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WD 2004/ 062139 PCT/ US2003/ 038619 A WEI GHTED
MULTI - 1 NPUT VARI ABLE GAI N AMPLI FI ER FI ELD OF THE
| NVENTION 5 [0001] An enbodi nment of the present
invention relates to gain anplifiers and, nore
j rly, to multiple input gain anplifi
“(’32{3’54503%%% | oss of signal (LOS) over a vvipglgﬁﬁﬁ?%dsgﬁ%? d
range. 10 BACKGROUND | NFORMATI ON [ 0002] In high speed

ol AoWEIBTEED YTy AR B GRLABRLIER of *an
incomng signal transmtted to a receiver circuit
over the communi cati on channel of a conmmuni cation

system 15 Accordingly, receiver chip sets or chips
are often provided with circuitry which is adapted to

monitor a signal level of the incomng signal of the
E@Mw stream or data streamto deternine
whet her the data streamis present or not and provide
a Loss of Signal (LOS) detect signal indicating
whet her the data streamis present or absent. Oten,
(0081} L OBn@smhogiment ghthe present inyritien relates & gaia pmplifiareo
processor or network controller running a suitable
angromire partieglagy, dg maltiplenoputgeini angplifiersdhdlwan geteshloss ot he
comruni cati on system which nay be adapted to take
signal (L@8) dwes avidpthrésholdgspgese to an activated LOS
detect signal. [0003] In fast optical data network
-envi ronnments when receiving an optical signal from an
optical fiber, a photodiode is used to translate the
BASKGRODUND iINFORRMATEIN opti cal domain to the el ectrical
domai n. A transi npedance anplifier (TIA) is often fE

[0002] In high speed digital communication systems, it is important to be
able to rapidly and reliably determine the loss of an incoming signal transmitted to
a receiver circuit over the communication channel of a communication system.
Accordingly, receiver chip sets or chips are often provided with circuitry which is
adapted to monitor a signal level of the incoming signal of the digital data bit
stream or data stream to determine whether the data stream is present or not and
provide a Loss of Signal (LOS) detect signal indicating whether the data stream is

present or absent. Often, this LOS detect signal is transferred to a system

“processor or network controller running a suitable monitoring program, monitoring

‘the operation of the communication system, which may be adapted to take

corrective steps in response to an activated LOS detect signal.

[0003] In fast optical data network environments when receiving an optical

'signal from an optical fiber, a photodiode is used to translate the signal from the

optical domain to the electrical domain. A transimpedance amplifier (TIA) is often
I .
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WD 2004/ 062139 PCT/ 1JS2003/ 038619 wused to thereafter

translate an electrical current received fromthe

phot odi ode to an electrical voltage. Since the

typi cal output voltage of nost TIAs is considerably
100nmV, a limting anplifier is

“gg%§¥eHUp the signal and anplify it to a evé@ﬁﬂﬁkﬁ)

can be clocked and interpreted by a data recovery

u 't 5 a _device

usefﬂ opterpelehRarBlals 97 ArsiiRa RN fssties Toquine BhogHioe & m
feature in the Limtinp lif LI A).. Custo

an st s noa hg bintar U yakata ridst ] BO’EFJQLQ%’
fromas lowas 5 nV to the u range of

(s TRGY TCOMA, T3 ST e TR (SRR ¥ e SiaRal b | ng
this wide input range. 10 BRI EF DESCRI PTI ON OF THE

anmm\nvtme@\[ed)m}:arm@qwed and interprated by, dalageeqveryt unit.
havi ng a conventional |oss of _SI nal ;Yﬂ p%q schene; -

Maay ghysicq] owdiz] devicg(PMD) receiver PH'IPﬁ $ Wgicalmplement g iQR
a LCS feature that utilizes %hted mul tiple inputs

deteotroralarm faataee inithreLimiting Analifi @rs(érA peegiemeansieciications
t hreshol ds according to an exanpl e enbodi nent .

mapiaesd et DRSSl ONLOZdrofrogniol a8 § inite theguppeptange of
(LI1A), used for exanple in high speed optical

20@ mMannfmmniabty, presertidAs hiaveldiffiatties mesiing dfis widgrirput ( LOS)
feature that may be programmed over a w de range

rangeer - progr anmabl e t hreshol ds for generating | oss of
signal (LOS) alarns. In particular, nmultiple sanpling
points within the limting

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a limiting amplifier having a conventional loss of signal
(LOS) scheme; and _

[0005] Figure 2 is a limiting amplifier having a LOS feature that utilizes
weighted multiple inputs for providing wide range of user-programmable LOS

thresholds according to an example embodiment.

DETAILED DESCRIPTION

_[0006] A limiting amplifier {LIA), used for example in high speed optical
communication systems, includes a loss of signal (LOS) feature that may be
programmed over a wide range user-pregrammable thresholds for generating loss
of signal (LOS) alarms. In particular, multiple sampling points within the limiting

amplifier may be used. These samples may be differentially amplified with
2
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25 anplifier may be used. These sanples may be
differentially anplified with 2 WO 2004/062139

PCT/ US2003/ 038619 wei ghted gai ns and then conbi ned
and conpared to a threshold value to generate an LOS

“126 P] o2 nnaI [0007] Limting anplifiers i’é'}gﬁ?ﬁ’?ﬁgﬁg

over a wide bandwi dth and are i use
as a post anplifier in fiber-optic receivers with high

iR e o i e L bl

I ectrical conversion portion of a fiber
geB rtaie ar| [i'(h‘i‘ga arp& Qﬂlpl itude of a signal output froma

ver as_cont ai certain
i gginers (Tl G Tugn §3in S0 & ide Bardpiahianse
ut SI d out put a wavefor that is
afevﬁp@'i alseiana tarmelrhebw%%’fr-aatfcerﬁwws WOt high detaiates. 1,
therels shown a limtin er. (LILA). having a
A THOC IS 8RS BLs R DB e RS E ATDIeY (S SBRGET ar
LI A 100 includes LOS detection circuitry 102. The LIA
OPH%t%@Jﬁ‘iW‘Faé BQNVEr SIS Ofeﬂﬂhef pplicrlinkt Hlfe%‘“P'tEWlOf@
connected in_series. In this exanple, nine anplifier
siggal gyt fiem asHAURRY Yagnheves dima aspeel asmoaﬁw acertai agogntof
106 outputs an electrical current signal D;,,' 15 and
noige. A fegivee ef the hiA i to geantize the quipus isigpalyandoutput a waveterm
may be a weak current signal resulting froma data
that isrveliage-imitede opti cal domain converted into the
el ectrical domain. The signal enters the LIA 100

[0808) e | Refegringmoi tbiFigliréy, thiare ipEloved a timitio§ ampliferi(Eidgr
stages Al -A9. After each anplifier stage Al-A9 a
having 4 agreesfianablO&agteotion sohepet Invpdriicutao,an LIAVIED irefudgsi n
until saturation is reached, saturation being the 20
LOBdetdctien cirshitry 02 NEhevidAt1@0eohiprisds demirbefamplifiecdteges
Buf fer 108 subsequently buffers
1044¢ connected in series. In this example, nine amplifier stages are shown
labeled A1-A9. In operation, a TIA 106 outputs an electrical current signal Di,"
and Dy, (herein after referred to simply as Dy,). This may be a weak current signal
resulting from a data stream in the opfical domain converted into the electrical
domain. The signatl enters the LIA 100 where it is amplified by the plurality of
amplifier stages A1-AS. After each amplifier stage A1-A9 a voltage signal may be
output with some leve! of gain until saturation is reached, saturation being the
point at which the voltage limit has been reached. Buffer 108 subsequently buffers
the signal after which may be further processed by clock and data recovery
circuitry {not shown).
[0009] The LOS circuitry 102 may comprise a peak detector (PD) 110, an

amplifier 112, and a comparator 114. In the traditional design, the peak detector

samples one point in the amplifier chain 104 and a simple logic block comprising
3
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the signal after which may be further processed by

cl ock and data recovery circuitry (not shown). [0009)
The LOS circuitry 102 may conprise a peak detector
(PD) 110, an anplifier 112, and a conparator 114. In
wo' % tional design, the peak detector,

oneMg’(E)lﬁ%lt in the anplifier chain 104 and a SI 25'?@635
| ogi ¢ bl ock conprising 3 WD 2004/062139

the AP LR and copparach4 Mirrelesifie oS A P Rl
aﬂ%i%’éf%? 341971 apd) et g BitneaR sgle i 1105 Bifteno o
ref?fsPcee @rqﬁ'i*efquéﬁ%ﬁﬁﬁ%?%%.1%ﬁe"%fﬁ 23 eporat >

e aI arm needs. to
116, &65EAh oI op galcaion 1 seas i oS Blbm iegcs g o
n the LOS circ 102 that chan he t hreshol d
Seﬂﬁh'% ey b6 apeameRishod iia SPHviIgh® 1ol 5L Rodisd et s
mplifier 112. Both options are effectlve for exarﬁr*ple

LOS cirgey 102:thaichrrgesipe fhyeshsid ofdhe sepparaiop 1 %BW’E"B

not effective over a w de dynam c_ range. 0010]
the gRiBNa herleOS amelier 11 2. BRGNS ATRiegestie r@fxamp if the
dynam c range. First, eak detection is nonlinear and

rangg isonvetediomvior 1Pemy tq e bglnat glieriive anen @ widaslypamic
detect peak signals accurately. If the peak detector

ranged.0 sanples the signal in early in the anplifier
stages (as shown), the signal anplitude nay be

[0013juf f | Tieserare sewelabreasons fat iisylackenf sddeedynaimic tangs. foste
the LOCS threshold could not be set in the 15 | ower

peak aetpetiorOs nbhiineat aret asha nebultiitfrequirak {angs endugh abipitslenpl es
the signal at the end of the chain (for exanple after

deteST peak $igndlsiccaratelni ifthe ddik detertort! 10 ssmplesitheasignal in

early in the amplifier stages (as shown), the signal amplitude may be insufficient
to be accurately detected. In this case the LOS threshold could not be set in the
lower range. On the other hand, if peak detector 110 samples the signal at the

end of the chain (for example after A7), the LOS circuitry 102 cannot discriminate

large input amplitude variation because of the limiting nature of the LIA 100. That

is, there is no difference between 150 mV and 200 mV signal if the LOS block
samples the signal at the end of the ar_npliﬁer ¢chain 104 since saturation {i.e., the
voltage limit) may already have been reached.

[0011] One embodiment of the present invention is directed to a device that
provides improved optical receiver performance and includes a user-
programmable threshold for generating analog loss of signat (LOS) alarms.

[0012) Figure 2 shows a limiting amplifier (LIA) having a loss of signal

(LOS) feature according to one embodiment of the invention, As before, the LIA
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| arge input anplitude variation because of the
limting nature of the LIA 100. That 1is, there is no
di fference between 150 nV and 200 nV signal if the LOS
bl ock sanples the signal at the end of the anplifier
Wtd“lﬂ' 4 since saturation (i.e., the 20 ]
|rr£)4?56glgay al ready have been reached. [OO%%’%%%MSGU

enbodinent of the present |nvent|on If directed to a
anplier S5 @@egﬁa%h%&riﬁa@s%"%iwpr%{# ﬁ&em&@bver

threshol d for eneratl a 0 of si (LOS)
corprige A g efimp 'ﬁvrgﬁi?%esnz’%éngﬁée %ﬂﬂ?(ﬁ?@ w& ﬁ?rBa ifier
(LI'A) having a | oss, of sjgnal é feat ur 8
pros&Séwsly@@mlg asviapud sigsal Bianrersy "‘E"Pu mpligE 5tadsR 204 are
before, the LIA 4 rp WD 2004/062139 PCT/ US2003/ 038619
shawmlabeled A128h Of seyrge 'rs by wayrof gxagpple oply @s)anyinupibes ¢fy
202. The LI A 200 may rise a chain of amplifier
stagengiepossible- lzmpgrairgn,riae {fl L@wﬁno@m @8 elestricpt @gicatFORA| y
anplify an input signal Din. Here, nine anplifier
Dirgtangdin20his iomay be agvrakieurrapieignal resultipmfronya date sseam
this is by way of exanple only as any nunber of 5
in tbe aptés! doraaip cosverted into theoglestriaal demainhEhesignatestesuiiput s
an electrical current signal Din+t and Din-. This is
LIAR0P videera itvsezrkplifiad by the purgliytlof ampiifler slages AdrA% Aflen each
stream in the optical domain converted into the
amglifiec biage A1 -Albaeditage Slypakigyniée oatpatarith sdmee level Af gaio until
where it is anplified by the plurality of anplifier
satatatige s réache8, satiration iesindithe ot Bf wikich #ieagiiadéd limiboithe
vol tage signal may be output with some | evel of gain
LIART0 Has Heen adathed. if0buffed 208 sutitequertig buffersitmsigedl aflet he
point at which the voltage Iimt of the LIA 200 has

whi@ﬁﬁmnéﬁ@mﬂﬁer phodeigbéceby A0¢k aridhstateetldry clhelifhemet t he

signal after
shown).

[0013] The loss of signal (LOS) circuitry 202 comprises weighted multiple
inputs and provides an effective method to detect loss of signal with a wide
threshold range. As shown in Figure 2, the LOS circuitry 202 comprises a plurality

of peak detectors (PD) 2104-210g, each of which are connected to sample a

different point in the amplifier chain A1-A6. Again, these sampling points are

examples and one skilled in the art will recognize that other points may also be
suitable. For example, the detection points may be after only A1, A2, and A3, or

after A1, A2, A4, and A5, skipping A3, or any other combination. In addition, ones

of the peak detectors or sampling points may be selected (i.e., switched on or off)

to provide a method of effectively adding or deleting certain sampling points
depending on the desired LOS threshold.

[0014] Each of the PDs 2104-210¢ serves as an input to a weighted mulﬁple _
: 5




10

which it may be further processed by clock and data
recovery circuitry (not shown). [0013] The | oss of
signal (LOS) circuitry 202 conprises weighted nultiple
15 inputs and provides an effective nmethod to detect
ignal with a wide threshold rang
‘%(ﬁﬁlﬁzﬁldgaalrsi 2, the LOS circuitry 202 conpri sgsmgfogﬁﬂ&w
plurality of peak detectors (PD) 2101-2106, each of

f"p?’ﬂ%fﬁﬁ'w%f????"%ﬁc gt e e inéty é%%@e@%%g Rippiify
poR e ﬁ“%ré%f'ﬁm hes %3?%%5?%@*%41?2’ o fedidnal) o
anw%erw stanal st 156 a8 S, B %’ﬁ%fﬁea%‘?wsﬁ "bif;fsng

ot her conbi nati on

exqrn@e ﬁram%anécﬁsoe syl t@ﬁé{ﬁﬂ@ﬁ@ﬂ%&ﬁﬁ@@n%\&% RS Smplibes

wi t ched on or provi de a nethod of

s gt Gictuob dp b Aateeied o0 230 08iore B/AEAR s SRRSO G R o

dependi ng on the desired LOS threshold. 25 4(5"0014(1J Each
twoygases arergikerpheiaw for dwo difetrpt Dindnpi SFQ'?BU?VQ‘% @ight ed

multiple 5 WO 2004/062139 PCT/ US2003/ 038619 i nput
2000 !mbptn cases, theipb veliren oEtherl-1A KR jsRASMVY and the gain of

i ncorporate different sarrpl ing points such that ones
eaghfaropliiepetage 4&¥A%JS bYs(2}.PD) 210 can sanpl e the signal

anywhere in the signal pa

Ex.21@irar &mynpl oyed in this E&Q@me 200p0bi nent. As a
result, they can sanple the signal where its anplitude

A15 is high eptugtv to be defdtted and al spdlflhdre LI A
200 is satufated. For exanple, two cases are given

Az2bel ow for twodifferent ODAR21 nput signaj8gdgevel s, 5nV
and 200nV.|{Iln both cases|, the [imt vojtage of the

A3LTA 200 1s 8ynV and the [ggg n of 800

A4 80 Ad 800

A5 160 Ad 800

Ab 320 Ab 800

A7 640 A7 800

A8 800 A8 800

A9 800 A9 800

[0015] In the first case, the input signal is relatively weak (5mV) and

therefore saturation is reached after A8. That is, each stage after A8 will output a
800mV signal since this is the voltage limit of the LIA 800. However, in the second

case, the input signal Din is stronger (200mV) and saturation is reached after A1.
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each anplifier stage Al -A9 is tw (2). Ex. 1. Dn =
5mv Ex. 2 Din = 200nV Al 10 nV Al 400 nV A2 20 A2 800
A3 40 A3 800 A4 80 A4 800 A5 160 A4 800 A6 320 A6
800 A7 640 A7 800 A8 800 AS 800 A9 800 A9 800 10

“[00@ the first case, the input signal,.
re %%/lg{y weak (5mV) and therefore saturaJ{IESZGOSM%U
reached after AS. That is, each stage after AS will

ThauWﬁa s inPelcranal bR sRef i 'i1§'é‘5!§ﬁ%ehea£%@bt9%ﬁ'ﬂslaﬁmt
ther @tﬁ@%ﬁ??%vh AT S a@ﬂ%@@%’%ﬁtﬁ%@ W BGo B tdet °
frga T8RP0 T AT ag"agq'}%( tf&r%f&?” ferrf@ceﬂi%tﬁgé& I

seventh A7 stage nmay desirabl e. However, if the

- desifablgrsingedha 1A 200 '1“331‘ B%sat!@b‘i r#at PPAL sanpl i ng poi nt

after-the first Al or second sta is desirable
(BihEe | QBCIAboAE Al oresaLrianaan 46 SBowR RAIOWeEn .

[0016] One enbodi nent of the present |invention as
corsprisms mMuitinte sameling points taken after each ampiifier stage A1-A6. A

plurality of peak detectors 2104-210¢ may be used at these muitiple sampling
points, the outputs of which serve as multiple inputs to the weighted multiple input,
variable gain amplifier (WMI-VGA) 212. As noted above, the output of the
amplifiers 204 aé well as the output of the PDs 210 is typically non-linear for a
given input. The WMI-VGA 212 is designed to compensate for this non-linearity as
it samples over a broader range of the amplifier 204 outputs. In particular, the
WMI-VGA 212 comprises a plurality of differential amplifiers 2144-214;, one for
each input from a corresponding PD 210. The nature of the differential amplifiers
214 tends to compensate for the non-linearity of the other amplifier stages and in
the system. The gains of the individua! differential amplifiers 2144-214¢ may be
greater for the input signals corresponding to the earlier amplifier stages 204, and
less gain for those signals corresponding to the later stages 204. In other words,
for a given range, the gain of the individual differential amplifiers 214 may be
inversely proportional to the gain of the input signal Din at its sampling point.

.[0017] For ease of example, the gain values shown in Figure 2 are
normalized. As shown the gain of the differential amplifier 2145 that corresponds
to the higher amplifier stage A6 may have a gain of only 1, while amplifier 2145
has a gain of 2, 2144 has a gain of 4, 2145 has a gain of 8, 2142 has a gain of

16,and finally, 214, has the largest gain of 32 since it corresponds to the first
7 .
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conprises nmultiple sanpling points taken after each

anplifier stage Al-A6. A plurality of peak detectors

2101- 2106 may be used at these multiple sanpling

poi nts, the outputs of which serve as nmultiple inputs
ighted nultiple input, variable | .

&éprrzrgwb?%l\éf (WM -VG&A) 212. As noted above, f%@h%ﬂ(fsf?ﬁstﬂ)of

the 10 anplifiers 204 as well as the output of the PDs

sl PR P R 1 5, TR
3B o6 ot i SRR Rl S B

212 conprises a plurality of differenti amplifjer
copbingd zggti,edoﬁ@hﬁ?raddera%ﬁ Fh%{ﬂsu{l% RPQUI:%J#P%%%% ﬁ%a
. 210. The nature of the differential anplifiers 15 214
is 3 wyllage signalsepprsing weighted signahgirengthiatortpalondrons g @lusalibe r

amplifier stages and in_the system The gains of the
of sa31op!ipg @aiats iaithe AP agpliigrshaini2df se. This Ruptd sighzhmaye

greater for the input signals corresponding to the
theazhel qompatgddpiafthieshdd sejtage hyahe @mnpafafeé&%&ﬁgthe gnbingbse

signals corresponding to the |ater stages 204. In
signalig lessvthad $he threshold vgltagen thed«3f alarm giggali 2200 triggers.

i ndividual differential anplifiers 214 may be 20
Usingveuilipld sampliog gointsoaliaivs aocurale LGS detedtiontover apide rangmal

Din at its sanpling point. [0017] For ease of
of Binamgptt signalee gai n val ues shown in Figure 2 are

normal i zed. As shown the gain of the differentia

[oa1P] | f i Ehe 8did Gr whightingpofities ditferdatial aenplifiers Bl ghyanay be
anplifier stage A6 may have a gain of only 1, while
tunadpl plop@mmddiby a beer, accgaling tofthedestiéd dhrbsimldifog #iel QS 4,
2143 has a gain of 8, 2142 has a gain of 25 16, and

alafrh 220.] Vhis Ak belsrBomplishé@ oy @gdm@igiwithef vagidbieiresistor 216
corresponds to the first 7 WO 2004/062139

thaPﬁ’éﬁ bSRRARUDEEH B XhatbiRRHIallY BontlsEE ghin datingdBtiehe
weakest signal output.

differential amplifiers 2144.5. Changing the gains of the differential amplifiers
allows the user a method to program the desires threshold voltage of the LOS
202. For example, a table may be provided to the user to indicate the proper

variable resistor setting for the desired LOS threshold voltage.

Variable Resistor Setting Corresponding LOS Threshold Voltage
100Q 200 mV

200 Q 100 mV

400 Q 50 mV

4K Q) 5mv




[0018] The outputs of each of the differentia

anplifiers 2141-2144 may be conbi ned or added, such

as adder 217. The resultant output of the WM-VGA 212

is a voltage signal conprising weighted signa
information froma plurality 5 o

“%%%ﬁ@@h?% the LIA 200 anplifier chain 204E§€&5%kpgﬁw

out put signal nmay then be conpared to a threshold

vQl f age the conparator 219. Jf the conbined. signa
198801 &3¢ O ook e PR 20N Jhe s alpd hore Ao ePicgefio s
signal 220 triggers. Using multiple s | i ng. points
an J1uPeAlon o UACEE MEcK ase BRlMeRIAE b Bven BffEin gk Tange
Din input signals, 10 [0019] Th ain or weighting of
of thresheld vplkaae rettings farie \L?reéﬁ% ejocd o fwﬁ;ﬂ' entt uned or
programed by a user, according to the desired
corrgsperdting welgesy mayalse beoffgiedy m 220. This may be
acconpl i shed for exanple with a variable resistor 216
[00R% neFmbedimeststal dheopresartiinventnmare gpeaifically Wustiaied of s
the gain setting of the differential anplifiers
angloudeseribedihergin.n g'owa'eergiéwiﬂé)ecﬁpptqﬁ@teﬂ thenedifi¢ations and
anplifiers 15 allows the user a nethod to programthe
variitions efshe present dnventien aregevered by thelabgve fesehings and within
exanple, a table may be provided to the user to
thei pudiievaoithe bppandeg elaims withaub Heparting fearo thessptinitiang intendedhe
desired LGOS threshold voltage. Variabl e Resistor
scopetof thegnv@atisrespondi ng LOS Threshol d Vol tage 1000 200

nv 2000 100 nv 400 0 50 nW 4K O 5 nV 8 WO
2004/ 062139 PCT/ US2003/ 038619
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[0020] O course this table and the values listed
therein are only offered as an illustration. In
practice nmany nore val ues nmay be given offering a w de
range of threshold voltage settings for the user to
om and di fferent correspondi ng vglues,

“gﬁgé& 2elgs{)ffer ed. g 5 [0021] Enbodi nents o ~ nté’w'gﬁ%ssﬁlegnt
invention are specifically il{iustrated and/or
descri bed herein. However, it will be appreciated that
nodi fications and variations of the present invention

%mm t he above teachings and within the

appended clainms w thout departing from

the spirit and intended scope of the invention. 9 WD
2004/ 062139 PCT/ US20031038619 EEE~ . WHAT IS CLAI MED
IS: 1. A loss _of signal ,LC)S?rgdet ection circuit,

1. @dﬁ%ﬁq’fﬂgﬁ@l.(L@Séd%qeﬁ&ﬁlqw&trﬁ’ B3B&tors to detect a
signal froma plurality of sanpling points in an.
any? Plefality of defestorsto geteicka siggal dromyp plugtibefisgmpling points

_anplifiers for anplifying outputs of said plurality of

in apcarplfigi Ghailin adder to add outputs of said plurality
of differential anplifiers; and 10 a conparator to
corfprivrality of differential @mphtare faraemplifving autnuty elssall plusplity 98
and output an LOS alarmsignal if said output of said

detgefdest i s bel ow said threshold value. 2. The LCS
detection circuit as recited in claim1 wherein said
detascadderstozadd optpalks of said plurality of differential amplifiers; and

e

a comparator to compare an output of said adder to a threshold value and
output an LOS alarm signal if said output of said adder is below said threshold

value.

2. The LOS detection circuit as recited in claim 1 wherein said detectors are peak

detectors.

3. The LOS detection circuit as recited in claim 1 wherein said plurality of

differential amplifiers each have a different gain.

4, The LOS detection circuit as recited in claim 3 wherein the gain of each of said

differential amplifiers is variable.

5. The LOS detection circuit as recited in claim 4, further comprising:

a variable resistor to vary the gain of said plurality of differential amplifiers.

10
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15 detectors. 3. The LOS detection circuit as recited
in claiml wherein said plurality of differential
anplifiers each have a different gain. 20 4. The LOS
detection circuit as recited in claim3 wherein the

| each of said differential anplifi | .
“8)2:}?{'14508{%9. 5. The LOS detection circuit aslpg{élﬁﬁ@gsﬁ%)
claim4, further conprising: a variable resistor to

var he gain of said. plurality of differential .
6. T 0 Aiiedion cisul 8% (S!S e er ol st B CRhsin o
6. The LOS detectiqn ‘c'hrqui t Ias rectjé_lg[g, inclaiml
comprisesialimitinarrapiier ¢icait hayiag A plurglitnefasanlifier stagas: i ng
anplifier circuit having a plurality of anmplifier
corfesteddn seinected in series. 5 7. Aliniting anplifier
(LI1'A) having a | oss of signal (LOS) circuit,
conprising: a plurality of anplifier stages connected
in series to progressively anplif an i nput signal; a
7. hlimiting amplifigr (Elé\#rbﬂi\ﬂfr@a loe$ af sigral (LPShveult, sompgsing:
plurality of anplifier stages; a plurality of peak
detaepltrality of amplificp slages eanneoted iresesiesda pwgpassively iamplityf
10 sanpling points; a plurality of differential
an ippt sifnakr s each connected to receive an output from
one of -said plurality of peak detectors; a circuit to
c ordyplaralityof sarhpling pbinteafes oheo6f sid plulityrodbinplfiepfstages;
differential anplifiers to output a conbined signal;
ana plurality of peak detectors each connected to one of said plurality of
sampling points;
a plurality of differential amplifiers each connected to receive an output

from one of said plurality of peak detectors;

a circuit to combine an output from each of said plurality of differential

amplifiers to output a combined signal; and

a comparator to output a LOS alarm signal if said combined signal is below

a threshold value.

8. The LIA having a LOS circuit as recited in claim 7 wherein said plurality of

differential amplifiers have different gains.

9. The LIA having a LOS circuit as recited in claim 8 wherein ones of said plurality
of differential amplifiers corresponding to earlier ones of said piurality of ampilifiers

connected in series have higher gains.

10. The LIA having a LOS circuit as recited in claim 9, further comprising:
1




10

15

20

25

15 a conparator to output a LOS alarmsignal if said
conbi ned signal is below a threshold value. 8. The
LIA having a LOS circuit as recited in claim?7 wherein
said plurality of differential anplifiers have
ifferent gains. 20 9. The LIA having a L ' [ S
W 62@‘)4?08&3% n claima8 wherein ones of said p?gpg{szlro@j)ﬂ%f
differential anmplifiers corresponding to earlier ones
of said plurality of anplifiers connected in series
haATRRGHEF vaWinadhe geineid) saigarenta ApplTtoRESTaM & 0
as recited in claim9, further conprising: u WO
desied 4/ Qs thiesoldupltags? 003/ 038619 a neans for varying the
gains of said differential anplifiers to programa
desired LOS threshold voltage. 11. The LI A having a
LOS circuit as recited in claim9 wherein said nmeans
11.f She LB haxingi anlgOS oinguitiasdecitgdin eleian P avhegain saidmeans forThe
LIA having a LOS circuit as recited in claim7 wherein
varying dopiptsas a variable regl$tbf.erential anplifiers linearize
signal s output by said peak detectors. 10 13. A nethod
for generating a | oss of signal (LOS) al arm signal,
conprising: sanpling a signal at a plurality of
12 sTmepLiianigavingi ant @S aiftuitraseediteddd clainp? whetdin said plurality of
anplifier stages; differentially anplifying sanpl ed
differegtia lampliferstingdriag sigaald odipuf by said pedk deteciprsi f i ed
signals to produce a conmbined 15 signal; and

13. A method for generating a loss of signal (LOS) alarm signal, comprising:

sampling a signal at a plurality of sampling points after each of a plurality of

amplifier stages;
differentially amplifying sampled signals;
combining said differentially amplified signals to produce a combined

signal; and

outputting an LOS alarm signal if said combined signal is below a threshold

value.

14. A method for generating a LOS alarm signal as recited in claim 13 wherein

each of said differentially amplified signals is amplified with a different gain.

15. A method for generating a LOS alarm signal as recited in claim 13 further
comprising:

varying the gain of the differentially amplified signals.

12
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outputting an LCS alarmsignal if said conbined signal
is below a threshold value. 14. A nethod for
generating a LOS alarmsignal as recited in claim13
wherein 20 each of said differentially anplified

J S anplified with a different gai
WA, Berdodion.

r generating a LOS al arm si gnal as reci
cl al m 13 further conprising: varying the gain of the

16 8 moifod B afasding 3 s £ Sedaes eisin FBIm gntuie ng o

LOS.alarmsignal as recited in claim13, further
CONRSISAG; si ng: varying val ue of a variable resistor to

vary the gain of the differentially npl j.fied.
o ghaing vl R averpdarassioge fawdbe s o Fegtardiians  gna
as recited in claim13 wherein said comnbining

amplifig £i988)s: addi ng said differently anplified signals.
18 A nethod for generating a LOS al arm signal as
recited in claim13 further 10 conprising: limting a
vol tage output by said plurality of anplifier stages.

17 Agnethagfongeneraing @dqes alem glgaalmseateérw@n@ hawhgeein
recited in claim14 further conprising: 15

saidicdniniag comprisesadgding sqidilifferently ampifiethsigalii t h a
greater gain. 20 A nethod for generating a LOS alarm
signal as recited in claim16 further

18 A method for generating a2 LOS alarm signal as recited in claim 13 further

comprising:

limiting a voltage output by said plurality of amplifier stages.

19 A method for generating a LOS alarm signal as recited in claim 14 further
comprising:

differentially amplifying weaker signals with a greater gain.

20 A method for generating a LOS alarm signal as recited in claim 16 further

comprising:

providing a table relating variable resistor values to LOS thresholds.

21. A method for generating a loss of signal (LOS) alarm signal as recited in claim
13, further comprising:

selecting ones of said plurality of sampling points.

22. An ampilifier circuit, comprising:
13




conprising: providing a table relating variable
resistor values to LOS thresholds. 20 21. A nethod
for generating a | oss of signal (LOS) alarm signal as
recited in claim 13, further conprising: selecting

mﬁmﬁ erai d plurality of sanpling point Sfﬁ%ﬁ%&'é%nﬁﬁn

circuit, conprising: 13 WO 2004
PCT/ US20031038619 , a plurality inputs to receive a

di ]chaF@P@wlugiutsi‘ﬁﬁ%l;ﬁgee%g@@bﬁf@%ﬂﬁ%@{s%é gdgl;le of said
burbaLral st atantigfaie® Fhef Grei e o fd pLraBt b ET of
anpl |Ljri ers to produce a conbined signal. 23. The

iNpYiSpPA%G i er circuit as recited in claim22 wherein said
plurallty of inputs can _ be s ted. 10 24. The..
D A 2cdat o e gL QPR e 001 S iy of ifereBial
conprising: a linmting anplifier circuit conprising a

5 amglfigratogio Iﬁ%"&'”@t%@& connected in series,

‘ wherei n sanpling points of each of said sanpl ed
signals are positioned after ones of said anplifier
stages. 15 25. The anplifier circuit as recited in

23.d1 h&uammﬁerfqmwhés regiteebiniclaim g2 whepsin saif iplujality oljepuls 4t s
posi ti oned between said sanpling points and said
be selected.

10 24. The amplifier circuit as recited in claim 22, further comprising:
a limiting amplifier circuit comprising a chain of amplifier stages connected

in series, wherein sampling points of each of said sampled signals are positioned

after ones of said amplifier stages.

15 25. The amplifier circuit as recited in claim 24 further comprising:

a plurality of detectors positioned between said sampling points and said

plurality of inputs.

26. The amplifier circuit as recited in claim 24 wherein gains of each of said
20 plurality of differential amplifiers is inversely proportional to a gain at a respective

sampling point in said chain of amplifier stages.

27. The amplifier circuit as recited in claim 26, wherein said gains of each of said
plurality of differential amplifiers is variable.

25
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plurality of inputs. 26. The anplifier circuit as
recited in claim?24 wherein gains of each of said 20
plurality of differential anplifiers is inversely
proportional to a gain at a respective sanpling point
| ' hain of anplifier stages. 27. Th gﬂy'f'
wgbpiﬁG%isgs recited in claim26, wherein sg.lC ga0+3f‘?gs%§)9f
each of said plurality of differential anplifiers is
variable. 25 14 WD.2004/ Q6 PCT/ US2003/ 038619 28.

20xle Svpifies Gt as FRRIEY M2omads et FPRRAMG 27 f ur t hor
conprising: .a variable resistor to var i d _gains of
s ai GVESPLIERRIBT B valy $9ipaRe PLyeid aifiitrl giBrensdbg e
applifier circuit as recited in claim27, further

amg ‘ising a conparator to output an alarmsignal if
said conbined signal is below a threshold value. 15

29. The amplifier circuit as recited in claim 27, further comprising a comparator to

output an alarm signal if said combined signal is below a threshold value.

15




