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MO 2004/ 062139 PCT/ US2003/ 038619 A WEI GHTED o
MULTI - | NPUT VARI ABLE GAI N AMPLI FI ER FI ELD OF THE -
WoAhdbéde 5 1 [0001] An enbodinent of the pfeﬁ@ﬂhszoosmsssw
dinvention relates to gain anplifiers and, nore ‘
particularly, to nmultiple input gain anpllfl ers that

ange. AOVEGAZEB TR VRRIREEE Sl AMRIFIERC,

digital communication systens, it is inportant to be
able to rapidly and reliably determ ne the | oss of an-
incomng signal transmtted to a receiver circuit

- over the conrunication channel of a communication

system 15 Accordingly, receiver chip sets or chips

-FREL O/ PAEANYENIRONM th circuitry which is adapted to

“nonrtor a signal Tevel of the incom ng signal of the
digital data bit streamor data streamto determ ne
whet her' the data streamis present or not -and provide

s of ,Signal, (L det ect Lcating.
(T °ipRefibotenas the bresant ifiantion elatisio this amplifers
this LOS detect signal is transferred to a system20 -
anl, JpegsRaTticylamys tamultiple inpw gain amplifiersdhat ean detectloss of
nmoni toring program nonitoring the operation of the
sigoarLOS)aveoa vage treesholtlirahgemy be adapted to take
corrective steps in response to an activated LOS
detect signal. [0003] In fast optical data network
envi ronments when receiving an optical signal froman -
Bﬁ?ﬁk@%i !N@WFOQE@@ bpdi ode is used to translate the
: ical domain to the electrical
domain. A transi npedance anmplifier (TIA) is often WD
2004/ 062139 PCTI US2003/ 038619 used to thereafter
| ate el ectrical current received fromth
lbﬂﬁﬁﬁd. oda high spredighal [GABMUpSRtieR 8YSteMmee § 1§ iwaportant tobe

typi cal output.voltage of nost TIAs is considerably

- ahl@ e ranidly andaakabladetemmine thedops iof arindosning gignabtransmitted to

square up the signal and
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 tb determine whether the data stream is present or not and
provide a Loss of Signal (LOS) detect sigﬁal indicating whether the data étrearn is
present or abseﬁt. Often, this LOS detect signal is transferred to a system
p'rocessor.or network controller running a suitable monitoring program, monitoring
the operation of the communicétion s&stem, which may be ardapted.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 ampliﬁef (TIA) is often

1




anplify it to a level that can be cl ocked and

interpreted by a data recovery unit. 5 Many physi cal
wodked/@emsvce (PVD) receiver chipsets typicall ypcTus2003/038619
inmplenent the LOS detect or alarmfeature in the
Limting Anplifier (LIA). Customer specifications
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is.a Ilmtlng anplifier having a conventional |oss of

"e§$ ran 10q\bsy lisutingramplifies laaequwedap sAugte up the sigaal and

linmiting anplifier having a LOS feature that utilizes

: ampilfgluttetia level that ean bp elcekéd angrinterpletedl by delatangovefy unit.

user - programrabl e LOS thresholds according to an

MENRBRY ScATHELTice BP) 1660RFBRPLEE (PicaRPrh8AEh: he Los .

[imting amplifier used for exa

i e A U0 e
:_m,fz,@ggeag&ggﬁgggwgg%%g SIS o v uap pnvate e ppRrarde of

I|n 0|ntsvv|th|ntheI|m_t|n825a I|f|er may
OFE)EIT@QIYSQW@BBEUMWBN@ difficplées meetingythisnwide finpd
Wi t h 2 WD 2004/ 062139 PCT/ US2003/ 035619 wei ght ed

raggé.ns and then conbi ned and conpared to a threshold

value to generate an LOS al arm signal. [0007]
Limting anplifiers (LIAs) offer high gain over a w de
bandwi dth and are ideal for use as a post anplifier

Béiﬁﬁbﬁggﬁﬁﬁiégféﬁ%ﬂﬁ;bg@&y ﬂgﬁ' gh data rates. 5 LlAs
_ _ ransi npedance anplifier

(TIA) of a typical

[0004] “Figure 1 is a limiting amplifier having a conventi.onal 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-programmablé 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-programmable 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
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optical -to-el ectrical conversion portion of a fibereo

optic link. The anplitude of a signal output froma
Waeweygenary over time as well as contain a CePC'mUBz003/038619
amount of . noise. A feature of the LIAis to - o
quanti ze the output signal and output a waveform

felhieli DR 4P Biiffied 2R cihed arr%i*“.ff%.gﬂ?*a?%ft‘s"
hayj t |, LOS detect h I
G PO SN SR80 | ol udes.  LOS det ect 02
circuitry 102. The LIA 100 conprises a chain

- 48907 i er Lisnitine mplibars. @ IADmites hégh 9ain owey éwde rbanﬁwssith and

exanpl e, nine anplifier stages are shown | abel ed

.+ okt ideal fdruse@sr apostramplifier A fidé-apticreteivars withe bigh dath rates

current signal Din+ 15 and Din (herein after. referred

Li&Rs Fiayahteriase Bireitly tBithe tremsiriSedanteadmeiifier ETIA)Tf @ngpical

resulting froma data streamin the optical domain :
ﬂ?ééiﬁgtt tﬂlﬁl%ohg%sﬁg r%ﬁl?lﬁﬁ?‘gﬂg Fﬁagb mﬁberh%' %ﬂﬁ'ttude ofa
Ealvtéf Bolebt Bina 3 'a&bf%iv Sufrine a&w@*ﬁwé\f it el amount of

sonme | evel gain until saturation is reached,
n%%@uﬁat@a@fﬁ efemeguﬁn%t%umiﬁ@tthatomt@mrm and Qutpila waveform
limt has been reached. Buffer 108 subsequently _
thaifis woltagetinaitad.gnal after which may be further
processed by clock and data recovery «circuitry (not
§0008)) . [ RERBling hewltOFigureclithere id SRowns mntmg Ia‘r@lﬂer (LIA)
peak detector (PD) 110, an anplifier 112, and ,
h&ARR A rentdrial LUS HERctibR dLhéABaIn ;Sjéi"ﬁbtﬂﬁﬁ atn‘"LQADﬁ?ﬁ(mcludes

detéctor 25 sanples one point in the anplifier chain

L?%“%‘?B%@*W@% B@s@%ﬁgﬁ‘ﬁéé%én%%r e%a"fefafages .

npar ato 14 ener es the LOS a nal 116.
%?O'H}?ﬁ %dfl Pé&? Pﬁm‘“ El‘? eXEPIe; '@H%Ia”ﬁ'ﬁ@ Sl ﬁB%Wh
det ector 110 is below_a reference voltage threshold,
abgledodder 4o @pemng énElAat(LBsmgpuwraeiapmcal GirEpnt signgl Din"
For each particul ar application, the sensitivity of
andhBiL{G6reih after rederted tasiepipas ﬁm). Tivis snawalye beweak current signal
acconplished by a sinple variable resistor 118 | ocated -

- réstltinggrom a data stream in the optical domain converted into the electrical

domain. The signal enters the LIA 100 where it is amplified by the plurality of

" amplifier stages A1-A9. After each ampliﬁér stage A1-A9 a voltage signal may be

output with some level 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

. ircuitry (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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LCS circuitry 102 that changes the threshold of the
conparator 114 or changes the gain of the LGS
avgbiofieer13d 12. Both options are effective for egaiRb@3/m038619
if the range is 5mv to 1 Onv or 100nv to 200m/ bu

not effective over a wide dynamc r-. range.

Rt R TR R

nough anplitude to

- | |
aflet B iiations] g HisiaEa sriedng oeaie ek Tag s below a

110 sanples the signal in early in the anplifier

| refetenee \@itegeribreshold: e congparbtonriidiganseatenys L@S alarm signal

insufficient to be accurately detected. In this case

- 118eFdEadtpasibolkbagsiicationahe b@n@ﬁtngi 6f thee. 3§ dlivereeds to be
e

range. On the other hand, if peak tector 110 sanples

N séf‘ qh% t%?'&%& s P‘@)I:Sﬁéﬂjbg% Zélrhglec\;ﬁ'iagdé Fé’sristﬁ?(f‘{@ io%a?efcf ﬂthe |

urtr cannot I SCrimna

: -Lb?@fceuﬁg&r O AR RSB AT 0% s
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|ffer ce en 1 nd 200 nV sjgnal .if the LOS
?Qﬁvb&?ésa Pi'l%eéﬁgﬂal 031 OpfRNS:#@ @Afeqt'ﬁﬁ f%rn%amwl@ﬁf the
chatn 104 since saturation (i.e., the 20 vol tage
rangeiis prale Hirme ad§00may éo Beemv butorteffectiva oyeGawide dynamic
enbodi nent of the present invention is directed to a

‘rahgei ce that provides inproved optical receiver

performance and includes a user= progranmabl e

| hol 2
Edl)ﬂe]i ol dTfiére HEREVEHI f&s@ﬁ@'fcﬁ@ﬂr}!s&é% Bg v#a&?}ﬂ{anﬁllzﬁge, First,

alarms. [0] FlgureZSovvsa I er

PRt eyl S A AR
%a%@&ﬁé@%%égﬁzmﬁé%@ép;eefm LS50 gipe

nprise a chain of anplifier stages

e b’4n b6 aliRnsiaesi (Gshanme e %gnairafgalégée waybe insufficient

anplify an input signal Din. Here, nine anplifier
Oit%@;gmrat@l}ﬂd@teaﬁed Insthisveasedbe LS MresiBold Couttbnpides $dtiin 3 the

is by way of exanple only as any nunber of |
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 Iimiting 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 amplifier chain 104 since saturation (i.e., the
voitage 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 signal {LOS) alarms.

[02 2] Figure 2 shows a limiting amplifier (L1A) having a loss of signal

| (LC  eature according to one embodiment of the invention. As before, the LIA

4




5 stages are possible. In operation, the TIA 206 0
outputs. an electrical current signal D n+ and D n-.

W S00ls862i%y be a weak current signal resulti ng)éf/ggm@g,m_«,%lg
data stream in the optical domain converted into the

el ectrical domain. The signal enters the LIA 200

- atBfeltn ¥Rl Sl T PRA R W inal 404 fay
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vol t age signal be out put with sonme Ievel of gain

. camprise agchein @franpuyfwr sbageé&?&%r?% somneated in sR1iasyfOt he

point at which the voltage limt of the LIA 200 has

phmgressieely kewplifyfarbinbliesighabDisu bieeeudms amplifiérfstages @44 are
signal after which it nay be further processed by

: sﬁb@ﬁ lfawéid AaLsD. [IeRViRse/thid KDY WaY of Simplehmiyas ahP dldlber of

| oss of signal (LOS) circuitry 202 conprises

f
S@t@% & Pl | Gpesaod L 3A 208 AN SR RIAREH o Siona
ran wn i n Fi ure C|r Ui try 20
O 5a % ShRHE e e A s kﬁéﬁ@?ﬂié@?& gsultp 633‘" & data stream
2101 2106, each of which are connected to sanp
inftherentisat dosaainconverterkinieriia eieatricaldamain; The S'Q&{@éﬁﬂtefs the
these sanpling points are exanples and one skilled in
Limz02amihere Itlis araplifipd yethehpluratithed arpplifier stageg Al -£8. B#ter each
20 suitable. For exanple, the detection points may be

aﬁfghﬁér gy AMLA9 AZoltadslsigihal @y baf duputAlith éémeAdvelafgain until
ski ppi ng A3, or any other conbination. In ‘

s dnq8 re&g%ﬁ S: Bratti& lﬂﬁl?déﬂ{éeﬁ&ﬁf& ieh 10t imit of the

poi nts may Dbe 5e ecte SWItChe on or o

LA R A A 18
VLSS S, Sk A6 S

PCT/ US2003/ 038619 input anplifier 212. Enbodinents of

- shown). nvent i on i ncor porate different sanpling points

such that ones of the peak detectors (PD) 210 can

[0O1B] e t hEhslogaaf sigan (M@ eciicaithh202eanptisgewvbighted multiple
"(A1-A9). As shown, six PDs 210 are enployed in this -

inPYRENED VY dfeeTectifs n@eth@é% HetechR¥s oRBighalwith d Wide

si gnal V\,here its anplitude
threshold range. As shown in anure 2, the LOS circuitry 202 comprises a plurahty
of peak detectors (PD) 2104-210s, each of which are connected to sample a
different point in the ampl-iﬁ_er chain A1-AB6. Again, these sampling points are

e'xampies 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 pbint_s |
depending on the desired LOS threshold.

- [0014] Each of the PDs 2104-210s serves as an _inpu_t to a weighted multi'ple :
s )




5 is high enough to be detected and al so before LIA

200 is saturated. For exanple, two cases are given

el wnu/daar39t wo di fferent Din input signal |evel BgT/B8M03/038619
and - 200mV. In both cases, the Iimt voltage of the

LI A 200 is 800nV and the gain of each anplifier stage

i, e 2T S B e

- A4, 800 A5 160 800 6 A7 640 A7, 800
. PoiatsgRiEh ABabenes &ghg@ga@ AgD?(oé’g%a"ﬁ?"?WS "F?Pgnal
‘case; the input signal is relatively weak (5nV)
anyveese i hessignaknath (A 1-49) oA phewarsis PDss2 10raea employed in this
each stage after A8 will output a 800nV signal since .
- exampleiembbddiment.tAepe rdsult] thegfcahteanmplé tB@Bigndbwhees its amplitude
~the second case, the input signal Din is stronger

0’%%9 ﬁé‘ﬁléfe%fddoéhd s %éfd?é@lﬁf.‘?{)@ris ébturﬁteW)For example
4106 PCT/ US2003/ 038619 Thus, when the |npu

_ | 'h@o‘?dr%% E{ér ?‘edy erme S|{)<IJ %%A%ﬁ%qengg\?fgn'. tﬁ\{pﬂgl %e’gﬁ'rrg’;&ﬂ’ baerld '
205V RS0 cERAR B i v oh R AL b g Ering gain of

- second stage A2 is desirable since the LIA 200 may be
- eaghramplified stageeA1ARS twei(Ak. 5 [0016] One enbodi nent of
the present invention as shown in Figure 2 conprises

BExndl. DipkeSreanpl i ng poi nts t akelBx.&d Dar =e@d0m\anpl i fi er
| stage. AI 6. A .

AT 0 mv AT T T400 mV
2 T30 — T | 800
s 40 | A3 800

[V — A 800

A5 160 AT 800
(48 ~ 320 AB | 800
AT 640 A7 800

A8 BRED _, 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
- 800mvV signa!_ since this is the voitage 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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plurality of peak detectors 2101-2106 may be used ab
these nultiple sanpling points, the outputs of which

SeOYeAs288| tiple inputs to the weighted nulti
input, variable gain anplifier (W -VGA) 212. Péﬁuszoosmsssw |

not ed above, the output of the 10 anplifiers 204 as

54, R Bt 0 35S B2 S pim

desi gned to conpensate for this non-linearity as it

 teeapfieAbov seventhrAdastege namgee desitabie.abipwenee if thednput sngnal is

outputs. In particular, the WJ-VGA 212 conprises a

-~ laniger 200200 ofv, dhé fsam@nlmg pbinaafibi thedirst 1A sedot stage A2is

for each |nput froma corresponding PD 210. The

- Bl shicelie UM ORITREY balsaftilellafef tatpofitd tends to

conpensate for the non-linearity of the other .

fier :
1BH8H o e dRErL P g\% B0 s o, U 2
rea_ter theln ut . si S rrespondi to the
cBiiegr mlinie SREPIBS agELS Bkeh alidt ears ST RjieyStoap A HHEA
signal s corresponding to the |ater stages 204. In
PirAlly ofgeds detertars 216i-246s mayie userbahese stuliple sampling
i ndividual differential anplifiers 214 may be 20
poinig tbe butnmtsapfmhlcb zalvd as triultiptinput totthe weightedsngltiple input,
Din at its sanpling point. [0017] For ease of

vamalg@m ARl (WMBV 23 23R0A8 nbibd ABVES the 8iut of the
normali zed. As shown thé gain of the differenti al

mr ér;s: 4 2148 taggﬁe 88( UEBPRRPDs D70 ?J‘@Rr&%%n-hqear foré -

er stage ave a galn o

I|f| a|n of 2144 ha
obehdmils T Wh‘@\s%?z Uity Gliherisats Brifshefrincarity as
finally, 2141 has t he Iar%est ?al n of 32 since it
it &g QYIS broadperangesf the applibero)4oesipyts. In particular, the
PCT/ US2003/ 038619 anplifier stage Al having the

. WidhNE4t 212 gomaprises pplurality@f glffererdiabamplifiersol14asdHsoone for

the differential anplifiers 2141-2144 may be conbi ned

each mgdettomsalctrresparditey PRIZ10. The matweldfane differential aimplifiers
‘the WM -VGA 212 is a voltage signal conprising

2?@{&5&6 cohipedkad for iHE Hoh-ﬁﬁé’érﬂ?bf 2 6theﬂhﬁ1pnré+rs’tbgéyand in

of sanpling points in the LIA 200 arplifier chain

e bsichn, T Gp PY 51 the PRl ﬁ@%{%ﬁ*@?%ﬁs‘?% 1 4endy be
gr%%?éori for t%e input signals correspondlngto the earlier amplifier stages 204, and
less gain for those signalé corfesponding to the later stages 204. In other words,
for a given range, th.e 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 exarﬁple, the gain values shown ih Figure 2 are
normalized. As shown the gain of the differential amplifier 214, that corresponds
to the higher amplifier stége AB may have a gain of only 1, while amplifier 21'45 _
has a gain of 2, 214, has a Qain of 4, 2143 has a gain .of 8, 214; has a gain of

16,and finally, 214, has the Iargeét gain of 32 since it corresponds to the first
7 .




signal is less than the threshold volltage, the LOS
al arm signal 220 triggers. Using nultiple sanmpling
W0 Bes/0ed1bows accurate LOS detection over a W fer/dn@Sossels

of Din input signals. 10 [0019] The gain or weighting
‘of the differential anplifiers 2141.6 may be tuned or

igitefsraerY névts FrasBak R HIotellS my be

cconpl ished for exanple with a variabl e _resistor

| 19048]ey ABeicstpute of eash ehing diffesentiaiaspliiers 2&6n2ﬂ64 @ay be

the gain setting of the differential anplifiers :
cainbing] oGhddegl, sgch bs agden21 tif Thelresditédritenustpunti afithe WMI-VGA 212
anplifiers 15 allows the user a nethod to programthe

isﬂﬁﬁrbrtﬁge &l@h@ﬁé&hﬁns}lﬁé edhted sghﬁl dtfdn ﬂﬂﬂem‘f@t’ion from a plurality

exanple, a table may be provided to t euser

- of S b PYBRIA 263 el oah 2Bl L gpo grlalifray

desi reshol f'age a esi’ s

tf}sﬁ\ya%ggwc%{?épeﬁfﬁﬂﬁ %%Oﬁmghr% A bt ?&%qupt%e comblned

2004/ 062139 PCT/ US2003/ 038619 0020 O‘ course this

10

15

- signg| s lasrithendho shvggBoldivaltage tthe LS akara signal 240 diagers.
~as. an illustration. In practice many nore val ues may

Ushg;mﬁhlmsamplinggpainm alewsaagerate LLO$ deteletiod ovel tagde range
settings for the user to select fromand different _

“ofDIn ipopsidhalg. val ues may al so be offered. 5 [0021]

Enbodi ments of the present invention are specifically

(8041, 25T gAPeiRRR SRS BREh R MRS 2141 Koo

B Pﬁé@‘ﬁm%% i ety o< AR e fythe Lo

cl ai hout departi mthe spirit an nt en
alarm 5550 WI' his may be I[a)lccom[:r)]%h ?or examplg with a va%ai)!e reS|stor 216

that may be located off chip that internally controls the gain setting of the
diff_erential amplifiers 2144.. 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 Resistof Setting Corresponding LOS Threshold Voltage

000 200 mV

00 | 100 mv
4000 BETY

KO 5mv
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Sscope of the invention. 9 10 What is clainmed is: 1o A

| oss of signal (LOS) detection circuit, conprising: a
plauifoalh/id2yseof detectors to detect a - signal froﬁ@ﬂuszoosmssﬁw
plurality of sanpling points in an anplifier chain; a
plurallty of differenti al anpllflers for anpllfylng

zuihts pa{i)gggtlftr%gé{ngrta pf%nglot 9 @J@%Eyg ggﬁu‘? %re onfy offered as

anplifiers; and a conparat or to conpar e .an out put of

C

 an |ugtratie Inpsacticermarys Msire velies snaynbe givepwaffesingaomide range

al arm si gnal when said output of said adder is bel ow

obthireshdidh veltdyel settingsfer tie uddrdolseRotiffbrcanddifliererdui t as
recited in claiml wherein said detectors are peak

.cg,%gfdﬁy%va;ges i diSSpaRyrRedd.on circuit as reC|t_ed in -

cl aln}l ereln said plgrallty of differentia

TPALE S EaPOAIRLE PRl el v
‘ f. d diff I 1. .
23T dipatted herrin: tweiire R bhe Bppistidted et sisdifications and

claim4, further conprising: a variable resistor to
V%atswnﬁwé toipresent inxenfiq afegqverechby ther alipveniepghings and within
anplifiers. 6. The LOS detection circuit as recited in

~ thel mirvietv oftibe eppesdédiclaims witheut ddpsining framr theepirit and intended

limting anplifier circuit having a plurality of
sgun@(whhgn“&hgg@s connected in series. 7. Alimting
anplifier (LIA) having a | oss of signal (LOS) circuit,
conprising: a plurality of anplifier stages connected
in series to progressively anplify an input signal; a
plurality of sanpling points after ones of said
plurality of anplifier stages; a plurality of peak
detectors "each connected to one of said plurality of
sanpling points; a plurality of differentia
anplifiers each connected to receive an output from
one of said plurality of peak detectors; a circuit to
conbi ne an output from each of said pluralrty of
differential anplifiers to output a conmbined signal;
and a conparator to output a LOS al arm signal when
sai d conbined signal is belowa threshold value.




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

have different gains. 9. The LIA having a LOS circuit
asreC|ted|n claim8 wh in ones of said plurality

rential anplifiers corresponding to earlier
What?gn%%'mo a| d pI uraI ity of arrpl | f| ers connect ed in

S % r Q:al i s Oge cta
glgﬁail‘%or Fg{urg YO 5 c f& gsm? l?rFF ty Igr ét fentl alt
amplnmmfg va wa E€ ig%g of said
plurall m camp r to a
e ol a;ség.?@sgssﬁé ST

thresh lfdr 12 The LI A having a LOS ci rcwt as recited

2. The I[]Oﬁ da egzl cgn %:/}Aﬁcﬁrgg% F%CS a(lg ildrbﬁ%r Ks gh?%msa@d é’ggtéedaeak detectors.
3. The I%g%j % l?é lt?/_\\? nmgcite flé)IFn eer[agts:en Igrg pfﬂl ergntlai
ampln‘ier % Ig %r?%thaﬂ/ of sarrpl i ng Ipoﬁrt)s Iz:lfkster each of
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9. The LIA havmg a L.OS circuit as recited in claim 8 wherein ones of said plurality of
differential amplifiers correspond:ng to earlier ones of said plurahty of amplifiers connected in
series have higher gains.
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- 10. The LIA having a LOS circuit as recited in claim 9, further comprising: a means for
- varying the gains of said differential ampilifiers to program a desired L.OS threshold voltage.

11. The LIA having a LOS circuit as recited in claim 9 wherein said means for varying

~ comprises a variable resistor.

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

o amplifiers linearize signals output by said peak detectors.

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 when 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.




19. A nethod for generating a LOS al arm signal as
recited in claim14 further conprising:

differentially anplifying weaker signals with a
greater gain. 20. A nethod for generating a LGS alarm

signal as recited in claimii6 further conprisi ng

AR 68,0t A B L5151
VaW’@ ﬁ%cgtn(q_ éx?rgazlf‘ﬁugﬁggg da'sgnra CI %eed | n cl §| m 13,

16. A n#‘etﬁo ngr | S Sg% % re e |n aSal ? fB | rlnjerr compysmg

Vary'"? | o emﬁ % *Ptve '%ﬁg%g? i rJ&eéw'@ L erplled siopg's
Ied si.gn | ura

17. ARG okt s il il .{éc'ﬁeﬁ Kist BF Hbetin spic

Comb rﬁp% %"%{%@ Sa‘q 3@8 %a@P Si1958 put fz)r om eac? of

ers

18. A?r% cﬁ }15 er{] %@t a P?Edél’ll clé‘n? &%f’l{ﬂrﬁer compnsmg
i @’m&lﬂlﬁﬂ'w )

limitin on’prh? S Y 8h PP tggﬁsges connect ed in
ints o

19. A?netﬁ }%@ Isg'ﬁ gﬁi reg! egljn 8Iﬁ|ér§ @J%'hg c[:o(gnprlsmg
d'ﬁere gﬁjeﬁﬁ% a%@r Sg" F‘thl SR "ﬂét ect ors p05| tioned

20. Apﬁ:&%%r e l%a #1 glfanp o's@be% and thﬁf gt}-u %ﬂmpnsmg
provid] en{aga?% %ﬁrng‘gre? ﬁgqlu?ssto weﬁhglﬂ? ‘eshol glyval ue.

21. Aﬁ% t}gr ' f : elrj%slcsl rcllél t?! (ﬁﬁgpﬁlérrtr&gdn%gasgrgqngggll%éalm b3 further
compr! ?&B?JP aé ?fésé 'H”?C?\nffl aim 22 wherein

2. Argﬁjn Pél ﬁc Of sal d ] a I
gy ﬂf&i" i legfg% ffi;aafy b s 'g i W; s
o o L e Zﬁ el "fa o
i I a ﬁln% aln ml’-s e onnec =]

1P

in seri rﬁéﬁ ! oésQ) sng%I gr.ones
SEA as g 'CW § oA é@ﬁnﬁ?n%f
said plt i 53? %,1 RpRia G oo G o a

p |tyo erentlal anplifiers.

23. The amplifier circuit as recited in claim 22 wherein said plurality of inputs can be selected.

24. The amplifier circuit as recited in claim 22 wherein gains of each of said plurality of
differential amplifiers is inversely proportional fo a gain at a respective sampling point in said
chain of ampilifier stages.

- -25. The ampilifier circuit as recited in claim 24, wherein said gains of each of said plurality of
differential amplifiers is variable.

'26. The amplifier circuit as recited in claim 25, further comprising: a variable resrstor to vary
said gains of said plurality of differential amplifiers.




