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1 Introduction
1.1 Short-Range Wireless Data Communications

Short-range wireless systems transmit 0.0001 to 10 mW of RF power on frequencies
from 300 to 960 MHz, and operate over distances of 3 to 100 meters (single hop). Once
certified to comply with local communications regulations, they do not require a license
or “air-time fee” for operation. Short-range wireless systems can be designed to operate
from small batteries for extended periods of time. More than 150 million products will be
manufactured this year that utilize short-range wireless for security, control and data
transmission. Many new applications are emerging, and RFM estimates that more than
250 million short-range wireless products will be manufactured in 2005.

The classical uses for short-range wireless systems are one-way remote control and alarm
links, including garage door openers, automotive “keyless entry” transmitters, and home
security systems. Recently, a strong interest has also developed in two-way data commu-
nications applications. Short-range wireless data systems are used to eliminate nuisance
cables on all types of digital products, much as cordless phones have eliminated cumber-
some phone wires.

The following list of example applications demonstrates the diversity of uses for
short-range wireless data systems:

» Wireless bar-code and credit-card readers

» Wireless and bar-code label printers and credit-card receipt printers
» Smart ID tags for inventory tracking and identification

* Wireless automatic utility meter reading systems

* Communications links for hand-held terminals, HPCs and PDAs
» Wireless keyboards, joysticks, mice and game controls

» Portable and field data logging

 Location tracking (follow-me phone extensions, etc.)

* Sports and medical telemetry

» Surveying system data links

* Engine diagnostic links

 Polled wireless security alarm sensors

» Authentication and access control tags

RFM’s second-generation amplifier-sequenced hybrid (ASH) radios are specifically de-
signed for short-range wireless applications. These radios provide robust operation, very
small size, low power consumption and low implementation cost. All critical RF func-
tions are contained in the hybrids, simplifying and speeding design-in. ASH radios can be
readily configured to support a wide range of data rates and protocol requirements. These
radios features excellent suppression of transmitter harmonics and virtually no RF emis-
sions when receiving, making them easy to certify to short-range radio regulations. The
ASH transceiver is the flagship of RFM’s second-generation ASH radio product line.
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While this designer’s guide focuses on the ASH transceiver, most of the information pro-
vided is directly applicable to second-generation ASH transmitters and receivers. The ex-
ceptions are discussed in section 3.4 of the Appendix.

1.2 Operating Authorities

Low-power wireless products do not have to be individually licensed, but they are subject
to regulation. Before low-power wireless systems can be marketed in most countries, they
must be certified to comply with specific technical regulations. While these regulations
vary from country to country, they follow the same general philosophy of assuring that
short-range wireless systems will not significantly interfere with licensed radio systems.
Regulations specify limitations on transmitted power, harmonic and spurious emission
levels, transmitter frequency stability, and modulation bandwidth. See section 1.4.6 be-
low for additional details.

1.3 Operating Distance

The operating distance of a low-power wireless system depends on transmitter power, re-
ceiver sensitivity, choice of antennas, data encoding, data rate, bit error rate (BER) re-
quirements, the communication protocol used, the threshold (squelch) level used, the
required fading margin, and especially the propagation environment. A “textbook” ap-
proach to estimating operating distance is as follows:

1. Determine the acceptable “clear channel” packet error rate (PER) you would
like your system to achieve.

2. Estimate the bit error rate BER = PER/(number of bits per packet) based on the
protocol used.

3. Estimate the signal-to-noise ratio (per bit) required to achieve the BER.

4. Estimate the needed signal strength at the receiver from the signal-to-noise
ratio, receiver noise figure, implementation loss and receiver filter bandwidth.

5. Estimate the allowed path loss by adding the transmitter power (dB) to the
transmitter and receiver antenna gains, and subtracting the fading margin and
the required receiver signal strength.

6. Estimate the operating distance from the allowed path loss and the propagation
characteristics of the local (application) environment.

This procedure is obviously complex, and many factors have to be estimated to make the
calculation. The propagation loss of the local environment is especially difficult to esti-
mate. Propagation loss in “free space” is proportional to 1/d”, but can be higher than 1/d*
in dense cubical office space. In many cases, a better estimate of operating distance can
be made by using a Virtual Wire® Development Kit as a propagation survey tool.
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An example operating distance calculation based on the above procedure is provided in
the Appendix. Table 1.3.1 gives interference-free operating distance estimates for a num-
ber of environments. We stress again that it is very important to conduct “real world”
range testing in several locations for your application in making an assessment of operat-
ing range.

Typical 916.5 MHz Operating Distances vs Data Rate, Byte to 12-bit Symbol Encoding, 20 dB Fade Margin

Environment 2.4 kbps 19.2 kbps 57.6 kbps 115.2 kbps
meters feet meters feet meters feet meters feet
Free Space 117.0 385.0 104.0 339.0 92.3 302.0 65.3 214.0
Large Open Area, 1.5 m height 45.3 149.0 40.1 132.0 37.3 122.0 28.3 92.9
Open Office/Retail, 1.5 meter height 24.0 78.7 21.8 72.2 20.4 67.0 16.2 53.2
Dense Cubical office space 10.8 35.6 10.2 33.0 9.6 31.5 8.1 26.5

Notes:
1. 2.4 and 19.2 kbps data rate using OOK with DS1 low noise threshold
2. 57.6 and 115.2 kbps data rate using ASK with 6 dB below peak DS2 threshold
3. Transmitter power level based on FCC 15.249 limit

Table 1.3.1

1.4 Key System Issues

RFM supports hundreds of customers that engineer and manufacture short-range wireless
products. The most successful customers approach their short-range wireless designs
from a system point of view. In addition to the choice of radio technology, there are six
other key system issues to consider in developing a short-range wireless product:

1.4.1 Fail-safe system design

Most short-range wireless systems operate with few interference problems. However,
these systems operate on shared radio channels, so interference can occur at any place
and at any time. Products that incorporate short-range wireless technology must be de-
signed so that a loss of communications due to radio interference or any other reason
will not create a dangerous situation, damage equipment or property, or cause loss of
valuable data. The single most important consideration in designing a product that uses
any short-range wireless technology is safety.

1.4.2 Antennas and propagation
Antenna choice and location - suitable antennas are crucial to the success of a low-power
wireless application. Here are several key points to consider in using antennas in your ap-
plication:
* Where possible, the antenna should be placed on the outside of the product.

Also, try to place the antenna on the top of the product. If the product is “body
worn”, try to get the antenna away from the body as far as possible.
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» Regulatory agencies prefer antennas that are permanently fixed to the product.
In some cases, antennas can be supplied with a cable, provided a non-standard
connector is used to discourage antenna substitution (these connectors are often
referred to as “Part 15” connectors).

* An antenna can not be placed inside a metal case, as the case will shield it.
Also, some plastics (and coatings) significantly attenuate RF signals and these
materials should not be used for product cases, if the antenna is going to be
inside the case.

* Many suitable antenna designs are possible, but efficient antenna development
requires access to antenna test equipment such as a network analyzer, calibrated
test antenna, antenna range, etc. Unless you have access to this equipment, the
use of a standard antenna design or a consultant is recommended.

* A patch or slot antenna can be used in some applications where an external
antenna would be subject to damage.

The human body readily absorbs RF radiation in the UHF frequency range, especially
above 750 MHz. The signal from a body-worn transmitter can be attenuated 20 to 30 dB
in any direction that passes through the user’s body. When designing body-worn prod-
ucts, you have to plan for this extra attenuation.

Mounting the antenna close to the user’s body will also reduce signal strength in direc-
tions away from the user’s body. Try not to mount the antenna any closer than 1.5 cm
from the user’s body, with 2 to 3 cm preferred.

RF Propagation - indoor radio propagation is an issue for special consideration. In most
indoor locations, “dead spots” can be found where reception is very difficult. These can
occur even if there appears to be a line-of-sight relationship between the transmitter and
receiver locations. These “dead spots”, or nulls, are due to multiple transmission paths
existing between two points because of reflections off metal objects such as steel beams,
concrete rebar, metal door, window and ceiling tile frames, etc. Nulls occur when the
path lengths effectively differ by an odd half-wavelength. Deep nulls are usually very lo-
calized, and can be avoided by moving slightly. Hand-held applications usually involve
some movement, so automatic packet retransmission often succeeds in completing the
transmission as hand motion moves the node through the null and back into a good trans-
mission point.

Diversity reception systems - diversity reception techniques are very helpful in reducing
indoor null problems. Many short-range wireless systems involve communications be-
tween a master and multiple slave units. In this case, the master transmission can be sent
twice; first from one master and then again from a second master in a different location.
The nulls for each master will tend to be in different locations, so a slave is very likely to
hear the transmission from one or the other master. Likewise, a transmission from a slave
is likely to be heard by at least one of the masters.
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For further information, see RFM’s application note, Antennas for Low Power Applica-
tions, on RFM’s web site (http://www.rfm.com). The application note includes test re-
sults on eleven types of antennas for short-range wireless applications, along with an
introductory tutorial on antennas and techniques for antenna testing and tuning.

1.4.3 Data coding for radio transmission

Data streams must be encoded to add the characteristics needed for efficient radio trans-
mission. As a minimum, encoding must make it possible to AC-couple the transmitted
signal. This greatly simplifies the design of a radio system and helps to improve its per-
formance. The encoding technique should also produce frequent transitions in the trans-
mitted signal, which facilitates data clock synchronization and efficient data recovery at
the receiver.

Radio transmissions must be bandwidth limited to control the signal-to-noise ratio ob-
served at the receiver, as the noise power added during a radio transmission is propor-
tional to the receiver bandwidth. The bandwidth required to transmit a data stream
depends both on its data rate and how it has been encoded. Figure 1.4.3.1 shows three en-
coding schemes for single bits. Note that although the data rate is the same in each case,

Bit Coding and Receiver Bandwidth

No Bit Min
Encoding Pulse
Manchester

Encoding

Pulse Width

Encoding

The required receiver bandwidth is
determined by the minimum pulse
width in the encoded signal,
not the data rate

Figure 1.4.3.1

the minimum pulse width in the encoded signals vary 3:1. The minimum bandwidth that
can be used in the receiver depends on the minimum pulse (or gap) width in the encoded
data stream, not the data rate. It should be noted that encoding does not have to be done
at the bit level, it can be done over a range of bits, such as a byte. Bit level encoding can
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usually be considered a modulation technique. Encoding over a range of bits is frequently
referred to as symbolization.

The performance of a radio system depends on how well the data encoding scheme con-
ditions the signal for AC-coupling. The encoding scheme should achieve DC-balance,
which means that the encoded signal has a “1” value 50% of the time, and a “0” value
50% of the time. The encoding scheme should also limit the run length, or for how many
bit periods the encoded signal remains at a “1” (or a “0”) value. The run length deter-
mines the maximum pulse (or gap) width that can occur in the transmitted signal.

As shown in Figure 1.4.3.2, the way the receiver processes the transmitted signal depends
on the minimum and maximum width of the pulses or gaps in the signal, not the underly-
ing encoded data rate.

Receiver Signal Processing

Coupling capacitor size
determined by maximum

signal pulse width

Detector
} Low-Pass _“_.
Filter '\ Dgta Data Out
Slicer

Low-pass filter bandwidth +
determinded by minimum Threshold
signal pulse width and
threshold setting

Min Max

Pulse Width Pulse Width
1 ‘ [ [ [ —f

Data signal (NRZ bit coding shown)

Figure 1.4.3.2

The ASH transceiver is AC-coupled between the receiver base-band output (Pin 5) and
the comparator input (Pin 6). For this reason, the data bit stream being received should be
encoded or modulated for good DC-balance, as explained above.

DC-balance can be accomplished a number of ways. Two of the most popular techniques
for achieving DC-balance are Manchester encoding and symbol conversion. Manchester
encoding is accomplished by encoding a “1” bit as a “1” + “0” signal pulse sequence, and
encoding a “0” bit as a “0” + “1” pulse sequence. From another point of view, Manches-
ter encoding is a form of BPSK modulation. This encoding scheme is very robust, but
doubles the number of data bits that must be transmitted to send a message.

11
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Another popular choice is byte to 12-bit symbol conversion, where each byte of a mes-
sage is encoded as 12 bits, always with six “1” bits and six “0” bits. This encoding
scheme is almost as robust as Manchester encoding, but only increases the number of
data bits that must be transmitted to send a message by 50%. Refer to the program
DC_BAL.BAS in the Appendix for an example of “byte to 12-bit conversion”. In this ex-
ample, conversion is done by mapping between nibbles (4 bits) and 6-bit half-symbols,
using a lookup table.

Closely related to the need for DC-balance is the need to limit the number of “1” pulses
or “0” pulses that occur together (run length), or in high concentration, in the transmitted
signal. Note that Manchester encoding does an excellent job, limiting the run length to
just two encoded bits. Using the byte to 12-bit symbol conversion technique shown in the
Appendix, the run length is limited to 4 bits, which is also satisfactory.

Scrambling algorithms are also used on occasion to encode transmitted data. The advan-
tage of scrambling is that there is no increase in the number of bits transmitted to send a
message.

Scrambling does ensure frequent bit transitions and average DC-balance. However,
scrambling does not control run length and bit concentration very well. This limits its use
as an encoding scheme to applications where data rate is more important than transmis-
sion range.

As mentioned above, the reason that data is encoded to provide DC-balance and to con-
trol bit concentration and run length is receiver performance. Data encoding provides for
maximum noise rejection. DC-balance charges the capacitor between Pin 5 and Pin 6 on
the ASH transceiver to a value that makes the comparator “slice” the signal at a voltage
halfway between the average value for a “1” and a “0”. This means that the encoded data
will be recovered error free so long as the noise level is less than one-half the voltage
value between a “1” and a “0” pulse. When a received signal is unbalanced and a strong
bias toward a “1” or a “0” value develops, noise rejection is severely reduced.

The value of the capacitor between Pin 5 and Pin 6 must be “tuned” for best receiver per-
formance. It is desirable that this capacitor value not be too large, so that it quickly
charges to the correct DC value for best noise performance when it starts receiving a
transmission. On the other hand, it has to be large enough to pass the maximum signal
run length without developing a strong bias in its slicing level. Thus, the optimum capaci-
tor value depends on the message encoding scheme. Section 2.6.1 below discusses the
specifics of selecting the base-band coupling capacitor for the ASH transceiver.

1.4.4 Packet communication protocols

All radio channels are subject to noise, interference and fading. In many cases, radio
channels are shared by several users or services. Packet communication protocols are

[FRIF M.

12



widely used to achieve error-free communications over imperfect and/or shared commu-
nication channels. Communication systems that use packet protocols include:

* The Internet

* Local area networks

* PC telephone modems

* Spread spectrum radios and wireless LANs

 Digital cellular phones and cellular modems (CDPD, etc.)

Almost all short-range wireless data communications use some form of packet protocol to
automatically assure information is received correctly at the correct destination. A packet
is a data structure that generally includes a training preamble, a start symbol, routing in-
formation (to/from, etc.) a packet ID, all or part of a message and error detection bits.
Other information may be included depending on the protocol.

Figure 1.4.4.1 shows one of the packet formats used in RFM’s Virtual Wire® Develop-
ment Kits. The structure begins with a training preamble, which improves weak signal
detection at the receiver by “training” the data slicer for best noise immunity, and provid-
ing signal transitions to train the clock recovery process. The training preamble usually
consists of several bytes of a 1-0-1-0-1-0 ... sequence. The length of the preamble needed
depends on the receiver base-band coupling time constant, tggc. The time constant, in
turn, depends on the data coding scheme used, as discussed in section 1.4.3 above, and
section 2.6.1 below. A typical preamble is three-four bytes long.

General Virtual Wire RF Link Packet Format

Preamble

Start
Symbol

To
Byte

From
Byte

Packet
Number

Size/Status
Byte*

Message

FCS
High Byte

FCS
Low Byte

General Virtual Wire Computer Link Packet Format

13

To From Packet | Size/Status Message
Byte Byte Number Byte* 9
Figure 1.4.4.1
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The preamble is followed by a start symbol (often called a start vector), which is a dis-
tinct pattern of bits marking the start of the information section of the packet. The longer
the start symbol, the lower the probability that a random noise pattern will match the start
symbol and trigger a false packet reception. A 12 to 16 bit start symbol provides reason-
able discrimination.

The start symbol is followed by “to” and “from” address information. RFM uses 4 bit and
8 bit “to”” and “from” addresses in its protocols. It is a common practice to reserve one
address for broadcasting to all nodes in a packet system. If a very large number of unique
addresses are needed, 48 or more address bits may be used. The packet (ID) number al-
lows specific packets to be identified and their error-free reception to be acknowledged.
The packet ID number also makes it possible to assemble a multi-packet message when
the packets are received out of sequence. In the RFM protocol, the packet ID is followed
by message size or status information.

The message then follows. The last two bytes of the packet comprise a 16 bit error check-
ing code (frame check sequence), based on the X.25 packet standard (ISO 3309). The er-
ror checking code is recomputed at the destination to confirm error-free detection. The
ISO 3309 frame check sequence provides very high confidence of error detection for
packets up to 256 bytes in length.

In summary, RFM Virtual Wire® protocols provides the following features:

« 16-bit ISO 3309 error detection calculation to test message integrity

* To/from address routing with programmable node addresses

» ASCII or binary message support

» Automatic packet retransmission until an acknowledgment is received; up to 8
retries with semi-random back off plus “acknowledge” and “link failure” alarm
messages.

Each byte transmitted by the radio is converted into a 12 bit, DC-balanced symbol.
DC-balance promotes good noise immunity by keeping the data slicer threshold set half
way between a “1”” and “0” value. The DC-balanced symbols used have no more than 4
bits of the same value in a row. This limited “run length” allows the receiver data slicer to
be tuned to recover quickly from a heavy noise burst or strong interfering signal.

Further information on data encoding and packet protocols, plus a discussion of software
techniques for clock and data recovery can be found in the ASH Transceiver Sofiware
Designer’s Guide. The Software Guide includes tutorial source code examples. Also,
no-cost source code licenses are available from RFM for several versions of the Virtual
Wire® data link layer protocol. Contact RFM’s application engineering group for addi-
tional information.

14
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1.4.5 Noise control

Short-range wireless systems are especially sensitive to RF noise in the passband of the
receiver, because the desired signals are transmitted at relatively low power levels. Com-
monly encountered internal noise sources include microcontrollers (for both control func-
tions and data functions), brush-type motors and high-speed logic circuits. If the rise
times and/or fall times of the clocking in a microcontroller are fast enough to produce
harmonics in the frequency range of the receiver input and a harmonics fall directly
within the passband of the receiver, special care must be taken to reduce the level of the
harmonic at the antenna port of the receiver. If you have the option, choose a micropro-
cessor with the slowest rise and fall time you can use for the application to minimize the
generation of harmonics in the UHF band.

If possible, brush-type motors should be avoided in your application, since arcing of the
brushes on the commutator makes a very effective spark-gap transmitter. If it is necessary
to use a brush-type motor, spark suppression techniques must be used. Brush motors can
often be purchased with spark suppression built-in. If the motor does not have built-in
spark suppression, bypass capacitors, series resistors and shielding can be employed.

High-speed logic circuits produce noise similar to microprocessors. Once again, you
should use logic with the slowest rise and fall times that will work in your application.

The items listed below should be considered for an application that has one or more of
the above noise sources included. It may not be possible to follow all of these guidelines
in a particular application.

« Locate the RF transceiver and its antenna as far from the noise source as possible.

. If the transceiver must be enclosed with the noise source, locate the antenna
remotely using a coaxial cable.

+ Terminate high-speed logic circuits with their characteristic impedance and use
microstrip interconnect lines designed for that impedance.

» Keep line lengths at a minimum that carry high-speed logic signals or supply
brush-type motors. Such lines are antennas that radiate the unwanted noise.

+ Ifpossible, enclose the noise source in a grounded metal box and use RF
decoupling on the input/output lines.

* Avoid using the same power lines for the RF transceiver and the noise source
or at least thoroughly filter (RF decouple) the power lines. It is advisable to use
separate voltage regulators, if possible.

+ If the antenna cannot be remotely located, place it as far from the noise source
as possible (on the opposite end of the PC board). Orient the antenna such that
its axis is in the same plane with the PC board containing the noise source. Do
not run wires that supply the noise source in close proximity to the antenna.

Microcontroller clock frequency selection - you should check the computer or
microcontroller clocks being used in your system to be sure they are not at or near a
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subharmonic of the receiver operating frequency. (For example, a 30.55 MHz clock
would be the 30™ subharmonic of 916.5 MHz.) It can be very difficult to suppress RF
noise that is a harmonic of a clock being used in a digital system (especially odd harmon-
ics). It is far better to chose a clock frequency that avoids this problem in the beginning.

Many microprocessors and microcontrollers “count down” the clock internally by factors
such as 4, 8, etc. If this is the case with the processor you are using, confirm that the
“count down” frequency is also not at or near a subharmonic of your RF input frequency.

1.4.6 Regulatory certification

Worldwide, man-made electromagnetic (radio) emissions are controlled by international
treaty and the ITU (International Telecommunications Union) committee recommenda-
tions. These treaties require countries within a geographical region to use comparable ta-
bles for channel allocations and emission limits, to assure that all users can operate with
minimum levels of interference.

Recognizing a need to protect their limited frequency resources, most countries have ad-
ditional local laws, regulations and government decrees for acceptable emission levels
from various types of electronic equipment, both military and commercial. By requiring
that each model of equipment be tested and an authorization permit issued after the pay-
ment of a fee, governmental bodies prevent the sale of poor quality equipment and also
create a record of equipment manufacturers.

Technical regulations and enforcement criteria vary from location to location. The USA,
Canada and most European countries have adopted ITU tables for their respective radio
regions. Australia, Hong Kong and Japan also have extensive rules and regulations for
short-range transmitters and receivers, but with significant differences in the tables for
their geographic regions. Most other countries have a set of less formal regulations, often
modeled on either USA or EU regulations.

In any country, it is important to contact the Ministry of Telecommunications or Postal
Services to determine the local allocations, regulations and required certifications prior to
marketing your product there. The mildest penalty is often total loss of your import, ex-
port and foreign exchange privileges.

These laws and requirements are applicable to a finished product in the configuration that
it will be sold the general public or the end user. OEM components often can not be certi-
fied, since they require additional non-standard attachments before they have any func-
tional purpose.

Unless otherwise marked, RFM modules (such as development kits) have not been certi-
fied to any particular set of regulations. Each module has suggested countries for use, de-
pending on current allocations and technical limits.

[FRIF M.
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Product certification - general requirements for emissions and ingressions (called electro-
magnetic susceptibility) are controlled by engineering standards of performance, regula-
tions, and the customer’s expectations.

In USA and Canada, for example, you must formally measure your product’s emissions,
file for and receive a certification or authorization, and affix a permanent marking label
to every device prior to retail sale. Regulations allow you to build a small number of
products (usually 5 pieces) for testing and in-company use before certification and mar-
keting. Trade shows and product announcements can be a problem for marketing, when
the products are advertised without proper disclaimers. With Internet access, go to
“www.fcc.org” for USA information or “www.ic.gc.ca” for Canada. The Canadian rules
are RCC-210, Revision 2. FCC CFR 47, Parts 2 and 15, contains the needed information
for USA sales.

European Union (EU) requirements allow self-certification of some systems but require
formal measurement reports for other systems. In all cases, however, the directives de-
mand that a “CE mark” be added to all compliant devices before they can be freely
shipped in commerce. In the EU, the EMC Directive also adds various tests and expecta-
tions for levels of signal that will permit acceptable operation.

In April of 2000, the Radio Equipment and Telecommunications Terminal Equipment
(R&TTE) Directive was issued that greatly simplifies short-range radio certification re-
quirements in Europe. The R&TTE requires manufacturers to take full responsibility for
the conformance of their equipment, but it also greatly streamlines the certification pro-
cess.

A good general discussion of the introduction of the R&TTE Directive is available on the
web site of the UK Radiocommunications Agency. The link to this discussion is:

http://www.radio.gov.uk/document/misc/rtte/rtteman/rtteman.htm

Additional information can be found on the European Radiocommunications Office
(ERO) web site at:

http://www.ero.dk

RFM recommends you check these sites frequently as some additional changes to the
ETSI short-range device specifications and EMC specifications are expected in the near
future.

Certification testing

The emissions are measured in a calibrated environment defined by the regulations. USA
and Canada use an “open field” range with 3 meters between the device under test (DUT)
and the antenna. The range is calibrated by measurement of known signal sources to gen-
erate range attenuation (correction) curves in accordance with ANSI C63.4-1992.

[FRIF M.
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EU measurement rules are based on a similar arrangement, but a “standard dipole” an-
tenna is substituted for the DUT to calibrate the range attenuation. Since the EU measure-
ments are comparison or substitution rules, they are often easier to follow for informal
pre-testing by the designer. ETSI-300-220 has drawings to completely describe a typical
test configuration.

The USA and Canadian requirements are contained in ANSI C63.4-1992, including a
step-by-step test calibration and measurement procedure. Since these rules include range
attenuation factors, one must make twice the measurements of the EU test method. Other
countries follow one of these two techniques, with exception for a 10 meter range (sepa-
ration) measurement or a different group of test frequencies.

Each of the listed contacts will have resources to provide current regulations and certifi-
cation forms. They can also suggest sources for your formal tests, either commercial labs
or the government testing office. Unless you want to invest in a qualified radiated signals
test range, the commercial labs can help you with preliminary measurements and some
expertise in correcting any difficulties that are noted.

Contacts for further information and current test facilities listings:

ANSI

Institute of Electrical & Electronics Engineers,
345 East 47th Street, New York, NY 10017 USA
http://www.ansi.org

ETSI

European Telecommunications Standard Institute
F-06921 Sophia Antipolis Cedex FRANCE
http://www.etsi.fr

FCC

Federal Communications Commission
Washington DC 20554 USA
http://www.fcc.gov

Canada DOC

Industrie Canada

Attn: Certification, Engineering and Operations Section,
1241 Clyde Avenue, Ottawa K1A 0C8 CANADA
http://info.ic.gc.ca

UNITED KINGDOM
Radiocommunications Agency

[FRIF M.
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Waterloo Bridge House, Waterloo Road
London SE1 8UA
http://www.open.gov.uk/radiocom

JATE

Japan Approvals Institute (JATE)
Isomura Bldg, 1-1-3 Toranomon
Minato-ku Tokyo JAPAN
http://www.mpt.go.jp

Please refer to RFM’s web site at http://www.rfm.com for additional information on reg-
ulatory agencies.

2 ASH Transceiver Set-Up
2.1 Theory of Operation

The ASH transceiver’s unique feature set is made possible by its system architecture. The
heart of the transceiver is the amplifier-sequenced receiver section, which provides more
than 100 dB of stable RF and detector gain without any special shielding or decoupling
provisions. Stability is achieved by distributing the total RF gain over time. This is in
contrast to a superheterodyne receiver, which achieves stability by distributing total RF
gain over multiple frequencies.

ASH Receiver Block Diagram & Timing Cycle

Antenna

Detector &
SAW Filter SAW. Low-Pass —» Data
Delay Line 8 Out
Filter
P1 P2

Pulse
Generator

RF Input 4‘ RF Data Pulse
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Figure 2.1.1
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Figure 2.1.1 shows the basic block diagram and timing cycle for an amplifier-sequenced
receiver. Note that the bias to RF amplifiers RFA1 and RFA2 are independently con-
trolled by a pulse generator, and that the two amplifiers are coupled by a surface acoustic
wave (SAW) delay line, which has a typical delay of 0.5 pus.

An incoming RF signal is first filtered by a narrow-band SAW filter, and is then applied
to RFA1. The pulse generator turns RFA1 ON for 0.5 ps. The amplified signal from
RFA1 emerges from the SAW delay line at the input to RFA2. RFA1 is now switched
OFF and RFA2 is switched ON for 0.55 ps, amplifying the RF signal further. The ON
time for RFA2 is usually set at 1.1 times the ON time for RFA1, as the filtering effect of
the SAW delay line stretches the signal pulse from RFA1 somewhat. As shown in the
timing diagram, RFA1 and RFA2 are never on at the same time, assuring excellent re-
ceiver stability. Note that the narrow-band SAW filter eliminates sampling sideband re-
sponses outside of the receiver passband, and the SAW filter and delay line act together
to provide very high receiver ultimate rejection.

Amplifier-sequenced receiver operation has several interesting characteristics that can be
exploited in system design. The RF amplifiers in an amplifier-sequenced receiver can be
turned on and off almost instantly, allowing for very quick power-down (sleep) and
wake-up times. Also, both RF amplifiers can be off between ON sequences to trade-off
receiver noise figure for lower average current consumption. The effect on noise figure
can be modeled as if RFA1 is on continuously, with an attenuator placed in front of it
with a loss equivalent to 10*log;o(RFA1 duty factor), where the duty factor is the average
amount of time RFA1 is ON (up to 50%). Since an amplifier-sequenced receiver is inher-
ently a sampling receiver, the overall cycle time between the start of one RFA1 ON se-
quence and the start of the next RFA1 ON sequence should be set to sample the
narrowest RF data pulse at least 10 times. Otherwise, significant edge jitter will be added
to the detected data pulse.

Figure 2.1.2 is the overall block diagram of the ASH transceiver, and Figure 2.1.3 is the
pin-out diagram. Please refer to these figures for the following discussions.

Antenna port - The only external RF components needed for the transceiver are the an-
tenna and its matching components. Antennas presenting an impedance in the range of

35 to 72 ohms resistive can be satisfactorily matched to the RFIO pin with a series match-
ing coil and a shunt matching/ESD protection coil. Other antenna impedances can be
matched using two or three components. For some impedances, two inductors and a ca-
pacitor will be required. A DC path from RFIO to ground is required for ESD protection.

Receiver chain - the SAW REF filter has a nominal insertion loss of 3.5 dB, a 3 dB
band-width of 600 kHz, and an ultimate rejection of 55 dB. The output of the SAW filter
drives amplifier RFA1. This amplifier includes provisions for detecting the onset of satu-
ration (AGC Set), and for switching between 35 dB of gain and 5 dB of gain (Gain Se-
lect). AGC Set is an input to the AGC Control function, and Gain Select is the AGC
Control function output. ON/OFF control to RFA1 (and RFA2) is generated by the Pulse
Generator & RF Amp Bias function. The output of RFAT1 drives the low-loss SAW delay

20
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ASH Transceiver Pin Out

GND1 | | RFIO
J 'T '2_'0 \
O
VCC1[|2 19]] GND3
AGCCAP[3 18]] CNTRLO
PKDET [|4 17[] CNTRL1
BBOUT[|5 16|] VCC2
CMPIN[|6 15]] PWIDTH
RXDATA[|7 14]] PRATE
TXMOD (|8 13|] THLD1
LPFADJ[|9 12[] THLD2
§ 10 11 ]
GND2 | | RREF
Figure 2.1.3

line, which has a nominal delay of 0.5 ps, an insertion loss of 6 dB, and an ultimate rejec-
tion of 50 dB. Note that the combined out-of-band rejection of the SAW RF filter and
SAW delay line provides excellent receiver ultimate rejection.

The second amplifier, RFA2, provides 51 dB of gain below saturation. The output of
RFA2 drives a full-wave (rectifier) detector with 19 dB of threshold gain. The onset of
saturation in each section of RFA2 is detected and summed to provide a logarithmic re-
sponse. This is added to the output of the full-wave detector to produce an overall detec-
tor response that is square law for low signal levels, and transitions into a log response
for high signal levels. This combination provides excellent threshold sensitivity and more
than 70 dB of detector dynamic range. In combination with the 30 dB of AGC range in
RFA1, more than 100 dB of receiver dynamic range is achieved.

The detector output drives a gyrator filter. The filter provides a three-pole, 0.05 degree
equiripple low-pass response with excellent group delay flatness and minimal pulse ring-
ing. The 3 dB bandwidth of the filter can be set from 4.5 kHz to 1.8 MHz with an exter-
nal resistor.

The filter is followed by a base-band amplifier which boosts the detected signal to the
BBOUT pin. When the receiver RF amplifiers are operating at a 50%-50% duty cycle,
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the BBOUT signal changes about 10 mV/dB, with a peak-to-peak signal level of up to
685 mV. For lower duty cycles, the mV/dB slope and peak-to-peak signal level are pro-
portionately less. The detected signal is riding on a 1.1 Vdc level that varies somewhat
with supply voltage, temperature, etc. BBOUT is coupled to the CMPIN pin or to an ex-
ternal data recovery process (DSP, etc.) by a series capacitor.

When an external data recovery process is used with AGC, BBOUT must be coupled to
the external data recovery process and CMPIN by separate series coupling capacitors.
The AGC reset function is driven by the signal applied to CMPIN.

When the transceiver is placed in power-down or in a transmit mode, the output imped-
ance of BBOUT becomes very high. This feature helps preserve the charge on the cou-
pling capacitor to minimize data slicer stabilization time when the transceiver switches
back to the receive mode.

Data Slicers - The CMPIN pin drives two data slicers, which convert the analog signal
from BBOUT back into a digital stream. The best data slicer choice depends on the sys-
tem operating parameters. Data slicer DS1 is a capacitor-coupled comparator with provi-
sions for an adjustable threshold. DS1 provides the best performance at low signal-
to-noise conditions. The threshold, or squelch, offsets the comparator’s slicing level from
0 to 90 mV, and is set with a resistor between the RREF and THLD1 pins. This threshold
allows a trade-off between receiver sensitivity and output noise density in the no-signal
condition.

DS2 is a “dB-below-peak” slicer. The peak detector charges rapidly to the peak value of
each data pulse, and decays slowly in between data pulses (1:1000 ratio). The DS2 slicer
trip point can be set from 0 to 120 mV below this peak value with a resistor between
RREF and THLD2. A threshold of 60 mV is the most common setting, which equates to
“6 dB below peak” when RFAT and RFA2 are running a 50%-50% duty cycle. DS2 is
best for ASK modulation where the transmitted waveform has been shaped to minimize
signal bandwidth. However, DS2 can be temporarily “blinded” by strong noise pulses,
which causes burst data errors. Note that DS1 is active when DS2 is used, as RXDATA is
the logical AND of the DS1 and DS2 outputs. DS1 and DS2 must both be high to gener-
ate a high RXDATA output. DS2 can be disabled by leaving THLD2 disconnected.

AGC Control - The output of the Peak Detector also provides an AGC Reset signal to the
AGC Control function through the AGC comparator. The purpose of the AGC function is
to extend the dynamic range of the receiver, so that two transceivers can operate close to-
gether when running ASK and/or high data rate modulation. The AGC also prevents re-
ceiver saturation by a strong in-band interfering signal, allowing operation to continue at
short range in the presence of the interference. The onset of saturation in the output stage
of RFAL is detected and generates the AGC Set signal to the AGC Control function. The
AGC Control function then selects the 5 dB gain mode for RFA1. The AGC Comparator
will send a reset signal when the Peak Detector output (multiplied by 0.8) falls below the
threshold voltage for DS1 (note that the DS1 threshold must be greater than zero for cor-
rect AGC operation).

23

[FRIF M.



A capacitor at the AGCCAP pin avoids AGC “chattering” during the time it takes for the
signal to propagate through the low-pass filter and charge the peak detector. The AGC
capacitor also allows the AGC hold-in time to be set longer than the peak detector decay
time to avoid AGC chattering during runs of “0” bits in the received data stream.

Note that AGC operation requires the peak detector to be functioning, even if DS2 is not
being used. AGC operation can be defeated by connecting the AGCCAP pin to Vcc. The
AGC can be latched on once engaged by connecting a 150 kilohm resistor between the
AGCCAP pin and ground in lieu of a capacitor.

Receiver pulse generator and RF amplifier bias - The receiver amplifier-sequence opera-
tion is controlled by the Pulse Generator & RF Amplifier Bias module, which in turn is

controlled by the PRATE and PWIDTH input pins, and the Power Down Control Signal
from the Modulation & Bias Control function.

In the low data rate mode, the interval between the falling edge of one RFA1 ON pulse to
the rising edge of the next RFA1 ON pulse tpg; is set by a resistor between the PRATE
pin and ground. The interval can be adjusted between 0.1 and 5 ps. In the high data rate
mode (selected at the PWIDTH pin) the receiver RF amplifiers operate at a nominal
50%-50% duty cycle. In this case, the start-to-start period tprc for ON pulses to RFA1 are
controlled by the PRATE resistor over a range of 0.1 to 1.1 ps.

In the low data rate mode, the PWIDTH pin sets the width of the ON pulse tpy; to RFA1
with a resistor to ground (the ON pulse width tpw, to RFA2 is set at 1.1 times the pulse
width to RFA1 in the low data rate mode). The ON pulse width tpw; can be adjusted be-
tween 0.55 and 1 ps. However, when the PWIDTH pin is connected to Vcc through a

1 M resistor, the RF amplifiers operate at a nominal 50%-50% duty cycle, facilitating
high data rate operation. In this case, the RF amplifiers are controlled by the PRATE re-
sistor as described above.

Both receiver RF amplifiers are turned off by the Power Down Control Signal, which is
invoked in the power-down and transmit modes.

Transmitter chain - the transmitter chain consists of a SAW delay line oscillator followed
by a modulated buffer amplifier. The SAW filter suppresses transmitter harmonics to the
antenna. Note that the same SAW devices used in the amplifier-sequenced receiver are
reused in the transmit modes.

Transmitter operation supports two modulation formats, on-off keyed (OOK) modulation,
and amplitude-shift keyed (ASK) modulation. When OOK modulation is chosen, the
transmitter output turns completely off between “1”” data pulses. When ASK modulation
is chosen, a “1” pulse is represented by a higher transmitted power level, and a “0” is rep-
resented by a lower transmitted power level. OOK modulation provides compatibility
with first-generation ASH technology, and provides for power conservation. ASK modu-
lation must be used for high data rates (data pulses less than 30 us). ASK modulation also
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reduces the effects of some types of interference and allows the transmitted pulses to be
shaped to control modulation bandwidth.

The modulation format is chosen by the state of the CNTRLO and the CNTRL1 mode
control pins, as discussed below. When either modulation format is chosen, the receiver
RF amplifiers are turned off. In the OOK mode, the delay line oscillator amplifier TXA1
and the output buffer amplifier TXA2 are turned off when the voltage to the TXMOD in-
put falls below 220 mV. In the OOK mode, the data rate is limited by the turn-on and
turn-off times of the delay line oscillator. In the ASK mode TXA1 is biased ON continu-
ously, and the output of TXA2 is modulated by the TXMOD input current.

The transmitter RF output power is proportional to the input current to the TXMOD pin.
A resistor in series with the TXMOD pin is used to adjust the peak transmitter output
power. Rated output power requires 250 to 450 pA of input current, depending on the fre-
quency of operation.

The four transceiver operating modes - receive, transmit ASK, transmit OOK, and
power-down (“sleep”), are controlled by the Modulation & Bias Control function, and are
selected with the CNTRL1 and CNTRLO control pins. Setting CNTRL1 and CNTRLO
both high place the unit in the receive mode. Setting CNTRL1 high and CNTRLO low
place the unit in the ASK transmit mode. Setting CNTRL1 low and CNTRLO high place
the unit in the OOK transmit mode. Setting CNTRL1 and CNTRLO both low place the
unit in the power-down (sleep) mode. CNTRL1 and CNTRLO are CMOS compatible in-
puts. These inputs must be held at a logic level; they cannot be left unconnected.

2.2 Power Supply Requirements

2.21.

As shown in Figure 2.1.3, VCC1 (Pin 2) is the positive supply voltage pin for the trans-
mitter output amplifier and the receiver base-band circuitry. Pin 2 is usually connected to
the positive supply through a ferrite RF decoupling bead which is bypassed by an RF ca-
pacitor on the supply side. The ferrite bead eliminates the possibility of RF feedback from
the antenna to Pin 2 and should be used except for specific SM-20L (300 - 400 MHz)
“EMI robust” layouts. VCC2 (Pin 16) is the positive supply voltage pin for the receiver
RF section and transmitter oscillator. Pin 16 must be bypassed with an RF capacitor, and
must also be bypassed with a 1 to 10 pF tantalum or electrolytic capacitor. The power
supply voltage range for standard operation is now characterized from 2.2 to 3.7 Vdc.
Power supply ripple must be less than 10 mV peak-to-peak.

Low voltage set-up
Second-generation ASH radios were characterized for operation from 2.2 to 3.7 Vdc over
the temperature range of -40 to +85 °C in the Summer of 2002 (see section 3.8 in the Ap-

pendix). Where transmitter output power stability is important over this extended voltage
range, the TXMOD input (Pin 8) should be driven from a true current source rather than a

25

[FRIF M.



voltage source through a relatively large resistor. When using a current source, an RF iso-
lation resistor of at least 220 ohms should be used between Pin 8 and the current source.

2.3 RF Input/Output

Pin 20 (RFIO) is the RF input/output pin. This pin is connected directly to the input trans-
ducer of a high-Q quartz SAW filter, as shown in Figure 2.3.1. The antenna impedance
must be transformed by a matching network to present a specific impedance Z to the
SAW filter for proper operation. Connecting Pin 20 directly to a 50 ohm antenna will re-
sult in poor performance.

ASH Radio Antenna Interface Circuit Model

ZL
.......... Lar ‘
(Y M m A m
A .b’-\'
Car &SP Cn
Antenna External RF SAW Tuning RF
Impedance Matching Filter Coall Amps
Network (Internal) (Internal)

Figure 2.3.1

2.3.1 Antenna matching

Referring to Figure 2.3.1 again, the RF SAW filter can be modeled as a two-pole
band-pass filter with acoustic coupling between the two sections of the filter. The right
section of the filter is internally matched to the receiver input amplifier and transmitter
power amplifier by a shunt tuning coil. When the proper impedance Z; is presented to the
left side of the filter, the correct RF filter response, receiver match for low noise figure,
transmitter output match, and other RF parameters are automatically achieved.

Transforming a 50 ohm antenna impedance to the correct Z; for an ASH radio can usu-
ally be accomplished using a series chip inductor and a shunt chip inductor on the an-
tenna side (a shunt chip capacitor is also used for the TR1100 and TR3100.) The values
for these impedance matching components are listed in Table 2.3.1.1. However, many ap-
plications will involve interfacing an ASH radio to an antenna whose impedance is not
50 ohms. To accomplish this task, first measure the input impedance of the antenna using
a network analyzer. Next, determine the matching network to transform the antenna im-
pedance to 50 ohms. Cascade this antenna matching network with the impedance trans-
formation network from Table 2.3.1.1 to the get the overall matching network. Finally,
combine component values where possible to simplify the overall matching network.

Let’s consider an example. Assume we are working with a monopole antenna, either a
simple length of wire or a copper trace on a PC board. If the length of the antenna is less
than one-fourth of a wavelength at the frequency of interest, the network analyzer will in-

[FRIF M.
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dictate that the impedance is of the form, R - X, or that the impedance is equivalent to a
resistor in series with a capacitor. This antenna can be matched by using a series inductor
whose reactance is equal to the reactance X of the capacitor. This results in a matched an-
tenna impedance of R. For such an antenna, the value of R is usually some where be-
tween 35 and 72 ohms. This is close enough to 50 ohms to avoid significant impedance
mismatch loss. Once the antenna matching inductance value has been determined, the
overall matching network 1s developed by combining the antenna matching inductance
value with the matching component values listed in Table 2.3.1.1. In most cases, this al-
lows using two chip inductors to transform the antenna impedance to the required Z; .

ASH Radio Matching Component Values for a 50 ohm Antenna
Part Number Frequency Lat* Lesp Cat Z Yo
MHz nH nH pF ohms mmho
TR1100 916.50 22 100 3.3 28 +j101 25-j9.2
TR1000, TX6000, RX6000 916.50 10 100 - 51 +j62 7.9-j9.7
TR1004, TX6004, RX6004 914.00 10 100 - 51 +j62 7.9-j9.7
TR1001, TX6001, RX6001 868.35 10 100 - 51 +j59 8.4-j9.8
RX6501 868.35 10 100 - 51 +j59 8.4-j9.8
TR3100 433.92 68 220 6.8 31+j160 1.1-j6.0
TR3000, TX5000, RX5000 433.92 56 220 - 53 +j157 19-j5.7
RX5500 433.92 56 220 - 53 +j157 1.9-j5.7
TR3002, TX5002, RX5002 418.00 56 220 - 52 +j151 2.0-j5.9
TR3001, TX5001, RX5001 315.00 82 33 - 35 +j186 1.0-j5.2
RX5501 315.00 82 33 - 35+j186 1.0-j5.2
TR3003, TX5003, RX5003 303.83 82 33 - 33 +j180 1.0-j5.4
* Q of at least 50

Table 2.3.1.1

Another example is matching a monopole antenna whose length is greater than one-
fourth of a wavelength. The impedance of such an antenna will be of the form R + jX,
indicating that the impedance is equivalent to a resistor in series with an inductor. This
antenna can be matched by using a series capacitor whose reactance is equal to the
reactance X of the inductor, resulting in a matched antenna impedance of R. Once again,
the value of R will usually be close enough to 50 ohms to avoid significant mismatch
loss. The negative reactance of this matching capacitor can then be combined with the
reactances of the matching components listed in Table 2.3.1.1 to obtain the reactance of
the matching components that will match the antenna to the ASH radio. Of course, if the
resulting reactance is negative, the matching components will include a capacitor rather
than an inductor.

For more information (plus examples) on developing matching networks starting with the
component values for matching an ASH radio to a 50 ohm antenna, see the ASH Trans-
ceiver Antenna Impedance Matching paper in the application notes section of RFM’s web
site at www.rfm.com.
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Table 2.3.1.1 also lists the Z; impedance values and corresponding Y admittance values
for all standard ASH radios. These values can be transferred directly to a Smith Chart or
RF CAD package to support the design and evaluation of various antenna matching net-
work topologies. Note that it is desirable to use a matching network topology that in-
cludes a series inductor Lt in the matching network. L,t and the RF SAW filter input
capacitance Cyy (Figure 2.3.1) form a low-pass filter above the operating frequency of the
ASH radio, providing additional high-side signal rejection. Also, a shunt inductor across
the antenna must be present in the matching network for ESD protection, as discussed in
section 2.3.2 below.

2.3.2 ESD protection

The SAW input transducer (Pin 20) is static sensitive and must be protected by a shunt
RF choke to GNDI1 (Pin 1). The ESD choke may also function as part of the antenna tun-
ing network as shown in Table 2.3.1.1. To provide further ESD protection, externally
mounted antennas should have an insulating jacket. The ESD choke should have a very
low series resistance (less than 0.1 ohm) to be fully effective.

2.4 Pulse Generator
The receiver amplifier-sequence operation is controlled by the Pulse Generator & RF

Amplifier Bias module, which in turn is controlled by the PRATE and PWIDTH input
pins, and the Power Down Control Signal from the Modulation & Bias Control function.

Pulse Generator Timing

tPW1
RFA1 ON ¢
Pulse PRI
tPRc

tPW2
RFA2 ON
Pulse

Figure 2.4.1.1
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Both receiver RF amplifiers are turned off by the Power Down Control Signal, which is
invoked in the power-down and transmit modes.

2.4.1 Pulse rate and pulse width

The pulse generator timing terminology is shown in Figure 2.4.1.1. The pulse generator
has two operating modes; one for low data rate (low current) applications and one for
high data rate (high sensitivity) applications. In the low data rate mode, the interval be-
tween the falling edge of one RFA1 ON pulse to the rising edge of the next RFA1 ON
pulse tpg; is set by a resistor between the PRATE pin and ground. The interval can be ad-
justed between 0.1 and 5 ps.

In the high data rate mode (selected at the PWIDTH pin) the receiver RF amplifiers oper-
ate at a nominal 50%-50% duty cycle. In this case, the start-to-start period tprc for ON
pulses to RFA1 are controlled by the PRATE resistor over a range of 0.1 to 1.1 ps.

In the low data rate mode, the PWIDTH pin sets the width of the ON pulse tpy; to RFA1
with a resistor to ground (the ON pulse width tpy, to RFA2 is set at 1.1 times the pulse
width to RFA1 in the low data rate mode). The ON pulse width tpw; can be adjusted be-
tween 0.55 and 1 ps.

However, when the PWIDTH pin is connected to Vcc through a 1 M resistor, the RF am-
plifiers operate at a nominal 50%-50% duty cycle, facilitating high data rate operation. In
this case, the RF amplifiers are controlled by the PRATE resistor as described above.

2.4.2 Low data rate set-up

The interval between the falling edge of an ON pulse to the first RF amplifier and the ris-
ing edge of the next ON pulse to the first RF amplifier tpg; is set by resistor Rpr between
Pin 14 and ground. The interval tpg; can be adjusted between 0.1 and 5 ps with a resistor
in the range of 51 K to 2000 K. The value of Rpy 1s given by:

Rpr = 404* tpp; + 10.5, where tpg; is in us, and Rpy is in kilohms

A £5% resistor value is recommended. It is important to keep the total capacitance be-
tween ground, Vcc and this pin to less than 5 pF to maintain stability.

Pin 15 (PWIDTH) sets the width of the ON pulse to the first RF amplifier tpy; with a re-
sistor Rpy to ground (the ON pulse width to the second RF amplifier tpy, is set at 1.1
times the pulse width to the first RF amplifier). The ON pulse width tpw; can be adjusted
between 0.55 and 1 ps with a resistor value in the range of 200 K to 390 K. The value of
Rpw is given by:

Rpw = 404* tpw; - 18.6, where tpy; is in us and Rpy is in kilohms
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A £5% resistor value is recommended. It is important to keep the total capacitance be-
tween ground, Vcc and this node to less than 5 pF to maintain stability.

Testing has shown that setting tpw; to 0.7 us matches the SAW delay line pulse response
characteristics for best sensitivity. In this case, the interval tpr; is normally set between
0.77 ps and 2.5 ps. Setting tpr; at 0.77 ps provides maximum sensitivity; 2.5 ps provides
a 55% reduction in average RF amplifier current in trade-off for a 3.6 dB reduction in
sensitivity. A tpgy setting of 2.5 us or less also assures a sequential-amplifier sampling
rate of 333 ksps or more, providing at least 10 samples of the narrowest OOK pulse width
of 30 us. The low data rate set-up is recommended for signal pulse widths of 17.4 us of
greater. The high data rate set-up is recommended for signal pulse widths less than

17.4 ps.

2.4.3 High data rate set-up

When Pin 15 (PWIDTH) is connected to Vcc through a 1 M resistor, the RF amplifiers
operate at a nominal 50%-50% duty cycle, facilitating high data rate operation. In this
case, the period tprc from start-to-start of ON pulses to the first RF amplifier is controlled
by the PRATE resistor (Pin 14) over a range of 0.1 to 1.1 pus using a resistor of 11 K to
220 K. In this case the value of Rpy is given by:

Rpr = 198* tprc - 8.51, where tprc is in us and Rpg 1s in kilohms
A +5% resistor value should also be used in this case.

For minimum signal pulse widths between 8.7 and 17.4 ps, tprc should be set to 0.87 ps.
This value provides a nominal sampling rate of 10 samples for an 8.7 pus signal pulse, and
takes advantage of the pulse stretching through the SAW delay line to provide
near-optimum RF gain.

2.5 Low-Pass Filter

The low-pass filter used in the ASH transceiver is a three-pole, 0.05 degree equiripple de-
sign which features excellent group delay flatness and minimal pulse ringing.

2.5.1 3 dB bandwidth adjustment

Pin 9 is the receiver low-pass filter bandwidth adjust. The filter bandwidth is set by a re-
sistor Ry pr between this pin and ground. The resistor value can range from 330 kilohms
to 820 ohms, providing a filter 3 dB bandwidth f pr from 4.4 kHz to 1.8 MHz. The resis-
tor value is determined by:

RLPF = 1445/ prF, where RLPF isin kilohms, and fLPF is in kHz

A £5% resistor should be used to set the filter bandwidth. This will provide a 3 dB filter
bandwidth between f; pr and 1.3* f; pr with variations in supply voltage, temperature, etc.
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It should be noted that the peak drive current available from RXDATA increases in pro-
portion to the filter bandwidth setting. Ry pr cannot be larger than 330 kilohms (4.4 kHz
bandwidth). For low data rate operation a simple external R-C filter can be added at Pin 5
to further improve receiver sensitivity. See Figure 4.2 in the ASH Transceiver Software
Designer’s Guide for additional details.

2.5.2 Bandwidth selection

When using data slicer DS2 or data slicer DS1 with no threshold, the recommended 3 dB
bandwidth of the filter for DC-balanced data (12-bit symbol or Manchester encoding) is:

fLpr = 750/SPyN, where fpr is in kHz and minimum signal pulse width SPypy is
in us

The recommended 3 dB bandwidth when using DS1 (only) with a mild threshold is:
fLpr = 1000/SPy
The recommended 3 dB bandwidth when using DS1 (only) with a strong threshold is:
fLpr = 2500/SPpin
2.6 Base-Band Coupling

Pin 5 is the receiver base-band output pin (BBOUT). This pin drives the CMPIN (Pin 6)
through coupling capacitor Cgpo for internal data slicer operation. The time constant tgpc
for this connection is:

tggc = 0.064*Cppo , where tgpc is in us and Cgpo 1s in pF

A £10% ceramic capacitor should be used between BBOUT and CMPIN. The time con-
stant can vary between tggc and 1.8*tggc with variations in supply voltage, temperature,
etc. The optimum time constant in a given circumstance will depend on the data rate, data
run length, and other factors as discussed in section 2.6.1 below.

When the transceiver is in power-down or in a transmit mode, the output impedance of
Pin 5 becomes very high. This feature helps preserve the charge on the coupling capacitor
to minimize data slicer stabilization time when the transceiver switches back to the re-
ceive mode.

2.6.1 Base-band coupling capacitor selection

The correct value of the base-band coupling capacitor depends on the maximum pulse
width (or gap) that can occur in the signal. The maximum pulse width, in turn, depends
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on the data stream encoding, the data rate, and the maximum run length that occurs in the
data. If no data stream encoding is used, the maximum pulse width is equal to a bit period
multiplied by the maximum run length. If byte to 12-bit symbol encoding is used, the
maximum pulse width is four encoded bit periods. For Manchester encoding, the maxi-
mum pulse width is two encoded bit periods.

Time constant tggc should be chosen so that the signal “droops” no more than 20% during
a maximum pulse width event, or:

tgec = 4.48*SPy\ax, where tggc and maximum signal pulse width SPysx are in pus
Cggo = 15.625*tgpc, where tgpc is in us and Cgpp is in pF, or
Cggo = 70*SPyax, where SPyax is in ps and Cgpp is in pF

It takes a packet training preamble equal to 1.6 times tggc to train Cgpo to a voltage of
80% of its optimum slicing value. Using Manchester encoding, this equates to nominally
two AA hex bytes. Using byte to 12-bit symbolization, this equates to four AA hex bytes.
Attempting to transmit data with an SPy4x of 16 bits or more requires an impracticably
long training preamble. This is one reason that data encoding is important.

2.6.2 Base-band output signal levels

BBOUT can also be used to drive an external data recovery process (DSP, etc.). When
the receiver RF amplifiers are operating at a 50%-50% duty cycle, the BBOUT signal
changes about 10 mV/dB, with a peak-to-peak signal level of up to 685 mV. For lower
duty cycles, the mV/dB slope and peak-to-peak signal level are proportionately less. The
detected signal is riding on a 1.1 Vdc level that varies somewhat with supply voltage,
temperature, etc. BBOUT is coupled to the CMPIN pin or to an external data recovery
process by a series capacitor. The nominal output impedance of this pin is 1 K. A load
impedance of 50 K to 500 K in parallel with no more than 10 pF is recommended.

When an external data recovery process is used with AGC, BBOUT must be coupled to
the external data recovery process and CMPIN by separate series coupling capacitors.
The AGC reset function is derived from the Peak Detector Circuit which is driven by the
signal applied to CMPIN.

2.7 Data Slicers

CMPIN (Pin 6) drives two data slicers, which convert the analog signal from BBOUT
back into a digital stream. The best data slicer choice depends on the system operating
parameters. Data slicer DS1 is a capacitor-coupled comparator with provisions for an ad-
justable threshold. DS1 provides the best performance at low signal-to-noise conditions.
The threshold, or squelch, offsets the comparator’s slicing level from 0 to 90 mV, and is
set with a resistor between the RREF and THLD1 pins. This threshold allows a trade-off
between receiver sensitivity and output noise density in the no-signal condition. For best
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2.71

sensitivity, the threshold is set to 0. In this case, noise is output continuously when no
signal is present. This, in turn, requires the circuit being driven by the RXDATA pin to
be able to process noise (and signals) continuously.

This can be a problem if RXDATA is driving a circuit that must “sleep” when data is not
present to conserve power, or when it is necessary to minimize false interrupts to a
multitasking processor. In this case, noise can be greatly reduced by increasing the
threshold level, but at the expense of sensitivity. A threshold of 50 mV provides a good
trade-off between excessive false interrupts and excessive loss of sensitivity for a filter
bandwidth of 48 kHz (19.2 kbps NRZ data rate). If you are using a different filter band-
width, start with a threshold value of:

V = 7.2*%(fpr)” where V is in mV and fi pp is in kHz

Thresholds of 60 to 90 mV may be required to suppress hash from some computers.
Note that the best 3 dB bandwidth for the low-pass filter is affected by the threshold level
setting of DS1, as discussed in section 2.5.2. Also note that the AGC reset operation re-
quires a non-zero threshold on DSI.

Data slicer DS2 can substantially overcome the compromise between the DS1 threshold
value and filter bandwidth once the signal level is high enough to enable its operation.
DS2 is a “dB-below-peak” slicer. The peak detector charges rapidly to the peak value of
each data pulse, and decays slowly in between data pulses (1:1000 ratio). The DS2 slicer
trip point can be set from 0 to 120 mV below this peak value with a resistor between
RREF and THLD2. A threshold of 60 mV is the most common setting, which equates to
“6 dB below peak” when RFA1 and RFA2 are running a 50%-50% duty cycle. Slicing at
the “6 dB-below-peak” point reduces the signal amplitude to data pulse-width variation,
allowing a lower 3 dB filter bandwidth to be used for improved sensitivity.

DS2 is used with high data rate ASK modulation and/or to reject weak interference.
However, DS2 can be temporarily “blinded” by strong noise pulses, which causes burst
data errors. Note that DS1 is active when DS2 is used, as RXDATA is the logical AND
of the DS1 and DS2 outputs. When DS2 is used, the DS1 threshold is usually set to less
than 60 mV (25 mV typical). DS2 is disabled by leaving THLD2 disconnected.

Data slicer 1 threshold selection

RREF is the external reference resistor pin. A 100 K reference resistor is connected be-
tween this pin and ground. A +1% resistor tolerance is recommended. It is important to
keep the total capacitance between ground, Vcc and this node to less than 5 pF to main-
tain current source stability. I[f THLD1 and/or THDL2 are connected to RREF through re-
sistor values less that 1.5 K, their node capacitance must be added to the RREF node
capacitance and the total should not exceed 5 pF.

The THLD1 pin sets the threshold for the standard data slicer through a resistor Ryy; to
RREF. The threshold is increased by increasing the value of the resistor. Connecting this
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pin directly to RREF provides zero threshold. The value of the resistor depends on
whether THLD?2 is used. For the case that THLD?2 is not used, the acceptable range for
the resistor is 0 to 100 K, providing a THLD1 range of 0 to 90 mV. The resistor value is
given by:

Ry = 1.11*V, where Ry 1s in kilohms and the threshold V is in mV

For the case that THLD?2 is used, the acceptable range for the THLDI resistor is 0 to
200 K, again providing a THLD1 range of 0 to 90 mV. The resistor value is given by:

Ry = 2.22*V, where Ry 1s in kilohms and the threshold V is in mV
A +1% resistor tolerance is recommended for the THLD]1 resistor.

2.7.2 Data slicer 2 enable and threshold

The operation of data slicer 2 and the AGC depend on the peak detector circuit. Pin 4
controls the peak detector operation. A capacitor between this pin and ground sets the
peak detector attack and decay times, which have a fixed 1:1000 ratio. For most applica-
tions, these time constants should be coordinated with the base-band time constant. For a
given base-band capacitor Cgpo, the capacitor value Cpkp is:

CPKD = 0-33*CBBO . where CpKD and CBBO are in pF

A £10% ceramic capacitor should be used at this pin. This time constant will vary be-
tween 1:1 and 1.5:1 with variations in supply voltage, temperature, etc. The capacitor is
driven from a 200 ohm “attack™ source, and decays through a 200 K load. The peak de-
tector is used to drive the “dB-below-peak™ data slicer and the AGC release function. The
AGC hold-in time can be extended beyond the peak detector decay time with the AGC
capacitor, as discussed in section 2.8.1. Where low data rates and OOK modulation are
used, the “dB-below-peak” data slicer and the AGC are optional. In this case, the PKDET
pin and the THLD2 pin can be left unconnected, and the AGC pin can be connected to
Ve to reduce the number of external components needed. The peak detector capacitor is
discharged in the receiver power-down mode and in the transmit modes.

THLD?2 is the “dB-below-peak’ data slicer threshold adjust pin. The threshold is set by a
0 to 200 K resistor Rry, between this pin and RREF. Increasing the value of the resistor
decreases the threshold below the peak detector value (increases difference) from 0 to
120 mV. For most applications, this threshold should be set at 6 dB below peak, or

60 mV for a 50%-50% RF amplifier duty cycle. The value of the THLD?2 resistor is given
by:

Ry = 1.67*V, where Ry 1s in kilohms and the threshold V is in mV.

A £1% resistor tolerance is recommended for the THLD2 resistor. Leaving the THLD2
pin open disables the dB-below-peak data slicer operation.
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2.8 AGC

The purpose of the AGC function is to extend the dynamic range of the receiver, so that
two transceivers can operate close together when running ASK and/or high data rate
modulation. The AGC also allows limited-range operation when using either ASK or
OOK modulation in the presence of strong interference that would otherwise saturate the
receiver. If operating distances are always short, the AGC can be latched on to deliber-
ately limit operating range and reduce susceptibility to interference, as described in sec-
tion 2.8.2.

The AGC circuit operates as follows. The output of the Peak Detector provides an AGC
Reset signal to the AGC Control function through the AGC comparator. The onset of sat-
uration in the output stage of RFA1 is detected and generates the AGC Set signal to the
AGC Control function. The AGC Control function then selects the 5 dB gain mode for
the first RX amplifier. The AGC Comparator will send a reset signal when the Peak De-
tector output (multiplied by 0.8) falls below the threshold voltage for DS1 (the DS1
threshold must be greater than zero for proper AGC operation). A capacitor at the
AGCCAP input (Pin 3) stabilizes the AGC “set” operation, and allows the AGC hold-in
time to be set longer than the peak detector decay time. This feature can be used to avoid
AGC chattering during runs of “0” bits in the received data stream. Note that AGC opera-
tion requires the peak detector to be functioning, even if DS2 is not being used.

2.8.1 Hold-in capacitor

As discussed, Pin 3 controls the AGC set and reset operations. A capacitor between this
pin and ground sets the minimum time the AGC will hold-in once it is engaged. The
hold-in time is set to avoid AGC chattering. For a given hold-in time tagy, the capacitor
value Cpge 1S:

Cacc = 19.1* togh, where tagy is in pus and Cuage is in pF

A £10% ceramic capacitor should be used at this pin. The value of Csgc given above pro-
vides a hold-in time between tagy and 2.65* tagy, depending on operating voltage, tem-
perature, etc. The hold-in time is chosen to allow the AGC to ride through the longest run
of zero bits that can occur in a received data stream. The AGC hold-in time can be greater
than the peak detector decay time, as discussed above. However, the AGC hold-in time
should not be set too long, or the receiver will be slow in returning to full sensitivity once
the AGC is engaged by noise or interference.

The use of AGC is optional when using OOK modulation with data pulses of at least

30 ps. AGC operation can be defeated by connecting this pin to Vcc. Active or latched
AGC operation is required for ASK modulation and/or for data pulses of less than 30 ps.
The AGC can be latched on once engaged by connecting a resistor between this pin and
ground (see 2.8.2 below). AGC operation depends on a functioning peak detector, as
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discussed above. The AGC capacitor is discharged in the receiver power-down mode and
in the transmit modes.

The maximum AGC engage time tagc 1s 5 us after the reception of a -30 dBm RF signal
with a 1 ps envelope rise time.

2.8.2 AGC disabling or latching

AGC operation can be defeated by connecting the AGCCAP pin to Vce. The AGC can be
latched on once engaged by connecting a 150 kilohm resistor between the AGCCAP pin
and ground in lieu of a capacitor. Latched AGC operation minimizes noise and interfer-
ence sensitivity where the operating range is always short.

2.9 Transmitter Modulation

2.9.1

The transmitter chain consists of a SAW delay line oscillator followed by a modulated
buffer amplifier. The SAW filter suppresses transmitter harmonics to the antenna. Note
that the same SAW devices used in the amplifier-sequenced receiver are reused in the
transmit modes.

Transmitter operation supports two modulation formats, on-off keyed (OOK) modulation,
and amplitude-shift keyed (ASK) modulation. When OOK modulation is chosen, the
transmitter output turns completely off between “1”” data pulses. When ASK modulation
is chosen, a “1” pulse is represented by a higher transmitted power level, and a “0” is rep-
resented by a lower transmitted power level. OOK modulation provides compatibility
with first-generation ASH technology, and provides for power conservation. ASK modu-
lation must be used for high data rates (data pulses less than 30 ps). ASK modulation also
reduces the effects of some types of interference and allows the transmitted pulses to be
shaped to control modulation bandwidth.

The modulation format is chosen by the state of the CNTRLO and the CNTRL1 mode
control pins. When either modulation format is chosen, the receiver RF amplifiers are
turned off. In the OOK mode, the delay line oscillator amplifier TXA1 and the output
buffer amplifier TXA2 are turned off when the voltage to the TXMOD input falls below
220 mV. In the OOK mode, the data rate is limited by the turn-on and turn-off times of
the delay line oscillator, which are 12 and 6 ps respectively . In the ASK mode TXA1 is
biased ON continuously, and TXA2 is modulated by the TXMOD input current.

OOKI/ASK selection
On-off keyed (OOK) modulation should be chosen when compatibility with RFM’s
HX-series transmitters and RX-series receivers is desired. OOK modulation also provides

some power savings in the transmit mode, and can be used when the minimum pulse
width in the transmitted signal is 30 us or greater.
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Amplitude-shift keyed (ASK) modulation should be chosen when the minimum pulse
width in the transmitted signal is less than 30 pus. ASK modulation should also be used
when the transmitted signal has been shaped for spectrum bandwidth control and/or when
a specific modulation depth is required.

The modulation mode is selected with control lines CNTRL1 (Pin 17) and CNTRLO
(Pin 18), as described in section 2.11.1 below.

2.9.2 Transmitter power adjustment

Transmitter output power is proportional to the input current to TXMOD (Pin 8) as
shown for the TR1000 in Figure 2.9.2.1. A series resistor is used to adjust the peak trans-
mitter output power. Rated output power requires 250 to 450 pA of input current depend-
ing on operating frequency. In the ASK mode, minimum output power occurs when the
modulation driver sinks about 10 pA of current from this pin. Figure 2.9.2.2 shows the
relationship between Vrxy and Irxy, again for the TR1000. Peak transmitter output
power Pg for a 3 Vdc supply voltage is:

Po= 7*(ITXM)2 for 800 - 930 MHz operation, where Pg is in mW, and the peak
modulation current Itxy 1S in mA

Po= 16*(ITXM)2 for 400 - 450 MHz operation, where Pg is in mW, and the peak
modulation current Itxy 1S in mA

TR1000 RF Output Power vs I,
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Figure 2.9.2.1
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Figure 2.9.2.2

Po= 24”‘(ITXM)2 for 300 - 330 MHz operation, where Pg is in mW, and the peak
modulation current Itxy 1S in mA

A £5% resistor is recommended. Typical resistor values for FCC Part 15 applications
range from 4.7 to 11 K (TR1000), depending on the gain of the antenna used. Peak trans-
mitter output power varies somewhat with supply voltage. Products operating from bat-
teries should be adjusted for peak output power using a “fresh” battery to assure
regulatory compliance. Supply voltage regulation should be used in systems where maxi-
mum operating range must be maintained over the operating life of the battery.

In the OOK mode, the TXMOD pin is usually driven with a logic-level data input
(unshaped data pulses). OOK modulation is practical for data pulses of 30 us or longer.
In the ASK mode, the TXMOD pin accepts analog modulation (shaped or unshaped data
pulses). As discussed above, ASK modulation is used for data pulses shorter than 30 us.
Note that the TXMOD input must be low in the power-down (sleep) mode.

ASK modulation depth adjustment
If the ASK transmitter mode is being used to allow the transmission of data pulses shorter

than 30 ps, the same simple resistor calculation described above can be used to set peak
transmitter output power. When the signal to the TXMOD resistor is brought close to
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ASK Modulation Depth Control Circuit

R2
TX/RX ——CMOS
R1
Modulation ——CMOS TXMOD
Figure 2.9.3.1

0 volts, maximum modulation depth is obtained. The modulation depth is usually greater
than 45 dB, and is determined by the OFF isolation of TXA2.

The ASK modulation depth can be controlled over a range of 30 dB with relatively sim-
ple circuitry, as shown in Figure 2.9.3.1. Limiting ASK modulation depth is useful in im-
proving system performance when certain types of weak interference are constantly
present on an operating channel. Refer to RFM’s application note, Comparison of OOK,
ASK and FSK Modulation, at http://www.rfm.com for further information on this topic.

Referring to Figure 2.9.3.1, to control ASK modulation depth it is necessary to provide
one TXMOD input current level (Iyax) for peak output power, and a second input level
(Imv) for the minimum output power. One approach to achieving this uses two CMOS
buffers. The “TX/RX” buffer is held at a logic 1 during transmit and at a logic 0 during
receive. The “Modulation” buffer is driven high and low by the transmit pulse stream.
When the modulation buffer output is low, the transmitter output power is determined by
the current through R1 minus the current going back into R2. The peak transmitter power
is determined by the sum of the currents supplied by both gates through R1 and R2.

The values of R1 and R2 are calculated as follows. Using the peak output power P from
2.9.2 above as the high power level (TR1000 example):

Ivax = (Vixu - Vixmu)/Rrxwm, 80 Grxm = G1 + G2 = Iyax/(Vrxu - Vrxmn), where
Imax 1s in mA, Grxy, G1 and G2 are in millimho, and Vrxy is the logic 1 voltage,
and Vixmu is the Vrxum Voltage for Tvax

Next choose the low output power level (TR1000 example) :

Inn = (Pmin/ 4.8)0'5, where Py 18 in mW and Iy 1s in mA
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G2 = (Tmv - (Omax * ((Vrxe - Vrsme) / (Vixa - Vrxue)))) / (Vrxa - Vrxe), where
Vrxo is the logic 0 voltage level (0.2 V typical), Vrxur is the Vrxy voltage for
Ivin, and conductances are in millimho

and G1 = ((Imax / (Vxu - Vrxmn)) - G2)
R1=1/Gl1, and R2 = 1/(G2), where R1 and R2 are in kilohms

The above calculation provides starting point resistor values for a modulation depth of
30 dB or less. Figure 2.9.2.2 allows Vxvy and Vixue to be estimated for Iyax and Iyn.

2.10 Data Output

Pin 7 is the receiver data output pin (RXDATA). This pin will drive a 10 pF, 500 K paral-
lel load (one CMOS gate). The peak current available from this pin increases with the re-
ceiver low-pass filter cutoff frequency. In the power-down or transmit modes, this pin
becomes high impedance. If required, a 1000 K pull-up or pull-down resistor can be used
to establish a definite logic state when this pin is high impedance.

Receiver Output Buffers

Inverting Buffer
+3 Vdc

47K
470K Inverted Data Out
Pin7
MMBT2222

Non-Inverting Buffer
+3 Vdc

22K MMBT2222
Data Out

Pin 7

47K

Figure 2.10.1
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2.10.1 Buffering options

Figure 2.10.1 shows inverting and non-inverting buffer amplifiers for RXDATA. The
buffers are suitable for driving loads down to 10 kilohms. Data communication through
an ASH transceiver is non inverting; a positive data pulse transmits a (larger) radio signal
that is output from the receiver as a positive pulse. The inverting buffer amplifier can be
used to invert the RXDATA signal when desired.

2.11 Mode Control and Timing

The four transceiver operating modes — receive, transmit ASK, transmit OOK and
power-down (sleep), are controlled by the Modulation & Bias Control function, and are
selected with the CNTRL1 (Pin 17) and CNTRLO (Pin 18) inputs. CNTRL1 and
CNTRLO are CMOS compatible. These inputs must be held at a logic level (not floating).
The voltage to these pins should rise with the power supply voltage at turn on.

2.11.1 Mode control lines

Setting CNTRL1 and CNTRLO both high place the unit in the receive mode. Setting
CNTRLI1 high and CNTRLO low place the unit in the ASK transmit mode. Setting
CNTRLI1 low and CNTRLO high place the unit in the OOK transmit mode. Setting
CNTRLI and CNTRLO both low place the unit in the power-down (sleep) mode. Note
that the resistor driving TXMOD (Pin 8) must be low in the receive and sleep modes.
PWIDTH (Pin 15) must also be low in the sleep mode to minimize power supply current.
When using the pulse generator in the high data rate mode, connect the 1 M resistor from
the PWIDTH pin to the CNTRL1 pin, so that the “hot” side of the resistor is brought low
when CNTRL1 and CNTRLO are brought low to select the sleep mode.

2.11.2 Turn-on timing

The maximum time tpr required for the receive function to become operational at turn on
is influenced by two factors. All receiver circuitry will be operational 5 ms after the sup-
ply voltage reaches 2.7 Vdc. The BBOUT-CMPIN coupling-capacitor is then DC stabi-
lized in 3 time constants. The total turn-on time tpg to stable receiver operation for a

10 ms power supply rise time is 15 ms + 3*tggc, where tgpc 1S coupling capacitor time
constant (see section 2.6). The transceiver should be turned on in the receive mode until
the supply voltage reaches 2.7 Vdc..

The maximum time required for either the OOK or ASK transmitter mode to become op-
erational is 5 ms after the supply voltage reaches 2.7 Vdc (switch from receive mode).

2.11.3 Transmit-to-receive timing
The maximum time required to switch from the OOK or ASK transmit mode to the re-

ceive mode is 3*tgpc, where tgpc is the BBOUT-CMPIN coupling-capacitor time con-
stant. When the operating temperature is limited to 60 °C, the time required to switch
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Receive-Mode Timing, 115.2 kbps, 60° C,
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Figure 2.11.3.1

from transmit to receive is dramatically less for short transmissions, as less charge leaks
away from the BBOUT-CMPIN coupling capacitor. Figure 2.11.3.1 shows a typical
curve for operation at 115.2 kbps

2.11.4 Receive-to-transmit timing

After turn-on stabilization, the maximum time required to switch from receive to either
transmit mode is 12 ps. Most of this time is the start-up of the transmitter oscillator.

2.11.5 Power-down and wake-up timing

The maximum transition time from the receive mode to the power-down (sleep) mode tggs
is 10 ps after CNTRL1 and CNTRLO are both low (1 ps fall time). The maximum transi-

tion time from either transmit mode to the power-down mode (tros and tras) is 10 pus after
CNTRL1 and CNTRLO are both low (1 ps fall time).

The maximum transition time tsg from the sleep mode to the receive mode is 3*tgpc,
where tgpc is the BBOUT-CMPIN coupling-capacitor time constant. When the operating
temperature is limited to 60 °C, the time required to switch from sleep to receive is dra-
matically less for short sleep times, as less charge leaks away from the BBOUT- CMPIN
coupling capacitor. Figure 2.11.3.1 shows a typical curve for operation at 115.2 kbps.

[FRIF M.
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The maximum time required to switch from the sleep mode to either transmit mode (tsto
and tgra) 1s 16 ps. Most of this time is due to the start-up of the transmitter oscillator.

2.12 Application Circuits

The ASH transceiver can be tailored to a wide variety of applications requirements, al-
lowing emphasis to be placed on simplicity or high performance. The four most common
application circuit configurations are presented below.

2.12.1 Minimum OOK configuration

The minimum OOK configuration is shown in Figure 2.12.1. This circuit is suitable for
transmitting data with a minimum pulse width of 30 us. The power-down mode is not im-
plemented, allowing a single control line (CNTRL1) to select OOK transmit or receive.
Data slicer DS1 is implemented with threshold. Data slicer DS2 and AGC are not imple-
mented. Only 14 external components are required to implement this transceiver configu-
ration. This configuration is compatible with first-generation HX/RX technology.

ASH Transceiver Application Circuit
Minimum OOK Configuration

CRFBZ VDC CDCB
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Figure 2.12.1

Modulation Input

Data Output

2.12.2 Standard OOK/ASK configuration

The standard OOK/ASK configuration is shown in Figure 2.12.2. This circuit is suitable
for transmitting OOK data with a minimum pulse width of 30 us, or ASK data at any data
rate supported by the ASH transceiver being used. Both control lines to the transceiver
can be toggled, allowing for the selection of receive, power-down, OOK transmit and

[FRIF M.
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ASH Transceiver Application Circuit
Standard OOK/ASK Configuration
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ASK transmit. Data slicer DS2 is implemented for good performance at higher data rates.
AGC is also implemented for high dynamic range ASK operation, and to support lim-
ited-range OOK or ASK operation in the presence of strong interference. Seventeen ex-
ternal components are required to implement this flexible configuration.

2.12.3 Receive-only configuration (OOK)

Figure 2.12.3 shows the receive-only configuration for OOK. It can be used with either
an ASH transceiver or a second-generation ASH receiver. Receive and sleep modes are
implemented using a single control line, which can be tied to Vcc for continuous opera-
tion. Data slicer DS1 is implemented with threshold. Data slicer DS2 and AGC are not
implemented. Only nine external components are required to implement the OOK re-
ceive-only configuration.

2.12.4 Transmit-only configuration (OOK)

Figure 2.12.4 shows the transmit-only configuration (OOK). It can be used with either an
ASH transceiver or a second-generation ASH transmitter. Only eight external compo-
nents are required to implement this configuration. The modulation input line must held
below 220 mV between transmissions to minimize transmitter current consumption.

ASH Radio Application Circuit
Transmit-Only Configuration (OOK)
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Figure 2.12.4

2.12.5 Set-up table

Table 2.12.5 provides component values for the above configurations at a number of
standard data rates. Component values for other data rates can be computed using the for-
mulas provided above and in the ASH transceiver data sheets.
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2.13 PCB Layout and Assembly

Figure 2.13.1 is the schematic of the DR1200 data radio board, which is used in the

916.5 MHz DR1200-DK development kit. The following discussions will use the
DR1200 and an example. Note that the board is designed to allow testing of both OOK
and ASK modulation, and to allow pulse generator operation in either the low data rate or
high data rate mode. Depending on which modulation and pulse generator set-up is cho-
sen, some resistors may be left off the board or replaced with “zero ohm” jumper resis-
tors. The complete manual for the DR1200-DK is available on RFM’s web site at
http://www.rfm.com. The manual includes the bill of materials and other information on
the DR1200 data radio board.

DR1200 Data Radio Schematic
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Figure 2.13.1

2.13.1 PCB layout

Figure 2.13.1.1 shows the outline drawing of the TR1000 and 2.13.1.2 shows the
DR1200 printed circuit board (PCB) layout. The DR1200 layout is done on a two-layer
printed circuit board. The bottom of the board is a solid ground plane. Ground connec-
tions are made from the top of the circuit board to the ground plane using plated-through
holes. Note the special care used in the layout to keep all PCB traces as short as possible.
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Pin 2 is the power supply pin to TXA2, and is decoupled with a ferrite bead. The D1

component shown on the layout is an optional ESD protection diode for severe ESD envi-
ronments. The C8 component shown in the layout is an optional RF capacitor that can be

used to tune reactive antennas.

ASH Transceiver SM-20H Outline Drawing
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Figure 2