Introduction

Fujitsu’s Super PLLs are designed to be used in frequency
synthesizers for programmable and fixed local oscillator
generation in modern radio systems. Applications range from

1V, 100 MHz pagers to 3V operation for Global System for Mobile
Communications (GSM), and other cellular and cordless
standards. These standards include applications in the second ISM
band between 2.4 GHz and 2.483 GHz. Figure 1 shows a
simplified representation of a PLL frequency synthesizer. The
shaded blocks represent those integrated in a Super PLL
Integrated Circuit (IC).

To complete the subsystem, the PLL IC requires the addition of an
external loop filter, Voltage Controlled Oscillator (VCO) and
reference source. The reference source can be an external
Temperature Compensated Crystal Oscillator (TCXO) or, if the
accuracy of the generated carrier is not critical, a simple external

crystal. The E, C, and MB15U10 series have the built-in oscillator
circuitry. The VCOs in most modern radio systems require very
high performance. These modular devices usually come in a sealed
can and are obtainable from several manufacturers.

The loop filter can be either passive or active. In most cases, a
simple, passive, low-pass filter constructed from a few resistors and
capacitors can be used.

All new Fujitsu PLLs operate from a single 3V power supply

(or less). They are available in 8-, 16-, or 20-pin Shrink Small
Outline Package (SSOP) packages. The Eand F series are
available in the proprietary Bump Chip Carrier (BCC) package.
The BCC package provides enhanced RF performance, coupled
with up to 50% savings in the Printed Circuit Board (PCB) area.

In the case of programmable devices (all except the S series),
the exact frequency is selected by setting bits in internal registers
via a 3-wire serial bus.

Phase Loop veo
Detector Filter
| |
|
Reference . o | Reference Charge |
- I » .
Input i Divider Pump I Local Oscillator
| | Output
| |
| ettt |
| |
- VCO
From I | Programming Divider \4elo) f
Controller e Interface Prescaler :
>

Integrated in a
Super PLL
Synthesizer

Figure 1. Simplified PLL Synthesizer
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Figure 2. MB15EO7L Architecture

Fujitsu PLL Architecture

Figure 2 illustrates the architecture of the MB15EQ7L, a typical
Fujitsu Super PLL.

With minor differences, all the Super PLLs in the current Fujitsu
product offering have similar architectures.

Reference Oscillator

All Super PLL devices have an input port to provide the PLL with
a reference signal. Some have a built-in oscillator circuit. The
internal oscillator circuit, shown in Figure 2, can be configured as
an input buffer amplifier (Figure 3), or as a crystal oscillator
(Figure 4).

Figure 3 shows the reference source AC coupled to the input pin
(OSCy), while the output pin (OSCqy) is left open. 1000pF is
the maximum value that should be used.

6 Fujitsu Microelectronics, Inc.

losc,N 0SCour
@_‘ N/C

TCXO  1000pF Maximum
REF

Figure 3. Reference Source

In Figure 4, the internal oscillator generates the reference signal
for the PLL with the external capacitors and crystal defining the
frequency of operation. Be sure to minimize the size of the
capacitors to ground, including the strays caused by the PCB.
Verify that the total load on each pin does not exceed 30pF. The
values of C1 and C2 set the load on the crystal.

1

1,1, 1

Cl C2 Cgrray

Load =

Figure 4. The Internal Oscillator Generating the Reference Signal



C1 or C2 can be trimmed to make small adjustments to the
frequency.

Due to package size limits, the F and S series have only a reference
oscillator input pin. Therefore, only the configuration shown in
Figure 3 is possible. Figure 5 illustrates a typical representation of
the reference input frequency range versus sensitivity.

(dBm) Input Sensitivity of OSCy versus Input Frequency
+10
T = SC .-
T o Ta=+25°C_
o} e
z° d - =
-10 = =
8] =
3
o -20
30 22
N/ —_—-—Vcc =27V
Vce = 3.0V
—40 - - - =VCC = 3.6V
0 50 100
0SCin (MHz)

Figure 5. OSC,y Input Sensitivity

Figure 6 shows an example of the input impedance of the input
buffer.

1 :5.255KQ
~20.161 KQ

3 MHz

2 :799.25Q

—5.5587 KQ

10 MHz

3 :421.250Q

3 _2.8913KQ
20 MHz
A 42 4 :149.94Q
- —1.5874 KQ
40 MHz

START 1.000 000 MHz

STOP 40.000 000 MHz

Figure 6. OSC,y Input Impedance

Reference Divider
The reference input is divided by the programmable reference

divider/counter, hereafter referred to as the R-counter. This signal

is applied to the phase detector for comparison with the divided
VCO signal. All Super PLLs divide the VCO signal using a
prescaler, described on the next page.

VCO Input Buffer

The VCO input is applied to the IC through a high-frequency
differential buffer, as shown in Figure 7. The output level of the
VCO should be adjusted to be near the minimum level required for
the input buffer. Always operate close to the minimum level,
because this helps minimize crosstalk. Crosstalk could cause
unnecessary spurious signals on the output signal.

AC coupling is required, because the input buffer generates its own
input bias point. Figure 8 shows an example of the input sensitivity
of the input buffer.

Figure 9 shows an example of the input buffer’s input impedance.

1000
I:IN
X To
IN Prescaler
VCO
Figure 7. Prescaler Input Buffer
(dBm) Input Sensitivity of fiy versus Input Frequency
+10
Ta=+25°C,,
V
’
0 = ra /
Spec i I/
-10 < .
. )
< _F
-20 ===
N L Vee = 2.7V
g b — === VCC = 4.
-30 Ny Vce = 3.0V
- == =\cc =3.6V
o [ 1 T
0 1000 2000 3000
fin (MHz)
Figure 8. Prescaler Input Sensitivity
1 :20.375Q
~140.55Q
500 MHz
2 :10.857Q
-54.4Q
1GHz
3 :10.638Q
~16.477Q
1.5 GHz
4 :14.784Q
-11.557Q
2.0 GHz

START 100.000 000 MHz ~ STOP 2 000.000 000 MHz

Figure 9. Prescaler Input Impedance
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Prescaler/VCO Divider

All Super PLLs divide the VCO signal using a prescaler. The
prescaler is a bipolar circuit in all devices, except the C series.

In all devices, except the MB15U10, the prescaler has at least two
dividing ratios (hereafter known as M and M+1). This type of
prescaler is known as dual modulus.

Following the prescaler isa CMOS counter (hereafter referred

to as the N-counter), which divides the signal down to the
comparison frequency of the reference signal. When in lock mode,
the frequencies at the phase detector are equal.

In a single modulus system, the frequency generated is provided by:

f - [N-Mp
VvCO T 'REFJ R [

Ina dual modulus system, the prescaler divider ratio is dynamically
altered during the course of an (R/frgg) period by the use of a
controlling swallow counter (hereafter known as the A-counter).
The value of the A-counter is programmed via the serial interface
to a value less than that of the N-counter. At the start of an
(R/frep) or (N/fyc) period, the prescaler is divided by the
dividing ratio (M+1) until the A-counter reaches its programmed
value. Thereafter, the prescaler divides by M. This leads to the
following formula, which defines the frequency generated:

_ (NM +A)
fveo = fREFT
To use a dual modulus system as a single modulus, the A-counter
value is set to 0. Most Super PLLs have two dual modulus
prescalers, which can be statically selected via the programming
interface. In the example of MB15EQ7L (Figure 2), the prescaler
can be configured as either 32/33 or 64/65. The N-, A-, and
R-counters have wide programming ranges to permit use in a wide
variety of applications.

Charge Pump/Phase Detector

In order to produce an error signal, the divided VVCO frequency and
the reference signal are applied to the phase detector. The error
signal is then used to control the charge pump operation.

8 Fujitsu Microelectronics, Inc.

The phase detector is a Type 4 phase/frequency detector.

This means that when the loop is very far from lock modg, the
frequencies are compared until both frequencies are equal. The
phase can then be compared. The Fujitsu Super PLL series features
a proprietary charge pump architecture, the Supercharger. The
Supercharger provides excellent phase noise performance, low
spurious output, and fast channel-hop lock-in times. The
Supercharger charge pump is a balanced-current source type.
Figure 10 shows the typical circuit topology. Figure 11 illustrates
an example of the output currents, varying with applied voltage on

the output.
FV PU 4 \ LOOP FILTER
8 \ T 1
FR PD Al A ﬁ T PU = pump up

PD = pump down

INTERNAL TO PLL

Figure 10. Charge Pump Topology

IboL

IDOH

/1

N

0.5 Vp/2
Output Voltage (V)

Vp-05 Vp

Figure 11. Charge Pump Output Currents



Features of Selected PLL Series
Table 1. The MB15E Series

Prescaler
Part Number 'I\:Are:;.ug]rfg; Features (rlrﬁ,i) \(/\‘;)C Package Application Div. Div. %?Er:f:: %ng::tc; V;’ Ref.T(;;gnter CoRuEimft.er
(MHz) Ratiol  Ratio2 Range
MB15E03 1200 PSIZC 35 3 16-pinSSOPBCC  PDC,GSM,ADC  64/65  128/120  5-2047 0-127  Programmable  5-16383
MB15E03L 1200 psizc 25 3 1epnssopecc PG ?g_’;'é's'“’ 64/65  128/129  5-2047 0127 Programmable  5-16383
MB15E03SL 1200 PSIZC 2025 273 16pinssopBcc PO COMISSh T eyes  1ogma9 3047 0127 Programmable  3-16383
MB15E05 2000 PSIZC 6§ 3 16-pinSSOPBCC  DCS,PCS,DECT  64/65  128/120 52047 0127  Programmable  5-16383
MB15E0SL 2000 PSIZC 4 3 16-pinSSORBCC  DCS,PCS,DECT  64/65  128/120 52047 0127  Programmable  5-16383
MB15E05SL 2000 PSIZC 335 2753 16-pinSSOPBCC  DCS,PCS,DECT  64/65  128/129  3-2047 0127 Programmable  3-16383
1800 PSIZC 8 3 16-pinSSOP,BCC DCS, PCS 3233 6465 52047 0-127  Programmable  5-16383
MBLSE0T 2500 PSIZC 8 3 16-pinSSOPBCC  DCSPCS,WLAN ~ — 6465 5-2047 0-127  Programmable  5-16383
2000 PSIZC 45 3 16-pinSSORBCC  DCS,PCS,WLAN 32133 64/65 52047 0-127  Programmable  5-16383
MBLSEOTL 2500 PSIZC 45 2313 16-pinSSOPBCC  DCS,PCS,WLAN ~ — 6465  5-2047 0-127  Programmable  5-16383
2000 PSIZC 35/ 273 16-pinSSOPBCC  DCS,PCS,WLAN 32133 64/65 32047 0-127  Programmable  3-16383
MBLSEOTSL 2500 PSIZC  35/4 2753 16-pinSSOPBCC  DCS,PCS,WLAN ~ — 6465 3-2047 0-127  Programmable  3-16383

The E series of PLLs features a hardware Power Save (PS) mode The E series also features a separate charge pump power supply
controlled from a single pin and a hardware charge pump output ~ pin (Vp). This allows the user to operate the digital part of the
selection controlled from asingle pin (ZC). PLL device at 3V, thus saving power while operating the analog
part at a higher voltage. This permits a greater VCO tuning range.
The Vp pin must be operated at a voltage greater than or equal to
Ve and less than 6V.

The PS mode enables the switching of the PLL in and out of its
standby status without using the 3-wire bus, thus saving time (and
therefore power) when switching.

Of particular interest is the MB15ExxSL series of devices. These
single PLLs feature very low operating current specifications and
use a highly balanced charge pump with a selectable 6 mA or

1.5 mA output. The user can select the charge pump current via the
3-wire programming interface. This increased design flexibility
helps to optimize PLL performance.

Using the ZC pin permits the user to switch the charge pump into a
high-impedance mode. This switching is useful for open-loop
modulation schemes in which the VCO is set to a particular
frequency and the loop is opened to allow the VCO to run free.
Stringent requirements are thus placed on the leakage current of
the components connected to the tuning pin on the VCO. The loop
filter capacitors must exhibit low leakage characteristics. TheZC ~ The E series is available in 16-pin SSOP and 16-pin BCC-S
pin enables this high-impedance mode without the requirementto  packages.

access the 3-wire bus.

Fujitsu Microelectronics, Inc. = 9



Table 2. The MB15F Series

MR [ | V, Prescaler Program Swallow  Ref. Counter B
cc Vee - . ; L
Part Number Fre'%l_lency Features mA) V) Package Application Div. Div. Counter SRl Type C;unter
(MHz) Ratiol Ratio2 2108
1200 PS 35 35 16pinssopeec CoMBOOPDCISSA T gpes 1ogi10g 5047 0127 Programmable  5-16383
MB15F02 1S-95
500 PS 25 3 1617 3233 52047 0-127  Programmable  5-16383
1200 PS 25 3 16pinssoppec CoMBOOPDCISSA - gpes 1agi120 52047 0127 Programmable 516363
IS-95
MB15FO2L
250 PS 15 3 1617 3233 52047 0-127  Programmable  5-16383
1200 szscp 30 3 tepnssopeec COMEPDCISN oy 11z 30007 0127 Programmable  3-16383
MB15F02SL :
500 PS 8/9 16017 32047 0-127  Programmable  3-16383
Prog. CP
2000 PS 6 3 16-pinssoppcc DCSPCS,DECTPHS, gpes 1281100 52047 0127 Programmable  5-16383
IS-54, 1S-95
MB15F03
500 PS 3 3 16017 3233 52047 0-127  Programmable  5-16383
1800 PS 35 3 16pinssopecc DCSIDECTPHSISSA gpes  1ogi120 52047 0127 Programmable  5-16383
MB15FO3L 1S-95
250 PS 15 3 1617 3233 52047 0-127  Programmable  5-16383
1750 szscp 3540 2713 16-pinssorec DO PECLPHS IS eyes  ognzg 30047 0127 Programmable  3-16363
MB15F03SL
600 PS 8/9 16017 32047 0-127  Programmable  3-16383
Prog. CP
2000 PS 5 3 pinssop DO LIS PCS ouies 1029 52047 0127 Programmable  5-16363
MB15F04 -54,15-
2000 PS 6 3 64/65 128129  5-2047 0-127  Programmable  5-16383
— 1800 PS 34 3 16-pinSSOP BCC PHS 64/65 128129  5-2047 0127 Programmable  5-16383
233.15 PS 16 3 16/17 201 7 Fived 384
1100 szscp 40 3 16pinssopecc COMBOORCISSeyes  1ognzg 32047 0127 Programmable  3-16363
MB15FO7SL
1100 PS 64065 128120 3-2047 0127 Programmable  3-16383
Prog. CP
2500 o OZSCP 55 3  16pinSSOPBCC  DCS,PCS WLAN  32/33 6465  3-2047 0127 Programmable  3-16383
MB15F08SL
1200 PS 16017 3233 32047 0127 Programmable  3-16383
Prog. CP

The F series of PLLs are high-performance dual-channel PLLs.
They feature a hardware Power Save (PS) mode. In some cases, such
as the MB15F02, the channels support two separate frequencies:

» ARadio Frequency (RF) to generate a first Local Oscillator
(LO)

* An Intermediate Frequency (IF) channel to generate a second
LO

In other dual PLLs, such as the MB15F07SL, the channels support
two RF frequencies generating the LOs for both the transmit and
receive chains. The F series is thus ideal for double-superhet radio
systems.

10  Fujitsu Microelectronics, Inc.

Of particular interest is the MB15FxxSL series of dual PLLs.
These feature very low-operating current specifications and use a
highly balanced charge pump with a selectable 6mA or 1.5mA
output. User can select the charge pump current via the 3-wire
programming interface. This increased design flexibility helps to
optimize PLL performance.

The F series is available in 16-pin SSOP and 16-pin BCC-D
packages. The pin count is limited in a dual PLL. Therefore, the
reference input, PS and power supply each use a single pin.



Table 3. The MB15C Series

Max. Input
Part Number Frequency  Features
(MHz)

220 PS
MB15C02

330 PS

90 PS
MB15C03

120 PS

(rlﬁlc\)
15-2.0
2.0-2.7
1.0-15
1.2-12

Vee
()
0.6-1.2
1.0-18
0.5-1.0
0.7-14

Package

16/20-pin SSOP

16/20-pin SSOP
16-pin SSOP
16-pin SSOP

Application

Pagers
Pagers
Pagers

Pagers

Prescaler
Div. Div.
Ratio 1 Ratio 2

64/65
64/65
64/65
64/65

Program
Counter

5-4095
5-4095
5-4095
5-4095

Swallow  Ref. Counter

Counter Type
0-63 Programmable
0-63 Programmable
0-63 Programmable
0-63 Programmable

Ref.
Counter
Range

16-16383
16-16383
5-16383
5-16383

The Cseries PLLs, comprising MB15C02 and MB15C03,
represent Fujitsu’s PLL offering for low-voltage applications.
They are constructed in a CMOS process that has a low-threshold
voltage. The CMOS process enables operation down to a power
supply voltage of 1V. The prescaler is also constructed in CMOS.
These parts are suited to Pager applications using POCSAG,
FLEX, or the European ERMES standard.

Table 4. The MB15S Series

The MB15C02 features a PS mode controlled by a PS pin. The
MB15C02 operates from a single 1V supply, permitting operation
using a single battery cell without the use of a DC/DC converter.
The MB15C02 is available in 16- or 20-pin SSOP packages.

The MB15C03 also has both a PS mode controlled by a single pin
and a separate charge pump power supply pin. This permitsa
larger tuning range VCO to be used while still maintaining low-
power consumption. The MB15CO03 is available in a 16-pin SSOP
package.

Prescaler
Max. Input Ref.
lcc Ve . . . Program Swallow  Ref. Counter
Part Number  Frequency Features mA) ) Package Application Div. Div. Counter SRty Type Counter
(MHz) Ratiol  Ratio2 Range
MB15Sxx 300 MASK 35 3 8-pin SOP/SSOP IFLO 16/17 32/33 5-4095 0-31 Mask 0-4095
233.15 FIXED 35 3 8-pin SSOP PHS 16/17 — 291 7 Fixed 384
MB15S01 : :
259.2 FIXED 35 3 8-pin SSOP PHS 16/17 — 33 12 Fixed 40
284 FIXED 35 3 8-pin SSOP GSM 16/17 — 17 12 Fixed 13
MB15S02 : :
116 FIXED 35 3 8-pin SSOP GSM 16/17 — 7 4 Fixed 13
178 FIXED 35 3 8-pin SSOP PDC 16/17 — 27 13 Fixed 32
MB15S03
129.55 FIXED 35 3 8-pin SSOP PDC 16/17 — 161 15 Fixed 256

The MB15Sxx series is a fixed-frequency synthesizer. This single-
frequency PLL has an integrated prescaler that can operate at
frequencies up to 300 MHz. The reference, the VCO and the pulse
swallow counters, have fixed ratios that the user can select via a
metal mask option at production time. One or two fixed
frequencies can be programmed and switched via a single control
pin. To choose a single frequency, the user can select the hardware
PS option. The part is therefore customized for each application
and eliminates the need for a programming controller.

For compactness, the devices are packaged in a choice of either 8-
pin Small Outline Package (SOP) or 8-pin SSOP.

A typical application for an MB15Sxx series PLL would be one in
which high levels of isolation are required between RF and IF
PLLs. A dual PLL would not be used. When a Fujitsu MB15E07L
is used for an application in the 2.0 GHz band, using an MB15Sxx
series PLL is a good low cost way to generate the IF frequency (see
Figure 12).

Fujitsu Microelectronics, Inc. 11



LNA BASEBAND

ONE CTRL PIN

Figure 12. Simplified 2.4 GHz Dual Superhet Receiver

Figure 13 shows an example of a more complicated application for
the S series. Some systems are designed with multiple IFs,
indicating that multiple local oscillators are required. Using a dual
PLL is the most cost-effective way to produce the first two LOs,

Table 5. The MB15U Series

LNA ."‘ _

BASEBAND

IF
T
e
—~—

0

<—| MB15Sxx

MB15F03SL

3-WIRE BUS

Figure 13. Simplified 3-LO System

but a third one must be generated. A standard fully programmable,
single PLL is not required for the third LO, because it is fixed in
frequency and does not require programmability.

Prescaler
Part Number ’I\:Arz)((].ug]r?cu; Featwres lcc  Vec Package Application ; ; Ploge | Sl | e Collpir Ccij‘:(:t-er
MH (mA) (V) Div. Div. Counter  Counter Type o
(MHz) Ratiol  Ratio 2 ange
1100 Ps 35/55 35 20-pin SSOP GSM, 800PDC, 1S-54, — 1024-131071 — Programmable 6-4095
Prog. CP IS-95
MB15U10
PS
1100 Prog. CP 35/55 3/5 — — 1024-131071 — Programmable 6-4095
PS . CATV/STB, DECT, DCS,
2000 Prog. CP 356 35 16-pin SSOP PCS, GSM, IS-54. 1S-95 64/65 128/129 3-2047 0-127 Programmable 3-32767
MB15U36
1200 PTOZSCP 25/3 35 64/65 128/129 3-2047 0-127 Programmable ~ 3-32767

The MB15U10 is a dual-frequency synthesizer with both channels
operating at up to 1.1 GHz. This makes the MB15U10 suitable for
a radio system that requires separate LOs for the first receive (RX)
and transmit (TX) down conversions. The MB15U10 device is pin-
compatible to the UMA1015MA. The part features:

* Separate Vp and V¢ inputs

» APS function actuated either by a pin (PS) or by software
control

« Acharge pump that allows the conversion gain to be set viaan
external resistor

Power supply can be between 2.6 and 5.5V, The MB15U10 is
available in a 20-pin SSOP package.

12 Fujitsu Microelectronics, Inc.

The MB15U36 is a dual RF frequency synthesizer with the RF1
PLL operating at 2.0 GHz and the RF2 PLL at 1.2 GHz.

It operates over a wide supply voltage range of 3.0t0 5.0 V.

It features low operating current and utilizes a highly balanced
Charge Pump with a selectable 1.0 mA or 4.0 mA output when
using a 3V supply. A programmable Power Save feature allows
independent shut-down control of either PLL to minimize power
drain in portable applications.

The MB15U36 is pin and function compatible with the LMX2336
dual PLL. It is available in a 20-pin SSOP package.



RF Layout for Good Results

In order to obtain a reliable and high-performance RF design,
several PCB layout guidelines must be followed. RF signal traces
should be kept short and, where possible, terminated with 50%a.
This is relatively easy to do when using a multilayer board. Careful
decoupling of the power supplies is also important. Both large-
value and small-value decoupling capacitors should be placed as
close as possible to the IC power-supply pins. These devices act asa
low-impedance path to ground for any stray high-frequency
transients. Normally, a value of around 100 pF is used for this
purpose. The ground connection should be laid outasa “ground
plane” to avoid generating stray inductance that can negate the
effect of the capacitors, or worse, generate a resonant circuit that
can lead to parasitic oscillations. Connecting to the ground plane
from the bond pin can have an inductance of 1 nH.

As arule, the synthesizer supply should be separated from any
digital circuitry present in the design. Particularly sensitive is the
ground connection to the loop filter. To achieve the best
performance, the loop filter should be constructed from film
capacitors, which exhibit a high Q factor, and low leakage.

Measurement Hints

When making measurements, using a shielded chamber is best. A
low-noise signal generator, or the actual TCXO from the system to
be designed, must be used for the OSC,, signal. Ground loops can
create 60 Hz spurs and harmonics around the carrier signal. Some
measurement instruments, especially those equipped with a
cathode ray display, can generate higher frequency spurs. For a test
setup, additional inductors in the power rails can improve the noise
performance. For phase noise measurements, all generators should
be connected to the same reference timebase.

Evaluation Systems

Designing a complex subsystem, such asa PLL, is no easy task.
Therefore, Fujitsu has made available an evaluation system to aid
in the development of reliable frequency synthesizers. Each
evaluation system consists of two PCBs, controlling software, and
instructions. The first PCB, common to all PLLs, is used as a
programming interface between the PC and the second RF PCB.
Thissecond RF PCB is laid out to allow the target MB15xxxx part
to be optimized as a frequency synthesizer for the chosen
application. The RF board is only semi-populated, which allows
the user to configure it to fit the application.

Support is provided through RF evaluation boards.

Fujitsu Microelectronics, Inc. 13



Fujitsu Super PLL Evaluation
Board Lineup

Table 6 lists the Fujitsu Super PLLs currently supported by
evaluation systems. All of them, as well as their RF boards, are
used in conjunction with the MB1500EBOO programming board.

Table 6. Evaluation Boards

. fin lec Evaluation
Singles (max, MHz) (mA) Package Board
16SSOP MB1500EBO1
MB15E03 (L, SL) 1200 35(25,25) LeReCS MBLS00LB01E
16SSOP MB1500EBO1
MB15E05 (L, SL) 2000 6.0 (4.0,3.0) LeBeCS MBLS00EB01E
16SSOP MB1500EBO1
MB15E07 (L, SL) 2500 8.0 (45, 4.0) LeBeCS MBLS00EB01E
MB15S01 270 35 8SSOP MB1500EB02
MB15S02 300 35 8SSOP MB1500EB02
MB15S03 200 35 8SSOP MB1500EB02
fiN lec Evaluation
Duals (i ) (mA) Package Board
1200 16SSOP MB1500EB13
MBL5F02 (L, SL) 500 55(40,30) 16BCC-D MB1500EB013B
2000 16SSOP MB1500EB13
MBL5FO3 (L, SL) 500 80(50,40) 16BCC-D MB1500EB013B
1800 16SSOP MB1500EB13
MBISFOSL 233.15 50 16BCC-D MB1500EB013B
600 16SSOP MB1500EB13
MBISFO7SL 1100 40 16BCC-D MB1500EB013B
1200 16SSOP MB1500EB13
MB15FO8SL 2500 55 16BCC-D MB1500EB013B
MB15U10 iigg 7.0 20SSOP MB1500EB12
MB15U36 iggg 6 20SSOP MB1500EB36

14 Fujitsu Microelectronics, Inc.



PLL Programming

Swallow Counter Calculations
PLLs with swallow counters have the following frequency
counters/dividers on the chip:

Input counter/prescaler (R) (also called the reference counter)
* Dual modulus counter/prescaler (M) and (M+1)

* Program counter (N)

« Swallow counter (A)

The reference frequency, divided by the reference counter (R), sets
channel spacing.

fehannel spacing ~ frer /R

The RF input prescaler is configured as a dual modulus prescaler;
that is, it can be set to divide by (M) or (M+1) by setting a control
bit. The swallow counter controls the modulus (M+1) or (M) of
the prescaler. Both the swallow counter and the program counter
are both driven at the same time from the output of the dual
modulus prescaler. The swallow counter counts for only a portion
of the program counter’s interval. For example, the swallow
counter initially sets the dual modulus prescaler to divide by
(M+1). When the swallow counter reaches its programmed value
(A), it switches the dual modulus prescaler to divide by (M). For
this reason, the swallow counter is always programmed to a lower
number (A<N) than the program counter.

The swallow counter permits the program counter to count two
different frequencies during the interval (N). The proportion of
(M+1) and (M) counts during the program counter cycle permits
the synthesis of many different families of frequencies.

-<«——— Program Counter Interval =N ——»

-«— Swallow Counter On: —=|= Swallow Counter Off: —»|
Interval = (A) Interval = (N-A)

-+ Prescaler Set to (M-1) —[=— Prescaler Set to (M) —»

Figure 14. Prescaler M Under the Control of Swallow Counter A

Figure 14 shows the relationship among the (M+1), (M), (N), and
(A) counters:

» While the swallow counter is on, the division ratio =
(M+1)*(A)

* While the swallow counter is off, the division ratio =
(M) *(N-A)

* The total number of pulses counted during the interval N is
thesum: (M+1)*(A) + (M) *(N-A)=(N*M) + A

The output frequency of a swallow counter PLL is therefore:

fuco = ((N*M) + A) * (frer / R))

Note: A must be less than N.

Figure 15 shows the BICMOS PLL.
4 )

Reference
Counter (R)

External

Phase Charge | [ ]
Loop Filter

Comparator [ | Pump

T

Program
Counter (N)

Modulus
Control

Swallow
Counter (A)

RFN

* RFout

Prescaler
(M/M+1)

Control

\ Internal Data Bus /

Data Input

Figure 15. Swallow Counter BICMOS PLL
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Programming Example:
FM Broadcast Receiver Local Oscillator

Design Criteria

Frequency Range: 87.9 MHz to 107.9 MHz
Channel Spacing: 200 kHz

IF: 10.7 MHz

Reference Oscillator: 40 MHz

High Side Injection

Antenna
87.9 - 107.9 MHz

BAND | IFout
PASS RF AMP, MIXER 10.7 MHz
FILTER

PLL
98.6 - 118.6 MHz

Figure 16. FM Broadcast LO Generation

Follow these steps:
1. Perform the preliminary calculations:

a. PLL lowest output frequency = (87.9 + 10.7) = 98.6
MHz

b. PLL highest output frequency = (107.9 + 10.7) = 118.6
MHz

¢. Number of channels = ((107.9-87.9)/0.2) + 1 =101

d. R counter =40 MHz /0.2 MHz = 200

Select the dual modulus prescaler.
M =15/16

Program the counter interval.
a. Lowest count =(98.6/0.2) =493
b. Highest count = (118.6/0.2) =593

Find the starting value of the swallow counter.
a. Lowest count =493

h. M=15

¢. Total interval count = (N * M) + A =493
d. LetA=0

e. Then493=(15*N)

f. N =493/15=32.867

16  Fujitsu Microelectronics, Inc.

g. Set N=INT(N) = 32 (see Note)
h. Find A=493-(32*15) =493 -480 =13

Note: The INT function returns the integer value of a decimal number.

5. Test the starting values (channel 1).

a. M=15

h. N=32

¢. A=13

d. Condition (A<N) is met

e. Total interval count = (15* 32) + 13 = 493

f. Reference frequency = 0.2 MHz

g. Lowest frequency = (493 * 200,000) = 98.6 MHz

. Toincrement the channels, increment Swallow Counter A

by 1. For example, calculate channel 2 as follows:
a. M=15

h. N=32

¢. A=14

d. Condition (A<N) is met
e. Total interval count = (15* 32) + 14 =494

f.  Reference frequency = 0.2 MHz

g. Next frequency = (494 * 200,000) = 98.8 MHz

. By incrementing (A), the channels from 1 to 19 are synthe-

sized. When A =32, the condition (A<N) fails and the PLL
can no longer generate the desired frequencies. At this point,
the N counter must be changed to another value as follows:
a. Channel 20 count=512=(N*M) + A

b. LetA=0

¢. ThenN=512/15=234.13333

d. SetN =1INT(34.13333) =34

e. Find A=512-(15*34)=2

. Test the values for channel 20.

a. M=15

h. N=34

c. A=2

d. Totalinterval count=(N*M)+A=(15*34)+2=
512

e. Channel 20 frequency = (512 * 200,000) = 102.4 MHz

. To synthesize channels 20 to 49, increment A by 1 for each

successive channel. When channel 50 is reached, the condi-
tion (A<N) again fails and a new number for N is calculated.
This process continues until all 101 channels are synthesized.
Repeating the calculation can lead to a simple program to
find all the values of N and A for a given M.



Programming Example:
High-Frequency Hopping Receiver

Design Criteria
* Frequency Range: 2399 MHz to 2501 MHz
Channel Spacing: 1000 kHz

IF:

480 MHz

Reference Oscillator; 12 MHz
Low Side Injection

Antenna

2399 - 2501 MHz

BAND
PASS
FILTER

BAND
PASS
FILTER

IFout
480 MHz

IRF AMP.

T

PLL
1919 - 2021 MHz

Figure 17. High Frequency LO Generation

Follow these steps:
1. Perform the preliminary calculation.

a.

C.
d.

PLL lowest output frequency = (2399 - 480) = 1919
MHz

PLL highest output frequency = (2501 - 480) = 2021
MHz

Number of channels = ((2500 - 2400) / 1.0) + 1 = 103
Rcounter=12/1=12

Select the dual modulus prescaler.
M =15/16

Program the counter interval.

a.

Lowest count = (1919/1.0) = 1919

b. Highest count = (2021 /1.0) = 2021

4. Find the starting value of the swallow counter.

a.

o o o0 o

Lowest count = 1919

M=15

Total interval count = (N * M) + A= 1919
LetA=0

Then 1919 = (15 * N)

N =1919/N = 127.933

Set N = INT(127.9333) = 127 (see Note)

Find A=1919-(127*15)=1919-1905=14
A=14

Note: The INT function returns the integer value of a decimal number.

5. Test the starting values (channel 1).

a.

Q@ o a0 o

M =15

N =127

A=14

Condition (A<N) is met

Total interval count = (15 * 127) + 14 = 1919
Reference frequency = 1.0 MHz

Lowest frequency = (1920 * 1,000) = 1,919,000 kHz =

1919 MHz

6. To increment the channels, increment A by 1. For example,
calculte channel 2 as follows:

@ +~® o0 o

M=15

N =127

A=15

Condition (A<N) is met

Total interval count = (15* 127) + 15 = 1920
Reference frequency = 1.0 MHz

Channel 2 frequency = (1920 * 1,000) = 1,920,000 kHz
=1920 MHz

The swallow counter (A) needs to run between 14 and 116 to
synthesize all 101 channels. A is always more than N; therefore,
changing the value of M or N is not necessary.

Fujitsu Microelectronics, Inc. 17



Loop Filter Design

Because of its low cost and low noise, it is desirable to use a simple
passive loop filter. Figure 18, shows the configuration of a typical

loop filter.

Figure 18. Loop Filter

C1, C2, C3,R1, and R2 form a third order filter. The VCO creates

an extra pole. Therefore, the complete structure of the loop filter

creates a fourth order loop. The components R1 and C2 represent
the core of the loop filter, whereby the other components—C1 and
the cascaded low-pass R2 and C3—are used to further enhance the
system performance by adding higher order attenuation. The user
can omit low-pass filter, R2-C3, in many applications. Consider the

following when optimizing any PLL frequency synthesizer:

* The time it takes to step from one frequency to another
* The suppression of reference side bands
 The minimum in-band phase noise to obtain

As the order of the loop increases, the calculation of the loop filter
components becomes unmanageable. In the following calculation,
only the components R1 and C2 are generated from a theoretical

approach. C1 is generated by a simple rule of thumb. The low-pass

filter can be dimensioned to have a 3 dB cutoff, approximately a
decade away from that of the loop bandwidth.

18  Fujitsu Microelectronics, Inc.

Fujitsu PLL Loop Filter Calculations

Typical Loop Filter

From “Do” To VCO

- ClJ‘ A%Rl J*03
vi, v
g

Follow these steps:

1.

o

Determine the maximum dividing ratio, N.

_ Maximum VCO Frequency
Channel Spacing

N

Calculate fn (natural frequency).

-1 Dfa 0

fo = 2T0e tse € ) Inﬂ‘stepD

Start with a damping factor (&) of 0.7 and “ts” less than
.002 second.

Calculate capacitor C2.

Icp * cho

€2 = ———
Ne (21e f,)

Calculate resistor R1.

N
Rl =2e¢¢fe¢ |
& Wigp* Ko ® C2

Calculate capacitor C1.

_ C2
Cl—10

Note: C1 can be adjusted to optimize the PLL performance.

6.

Calculate R2 and C3 filters.

R2 and C3 are used to reduce any “spurs” caused by the
reference frequency. Verify that the product of R2 and C3 is at
least 1/10 the product of C2 and R1.



Terms

fitep Maximum frequency step, or hop, to a new frequency —
inHz

tg Desired time for the carrier to step to a new frequency —
in seconds

fy Frequency accuracy of the carrier within the desired time
aftera “step” or hop—in Hz

13 Damping factor

f Natural frequency —in Hz

lep Charge pump output current, in Amps

Kyco  VCO sensitivity in Hz/V

N Divide ratio-carrier frequency/reference frequency

In Natural LOG

Loop Filter Design Example

Thefirst step in designing a filter is to specify the system. This
example assumes a channelized system of which locking time is the
most critical. This is applicable to any radio standard based on
Frequency Division Multiple Access/Time Division Multiple
Access (FDMA/TDMA). Specification of hopping time requires
the definition of three parameters:

fitep (Hz)  Frequency hopping step; taken from the lowest
frequency required in the radio system to the highest

required

T(s) Hopping time; the maximum allowable time taken to
switch between the channels farthest apart. Asarule
of thumb, the highest lock speed achievable with
conventional; for example, non-fractional-N dual

modulus systems, is around 300s.

f, (Hz) Frequency accuracy to desired frequency; for example,

how close the carrier must be to the desired frequency
when hopping time is measured.

Example:
let figep = 1005-1031 = 26 MHz
f,=1kHz, T = 450ps

Extract two more parameters from the data supplied by the
manufacturers of the components used:

K,(Hz/V)  The conversion gain of the VCO employed.

lep (MA)  The DC charge pump current as measured at the PLL
output. Measurement conditions are usually specified
as being the current drawn to ground or V¢ when
the voltage at the charge pump output is held at 1/2

the Vcc.

If the charge pump currents are not equal, calculate the complete
gain by adding the current of the positive source to that of the
negative source, and dividing by two.

Select the channel spacing of the system. This sets the maximum
frequency at which the phase detector can resolve phase differences
between the two signals. It is desirable to make the phase detector
operate at as high a frequency as possible:

The higher the reference frequency, the lower the output phase
noise within the loop bandwidth.

After selecting the channel spacing, calculate the N divider ratio.
Taking the frequency and dividing by the channel spacing results
in the highest N-counter setting. For example:

Highest Frequency = 1031 MHz
Channel Spacing = 200 kHz

N = 1031x106-+-200x103

N =5155

In this case, N represents the combined N (programmable divider)
and M (prescaler) divide ratios. It does not matter if the resulting
number is not a factor of the smallest prescaler dividing ratio,
because the dual-modulus control logic takes care of the exact
division ratios.

Step-by-Step Procedure
The following is a step-by-step procedure in the design of a typical
Loop Filter.

Parameters

 VCO Frequency Range: 1005 to 1031 MHz
VCO Tuning Sensitivity (Kyco): 35 MHz/V
Channel Spacing: 200 kHz

Damping Factor (§): 0.707

Charge Pump Output Current (Igp): 10 mA
Maximum Step Frequency (fep): 26 MHz
Step Switching Time (ts): 450us

* Frequency Accuracy after Step (fy): 1 kHz
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Follow these steps:
1. Determine the maximum dividing ratio, N.

_ Maximum VCO Frequency
N = -
Channel Spacing
N = 8L = 5155
200e

2. Determine the “natural frequency”, f, (Loop Frequency).

.- -1 « 1 10000
n 5 "O—s0
6.28 x 450e ~ x 0.707 D26e

f, =5088 Hz
3. Determine C2.

0.01 x 35¢°

c2 = -
5155 x (6.28 x 5088)

C2 = 0.0665F

4. Determine R1.

5088
0.01 x 35¢° x 0.0665 x 10~°

R1 = 2><0.707></\/

R1 = 665

5. Determine C1.

_C2
Cl = 10
C1 = 0.0066pF
6. Determine R2 +C3.
R2 = R1
R2 = 665
_C2
C3 = 10
C3 = 0.0066F

20  Fujitsu Microelectronics, Inc.

The final circuit using standard value components:

R2
680
Do ’ : ToVCO
c1 (5310 c3
.0068LF .0068pF
v le ¢

g .068uF

Loop Bandwidth

Calculate the approximate loop bandwidth as follows:

) _ (2m) e« fn 1
Loop Bandwidth = 5 % + 4—2%-!2

_ 6.28 x 5088 1 g
= 2ESSR07 0.7070

15976.32 x (0.707 + 0.356)

15976.32 x 1.060
16944.5 Hz

Recommended Texts:

Frequency Synthesizer Design Handbook
James A. Crawford (Artech House)

Phaselock Techniques
FM. Gardner (John Wiley and Sons)

Digital PLL Frequency Synthesizers Theory and Design
U.L. Rhode (Englewood Cliffs)



Application Benchmarks

* This section details basic PLL performance results.

* All measurements were executed using an
HP-4352B VCO-PLL signal analyzer.

* Each example can be further optimized in the user’s
exact system.

* The evaluation board used is an MB1500EBO1.
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Super PLL Application Guige

Design Example 1

Vee:

Vp, Vyeo!

Comparator Frequency:
Reference Oscillator:

RF Out:

Ambient Temperature:
VCO: Z-Comm V583ME04
fy

T (Hopping Time):

Damping Factor:

22 Fujitsu Microelectronics, Inc.

3V

5V

200 kHz

19.8 MHz
1018 MHz
25°C

Ky = 35 MHz/V
1000 Hz
450us

T

Parts List

C2 10 nF
c3 10pF
c4 100 pF
c5 33pF
c6 33pF
C10 100 pF
c11 10pF
C12,C13 30 pF
R3 0%
R4 51%
R5 47 k¥
R6 47 k¥a
R7 47 k¥,
R8 18%
R9 18%
R10 18%
Loop Filter

7 .0068yF
cs .068yF
C9 1000 pF
R1 3300%
R2 68094

U1
ciz [
Vee 1 16
? L 1fosc, OR [=>x
(=]
VP 5: 5 21 0sCour op H5x
j’_ j vp LDffour %x R5SR6IRT
Vee  wmpiseosL  ZC [ X
c2Jcsl Lcs 5[ 5o s 112 O
T o ap :
<]—||—7 Xin Data |- H|
81ty Clock |2 0
cé
Vvco
I i
R1 492 .
P B
17 Lcg Lo
5 M2
$ <2{eND gD -
R2 R3 6 1 RFoyr
Vee M C
C10 Voo
plen

Figure 19. Application Circuit, GSM High Side Injection



Test Results at 1080 MHz

JSRectrum 18 dB/ REF B dBm -75.277 dB
4 : : 288, 5 kHZ
. L ExR ‘ ‘ ‘ aitkr|  CETTER
Phase NOlSe Performance W|th|n the LOOp :_80.5 to _836 dBC/HZ J TRt SO UO TPt FUORTETUOOOE SOOI JURTTTY FOTRTRTT AR e PP ST
. . SPACE
Spurious Performance at 200 kHz from the Carrier = —=75.2 dBc
Hopping Time SPAEE
1005.4 MHz to 1030.6 MHz = 368.5us ERASE
1030.6 MHz to 1005.4 MHz = 317.5ps
DONE
JPhuse Hoise 20 dB/ REF @ dBc -80.563 dBc
H 5.966A1 kHz|
H SELECT STOR DEY
ExR LETTER [DISK]
Rvg SPACE H H H H
ATN_ @ dB REW 1 kHz WBL 1 kHz SWP_ 841 msec CRNCEL
CENTER 1.818 GHz LO 991.9 MHz SPAN 1 MHz
BAC
SPACE
Rl i i
s m’”‘\« ERasE Figure 22. Spurious Performance at 1018 MHz = —75.2 dBc
CHRR 1.218 GHz
"
5 ML«« ! 5
M poNE RF Troumsient 1 kHz/ REF 1.8386 GHz 1.030681 GHz
T H H 368.5 usecd|
T PErEEL
TSR e SPACE
e o e T e
ERASE
TITLE
Figure 20. Phase Noise Performance C/N =-80.6 dBc/Hz "
Maximum within the Loop Bandwidth bane
STOR DEV
[DISK]
Phuse Hoise 20 dB/ REF @ dBc -83.623 dBc
y 1.289482 kHz| : : :
ExR EE%%E% g;gﬁ? dg cec MA= 1.832 BEE 1.829 GmiN 1.83 GHz SPRNREE ?SES CRHCEL
Rva SPACE
SR Figure 23. Hopping Time Step 1005.4 MHz
Hid
Mg B crse to 1030.6 MHz = 368.5ys
CARR 1.818 SHz TITLE
",
"
‘MLM |
DOME
W"MM RF Trounsient 1 kHz/ REF 1.8859 GHz 1.6@5399 GHz
”"Wm' : : 317.5 usec|
e CEFRER
STOR DEY
[D15K] T;E SPACE
ATHN @ dB MEM 1 Hz WP 7.372 sec CANCEL BACI
START 188 Hz LD 994 MHz STOP 18 MHz W SPACE
S
Figure 21. Phase Noise Performance C/N =-83.6 dBc/Hz '
Minimum within the Loop Bandwidth oane
STOR DEYV
[DISK]
ATH dB MAX 1.887 6Hz - MIN I.BBSIGHZ - REF @ Hz CRNCEL
STRR B seo L0 1.8684 GHz SPAN 2 msco

Figure 24. Hopping Time Step 1030.6 MHz
to 1005.4 MHz = 317.5ps
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Super PLL Application Guige

Design Example 2

Vee: 3V

Vp, Vyco: 4V
Comparator Frequency: 30 kHz
Reference Oscillator: 19.8 MHz
RF Out: 872.64 MHz
Ambient Temperature: 25°C

VCO: Z-Comm V582ME02 Ky =50 MHz/V
fy 1000 Hz

T (Hopping Time): 2ms
Damping Factor: .85

Vee
o

VP T =<
C13

c2Jcsl lca

Ty

Figure 25. Application Circuit, Digital European Cordless Telephone (DECT) Low Side Injection
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Parts List
C2
C3
C4
C5
C6
C10
C11
C12,C13
R3
R4
R5
R6
R7
R8
R9
R10
Loop Filter
Cc7
C8
C9
R1
R2
u1
L1z [o
L osc, or [0
2 2l o6scour op H5x
31vp LDffour 4 R5SR6SRT
4 Vee ﬁx
5{p,  MBISEOSL ¢ f12 O
cs <& eno Le |2 O
<]—”—7 Xin Data |10 |
f fin Clock }2 |
c6
Vvco
T o
Rl A= A E
L7 Leg" " Leo }
g <F2feno GNIID> > 2
R2 R3 6 1 RFoyr
Vee M C °
C10 Voo
\ ci1

10 nF
10uF
100 pF
33 pF
33 pF
100 pF
10uF
30 pF
0%
51%
47 k¥
47 k%
47 k¥,
18%
18%
18%

015 F
AT yF
6800 pF
3000%
600%



Test Results at 872.64 MHz

Spectrum 16 dB/ REF @ dEm -86.088 dB
) : : : R EER
Phase Noise Performance within the Loop = —71.7 to —75.1 dBc/Hz Bt CURRENT DIREETORT: M : 2
Spurious Performance at 30 kHz from the Carrier = —80.0 dBc Feamr
Hopping Time .| Aes. 1R
860.07 MHz to 884.94 MHz = 1.43ms -
884.94 MHz to 860.07 MHz = 1.84ms
: PREW FILES
kPhusa Noise 26 dB/ REF B dBc -71.719 dBe
y 1.712807 kH
ExR [CURREMT DIRECTORY: RES. TIF NEXT FILES
Ava RBE.TIF H H H STOR _DEV
e T ATH 5 dE REH 108 Hz WEH 183 Hz SHP 1.4% sec [o1ska
CEMTER §72.64 MHz L0 846.6 MHz SPAM 18@ kHz
.| RCL1.TIF

g
Hidg |y FPRACE T A

“"@.‘W e Figure 28. Spurious Performance at 872.64 MHz =-80.0 dBc

Mﬁhww
N\wl”vm
hwm‘“”““#%w“dw4*_whw RF Transient 1 kHz/ REF &84.99 MHz 884,839 IHz
: : 1,43 nsec]
PREY FILES AC3.TIF
ExR [CURRENT DIRECFORY: Y : :
NEXT FILES Avg : H ACA.TIF
STOR_DEV : :
RCS.TIF
AT a8 WEl 1 Az WP 7.372 sec tb1sk] : :
START L6 Hz L0 898,56 fHz ST0P 18 HHz Hid
RCE.TIF

Figure 26. Phase Noise Performance C/N = -71.7 dBc/Hz Hr
Maximum within the Loop Bandwidth

FREV FILES
NEXT FILES
Fhuse Noise 20 dB/ REF @ dBc -75.173 dBc
192.872 M2l e T1F : STOR DEV
Eiift \CURRENT DIRECTORY: ATH & B TR 856 WAz WIN 684 MRz FEF @ Az [pIskl
START B sec LD 883 MHz SPAN. & msec
fiva ABE. TIF

AL TIF Figure 29. Hopping Time Step 860.06 MHz

" e, to 884.94 MHz = 1.43 ms
" .

CRRR 872,64 HHz|

Mo,
N

MWMhM“M\EWWh RF Trunsient 1 kHz/ REF 868.87 MHz 86@.0691 MHz

bh H H H H 1.54 msed|
THhpdolimoemn PREV FILES cu |curriit piRECTORY: : : : : ACZ.TIF
MEXT FILES Awvg H H H H ACA.TIF
STOR DEW .| ACE.TIF

e B e TR

ACE.TIF

Figure 27. Phase Noise Performance C/N =-75.1 dBc/Hz "
Minimum within the Loop Bandwidth

PREW FILES

MEXT FILES

STOR DEV
[DISK]

A% 883 MHz MIN 859 MHz

FEF GH z
LD 857 MHz SPAN S msec

ATN S dB
START @ sec

Figure 30. Hopping Time Step 884.94 MHz
to 860.07 MHz = 1.84 ms
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Design Example 3

RF Section

Vee:

Do:

Comparator Frequency:
Reference Oscillator:

RF Out:

Ambient Temperature:

VCO: Z-Comm V613ME04:
far

Ts (Hopping Time):

Damping Factor:

IF Section
DO:
Comparator Frequency:

IFour:
VCO: Z-Comm V240MEQ1

Damping Factor:

3V
6 mA
200 kHz

19.8 MHz, -

1775 MHz
25°C

3 dBm

Ky = 21 MHz/V

1000 Hz
750 ps
707

6 mA

50 kHz
232 MHz
25 MHz
707

Parts List (Continued)

Parts List
C1l
C2
C3
C4
C5
Reff. Oscillator Input
IFour
R12 VCO
Vveo “Wvl— GND
cs 1
I -
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HH

c12 1000 pF
c13 1000 pF
Cl4 0.1pF
C15 22 mfd/6v
C16 100 pF
R1 50%
R2 50%
R7 50%
R8 50%
R9 47K,
R10 47K,
R11 47KYs
R12 50%
IF Loop Filter
C6 8200 pF
c7 0.68uF
cs 0.047yF
R3 1500%4
R4 3009
RF Loop Filter
1000pF €9 2700 pF
100pF  C10 0.033uF
22mfd/év  Cl1 1000 pF
OlyF RS 2000%
1000 pF  R6 10K%
MB15F02L
GND  Clock |18 RiL
2loscy  Data [22 = Ri0
3 14 RO -:LNWJ
GNDy  LE
Hine  finge 2= HClG RFour
vee Veew 12 _214 Sist Vgc ‘%RS
8] Dfoyr Xfinge 11_}:_&::: -
10 =
8 P T g_ﬁlj‘_ R6 vCo R7
o L PORe - T GND—YW- Vico
I cuT 1 Tew

Figure 31. Application Circuit, PCS1900 Low Side Injection



Test Results at 232.5 MHz & 1775 MHz

RF Transieht 1 kHz/ REF 1.75 GHz 1.750@31 GHz
Phase Noise Performance within the Loop = —82.3 dBc/Hz @ 232.5 MHz ExR i T
and —72.9 dBc/Hc @ 1775 MHz e SPACE
Spurious Performance at 50 kHz from the Carrier = —88.3 dBc and at 200 wack
kHz from the Carrier = -85 dBc Wi SR

)
2
=y
Cio
i

Hopping Time ‘
1737 MHz to 1797 MHz = 498us
1797 MHz to 1737 MHz = 479s

DONE
STOR DEW
[DISK]
Phose Moise 208 dB/ REF @ dBc -82.396 dBc
1.389538 kHz|
ExR EE%%E% ATH BdB MAX 1.751GHz MIN L.799GHz EF BHz CANCEL
START @ sec L0 1.748 GHz SPAM 2 msec
Avg SPRACE
Figure 34a. Hopping Time Step 1800 MHz to 1750 MHz = 666s
oPhcE
Hid
| 2,
oy - "Wv..\w CHRR  232.5 IHz %??EE Phuse Moise 2@ dB/ REF @ dBc -72.922 dbc

6.179332 kH{]

SELECT
M ExR LETTER
M DONE Rva SPACE

5 .
SPACE
Hid
STOR_DEV Rty Mﬂ""
[DISK] ERASE
W‘\% CARR  1.775 GHz TITLE
RTW @ dB MEH 1 Hz HP_ 7.372 sec CRNCEL W
START 188 Hz L0 2538.4 HHz STOP 1@ HHz
M DONE
Figure 32. Phase Noise Performance C/N =-82.3 dBc/Hz T
STOR DEW
[DISK]
‘Spnttr‘um 18 dB/ REF -1 dBm -88.3498 dB
58 Kz SELECT
ExR AMkr LETTER ATIN_ B dB MEH _1 Hz HP_ 7.37L2 sec CRNCEL
START 188 Hz L0 1.791 GHz STOP 1@ MHz
?gg SPRCE
Figure 35. Phase Noise Performance C/N =-72.9 dBc/Hz
SPAGE
Hid
ERASE
TITLE
Spectrum 18 dB/ REF B dEm -55.0865 dB
| 2Ee kHZ|

SELECT
ExR aMkr| LETTER

DONE
RAva SPACE

BRCK
N B SPRCE
STOR DEV Hid
A b [DISK]
A adl e Ll Vb P ERASE
itparbe L ik TITLE
AN dE REN 306 Hz VET o0 Az IF_ 775, 1 msec ERHEEL
CENTER 232.5 MHz L0 258.49 MHZ SPAM 2098 kHz

Figure 33. Spurious Performance at 232.5 MHz = -88.3 dBc f \ "

L

’!f/ \ STOR_DEV
RF Trunsient 1 kHz/ REF 1.8 GHz 1.860861 GHz [DISK]
B used o i e
ExR LETTER e M\'-\n e
CANCEL
ATH_ B dB REW 382 Hz WEBL 08 Hz WP 3.A36 sSec
CENTER 1.775 GHz L0 1.7489 GHz SPAN 1 MHz
?;9 SPACE
e Figure 36. Spurious Performance at 1775 MHz = -85 dBc
Hid a
(\V\L Bz
, PAALY Mo A Ay P A

STOR DEV
[DISK]

|
|
1 DONE
|
|

ATl NAX 1. 8@Z6Hz il CRANCEL

adB IN 1.7986Hz
START @ sec Lo 1.796 6hz

REF @Hz
SPAN I msec

Figure 34. Hopping Time Step 1750 MHz to 1800 MHz = 718us
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Super PLL Application Guige

Packages
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Figure 37. 8-Pin SSOP
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Figure 38. 16-Pin SSOP
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Figure 39. 16-Pin BCC (LCC-16P-M02)
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Figure 41. 20-Pin SSOP
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