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RF TESTING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

61/731,845, filed at Nov. 30, 2012, the entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

Field of the Invention
[0002] The present invention relates to semiconductor devices, and in particular to

radio frequency (RF) testing systems for semiconductor devices.

Description of the Related Art
[0003] Semiconductor devices are manufactured in the form of wafers comprising

many thousands of devices. The wafers are diced into dies and packaged into integrated
circuits (IC). Each IC has been implemented by integrating more and more digital and
analog circuits into a single chip.

[0004] Due to the increasing complexity of the testing of integrated RF circuits, to
identify the "good" and "bad" ICs during production is a challenging problem for those
conducting the wafer-level test or final test. In the traditional testing of RF circuits, what is
used is expensive automatic test equipment (ATE), such as UltraFlex or Flex with RF
instruments, or equipment used in mixing signals is used for generating an RF test signal
(or RF patterns) to a device under test (DUT) and processing RF signals emanating from
the DUT, leading to increased cost and time to conduct the tests. Therefore, there is a need
for an effective RF test technique for transceivers that can solve the above-mentioned

problems.



[ 0003] Sem conductor devices are manufactured in the formof waters

conpri sing many thousands of devices. The wafers are diced into dies and
packaged into integrated circuits (1C2 Each I C has been inpl enented by
integrating nore and nore digital and analog circuits into a single chip.
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[0007] In another exemplary embodiment, an integrated circuit (IC) is provided. The
IC includes: an RF transmitter configured to generate an RF signal in response to a
command signal from test equipment, and transmits the RF signal to a module circuitry for
performing signal conversion by the module circuitry to generate an evaluation signal,
wherein the evaluation signal is reported to the test equipment, so that the test equipment
performs a test analysis on the evaluation signal to determine a test result, wherein the test
equipment and the module circuitry are both external to the IC.
[0008] In yet another exemplary embodiment, an integrated circuit (IC) is provided.
The IC includes: an RF receiver configured to receives an RF signal from a module
circuitry in response to a command signal from test equipment, to generate an evaluation
signal according to the received RF signal, and report the evaluation signal to the test
equipment, so that the test equipment performs a test analysis on the evaluation signal to
determine a test result, wherein the module circuitry and the test equipment are both
external to the IC.

[0009] In still another exemplary embodiment, test equipment communicating with an

integrated circuit (IC) is provided. The test equipment includes: a control port configured to
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wherein the module circuitry is external to the IC and the test equipment.

[0011] In yet another exemplary embodiment, a radio frequency (RF) testing system is
provided. The RF testing system includes: test equipment; a module circuitry; and an
integrated circuit (IC) configured to communicate with the module circuitry by an RF
signal in response to a command signal from the test equipment, wherein the module
circuitry generates an evaluation signal according to the RF signal from the IC, and reports
the evaluation signal to the test equipment, so that the test equipment performs a test
analysis on the evaluation signal to determine the test result, wherein the module circuitry is

external to the IC and the test equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by reading the subsequent detailed
description and examples with references made to the accompanying drawings, wherein:
[0012] FIG. 1 is a block diagram of a conventional radio frequency (RF) testing system
1;

[0013] FIG. 2 is a simplified schematic block diagram of an RF testing system 3002
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100141FIG 3 is a detailed schematic bl ock diagramof an RF testing system
3003 ac@etfing te setanobenepbodimeniotl thymvepiamt i on;

[0018] FIG. 7 is a detailed schematic block diagram of the RF testing system 3007

according to still yet another embodiment of the invention;

[0019] FIG. 8A~8C are block diagrams of the external source generator 310 according

to different embodiments of the invention;

[0020] FIG. 9 is a schematic block diagram of an RF testing system 3009 according to

an embodiment of the invention;

[0021] FIG. 10 is a schematic block diagram of an RF testing system 3010 according to

another embodiment of the invention;

[0022] FIG. 11 is a schematic block diagram of an RF testing system 3011 according to

yet another embodiment of the invention;

[0023] FIG. 12 is a schematic block diagram of an RF testing system 3012 according to

still yet another embodiment of the invention;

[0024] FIG. 13 is a schematic block diagram of an RF testing system 3013 according to

still another embodiment of the invention; and

[0025] FIG. 14 is a schematic block diagram of an RF testing system 3014 according to

still another embodiment of the invention.
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generator 310 according to different enbodi nents o
invention. This description is made for the purpose of illustrating the general principles of

the invention and should not be taken in a limiting sense. The scope of the invention is best
determined by reference to the appended claims.

[0027] FIG. 1 is a block diagram of a conventional radio frequency (RF) testing system
3001. As illustrated in FIG. 1, the RF testing system 3001 comprises an integration circuit
(IC) 10 and automatic test equipment (ATE) 12. The ATE 12 applies semiconductor testing
for digital and analog elements in the IC 10 during the hardware manufacturing procedure.
The IC 10 is a device under test (DUT) that receives power and testing patterns from the
ATE 12 and outputs testing responses to the ATE 12. The ATE 12 is an electronic
apparatus that receives a test program and performs tests accordingly on the DUT by
supplying stimulus signals. The ATE 12 also receives outcome signals, takes signal
measurements, evaluates test results based on the signal measurements, and determines
whether the DUT is good or bad. The ATE 12 comprises a signal generator 1200, a digitizer
1202, a test result analyzer 1204 and a test controller 1206. The test controller 1206 sends a
test control signal Scrrr, to control all the registers in the IC 10 by some digital or analog
pins to operate under a test mode. The signal generator 1200 may provide an analog signal
or/and RF signal (test pattern Stgst v) to be injected into the IC 10 for the test of RF
circuits. The digitizer 1202 digitizes an output response Stest our from the IC 10 and
converts analog signal or/and RF signal to digital signal. The test result analyzer 1204
analyzes the evaluated signal performance of the digitized signal to determine whether the
DUT has any faulty components for the wafer-level test or final test.

[0028] The IC 10 in FIG. 1 includes an RF testing system 30, which comprises a

baseband circuit 1000 and an RF transceiver 1002. The ATE 12 performs an RF test to the



100201FIG 9 is a schematic block diagramof an RE testing system 3009
according to an enbodi nent of the invention; 100211FIG 10 is a schematic
bl ock diagram of an RE testing system 8010 accordi ng to anot her enbodi nment
of the invention; 100221FIG 11 is a schematic bl ock diagram of an RE
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enbodi masl;tstercr)lf 3(t) rill usitrg}/egng itr(zaigsimi‘%ltgrd path and receiver path, wherein the transmitter path
comprising a digital-to-analog converter (DAC) 10020, a filter 10022, a modulator 10024,
and a power amplifier (PA) 10026, and the receiver path comprising a low noise amplifier
(LNA) 10027, a demodulator 10025, a filter 10023, and an analog-to-digital converter
(ADC) 10021. For an RF test, the signal generator 1200 in the ATE 12 generates and injects
a test pattern Stest v in high frequency to a testing interface (not shown) for testing the RF
receiver in the RF testing system 30. The ATE 12 may further receive analog or/and RF
signal Stest out from the output of the transmitter path to evaluate the quality of transmitter
of the IC 10.
[0029] In the conventional RF test, the ATE 12 supplies the analog or/and RF test
pattern Stest v to the IC 10 and receives the analog or/and RF output response Stest out
from the IC 10, therefore there is high-speed communication between the ATE 12 and the
IC 10, requiring the ATE 12 to work at a high speed, resulting in an increased cost of the
ATE 12.
[0030] FIG. 2 is a simplified schematic block diagram of an RF testing system 3002
according to an embodiment of the invention. As illustrated in FIG. 2, the RF testing system
3002 may comprise an IC 100, ATE 200, and a testing module board (e.g. a module
circuitry) 300. The ATE 200 initializes a test process by sending a command signal Scup to
the IC 100. In response, the IC 100 is arranged to enter into a test mode, and, in contrast to
the ATE 200 controlling the test process in the conventional approach, the IC 100 takes
control of the test operations. However, this is for illustrative purpose rather than a

limitation of the present invention. In other embodiments (which will be illustrated later),

the test process control may take place in the testing module board 300, where the ATE 200
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for a test analysis. Similarly, the output signals S.,, may be an evaluation signal which is
low-frequency (e.g., baseband, close to zero) produced and sent by the testing module
board 300 to the ATE 200 for a test analysis. The testing module board 300, which is
external to the IC 100 and ATE 200, comprises discrete components to assist signal
property analysis as well as RF testing signal generation and receive a control signal Scrrp
from the ATE 200 in the test mode. In this way, the ATE 200 does not need to process
high-frequency (e.g. radio frequency) signals, and therefore the cost can be reduced. As the
test analysis is performed by the ATE 200, the DUT is not necessarily equipped with a
digital signal processor, that is, the IC 100 can be a system-on-chip (SOC) circuit or a
stand-alone RF IC. In the following sections, different test configurations will be described.
[0031] FIG. 3 is a detailed schematic block diagram of the RF testing system 3003

according to an embodiment of the invention. The RF testing system 3003 may comprise an

IC 100 and ATE 200. For example, the IC 100 may be a system-on-chip (SOC) or a stand-



baseband circuit 1000 and an RE transceiver 1002. The ATE 12 perforns an RE
test tothe 6 IC 10, particularly to all transceivers for vanous

comuni cati on systens adopted by the I€ 10 by feeding the anal og or/and RE
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an anal og-to-digital converter (ADC) 10021. For an RE test, the signal
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an RE testing system 3002 .
01Srcuit 911 ¥hat ?(eeps various test patterns for the RF test process therein, and a baseband

circuit 112 that performs digital power control (not shown) and/or digital compensations
(not shown) such as in-phase/quadrature (IQ) mismatch and digital pre-distortion. The RF
transmitter 120 comprises a DAC 121, a filter circuit 122, a modulator 123, and a power
amplifier (PA) 124. Similarly, the RF receiver 140 comprises a demodulator 142, a filter
143, and an ADC 144. The modulator 123 and demodulator 142 may further receive carrier
signals from one or more local oscillators (not shown) to modulate and demodulate the
outgoing and incoming RF signals, respectively. In this internal loopback configuration, the
communication port 170 outputs an evaluation signal Sey; generated by the RF receiver 140
to the ATE 200.

[0032] As illustrated in FIG. 3, the ATE 200 may comprise a test analyzer 210, a test
controller 220, and communication ports 240, 246. The test controller 220 of the ATE 200
directs the command signal Scyvp through the communication ports 240 and 180 to
components of the IC 100, thereby controlling components of the IC 100 to perform the RF
test process. In response, the IC 100 enters a test mode and generates a test pattern signal Sq
internally. The test pattern S; is sent to the RF transmitter 120 to undergo various analog
circuits passing in the transmitter path, rendering an outgoing RF signal Sgr our, which is

further sent to the RF receiver 140 through the internal attenuator 130. The test analyzer
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di gi t al ipempERsFdcR path(diahe SROMA) [05Pdtk Pat B sPIBASE, rd§REIN Ry (detdilsRiisinat ch
and digital pre-distortion. The RE transmtter 120 conprises a DAC 121, a

filter gLr.cui : K i fi 124

Si i 1 ar (5 PR Bl BE AT o6 baof Bind BANREY RORLIh T e GRIO Plthey 45
and an ADC .1 ! the dul at or. nd denpdul.atqr 142 .may further receive
oo r o SSghSfy iRt ot Rbrdr S WRL SRR Y s e SRR K s e SHaE ane
denodul ate the outgoing and incom ng RE signals, respectively. In this

i nt er nals papgshack tgr@ﬁsh heriateraah attetr dambsbeesn the opert ofithe ]%:uﬁr%ﬂ%ttedn

eval uation signal Sest generated by the RE receiver 140 to the ATE 200.

[00321As illustrated in FIG 3. the ATE 200 may conprise a test anal yzer
210, a test



controller 220, and communi cation ports 240, 246. The test controller 220
of the ATE 200 directs the conmmand signal Scnp through the comuni cation
ports 240 and 180 to conponents of theol C 100, thereby controlling
conponents of the 1C 100 to performthe RE test process. In response, t he

| C 100 e rafne

i nter nalq:};) E[n?ht%e 1ﬁ§1§t W&’?er n ?‘:;ég %@h? u‘?‘o{l}%ﬁtth%%tg{laaﬁe rﬁ; %6}1 § 5{F nder go
various anal g cuj SSIn |n the tra mtter at h, enderlng an

out goi nd raﬁ@ﬂ@?ﬁ@i%‘? P R i | hesbe Gy abrer o (g oF Sredetipeytiker
atsociated with wantedc tone or second-order or th| rd-order harnonies to
test t sneduleafeard08cin dre erabodmentRe) F1G.nputhe suteord lponbeek spafigontion {3 | P2) ,
input third intercept point (1I1P3), etc, In the test analyzer 2,10, we can

i mpl enentleated.dinsesppaye theestitalie® Wil it olosal ad tht ewitch S& Jnwerenead. In hildition) se
ratio (SNR) of the receiver for the NIT test. The | ock-time neasure can

al so be thékesmmnbas: 20 sOWATE 200 findkd WdeEtsithe EhRrdl @ﬁghaﬁseﬁﬂ%u%ﬂ% 0
test the lock time of a phase-locked | oop (Pik) which conprises t

| nst ant ?:}Bgﬁ&{ﬁ?éa'hﬁﬂuﬁ(%y 251 13781 { PonlF ‘ihé Q‘s?m a)xfdﬂbfé 30 d'Sopd aé € the

i nf orma requency esti mates, eC| si‘on’

estimators of dul ate as err r vector nit (M.NT) .and
spect r uff’ E‘é’%ﬂ“ﬂﬁg?w POy Oa?éﬁl b@ufﬂbﬁ%‘ﬁ‘éﬁf Re Gopne g%i%ﬁﬁil‘éfmﬂgmt 0
evaluate the quality of the RE transmitter 120. [0033] Specifically, hi the
i nt er naltestigg presele kasrd 3Ylir ati on, the outgoing RE signal SRF., OUT is
transferred to the denodul ator 142 of the RE receiver 140 through the

at t enuatf@#35130 s ilingimtegoinREG. dptiertagimgsmodulé baardgd8i whichpiatehiermltptitet i ng a
first baseband eval uation signal Sl through the comrunication port 170 to

t he est I@naysndrth® ATE200)enATdon2ide faarinp@siorl 903 4lbbback post 34detcantreld
schemati c bl ock diagram of the RP testing system 3004 according to anot her

enmbodi Megkt Ph, LR URM S 976, 'Ehé‘djﬁétﬁtﬂb"aheﬁ&"t‘éﬂ oy, at {0l SWeI, Minkial sioRalt hat
in FIG 3 except that the tésting nodul e board 300 is connected tothe IC

The | npCrm SR R abrai if%%lgﬁliéf%mmlﬁ]‘e&#‘? hég.ﬁﬁ({%hg@qf BB 30" o
sel oct odold Begerievurit doest R 65 R Sé%fsqhseﬂ%ét i P DR Tt er nal
| oop-back path is selected (corresponding to FIG 3 the switch SWI is
opened &A@PHiFRAL I seskeb(ptissownoeagcer dhe Hatl 09 gad @lm@d}ll% gloRMas ishewen) ®u OUT
hold the testing module board 300 in place during the test. The input port 370 accepts the
response RF signal Sgr our from the IC 100. The control port 372 receives the control
signal Scrry from the test controller 220 of the ATE 200 to enable the testing module board
300 to work under the test mode. The control signal Scrtri, controls the attenuator 320 and
switching of the switch SW3. Specifically, the attenuator 320 receives controls via the
control signal Scrry, to adjust the attenuation level to the RF signal Sgr our. The switch
SW3 is selected by the control signal Scrry to switch between the signal converter
configuration (i.e. through the signal converter 330) and the external loopback
configuration (i.e. through the loopback port 374). In the external loopback configuration,

the switch SW3 is switched to the loopback port 374, the outgoing RF signal Sgr our from

the RF transmitter 120 is attenuated by the attenuator 320 of the testing module board 300,



10 120 and the input of the RF receiver 140, such that the signal
performance of the RE transmtter 120 and RE receiver 140 can be eval uated
wi t hout the use of the external testing nodule board 300. In the enbodi nent
of FIG 4, the external |oopback configuration is selected, in response,

the swt .S .C | i I iti he

t est coﬁ@?5&%%?&§Qﬁbgﬁg?ﬁggiﬁkgg8%M$E&gﬁgﬁgdﬁ?é@@ggfﬁglgg @ggﬂkgfgﬁgﬁ)ScTRL
through the c¢ ni cati on ports 242 72 to contro he testing nodul e

boar d 30@5@@9 WRPaUBIFREN AETDYFT Pathy T 6oy SEhe? &FDS i U sfggal
incom ng RF signal SRuN fromthe testing nodul e board 300. 100351As

i |1 ustrakredur i Ppmed Back: theoughghe agenvetn 320 se andnBORE wignehSisivetetthe Al t o
the IC 100 and the ATE 200, nay conprise an input port 70 a | oophack port
374, a aedHivenl14pdt aFdRherawstomt theltreqeowetr pdih6 In aie BRHj resdiady! Bi(atthe mpat ®F 320,
a swtch SWB, and a signal converter 330. In sone inplenentations, a

testing sﬁ%ﬁﬂ Shoar @ dovat-cavemed it tRE BuicBast, twhiblRligl didiezddemid agiPdor@ board
300 and the I1C 100 together. The testing | oad board may conprise an IC

o SOPLSTIL N 5, yddhond 5 0 0B

hol d t he ng nodu est. The input port
370 accegté the response RF signal SRLouT fromthe I C 100. The control port
372 rec ¥5the control signal Scrrr, fromthe test controller 220 of the
ATE 200 to enabl e the testing nodul e bgard $00 to work under the test node.
The contlP@I6lsi gAalthessignal sipnvete qonguitian st BPWa2n Hd 6swhg ewitely SEY3 the
swtch SW3. Specifically, the attenuator 320 receives controls via the
control ssiiighed tSehersignab adjersyr 3Hb thet euigeing oRF | sgwil S dunefrRv diegRdl

SRF, pur. The switch SWB is selected by the control signal Scuu, to switch

bet ween ttahemBiegnal isansteiatedrbyc thief dtgunabt 620 of ties tebiigd igldulehifoasd §0a) and
converter and the external |oopback configuration (i.e. through the

| oopbackyRodnv{dd by e sidhal Eorverifial3ol appiRacocetht BT @drsAfttert dieput Wighgh SVB
is switched to the toopback port 374, the outgoling RE signal Spy Tr from

T L s A AR
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ports 374 and 244 for test analysis. FIGs. 5A-5B are schematic block diagrams of the signal
converter 330 according to different embodiments of the invention. The signal converter
330 may be implemented in different circuits, thereby converting RF signals into
analog/digital signals. For example, the signal converter 330 may comprise a power
detector 331 and an ADC 332, as illustrated in FIG. 5A. Alternatively, the signal converter
330 may have similar components, such as an LNA 333, a demodulator 334, a filter 335,
and an ADC 336, as those in the RF receiver 140, as illustrated in FIG. 5B. It should be
noted that the invention is not limited to the aforementioned implementations of the signal
converter 330. For those skilled in the art, it is appreciated that a reference RF receiver can
be implemented in various circuits, and the details will not be described here.
[0037] It should be noted that the evaluation signals Se,; and Sey2 may be in analog or

digital form. In some implementations, the RF transmitter 120 and the RF receiver 140 do



QUT is | ooped back through the atte ivator 320 as an input RE signal SituN
to the RE receiver 140 for a further test in the receiver path. in the RE
recei ver 140, the input RE signal SRL12N is down-converted into the
baseband, which is digitized into digital words regarded as the eval uation

signal Seyi._s he test al.yzer 210 he. AT 0 far test analysis.
[ 0036] 1 o) R GROESsks apd BB G Seralb b ulin AibrisR e diBletBLs o
SWB is switched to the sjgnal converter 330, the outgqQjng R sjgnal SRF OQUT
from t hehpem} o semyert die msoming apaleq sxpluation SiEFAls aton Aigib SIEmsls. Sheretye
testing nodul e board 300, and then converted by the signal converter 330.

| n ot herpeviormiing digital REnalreanlysis of the RiUteplprosdsgnal SRFOUT is | RA | ooped back
to the 1C 100, but processed by the testing nodul e board 300 to generate
the eval[0ed§jon sh goalpaSntosestivehitforfah RFLest n@olednyshey, tRd Preabnt Habdlilmed00

t hrough ports 374 and 244 for test analysis. FIGs. 5A-5B are schenmatic

bl ock di&gfc@s% 1of tshis §sERRWhERNYEE! RELeiIDACEAHEN BYtHeor Tk LDBIEMIy low-
enbodi ments of the invention. The signal converter 330 may be |nprenented

in diff i LCUi vert i ignal s ji I igital
o1 gnal s TR G SRS Ontp IS ARGERT b Hind' 955 did SbReAB7 ARG .
detector 331 .and ADC 332, illustr | I .BDA. Alternatively, he
o onal _conesreed ey ave B rad A0 b SR ity HeatSad
denodul ator 334, a fitter 335, and an ADC 336, as those in the RE receiver
140, as Phirelstignl Sdravmng|egalugtian sigrals Rou ke Behrrsed Petwren thedesting arndubn i s
not limted to the aforeTneritioned inplenentations of the signal converter

330. Forbothio3@) skd kheeATEN2@thdt anduld ibe niogedathat dighatpedd chamumicagibrrienoly RF
receiver can be inplenmented in various circuits, and the details will not

be descrjchegnhae €C 10031 tHe sl sholglengiaedl 300.aThik Neadsvial aladduetiors i Aa S
Sevi and Sev2 may be in analog or digital form In sone inplenentations,

the RF tfans %r&%l%kit}gpth@ i b6v, %ré@ﬁ@éc é%rsin%‘e&rgsigﬂ anci‘ﬁlramri'ﬁé'ﬁrigé%ﬁm

circuits and t test analyzer 210 urt onprise a digrt shown) to
convert i ncom _ng anal og,eval uati on.Si s in gl tal signal s thereby
perfor m[ﬁ‘gﬁéi gi ?%Iw%f' éﬁgtke g]rl'? 8}"9 stlﬁrseeo?ontﬁﬁlé‘%&%n% evéllin%% rag%: g}ges ?mf%gg(ﬂp ﬁaCk
conparison_to conventional_ RE test chani sns, the present enbodi ment
depi ct s APHSRsiqedhs W&e@eL %Oegm??e%o@%gwgﬁava MIIBF Fiark FONYETIFT SR EBPiCRe ATE
200 is only lowfrequency signals. Only | owfrequency command signal Soil)
and evalasaprondas gnadss 8 tlangmissier civategaandse ofvdten [¢€ W0 @/pa0 regayingh éheATE
200. in addition, only towfrequency control signal Scrizt and eval uation
si gnal s eSaldatdsresigixa ISan @e & bed weemalyses dfahe imgsmivdoh petboaraic800ttend tde ATE
200. It should be noted that high-speed communication is only between the
I C 100 apf bbhRroffitd bodmd @sPa@ile30Q0 ofthé ATERAS0.tIbraxhRPUS tthd Rrahdhittbe
path is usually tested at the system level test by the EVM and spectrum, nonlinearity tests
such as IIP2 and IIP3, an image signal test, a carrier leakage test, and a transmission power
test.
[0040] FIG. 7 is a detailed schematic block diagram of the RF testing system 3007
according to still yet another embodiment of the invention. The circuit configuration and
connection is similar to those in the RF testing system 3006, except that in the RF testing
system 3007, an external source generator 310 and a switch SW4 are placed at the testing

module board 300 for further performing Rx test process. The switch SW4 is controlled by

the control signal Sctre to switch between the incoming RF signals from the RF transmitter



circuit conplexity of the ATE 200, thereby decreasing design and

manuf acturing cost. [00391in view of the above,which are the internal

| oopback configuration, the external hgopback configuration, and the signal
converter configuration, are provided to test the transm ssion perfornance

of the 1.C.100,. Upon recei.ving the eval 1on sigpal Se..' or a test
anal ysi slg8f°rt ﬁ%mt ﬁ%gn?(ﬁ‘irg%li B egqugr%%rnggd.o§petcﬁ4ggﬁ% Tgﬁlggntobé%%g{’f Y¥ed by
the test analyzer 210 of the ATE.200. .For .exanple, the transmtter path is
usual | y reesstiagthgicoptrel signef aenr). ddiating dpitighon Rx 4 PEQsses thensxternal
onlinearity tests such as 11P2 and 1113, an inage signal test, a canier

| eakage sberse , geaerdton I0ansyi Seit dn groweate thes singleal0n®i foxdong, asd anolbtlatidned
schemati c bl ock diagramof the RE testing system 3007 according to still

yet anotsheelsasipaidiBnbe BF Rbeest preadsi MeanWhide, ahe ewitth SO sguwitthed o ad
connection is simlar to those in the RE testing system 3006, except that

in the RELestinde ?Q&zatoﬁgl@)éﬁ@fﬂlaéwiﬁ‘ﬂ%‘@/@ 19 RRAERIDOb0 ﬁé%ﬁﬁﬁ%@@f@h@@ SW

are placed at the testing nodul e board 300 for further performng est

00T BRSSO SRR, B R BORES B AP 50T
the attenuator 320, and then the attenuated RF signals are transmitted to the LNA 141 of the
RF receiver 140 via the communication port 374, thereby evaluating the reception
performance of the IC 100 in the receiver path at the test analyzer 210. Similarly, the RF
receiver 140 may output the first evaluation signal Sey,; through the communication port 170
to the test analyzer 210 of the ATE 200 for test analysis. Upon receiving the evaluation
signal Sey, a test analysis of the reception performance of the IC 100 can be performed by
the test analyzer 210 of the ATE 200. For example, the evaluated characteristics for the
receiver path comprise a receiver gain test, an image signal test, a DC offset test, an NF test,
and nonlinearity tests such as [IP2 and IIP3.
[0041] FIG. 8 A~8C are block diagrams of the external source generator 310 according
to different embodiments of the invention. For example, the external source generator 310
may be a single-tone generator, a dual-tone generator, and/or a reference RF transmitter, as
illustrated in FIG. 8A, 8B and 8C, respectively. The DAC in FIG. 8C may be coupled to a
test pattern generator not shown, or receive test pattern from the TE 200. Implementations
of the signal-tone generator, dual-tone generator, and the reference RF transmitter are well-
known to those skilled in the art, and the details will not be described here.
[0042] FIG. 9 is a schematic block diagram of an RF testing system 3009 according to

an embodiment of the invention. In the RF testing system 3009, the IC 500 may be a stand-

alone RF IC without a signal generator. Accordingly, the function of the signal generator is



13 120 or fromthe external source generator 310. Specifically, referring
to FIG 7, upon receiving the control signal SCTRL. indicating initiation
of an RE Rx test process, the externah4source generator 310 may start to

generate the single-tone, two-tone, and nodul ation signals required in the

RF Rx t rQcess i | A i j ext er nal
sour e JuneaBaE b 200 M abier et Qb s Wrbnetfl SO ol i SRR on
port 374. In rggf3 onse, the geger ated.si gnal ;@tfrgngi:he external squrce

gener at &FNGEr RPN othFTS8Y AFANSAYINE  Preogfinedn Gt ir8h PRHEMAL Pehifafiéd RE
signals are transmtted to the LNIA [41 of the RE receiver 140 via the
comuni d@nsoitepd?@. Bracirqueroabguration vad corpectien phthegemaining comporanteinof t he
IC 100 in the receiver path at the test analyzer 210. Simlarly, the RE
recei verthel RO testingositsfeni 300 afe sintilae valthoat iionhes Rih@btifgl stsheno 39031 ed the
comuni cation port 170 to the test analyzer 210 of the ATE 200 for test

anal ysi getal#p@in HRCRieHed %ot iREthe \uddRbhi®thed @dirdentd of FIGES! SImaby & sheof the
reception performance of the I C 100 can be perforned by the test anal yzer

210 of %Hﬁ,o@i]ﬁ%n?%n&%t RN E ’lon'BQCkeé/(tﬁl(lggtﬁlta%Gn 94@&@9&1@&%&{ s ﬁpg{eggge

receiver path conprise’a recelver galn an ge signal test, of f set

test, an NE t , «and.nqgnlinearl tests ch as 1] P2 and,l . .[00411FI G
b 5C aren ooy sE RN RE e 120 frelRs che pxRBR I et ROy 1o
di fferent enbodi nents of the invention. For exan?l e, the external source
gener at 6nalsoiromythe esignaljgsgerator 330coly 8ive AdEo£00-aTheva the Gutoyh &asignal
and/or a reference RF transmtter, as illustrated in FIG 8A, 8B and 8C,

r espect igerdryted HyethDAT itmanghiGer 320 meay be igemplleded back toethe RAtre@ivergkifer at or
not shown, or receive test pattern fromthe TE 200. |nplenentations of the
si gnal - tigoeglggran@inl attehualor 180EIngAdRioal e, evahetibheighafSy enegut By the RF
transmtter are well-known to those skilled in the art, and the details

wi |1 note R cde56 LRIl %S thd QA4RLEYG 219 foSted aRRERtI ¢ bl ock diagram of an
RE testing system 3009 according to an enbodi nent” of the invention ii the

RE testi yst 9, e ~ g t a
si gnal &@%‘g at of%i@%rﬁ%ﬁ%ﬁt{% t?%g( @Eu%rgﬁ Oo%nmgé?%g r?gféﬁbgledr agtc}éff(ﬁ?%% 4
noved to the ATE 200. In. other words, test contrglle 0 cont rol
the si gﬁﬁ?tﬁﬁre%l? GPRLRAGF HVERHSH 1) thg ﬁErtswgtSVgﬁ@ 10; &152@ SEfeKEe e
test patterns to the RE transmater 120. The circuit configuration and
connect is@adweione RE rlensiiiong 2 coghsd resaerstarn Acprrdiely dbe i fHectiops pb theaoggalar e
simlar to those in the RE testing system 3003, and the details can be

r ef er r egeteavatonistthevealf tortkerddit 200edin etibodiondsnthe tedt chhi®1led.228imayl amttodbtiehe
enbodi mrent of FIG 3, the internal |oopback configuration is also selected

i n the REnhegdneRforSy3ot @Bl theRSCirddsaadting prédEinBRERET @8iSphtietRto kXBO RF

receives the external RE test pattern signals fromthe signal generator 230

of the ALERQ: 17hefhe éi%it%hﬁg{xﬂéﬂ?lggnﬁggl&ﬁ{cti&?Bﬂlﬁtr%ﬁllamfné BEmPbnents in

transmtter 120 may be interna o the RE receiver 140 through
by the. i RecErvl 3 P Pufef it Rk dh B REI SPeSh 5P8, Bfh ey <P
details can be referred to in the aforementioned embodiments of FIG. 4. Similar to the
embodiment of FIG. 4, the external loopback configuration is also selected in the RF testing
system 3010. Specifically, the RF transmitter 120 receives the external RF test pattern
signals from the signal generator 230 of the ATE 200 and generates the outgoing RF test
signal Sgr out. Then, the outgoing RF test signal Sgr our from the RF transmitter 120 is

transmitted to the testing module board 300. The RF test signal Sgr our is attenuated by the

attenuator 320 in the testing module board 300, and the attenuated RF test signal is further



[00431FIG 10 is a schematic bl ock diagramof an RE testing system 3010
according to anot her enbodi nent of the invention, In the RE testing system
3010, the IC 500 may be a stand-al onelBF | C without a signal generator.
Accordingly, the function of the signal generator is noved to the ATE 200.

In ot herfemgufi;@&t {g\grﬁep;gécefvgmA@{m&@%gggg%@g%hggpohh%o? SERRLuGRREMRL OF

230 interna transmtti pr test patterns
transmtter 120.. The circujt confligur.ation an opnection of the. r i ni ng
conponer?tvglu o ﬂ%nq!?éevt‘ 83??“{1}@' é’&‘?g{ﬂe‘%\mc%‘ﬁirol 4Qrcém g’F r%f(flé?fo {1’8 ?‘?Sl’i RIS 2tlﬁg.oﬂrRE
testing system 3004, and the details can he referred to in the

af or enendest emdmsienbodi nents of FIG 4. Simlar to the embodi nent of FIG 4
t he external |oopback configuration is also selected in the RE testing
syst em 300#8t] Sp&tGf 1 cala sgherhdtee FEck diagrami dftagrREA ROtinggysiones0t heccoxting al RE
test pattern signals fromthe signal generator 230 of the ATE 200 and

gener at gt ilith@h@otMgnREf theShventighdh tBPRTF teslingkydlem B0 1,atE 0OIS00 nRfy Beest
signal SRF OQUT fromthe RE transmtter 120 is transmtted to the testing

nodul e bogreh. 300 Rﬁﬁé Bﬁtﬂoﬁ% %éx%g%'eneﬁ%gUAcéo?diﬁ%lkeWEﬁgtiQﬁ{ otf?ﬂ% %ﬁg{ mat or

320 in the testing nodul e boar and the atteénuated RE tes IS
further fed back into .th ei ver 14 hr.ough t ni cati ort
160, - Suigsaffionty Yo R GOA LT bEh b S b B EPn 2T SR T 0o
be fed jnto the_test I 210 f t est is. [00441FI G 11 i
Cehenet Pie) B st e b ey sreantaol 0L Buohary ok ' ° °
mbodi mnent of the invention. In the RE testing system 3011, the I C 500 may
be a st drdsmitend2®RETheCiviuiteonfigaraspyand coeivehan of theAsawining gpypondnss in
function of the signal generator is noved to the ATE 200. In other words,
t he t estthe Bt testidgesys220 300y acoriinibl td hisossiigrtat Rjetestiag oyst&BB000; endaid vy,
thereby transmtting predefined RF test patterns to the RF transmtter 120.

The cir Giialls GaRTHeder@tddoR RANthe CIMRBRLIIGRIEMBABMESBRIIFICY & BIRAAERS $hd N t he
RE testing system 3011 are simlar to those in the RF testing system 3006,

and the 8Lalhs SEMAS AL ShEAL Qe PR FLAGPIRII Rt AT e

FIG 6. ar to the Iment o e signal converter

configuration, | | sa.selected in the RE testing system 3 Speci fically,
The re erahEmeSriatabedhe Ry Preiiurty ATt BF SRR RGN o
the ignal generator 230 of the ATE 200. Then, the outgoing RE test. signal
SRF. . 91 piEnalks fgm ithe sigral geageatit 339 of1thg ALE 2PAnEhen dlsionigomg Ry dest siggakmdul e
board 300. The R E test signhal SRF, OQUT is attenuated by the attenuator 320
in the tSesbinffomstieRE thramamadte3000 immahstiigedatottbe teatiegimRBEuledwards3 @h dhe RS
further fed into the signal converter 330 for signal conversion.

Subsequedt kignalaS g €@ idlattanahtédtblyahe sitginalor S2Y Zn iR tgeingrmddde byartl 300saghal
converter 330. and is thriller transmtted to the test analyzer 210 of the

ATE 200 e oQualhydd RC QAR TR fed3Ffo thOMELF|Gnvderl 3307 (SCRRARL 1 ©

bl ock diagram of an RE testing system 3012 according to still yet another

oo, o i PP, g S8 ARG e Gl o

be a stan one t hou si ghal gen rcuit
configuration connectjon of the cq nents in Qe t j system
3012 or OUTEHIEF A0nid RASEheTrPrmitRe HABE PG Ay uieE A Jo6 e Addpe O i Sihne
signal generator. 230 has_ been noved to the ATE 200, 6
€ communication port 376.

[0045] FIG. 12 is a schematic block diagram of an RF testing system 3012 according to

still yet another embodiment of the invention. In the RF testing system 3012, the IC 500

may be a stand-alone RF IC without a signal generator. The circuit configuration and

connection of the components in the RF testing system 3012 are similar to those in the RF

testing system 3007 except that the signal generator 230 has been moved to the ATE 200,



and the details can be referred to in the aforenenti oned enbodi nents of
FIG 7. Simlar to the RE testing system 3007, the testing

nodul e board 300 is controlled by thelegontrol signals SaRL generated by the
test controller 220 of the ATE 200. Specifically, upon receiving the

t cont; 20 of the ATE 200. Spec . g
et or nal AN A PRy B B ke Bonthel crt RN, oPLRE P SipdiEre

e sin

t wo-t one nodul ati o Lgnals required jin RE Rx tes rocess,

Veanun e Bn ST sEnemty S ek Romonste, WL 2Pars. et gt 57" BSGO%al ¢ ne
swtch SWB is switched to the conmmuni cation port 374, so that_ the generated
si gnal s signeln Sirer exnerpisdl bys dher tsst gereallst @20 3af0theedy The2$0 Sregiftsatineupon
attenuat or 320, and then the attenuated RE signals can be transmtted to

t he UNA rdebiving thehenfREl sigedSyer iddiéatinganitihtorcoharulRF Rattes preaess, By dstemnber eby
eval uating the reception performance of the 1C 100 in the receiver path at

the testsoaRal peaelatcd 1910 By stadt | %, gdnbfatdRithe e@ieviohe, LAb-toRY, @l PHbdilgod i I St
eval uation signal Sco through the conmunication port 170 to the test

23:: ﬁ;teir%%%agi rgalgféaggﬁﬁ&%()ﬁx Q% phfats m%bﬁitlﬁ,-thylg@ﬂcﬁ 8GR ¥ QitdHAE to the

a test analysis o e reception performance of the
shoul d_BOSRN SuPR e ee Sl BrOaeTom L ondre sy ahe &8 oM Bt ahal og
and RE 12 et/ Hhs STOPrARERTADCNEIEN SErAl S9UTER SORREOT AL TaHAPy U B0 nay
further conprise a digitizer (not shown) to convert the incom ng anal og
eval uat itomatgingatat 820, and thtinghe attersiaigd i signalheandipytrgmemitéadioribe BiNgi 141 o&i gnal
anal ysis of the RF test process. [0047]FIG 13 is a schematic bl ock diagram
of an REkhd &3t taegivey e mi30Hs camamnitiatign tport 374, thereby evaluating the reception

performance of the IC 100 in the receiver path at the test analyzer 210. Similarly, the RF
receiver 140 may output the first evaluation signal Sy through the communication port 170
to the test analyzer 210 of the ATE 200 for test analysis. Upon receiving the evaluation
signal Sy, a test analysis of the reception performance of the IC 100 can be performed by
the test analyzer 210 of the ATE 200.

[0046] It should be noted that the evaluation signals Sy; and Scy2 may be in analog or
digital form. In some implementations, the above-mentioned RF transmitter and RF
receiver do not have DAC/ADC circuits, and the test analyzer 210 may further comprise a
digitizer (not shown) to convert the incoming analog evaluation signals into digital signals,
thereby performing digital signal analysis of the RF test process.

[0047] FIG. 13 is a schematic block diagram of an RF testing system 3013 according to
still another embodiment of the invention. In the RF testing system 3013, the IC 500 may
be a SOC or a stand-alone RF IC having a test controller, and the circuit configuration and

connection of the components in the RF testing system 3013 are similar to those in the RF

testing system 3007 except that the test controller 220 has been moved to the IC 500. In the



still another enbodi ment of the invention. In the RE testing system 3013,
the 1C 500 nay be a SOC or a stand-alone RE IC having a test controller,
and the circuit configuration and connection of the conponents in the RE
testing system 3013 are simlar to those in the RE testing system 3007

except th he . t I . 1n the
enbodi men { eélt’ttggﬁesg%aa}li//zer gf% R?ﬁ %ﬁig %g |sft1§g1{a§ l&)?ﬁiolri i hgor
Rx test process y.issuing a a digit Si gnal) Senmp to
the t esteX BHES! PRissting § Goraignd eggfgdlea%algrt%@g%@i Seont ﬂrer &3t PREOlRr t he

| C 500 may send correspondi ng contr ol %gal s SCTRI. to the conponents in

t he | C 700 imihg Kh)% erd thedestroonradlendad an dCrﬁQOrre@pi@nééonosnondmgmeU al
SCMD It should be noted that different RE test configurations, which are
previ ouslignaliek e toekk compdrensrib dai IieFi0sandfthdte@ing Bothae bbard mnb&pbﬁﬁd in
the RE testing system 3013, and the details can be referred to in the
embodi MR theontrhsaRt SIgnatl scrg,g Tt SHOREd bd £tbd Yhat HFR R RF BRIV ESHratidll, QJhléhhe ATE

200 is still responsib receiving the evaluation signal (i.e.

t ow- speed, @%ﬁfoﬁ&?/ dgé&ﬂ)%h% hre%ml:ﬁ)'d fh&lts BPFIG% ':c(? ‘179' chfi'be ;ﬁ‘é&i o thk G: t%st

convert or igital sigha al'ysi s. f’he eval uation si gna front

ei ther the cei or t signa conv rtor. 330 is n

form tr?eStB‘fnR%qlr Xf&% ?aﬂtsrf’@nA ej%‘@‘in&?/ 4 %F{b"a'r%ené zf ]{:}I:g{ar gnal
into digital signals before the test analysis is performnmed by the test
anal y zeroppaGeal|ig0ag 19 analyar 210a08 Bise i b otill HRRUHUHIE dPr H95eREE E3% | ng
system 3014 according to still another enbodi nent of the invention. In the
RE t est iemglustyst egnd0ile a lbwespe@l &@0ogrdigithlesignaBOBmwreithersthaRE micoiver R 61C. |
and the circuit configuration and connection of the conmponents in the RE
testin systignalI0Aderti 830ifoh digltalt Yortahasalydin) When R dvalihiitwg sigyisit feor 300 dr
except that the test controller 220 has been noved to the testing nodul e

boar d 3QQ RfRedeliRr @ﬁ@@ﬂth@%&%al Qe AIB30A0id s gr?awgbroenoﬁleldmglﬁketz4oq>fm RE Tx

or Rx test process by 1ssuing a commnd signal (i.e. digital signal)

cost  cort PorPer TRt s R el o SERkL @% ABYG5 0 0 Sy fal o

Scm to the corre pondln nents in the 1C 500 and the testing rrodule
board 30§ IPHGLILBRLES! pp Yﬁégg(gmmnd signal Soon. It should be noted that
different RE test configurations, which are previously described in the
embodi mdd48] of EiGs!4 B arsshapatichipckydiagrgayofi an RIheesRee systam AQlbgespeting®1 3,

and the details can be referred to in the enbodinent of FIGs. 3 to 12.
Speci f i atlllappthehembeditneanaf t)lnze'nvemiﬁn.olfn thtn RFAER 11808y siesn §014,Ithe &S pOHsndyl e f or
receiving the evaluation signal (i.e. a | owspeed analog/digital signal)

from ei her SOIteoRE siAdellves REAT O%ma hige sir@ne koY@ idn0ind33hrlebtior bg el
signal anal ysis. \Wen the eval uation si gnal fromeither the RE rece| ver 140

or the %bﬂl @helﬁs)ﬂhﬁ{etﬁﬁ tg’s%)lgosgsﬂeﬂl %‘IIQLI 89 5119 5'11 tot %séjhgﬂ{e' Kprtes%ﬁllg I'nhe ATE

200 may convert e eval uat signal I1nto | gital signals befo e t est

ae. been hLeRRPLBATRY sbarols anaTE aokh Tronetdn atec e Mot e bOfia EE
the embodiment, the ATE 200 is capable of initiating an RF Tx or Rx test process by
issuing a command signal (i.e. a digital signal) Scvp to the test controller 220 in the testing
module board 300, and the test controller 220 in the testing module board 300 may send the
control signals Scrry to the corresponding components in the IC 500 and the testing module
board 300 in response to the command signal Scup. It should be noted that different RF test
configurations, which are previously described in the embodiments of FIGs. 3 to 12, can be

used in the RF testing system 3013, and the details can be referred to in the embodiment of



preferred enbodi nents, it is to be understood that the invention is not
limted to the disclosed enbodi nents. On the contrary, it is intended to
cover various nodifications and siml|as eras (as would be pparent to those
skilled in the art). Therefore, the scope of the appended clains should be

accorde e d ¥ r t e .

o 1 oatlars g S (AU, 38 bl 800 of eRFETRRRS, &1 1dbEivIe fr . ot oo
circuit (10Q). onprisi.ng an transmtter confiqured to.generate an RE

C anal | it SRR shbah S g RRTorr b e e e TR R RE PO ver
configured to aenerate_an eval uati on sggnal according to the RE signal, and
report tereivey Pl aarithe signgheanvegon B0 fasdigisa]rigneb analyys.c Whentthe eyalgation

equi pnent perforns a test analysis on the evaluation signal to determne a
t est resignal framesitien theeRTE asteiequidpnarthe isgnextavaddr 330 ishim dnGlog form, the2. The
IC as clainmed in claiml, wherein the raluation signal is indicative of an
el ect ri ciaditigdtanacifend AMEC200 mbf@oerSihgn@bluation signal3ntoldigithlGigalShaored in

claim1l1, further conprising:
the test analysis is performed by the test analyzer 210.
[0049] While the invention has been described by way of example and in terms of the
preferred embodiments, it is to be understood that the invention is not limited to the
disclosed embodiments. On the contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled in the art). Therefore, the scope

of the appended claims should be accorded the broadest interpretation so as to encompass

all such modifications and similar arrangements.



an internal attenuator configured to attenuate the -RF signal fromthe RE
transmtter; and a signal generator nﬁgﬁfi gured to generate predefined RE
test patttrns in response to the co d signal fromthe test equipnent;
wherein the RE transmtter generates the RF signal in response to the
generated RE test patterns, and the RF receiver converts the attenuated RF

signal into the evaluation signal, 4. The IC as clained in claim1,
wher ei n t Véhatopekindedisgnal is used to initi E an RE test process. 5.
The IC as clainmed in claiml, further conprising a test controller
configured to control the RE tr smtter and the RF receiver in response to
t he command si 3néP“FtPg)rﬁ¥ WEC% 6. The IC as clainmed in
claiml, being_a systemo he | C as
clained in claf %lTs‘Iy tﬁ\?{?@?‘étpeﬁ ?‘W@lg‘(ﬂ?g? a%gl}ﬁr%t? recei%ga1 i s[poB%et ;{%r%s from
a signal generator MSI%&I %rggltleg,ququleg{aner ates the RE signal in
response to the rece| ve patterns.

an RF receiver configured to generate an evaluation signal according to the RF
signal, and report the evaluation signal to the test equipment, so that
the test equipment performs a test analysis on the evaluation signal to
determine a test result,

wherein the test equipment is external to the IC.

2. The IC as claimed in claim 1, wherein the evaluation signal is indicative of

an electrical characteristic of the RF signal.

3. The IC as claimed in claim 1, further comprising:

an internal attenuator configured to attenuate the RF signal from the RF
transmitter; and

a signal generator configured to generate predefined RF test patterns in
response to the command signal from the test equipment;

wherein the RF transmitter generates the RF signal in response to the
generated RF test patterns, and the RF receiver converts the attenuated

RF signal into the evaluation signal.

4. The IC as claimed in claim 1, wherein the command signal is used to initiate

an RF test process.

5. The IC as claimed in claim 1, further comprising a test controller configured
to control the RF transmitter and the RF receiver in response to the command signal

from the test equipment.

6. The IC as claimed in claim 1, being a system-on-chip (SOC) or a stand-

alone RF IC.



8. The IC. as clained inl, wherein the RE transmtter transmts the RE
signal to a nodule circuitry external bo the 1C, and the RE receiver

recei ves an attenuated RE signal fron’Phe nodul e circuitry and generates

t he eval uation signal accordingly. 9. An integrated circuit (10,
conprising: an RE transmtter configured to generate an RF signal response
to a coomand signal fromtest equipnent, and transmts the RE signhal to a
nmodul e ci rcui t 7yTholC gedainfediimclgm 1sivhersin tbe Rieransoittasyeqeeesiestul e
circuitry to generate an eval uation signal, wherein the eval uation signal

i s report @attergs frp@ adenal gefisrgapsticnalgo . PR senssdteshgiRdnearalper f or ns a
test analysis on the eval atiogfsignal to determne a test result, wherein

the test SHRPBWEAMCIREF Y HPAUF DS circuitry are both external to the IC.

10. The IC as clainmed in claim9. wherein the evaluation signal is

i ndi cative of %PTE(% RELJ cggiﬁ*edcﬂf @faﬁﬁtle%éﬁeirpthngPttpﬁsﬁﬁtiﬁ‘it%@hits theRF  11- The

IC as clained in claim urther conprising: a signal generator configured

t o gener akRniredehoiesciRRitesitedal fo@RARC, iaRd HRSRP R&LiviePrdcbRres gmmand si gnal
fromthe test equipnent; wherein the RE transm tter generates the RE signal
accor di ng attenuated Rfesigtidtfecn e ri@kile gaduitey asl ganoratdshibe svajualongdgat at or .

accordingly.

9. An integrated circuit (IC), comprising:

an RF transmitter configured to generate an RF signal in response to a
command signal from test equipment, and transmits the RF signal to a
module circuitry for performing signal conversion by the module
circuitry to generate an evaluation signal, wherein the evaluation
signal is reported to the test equipment, so that the test equipment
performs a test analysis on the evaluation signal to determine a test
result,

wherein the test equipment and the module circuitry are both external to the

IC.

10. The IC as claimed in claim 9, wherein the evaluation signal is indicative of

an electrical characteristic of the RF signal.

11. The IC as claimed in claim 9, further comprising:

a signal generator configured to generate predefined RF test patterns in
response to the command signal from the test equipment;

wherein the RF transmitter generates the RF signal according to the generated

RF test patterns from the signal generator.

12. The IC as claimed in claim 9, wherein the IC further comprises a test
controller configured to control the RF transmitter and the module circuitry in

response to the command signal from the test equipment.



12. The IC as clained in claim9, wherein the IC further conprises a test
controller configured to control the transmtter and the nodul e
circuitry in response to the command Signal fromthe test equipnent. 21
13. The IC as clainmed in claim9, wherein the RE transmtter is further
controlled by a test controller of the nodule circuitry in response to the
command signal fromthe test equi pnent. 14, The IC as clained in
claim9, whereild. fllhe IBYas redaimil t ineglaine Geiwheseincthe Mattraasmstterr ismuathsi gnal
generator external to the IC, and generates the RE signal according to the
test patt &PREoteddy & Hest éﬁogﬁ‘alﬂergécﬁé? diqsfule circuitry in sespepe focthgscammpiebd i n
claim9, being.a stemon-chip (SOC) or a stanch alone RE IC 16.
An integr ﬁigé’apfé?rngﬁtte“(qq&ﬁpfne@fjnpri sing: an RE receiver configured to
receives an RF signal froma nodule circuitry in response to a command

si gnal fromtegy ?ﬂeiléga%pg%iggtﬁnﬁagﬁl N vEKRINA] RY e dREAVE A 1O the

recei ved RE signal, an e evaluation signal to the test equi pnent,

so that thenéastredglyl BRIt gddRFHEY BBerRal & theaM@] Misd Fefdtafehahe R Walnhpn
signal to determne a test result, wherein the nodule circuitry and the

test equi poemniingtetheatdt pettdras frain thosighd gefierator. 17. The 1C as clained in
claim 16, wherein the evaluation signal is indicative of an electrical
characteristic of the RE signal, ) .

15. The IC as claimed in claim 9, being a system-on-chip (SOC) or a stand-

alone RF IC.

16. An integrated circuit (IC), comprising:

an RF receiver configured to receives an RF signal from a module circuitry in
response to a command signal from test equipment, generate an
evaluation signal according to the received RF signal, and report the
evaluation signal to the test equipment, so that the test equipment
performs a test analysis on the evaluation signal to determine a test
result,

wherein the module circuitry and the test equipment are both external to the

(&

17. The IC as claimed in claim 16, wherein the evaluation signal is indicative

of an electrical characteristic of the RF signal.

18. The RF testing system as claimed in claim 16, wherein the RF signal
received by the RF receiver is an attenuated version of an RF test signal generated by

a source generator of the module circuitry.

19. The IC as claimed in claim 16, wherein the RF receiver is controlled by a
test controller of the module circuitry in response to the command signal from the test

equipment.



18. The RE testing systemas clained in claim16, wherein the RE signal
received by the RE receiver is an attgguated version of an -RE test signal
generated by a source generator of thé“nodule circuitry. 19. The IC
as claimed in claim 16, wherein the RE receiver is controlled by a test
controller of the nodule circuitry in response to the command signal from
the test equipnment. "..1) 20. The IC as clainmed in claiml1l6,
further conpri g0ndha Kegs daimedoin ehimoht.i futher Cp@lpﬂélﬁgr@)lteitth@onw&lﬁt e
circuitry in_response to the command sjgnal fromthe test equi pnment.

21. The | cordgwediagaatohthemgdpe@reutpy wge@%%"@é 6P EAns sieaadyons the
stand-alone RE.IC. 22. Test equipnment communicating with art integrated
circuit (I'CFCI¥BREM sing: a control port configured to send a command
signal tothe ICfor initiating a RE test process; an input port configured

Lo receive an eyakHayeqp ehdneln Las) 6atbas: 86 Anehelhs S0L) BhRkAGKEr | Stic

of an RE signal rein the evaluation signal is a and
si gnal ; anghm REegt. anal yzer configured to performa test analysis on the
eval uat i on signal to determne a test result. 23. A radio frequency
(RE) testing system conprising:
22. Test equipment communicating with an integrated circuit (IC), comprising:
a control port configured to send a command signal to the IC for initiating a
RF test process;
an input port configured to receive an evaluation signal indicative of an
electrical characteristic of an RF signal of the IC, wherein the
evaluation signal is a baseband signal; and

a test analyzer configured to perform a test analysis on the evaluation signal to

determine a test result.

23. A radio frequency (RF) testing system, comprising:

test equipment;

a module circuitry; and

an integrated circuit (IC) configured to communicate with the module circuitry
by an RF signal in response to a command signal from the test
equipment, generate an evaluation signal by the RF signal, and report
the evaluation signal to the test equipment, so that the test equipment
performs a test analysis on the evaluation signal to determine the test
result,

wherein the module circuitry is external to the IC and the test equipment.

24. A radio frequency (RF) testing system, comprising:
test equipment;

a module circuitry; and



test equipnent; a nodule circuitry; and an integrated circuit (10Q
configured to communicate with the nodule circuitry by an RE signal in
response to a conmand signal fromthe test equi pnment, generate an

eval uation signal by the RE sigmal, and report the evaluation signal to the
test equi pnent, so that the test equipnment perforns a test analysis on the
eval uati on si gnralintegratidteancnit (l§) tchefigured tor @euhunicath evithi the miveluteodduetry
circuitry is external to the IC and the test equipnent. 24. Aradio
'frequency (RE) testPhgnshEtsenal dBnjsspaispgo a semmegdi paeHt from thsdigse
circuitry; and an integrated circuit (1C configured to comunicate with
the nodul e circuitry® FILRFE si gnal in response to a command signal from

the test equip . ereim.th i.r.cui p lLuation

si gnal accordi rr@{% %eén }‘%_eﬁﬁﬂ S i%ﬁgwgég%ag%sn& +J8?yag%§%?@%%rg§0§) %‘Hg\{%\}g‘? uation
signal to the test eRIE ! SR Frons thel f@tanﬁif}%p&j‘?ssﬁhee&}éhﬁ%ﬂtsi@ﬁ[ QR 13t t est
anal ysis on the evaluation signal to determne the test result, wherein the
modul e circuitry is @ui@hdial sd tat he tb$E cqipnide prEsinsed tisp RN sis on the

evaluation signal to determine the test result,

wherein the module circuitry is external to the IC and the test equipment.



