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ABSTRACT

Compatibility of the LMX1501AM with the MB1501(std, and
options H, and L) and MB1502 (in the FPT-16P-MO06 pack-
age option) is inspected with emphasis on issues related to
dual sourcing, or replacement of the MB150X parts with the
LMX1501A. The devices are fundamentally similar, with
identical (1501) or compatible (1502) pin outs, and identical
programming specifications. Some key differences are
found, however, which require attention. These include,
package size and footprint, charge pump characteristics,
loop filter configuration, and programming timing. In many
cases the LMX1501A will easily replace MB150X compo-
nents with few or no changes at all. This will not be true in
all cases, however, particularly when data sheet program-
ming specifications of the MB150X or LMX1501A have not
been followed, or when high charge pump tuning voltages
are required.

SIMILARITIES

® Architecture

® Pinout

e Operating voltage (Vcg)

e Programming content, format, and levels
® Temperature range

® RF fin sensitivity and impedance

DIFFERENCES

® Package Size/Footprint

e Charge pump magnitude, balance, deadband
e Charge pump maximum supply voltage

® Loop filter configuration

® Programming timing. (Faster, tgg)

® |cc vs Ve dependency
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COMMON ELEMENTS

The LMX1501A and MB1501(H/L)—2 have a great deal in
common. Both devices consist of 1.1 GHz programmable
prescalers with an option of 64/65 or 128/129 dual modu-
lus division. Both have a reference divider channel. Both
have an internal phase detector and charge pump circuit,
and outputs which allow use of an external charge pump
circuit. The MB1501 and the LMX1501A share pinout and
definitions, and the LMX1501A and MB1502 have compati-
ble pinouts, shown in Figure 1. The components operate
over the same temperature and voltage ranges (except the
MB1502 operates only at 5V) and are programmed with the
same information in the same format. For all these similari-
ties, there are a number of key distinctions. This application
note is focused on those issues which are relevant to re-
placing the MB150X with the LMX1501A. This means that
certain performance improvements in the LMX1501A are
not listed at length, and no effort is made to compare and
contrast the parts generally. Full specifications are available
in the LMX1501A data sheet—Lit. # 108500.
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PHYSICAL DIFFERENCES

Footprint. The MB1501 and MB1502 are packaged in a
EIAJ standard SO 16. This package has a pin to pin pitch of
0.050 in. with a body width of 0.209”. The NSC LMX1501A
is packaged in a standard JEDEC SO 16, which has the
same pin to pin pitch, but a body width of 0.153". Figure 2
shows an overlay of the JEDEC package on a PCB showing
(typical) EIAJ solder pads. Figures 3 and 4 show the dimen-
sions of the two packages. Re-layout of the PCB is advisa-
ble, but probably not mandatory. Although not optimal,
lengthening the solder pads by 0.35" will accommodate
both package types. Corrective action: re-design the PCB
using a smaller footprint.
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FIGURE 2. Footprint Overlay
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FIGURE 3. LMX1501A Outline Drawing
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FIGURE 4. MB150X Outline Drawing
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Loop Filter Configuration. Figure 5 shows a loop filter to-
pology which is often found with MB150X components. It is
unusual in its placement of a series resistor before the inte-
grating capacitor. This resistor effectively causes the volt-
age at the charge pump (CP) output to increase instanta-
neously as the CP delivers large current pulses. For the
MB150X, since the sink current is much higher than the
source current, the delivered pump up current is limited by
this resistor, which makes the negative frequency lock time
increase. Because of the low output of the MB150X charge
pump source current, the series R does not noticeably de-
grade performance, and it allows an additional lowpass filter
function to cope with the large spurious response caused by
time and current imbalance. The LMX1501A, however, with
a balanced CP design, is sensitive to this resistance. It caus-
es current limiting in the CP output, Do, which decreases
the phase detector gain. This effect is most noticeable in
large frequency steps or steps towards the high end of the
tuning range. Fortunately, this resistance can be removed
with no ill effect. The dramatically lower spurious content of
the LMX1501A eases the filter requirement substantially.
Corrective Action: remove and short the series resistor at
Do.
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FIGURE 5. Loop Filters




ELECTRICAL DIFFERENCES

Charge pump output magnitude and balance of the source
and sink currents can be seen in Figure 6. Laboratory mea-
surements of the LMX1501A/MB1501 sink and source cur-
rents using an HP4145A Semiconductor Parameter Analyz-
er are shown for Vo = Vpp = 5V.
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FIGURE 6. Charge Pump Magnitude and Balance

Clearly, from the sample tested, the LMX1501A has better
balance between the sink and source currents. The positive
and negative lock times are therefore nearly equivalent, and
the spurious energy is greatly reduced. Since the overall
magnitude of the charge pump currents are markedly differ-
ent, the PLL dynamics will change due to the change in the
closed loop gain. In order to take full advantage of the supe-
rior performance of the LMX1501A charge pump, loop filter
component values should be optimized corresponding to
the LMX1501A phase detector gain. If an external charge
pump implementation is used, no modification is necessary.
Corrective Action: Optimize component values for appro-
priate loop gain.

S$18: MSB S17 S10

Max voltage on the internal (Do), and external (¢r, ¢p)
charge pump of the MB150X is 10V, and 6V for the
LMX1501A. Although the bulk of applications, do not require
VCO tuning voltages above 5V, certain systems use higher
Vce's. The LMX1501A cannot attain voltages higher than
6V because of the N-channel breakdown voltage. For the
charge pump of the LMX1501A to drive voltages greater
than 6V one may use an active loop filter to provide the DC
gain needed. Unfortunately, this is a redesign, and reduces
the tuning sensitivity of the PLL. Corrective Action: If Vp <
6V, No Action needed.

SOFTWARE COMPATIBILITY

If the specifications for the MB150X for the data timing are
met, the LMX1501A will also program correctiy, since the
programming protocol is identical. If tgs, the clock to enable
set-up time, equals 0 ns, then the LMX1501A will not pro-
gram correctiy, while the MB15XX will continue to function
out of spec. The data input timing of the LMX1501A is more
than fast enough to accept MB150X programming, since the
specification for setup and hold times are >50 ns, and the
MB150X specification calls for setup and hold times of
>1 us. Corrective Action: Make sure Clock returns to a
low state before the rising edge of Load Enable.

ADDITIONAL NOTES

The major differences between the LMX1501AM and the
MB150X that merit attention when replacing or dual sourc-
ing have been discussed. Although the user may realize ad-
ditional performance advantages from the LMX1501A, such
as power dissipation, phase noise, lock time, and spurious
performance, these are not discussed in depth, with the em-
phasis put on fundamental similarities and differences in the
functional operation of the parts. With attention to the pack-
age size, loop filter, and programming, the LMX1501A will
easily replace the MB150X series for many applications.
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Replacement Issues

Upgrading from the MB150X to National LMX1501A

AN-935

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

National Semiconductor
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Arlington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018
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National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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