RF Oscillator Technique for Built-in Tune, Test, and Calibration of a

Transceaver

PRIORITY CLAIM

[001] This application claims the benefit of Provision@atent Application No.
62/187,629, filed July 1, 2015, Provisional Pat&pplication No. 62/190,168, filed July 8,
2015, and Provisional Patent Application No. 15/0Q3, filed January 27, 2016 the contents

of which are hereby incorporated by reference @irténtirety.

BACKGROUND
[002] A low cost transceiver utilizing frequency modubattiin a simplex or time-
division duplex system may utilize a single premisbscillator locked to a high precision
reference, for normal transmitter or receiver opena Since transmitter and receiver
functions of the transceiver are not simultaneoaslhye in this system, a single oscillator is
sufficient for normal operation.
[003] System-on-Chip (SoC) transceivers implement on-timiye, test and calibration
(TTC) circuitry to minimize the cost of externaktary equipment that would otherwise be
necessary to perform these functions, and to enhbklse functions to be performed once
transceivers are in use in the field. A methodduseperform TTC on various stages in the
transceiver is to inject a transmit path outpubitite receive path input, in a so called
“loopback” topology, and then re-use receive digifecuitry to perform signal analysis for
the TTC. A requirement for a periodic signal togseduced in the receive path and tested by
receive digital circuitry during the TTC functiohpwever, cannot be satisfied if the same
oscillator is used to directly and simultaneousiy& both the transmit and receive paths. An
additional and different RF signal is therefore erated to drive the transmit path,
exclusively for TTC functions. This additional Rkjnal may be supplied by an additional
oscillator of the transceiver.
[004] The requirement to create an additional high-gu&lf signal is a design burden;
the additional oscillator required to generate Rkesignal adds silicon area (and, therefore,
cost), and increases the peak power required tplyupe transceiver, due to the power
drawn by the additional oscillator and any addiiocircuitry associated with the oscillator,

such as phase-locked loop circuits, during the Tdr€tions. That additional cost and peak



power are associated with a circuit used only irCTand not while the transceiver is in

normal operation, makes it very desirable to findaliernative to the two oscillator approach.

BRIEF DESCRIPTION OF THE DRAWINGS

[005] The accompanying drawings provide visual representzwhich will be used to
more fully describe various representative embodisiand can be used by those skilled in
the art to better understand the representativeodimients disclosed and their inherent
advantages. In these drawings, like reference ralmiglentify corresponding elements.
[006] FIG. 1 is a block diagram that illustrates transmit modeadtransceiver, in
accordance with various representative embodiments.

[007] FIG. 2 is a block diagram that illustrates receive modeaofransceiver, in
accordance with various representative embodiments.

[008] FIG. 3 is a block diagram that illustrates loopback toggl used to perform
signal analysis during TTC, in accordance withgher art.

[009] FIG. 4 is a block diagram that illustrates loopback toggl used to perform
signal analysis during TTC, in accordance with masirepresentative embodiments.

[0010] FIG. 5is a flowchart that illustrates tuning of a traiisfitter, in accordance with
various representative embodiments.

[0011] FIG. 6 is a flowchart that illustrates performing TTC af transceiver, in

accordance with various representative embodiments.

DETAILED DESCRIPTION
[0012] The various method, apparatus and devices desdndreth provide for TTC of a
transceiver using one oscillator of the transceitbereby eliminating the need for a
dedicated oscillator for TTC purposes.
[0013] In accordance with certain representative embodisnehthe present disclosure,
there is provided a method for TTC of a transceisapplying RF drive to both a transmitter
and a receiver of the transceiver from one osoiljaapplying a modulation waveform to a
transceiver block of the transceiver to produceamplitude-modulated signal; converting a
sideband of the amplitude-modulated signal to &lm@sd signal having a frequency suitable
for processing by a receiver digital block, wheregessing the baseband signal produces a
digital output; and performing at least one of hgpitesting, and calibrating of the transceiver

block, based at least in part on the digital output



[0014] While this invention is susceptible of embodimenmmany different forms, there

is shown in the drawings and will herein be desaiin detail specific embodiments, with
the understanding that the present disclosure ibetaconsidered as an example of the
principles of the invention and not intended toifithe invention to the specific embodiments
shown and described. In the description below, téderence numerals are used to describe

the same, similar or corresponding parts in thesgwiews of the drawings.

[0015] In this document, relational terms such as first aecond, top and bottom, and
the like may be used solely to distinguish onetgmr action from another entity or action
without necessarily requiring or implying any adtsach relationship or order between such

entities or actions. The terms "comprises," "cosipg,” or any other variation thereof, are
intended to cover a non-exclusive inclusion, sinet & process, method, article, or apparatus
that comprises a list of elements does not inclutlg those elements but may include other
elements not expressly listed or inherent to sudegss, method, article, or apparatus. An
element preceded by “comprises ...a" does not, withmore constraints, preclude the
existence of additional identical elements in thecpss, method, article, or apparatus that

comprises the element.

[0016] Reference throughout this document to "one embadime “certain
embodiments”, "an embodiment” or similar terms nsethat a particular feature, structure, or
characteristic described in connection with the ednient is included in at least one
embodiment of the present disclosure. Thus, tleajances of such phrases or in various
places throughout this specification are not nexdgsall referring to the same embodiment.
Furthermore, the particular features, structurescharacteristics may be combined in any

suitable manner in one or more embodiments withoitation.

[0017] The term “or” as used herein is to be interprete@m inclusive or meaning any
one or any combination. Therefore, “A, B or C” mgdany of the following: A; B; C; A
and B; Aand C; Band C; A, B and C”. An excepttorthis definition will occur only when

a combination of elements, functions, steps or actsin some way inherently mutually
exclusive.

[0018] For simplicity and clarity of illustration, refere@ numerals may be repeated
among the figures to indicate corresponding orayals elements. Numerous details are set
forth to provide an understanding of the embodimealgscribed herein. The embodiments
may be practiced without these details. In othstances, well-known methods, procedures,

and components have not been described in detadlvéod obscuring the embodiments



described. The description is not to be considaselimited to the scope of the embodiments
described herein.

[0019] Referring now td~IG. 1, as shown in diagram 100, when in transmit (TX)dso
the voltage controlled oscillator (VCO) 114 of aapb-locked loop (PLL) is coupled to the
input of a transmit buffer 120, supplying an RFvdrsignal 116. PLL/frequency modulation
block 110 applies the TX modulating signal 112 cliseto the VCO 114 as shown. The
output of the transmit buffer 120 is coupled to ithygut of a transmit filter 130. The output
of the transmit filter 130 is coupled to the inpfia power amplifier (PA) 140, and the output
of the PA is coupled to the TX port of an antenngtch 150 as shown. In TX mode, the
antenna switch 150 couples the signal at its TXt porits antenna port. Receive
functionality of the transceiver is denoted by shaded blocks of the drawing.

[0020] As shown in diagram 200 & G. 2, when in receive (RX) mode the VCO 114 is
coupled to the local oscillator (LO) input portafeceive mixer 220, supplying an LO signal
210. For the function of the LO, the frequency miatlon function provided by frequency
modulation block 110 in the TX path is disabled &@0114 is kept locked to a multiple of
a precision reference. The RF input port of theani220 is coupled to the output 215 of a
low-noise amplifier (LNA) 230 as shown. The inmitthe LNA 230 is coupled to the RX
port of the antenna switch 240. In RX mode, theemma switch 240 couples the signal at its
antenna port to its RX port. An intermediate freigey (IF) output port of the mixer 220
produces a mixer IF output signal 225 that is cedgb the input of an IF gain block 250.
The output of the IF gain block 250 is coupled hie tnput of a baseband filter 260. The
output of the baseband filter produces a basebigndlscoupled to the RX digital block 270.
Transmit functionality of the transceiver is derbby the shaded blocks of the drawing.
[0021] It can be seen that a transceiver (XCVR) in a saxpmr time-division duplex
(TDD) system utilizes a single precision oscillaterg., a VCO locked to a high precision
reference, for normal transmitter (TX) or Recei{®X) operation. Since TX and RX
functions of the transceiver are not simultaneoaslpve in this system, a single oscillator
(VCO 114) is sufficient for normal operation.

[0022] System-on-Chip (SoC) XCVRs implement on-chip tutest and calibration
(TTC) circuitry to provide TTC to be performed aarisceiver blocks already in the field and
at minimal cost. A method used to perform TTC anaus stages in the XCVR is to inject a
TX path output into the RX path input, in a so edlloopback” topology, and then re-use
the RX digital circuitry to perform signal analysm the TTC, as shown in the transceiver
block diagram 300 dfl G. 3.



[0023] A practical baseband signal to be analyzed by tie dijital circuitry is a
periodic signal, such as a tone. This requirerf@na periodic signal to be produced in the
RX path during the TTC function cannot be satisfieithe same oscillator is used to directly
and simultaneously drive both the TX path (RF digaad RX path (LO signal). To produce
a periodic baseband signal suitable for TTC purp@sahe input to the RX digital block, an
additional and different RF signal 310 must be gateel to drive the TX path, exclusively for
the TTC functions. In order to produce the staldsebband signal of a desired frequency
typically required to perform these functions, tadditional RF signal 310 must be designed
for high frequency accuracy, precision, and stghifsenerally, this would be achieved with
an additional oscillator 320 controlled with a phdcscked loop coupled to a precision
reference available in the system. This requireni@rdreate an additional high-quality RF
signal is a design burden; the additional oscifl&®0 required to generate the high-quality
RF signal 310 adds silicon area (and, thereforst)cas well as increases the peak power
required to supply the XCVR 300, due to the powmweh by the additional oscillator and
any additional circuitry associated with the ostdl, such as phase-locked loop circuits,
during the TTC functions. The fact that this addial cost and peak power results from a
circuit used only in TTC, and not while the XCVR iis normal operation, makes it very
desirable to find an alternative, in which loopbackC of a XCVR is enabled without the
requirement for an additional oscillator.

[0024] As disclosed herein, the application of amplitudedmiation to one or more
existing XCVR blocks is provided, enabling reusettod transmit path oscillator so that the
need for a dedicated oscillator for TTC purposesliminated. In an example embodiment
shown inFIG. 4, this is accomplished by using the same oscillafal, locked to a precision
reference 430, to drive both the RX and TX pathsl, lay applying a modulation waveform
450 to the enable input of transmit buffer 120. §IRX LO generation of LO signal 210 is
unaffected, while the TX path produces an amplioabelulated output 460 derived from the
same oscillator 114 as that used to drive the RiK.paWhen applying modulation to the
enable input of transmit buffer 120, the applieddoiation waveform 450 provided by OOK
control 410 will substantially enable and disalile TX signal 440 in accordance with the
modulation waveform generated by OOK control bld&¢k in response to the control exerted
by TTC controller 420. In this sense, TTC coneplt20 provides logic used control the
flow of operation of the TX path during a TTC mod®OK control 410 controls the enable
mode of TX buffer 120 and picks a particular wavefdo be applied. This approach may

be contrasted with a more general TX system utidjzx vector modulator, for example, in



which a substantially sinusoidal wave could be i@opto the modulator to accomplish the
amplitude modulation. In accordance with varioeimbodiments herein, amplitude
modulation may be produced by a modulating waveftrat may be a series of pulses, a
substantially square wave, or a substantially sirtad wave, or other periodic baseband
signal, by way of example and not limitation.

[0025] The spectral location of the modulation sidebanfishe TX output 440 are
defined by the frequency utilized to substantiaityable and disable, or ON-OFF Key (OOK)
the TX output signal 440, via the enable contrghal 450 provided to the enable input of
transmit buffer stage 120. This control signal $60vided by OOK control block 410 may
be a pulse with a programmable rate which can beigely set from a high precision digital
clock (such as that derived from precision refeeeA80 to phase lock the VCO 114 to a
specific RF frequency), thereby producing a TX algwith sidebands at precise, accurate,
predictable, and controllable locations. In paac, sidebands may be placed such that,
when the TX signal 440 is “looped back” into the R&th at LNA 230, a sideband will be
converted in frequency to a baseband frequencwldaitfor processing by RX digital block
270, which produces a digital output 470. The telgoutput 470 contains the results of
processing of the baseband signal, and may inclddmodulation and amplitude
determination processing results, by way of examapk&not limitation.

[0026] In FIG. 4, oscillator (VCO 114) is an integral part of PLiejluency modulator
110. The frequency modulator 110 is fed by thedmait data stream 112, which applies
instantaneous frequency deviation directly to VCI2 tluring normal TX operation. VCO
114 is controlled by a phase locked loop whichagpted to precision frequency reference
430 and keeps the oscillator center frequency lkbe¢kea multiple of the precision frequency
reference. Oscillator 114 is coupled to both trah&mffer 120 input and the receiver mixer
220 LO port as shown. Transmit buffer 120 haserable input driven by a modulation
waveform 450 received from OOK control block 410K control block 410, in turn, is
coupled to TTC controller 420. Additionally, OOkrtrol block 410 is coupled to the same
precision frequency reference 430 that drives thase locked loop of PLL/frequency
modulator 110. The amplitude-modulated output 46@amsmit buffer 120 is coupled to the
input of transmit filter 130. Transmit filter 130as an adjustable tuning control input
controlled by TTC controller 420 via OOK control G}1e.g., the center frequency of the
transmit filter 130 is adjustable in accordancenwite control exerted by TTC controller 420
and OOK control 410. The output of transmit filie30 is coupled to PA 140, and the PA

output is coupled to the TX port of antenna swit@®. In loopback mode, antenna switch



150 couples the signal at its TX port to its RXtpavhich is coupled to the input of LNA
230. The LNA output is coupled to an RF input @feive mixer 220. An IF output port of
mixer 220 produces a mixer IF output signal 225 haoupled to the input of IF gain block
250. The output of IF gain block 250 is coupledthe input of baseband filter 260. The
output of baseband filter 260 produces a basebmmals265 coupled to RX digital block
270. An output of RX digital block 270 is coupled TTC controller 420. TTC controller
420 is also coupled to the PLL/frequency moduldtid and directly controls the PLL setting
of which oscillator (VCO 114) is a sub-block; TT@ntroller 420 is also a control input on
antenna switch 150 as illustrated. Thus, TTC atletr 420 commands the PLL to lock to a
specific frequency, and the loop action of the Rbbtrols the VCO frequency.

[0027] By this technique a baseband signal 265 is gerteratd only a single oscillator.
The amplitude of the baseband signal may be amdlpzeRX digital block 270, and the
result utilized to perform TTC on the XCVR 400. the loopback block diagram of FIG. 4, it
is most beneficial to have the modulated stagetéocalose to the oscillator, so that the
modulated signal is available to the maximum nundfesircuit blocks along the loop that
may need TTC; however, the modulation of other kdagot so conveniently located is also
contemplated.

[0028] Parameters of a transceiver block or transceiverpoment that may be tuned,
tested, or calibrated by the disclosed TTC methudude filter center frequencies and
bandwidths, block gains, maximum gain, relative powhanges (steps), among others.
These parameters may be tuned, tested, or calibbgtedjusting any of a voltage, current,
resistance, capacitance, and inductance assoei@tethe circuit block of interest. Thus, in
accordance with various embodiments, tuning, tgstimd calibration may be accomplished
in at least one or more of the following ways: atifng a center frequency of a filter;
adjusting a bandwidth of a filter; adjusting a gafra block, which may include adjusting a
gain of a transceiver block for a target outpueleguch as may be required of a PA driver
block to produce a desired output power from a 8¥Aa receiver gain block to best trade
sensitivity, blocking, and intermodulation perfomga; adjusting a gain of a block in order to
maximize its output level, as may be desired offl[dA to maximize receiver sensitivity, or a
PA to maximize output power; adjusting at least aiea voltage, current, resistance,
capacitance, and inductance of a transceiver blaskmay be done to maximize power
efficiency; adjusting a capacitor value in an istage impedance-matching circuit for a
maximum output level of a transceiver block (eay.matching stage between TX driver

stages); determining that gain values of a switlehghin block differ by predetermined



amounts, as may be done in PA driver blocks folliegjions requiring precision PA output
power; determining that the transceiver meets peedened specifications (for example,
determining that the PA output power is within gpeation, or that the gain of an IF gain
block varies as required for Automatic Gain Conpatposes); and identifying a fault in at
least one of the design and manufacture of thes¢swver (for example, identifying a design
fault resulting in an unbiased LNA, or a tunealdpacitor bank in the transmit filter having a
manufacturing defect resulting in substantially fteli or non-existent resonance, both
examples greatly attenuating the baseband sigaahimg the RX digital block during the
loopback test).

[0029] A specific example for tuning a transmit filterseown in the flow chart 500 of
FIG. 5, in accordance with various disclosed emipedits disclosed herein. As indicated in
FIG. 6, this flow is but one approach that may Iepleyed for performing TTC of a
transceiver. Referring now el G. 5, flow starts at block 510. At block 520, the TTC
controller places the XCVR into TTC loopback modghis is accomplished by placing the
antenna switch in loopback mode (coupling the digats TX port to its RX port) and
controlling the oscillator (VCO) to drive both theceiver mixer and transmit buffer, thereby
supplying RF drive to both the TX and RX of the XRV At block 530, the TTC controller
controls the OOK control block to supply a moduativaveform to the transmit buffer that
will produce a modulation sideband at the desireter frequency of the filter. At block
540, the TTC controller evaluates the level of Haseband signal, as reported by the RF
digital block. At block 550, the TTC controller jadts the filter center frequency, e.g., by
adjusting a value of a capacitor in the filter, &ample, and then re-evaluates the level of
the baseband signal at block 560. As discussedealioe TTC controller may perform TTC
of the transceiver using various other approadilésf which are based at least in part on the
RX digital output.

[0030] An overall flow of the embodiments disclosed herisishown inFIG. 6. Flow
starts at block 610. At block 620, RF drive is @igd to both TX and RX paths from one
oscillator. Next, at block 630, a modulation waref is applied to a transceiver block,
producing an amplitude-modulated signal. As désdiabove, the modulation waveform
applied may be a series of pulses, a substantiglipre wave, and a substantially sinusoidal
wave, for example. At block 640, a sideband ofahmplitude-modulated signal is converted
to a baseband frequency suitable for processing Bceiver digital block of the receiver,
producing a digital output. At block 650, TTC isrformed, meaning that at least one of



tuning, testing, and calibrating of a transceiMeck (component) is performed, based at least
in part on the RX digital output.

[0031] Those skilled in the art will recognize that theegent disclosure has been
described in terms of example embodiments based uge of a programmed processor.
However, the invention should not be so limitedjcei the present disclosure could be
implemented using hardware component equivalerts as special purpose hardware and/or
dedicated processors which are equivalents to nlrention as described and claimed.
Similarly, general purpose computers, microproce$ssed computers, micro-controllers,
optical computers, analog computers, dedicatedegsmrs and/or dedicated hard wired logic
may be used to construct alternative equivalentogtimbents of the present disclosure.

[0032] Moreover, those skilled in the art will further appiate that a program flow and
associated data used to implement the embodimestsided above can be implemented
using various forms of storage such as Read Onipdfig (ROM), Random Access Memory
(RAM), Electrically Erasable Programmable Read OvMigmory (EEPROM); non-volatile
memory (NVM); mass storage such as a hard disedfioppy disc drive, optical disc drive;
optical storage elements, magnetic storage elemesigneto-optical storage elements, flash
memory, core memory and/or other equivalent stotagbnologies without departing from
the present disclosure. Such alternative storageekeshould be considered equivalents.
[0033] Various embodiments described herein are implerdentging programmed
processors executing programming instructions dhatoroadly described in flow chart form
that can be stored on any suitable electronic georaedium or transmitted over any suitable
electronic communication medium. However, thosdleskiin the art will appreciate that the
processes described above can be implemented im@amnper of variations and in many
suitable programming languages without departinognfthe present disclosure. For example,
the order of certain operations carried out caerofie varied, additional operations can be
added or operations can be deleted without degaitom the disclosure. Error trapping can
be added and/or enhanced and variations can be madger interface and information
presentation without departing from the presentldssire. Such variations are contemplated
and considered equivalent.

[0034] The representative embodiments, which have beearided in detail herein,
have been presented by way of example and not lgyolvamitation. It will be understood
by those skilled in the art that various changey e made in the form and details of the
described embodiments resulting in equivalent enmbexts that remain within the scope of

the appended claims.



[0035] Accordingly, some features of the disclosed embedis are set out in the
following numbered items:
1. A method for loopback tuning, testing, and aaliimg (TTC) of a transceiver,
comprising:

supplying RF drive to both a transmitter and a ikereof the transceiver from one
oscillator;

applying a modulation waveform to a transceivercklof the transceiver to produce
an amplitude-modulated signal;

converting a sideband of the amplitude-modulatgdaito a baseband signal having
a frequency suitable for processing by a receiigatadl block, where processing the baseband
signal produces a digital output; and

performing at least one of tuning, testing, andbcating of the transceiver block,
based at least in part on the digital output.
2. The method of item 1, further comprising:
prior to supplying RF drive:

a TTC controller setting the transceiver into &Tmode; and
prior to applying the modulation waveform:

the TTC controller controlling a controller to sypthe modulation waveform.
3. The method of item 2, where setting the travgranto the TTC mode comprises:

placing an antenna switch of the transceiver iplb@ezk mode by coupling a signal at
a transmitter (TX) port of the antenna switch teeeeiver (RX) port of the antenna switch;
and

controlling the one oscillator to drive both a rigee mixer and a transmit buffer of
the transceiver; and
where the TTC controller controlling a controlles supply a modulation waveform
comprises:

controlling an OOK control block to supply the méation waveform to the transmit
buffer to produce a modulation sideband at a désiemter frequency of a transmit filter.
4, The method of item 2, further comprising:

the TTC controller adjusting a center frequency tfansmit filter; and

re-evaluating the adjusted baseband signal.
5. The method of item 1, where applying the modohatvaveform to a transceiver
block comprises applying the modulation waveformato enable input of the transceiver
block.

10



6. The method of item 1, where the modulation wanrefis a series of pulses.

7. The method of item 1, where the modulation wanrefis a substantially square wave.
8. The method of item 1, where the modulation wanefis a substantially sinusoidal
wave.

9. The method of item 1, where performing the asteone of tuning, testing, and

calibrating comprises adjusting a center frequaicyfilter.

10. The method of item 1, where performing the eatst one of tuning, testing, and
calibrating comprises adjusting a bandwidth ofteffi

11. The method of item 1, where the at least ond¢uning, testing, and calibrating
comprises adjusting a gain of the transceiver block

12. The method of item 11, where the adjusting ¢gfan of the transceiver block
comprises adjusting at least one of a voltage eotirresistance, capacitance, and inductance
of the transceiver block.

13.  The method of item 11, where adjusting the ghitme transceiver block is performed
for a target output level.

14. The method of item 1, where the at least onéuning, testing, and calibrating
comprises adjusting a capacitor value for a maxiroutput level of the transceiver block.
15. The method of item 1, where the at least ond¢uning, testing, and calibrating
comprises determining that gain values of a switdigain block differ by predetermined
amounts.

16. The method of item 1, where the at least ond¢uning, testing, and calibrating
comprises determining that the transceiver meetdgtermined specifications.

17.  The method of item 1, where the at least onéuning, testing, and calibrating
comprises identifying a fault in at least one & tlesign and manufacture of the transceiver.
18.  The method of item 1, where the one oscillstar voltage controlled oscillator.

19. The method of item 1, where the transmittertlod transceiver is frequency

modulated.
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What is claimed is:

1. A method for loopback tuning, testing, and aaliimg (TTC) of a transceiver,
comprising:

supplying RF drive to both a transmitter and a ikeeof the transceiver from one
oscillator,;

applying a modulation waveform to a transceivercklof the transceiver to produce
an amplitude-modulated signal;

converting a sideband of the amplitude-modulatgdaito a baseband signal having
a frequency suitable for processing by a receiiggtall block, where processing the baseband
signal produces a digital output; and

performing at least one of tuning, testing, andbcating of the transceiver block,
based at least in part on the digital output.
2. The method of claim 1, further comprising:
prior to supplying RF drive:

a TTC controller setting the transceiver into &Tmode; and
prior to applying the modulation waveform:

the TTC controller controlling a controller to sypthe modulation waveform.
3. The method of claim 2, where setting the transcento the TTC mode comprises:

placing an antenna switch of the transceiver ipback mode by coupling a signal at
a transmitter (TX) port of the antenna switch teeeeiver (RX) port of the antenna switch;
and

controlling the one oscillator to drive both a rigee mixer and a transmit buffer of
the transceiver; and
where the TTC controller controlling a controlles supply a modulation waveform

comprises:
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controlling an OOK control block to supply the méation waveform to the transmit
buffer to produce a modulation sideband at a désieater frequency of a transmit filter.
4. The method of claim 2, further comprising:

the TTC controller adjusting a center frequency tfansmit filter; and

re-evaluating the adjusted baseband signal.
5. The method of claim 1, where applying the motlotawaveform to a transceiver

block comprises applying the modulation waveformato enable input of the transceiver

block.

6. The method of claim 1, where the modulation Vi@we is a series of pulses.

7. The method of claim 1, where the modulation vi@awe is a substantially square
wave.

8. The method of claim 1, where the modulation vi@awe is a substantially sinusoidal
wave.

9. The method of claim 1, where performing the estst one of tuning, testing, and

calibrating comprises adjusting a center frequericyfilter.

10. The method of claim 1, where performing thdeaist one of tuning, testing, and
calibrating comprises adjusting a bandwidth ofteffi

11. The method of claim 1, where the at least ohéuming, testing, and calibrating
comprises adjusting a gain of the transceiver block

12. The method of claim 11, where the adjusting ¢glaén of the transceiver block
comprises adjusting at least one of a voltage eotirresistance, capacitance, and inductance
of the transceiver block.

13. The method of claim 11, where adjusting thengaf the transceiver block is

performed for a target output level.
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14. The method of claim 1, where the at least ohéuming, testing, and calibrating
comprises adjusting a capacitor value for a maximuiput level of the transceiver block.
15. The method of claim 1, where the at least ohéuming, testing, and calibrating
comprises determining that gain values of a switdigain block differ by predetermined
amounts.

16. The method of claim 1, where the at least ohéuming, testing, and calibrating
comprises determining that the transceiver meetdgtermined specifications.

17. The method of claim 1, where the at least ohéuming, testing, and calibrating
comprises identifying a fault in at least one & tlesign and manufacture of the transceiver.
18. The method of claim 1, where the one oscillet@r voltage controlled oscillator.

19. The method of claim 1, where the transmittertlod transceiver is frequency

modulated.
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