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One form of optical communications with increasing commercial
importance utilizes passive sharing of an optical fiber among several

- optoelectronic sources and detectors (referred to hereinafter as "optical busing").
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One specific example of optical busing is the "Passive Optical
Network" (PON) illustrated in FIG. 1. Here, several terminal units (Optical
Network Units - ONU) are linked by one or more passive optical couplers (POC)
and optical fibers to a service provider Optical Subscriber Unit (OSU) that may in
turn be the gateway to an external network. Data is transmitted within the
network by either or both of time division muitiplexing and wavelength division
multiplexing.

In-one currently favored implementation of a PON, the OSU is _
allocated a transmit mode 110 of approximately half of each cycle to transmit
information while the ONUs "listen" in a receive mode. In the second half of
each cycle, the ONUs are allocated individual time slots in which to transmit data
120 while the OSU in turn listens. The data burst signals transmitted by each
ONU during one of these time slots (T1 - TN) are referred to as a "packet”.

Our U.S. patents 5,025,456, issued on June 18, 1991, and
5,371,763, issued on December 6, 1994, and our U.S. patent application
identified by Serial No. 07/976039, filed on November 13, 1992, resolve several
problems faced by electronic receiver circuits operating in such "burst-mode"
packet communication systems. _

Our U.S. patent '456 describes a fundamental technique for
dynamically establishing a logic threshold voltage centered between the extremes
of burst-mode data signals, thus solving one well-known problem. The U.S.
patent '763 introduces a precision peak detector reset technique for solving the
problem of handling closely spaced data packets of widely varying amplitude.
The U.S. patent application Serial No. 07/976039 describes a technique for
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a DCsaoupl ed differential input anplifier circuit having first input 20
ngans for receiving said packet data burst-2; second input neans for
reteiving a reference signal, and output neans for outputting a data out put
signal and peak anplitude detector neans for detecting and storing a peak
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An additional difficulty is that the burst-mode packet data may
have spectral energy in the same frequency band as the low-frequency signal.

10  Yet, none of these communication channels is permitted to interfere with the
proper detection of any other channel.

Thus, there is a need for a burst-mode packet data receiver which
can properly detect the low-frequency signal channel along with the high-
frequency packet data.

15 Summary of the Invention

In accordance with the present invention, a digital burst-mode
packet data receiver receives high-speed burst-mode packet data signals combined
with a lower frequency data signal. The receiver includes a first detector for
detecting the received high-speed burst-mode packet data which is reset during

20 the time period between consecutive bursts of the high-speed packet data signal.
A second detector samples the lower frequency data signal during a
predetermined portion of the time period between consecutive bursts of the high
speed packet data.

More particularly, the present invention solves the prior art

25  receiver problems by providing:

L independent detection of both a high-speed
packet data signal and a low-frequency data signal
which are superimposed on an optical' bus at the
same optical wavelength.

30 II. Low-frequency data detection means which is
insensitive to spectral components of the high-speed
packet data signal that may extend into the
frequency band of the low-frequency data.

III. High-speed packet data signal detection means
35 which' is ins'ensitive. to the low-frequency data
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FIG. 1 illustrates an example of optical busing in a Passive Optical

10 Network (PON) in which the present invention may be utilized;

FIG. 2 shows a block diagram of a packet receiver in accordance
with the present invention;

FIG. 3 shows an illustrative received burst-mode packet data signal
superimposed on a low-frequency signal and the signals detected therefrom by

1S  ourreceiver;

FIG. 4 shows a table describing the data and reset modes of the
present invention; and

FIG. 5 depicts another receiver embodiment for performing packet
data and low-frequency data detection.

20  Detailed Description

With reference to FIG. 1, there is shown a Passive Optical
Network (PON) in which a receiver, in accordance with the present invention,
may be utilized. In FIG. 1, each burst-mode data packet in time slots T1 - TN
would originate, respectively, from one of ONU-1 through ONU-N. The burst-

25 mode data packet in time slots T1 and T2 are, illustratively, shown in FIG. 3 as
each having the same number of data bits and different amplitudes P1 and P2,
respectively. These burst-mode data packets are shown superimposed on a low-
frequency signal 305 which also has to be detected by the packet receiver of the
present invention.

30 A packet receiver of the present invention must solve several
problems to be effective in the PON shown in FIG. 1. First, the receiver must
dynamically establish an effective logic threshold voltage centered between the
extremes of the data signal swing. Ideally, this data threshold will be
substantially established during the first bit of an input data burst. Second,

35 because the bus is time-shared by many different ONU transmitters which may
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5  can prevent proper detection of the high-speed data under certain conditions. The

receiver must be able to prevent these low-frequency signals from interfering
with proper detection of the data signal.
With reference to FIG. 2, we describe the operation of the present
invention as illustratively implemented in a packet receiver of OSU of FIG. 1.
10  The packet receiver of the present invention may, illustratively, be used for
reception and resolution of burst-mode data in a packet format having a
predetermined number of bits per packet, as would be used in an Asynchronous
Transfer Mode (ATM) application, for example.
The core of our packet receiver circuit of FIG. 2 includes the
15 burst-mode receiver architecture of our U.S. patent 5,025,456, consisting of
differential /O Transirﬁpedance Amplifier A, , Peak Detector PD, and Output
Amplifier 4, .
With reference to FIG. 2, optical input signals representing the
data bits of the burst-mode packet data signal are received and converted by
20 Photodiode PDI into Photocurrent Signal I,,. Transimpedance Amplifier A,
converts the currents into a differential output voltage.
The differential output voltage of Amplifier A, is Vy' -V =1, Z,
, where Z, is the transimpedance (feedback resistor) between the positive input
and negative output of A, . One of A, 's differential outputs, and therefore one-
25  half of the net output swing, is sampled by the Peak Detector and stored on
Capacitor Cp, . This half-amplitude reference level, I Z% , establishes the

"instantaneous logic threshold" V... and is applied to the complementary

(negative) input of A, during normal "data mode" operation. The instantaneous

logic threshold V,., is determined at the beginning of each signal burst. The

30 logic threshold V., is set equal to the half-amplitude point of the peak input

signal, and subsequent signal amplification by A, is referenced to this level.

Threshold V., determination is very rapid, and ideally is completed by the
conclusion of the first bit in the signal burst.

Variations of signal amplitude from packet to packet are

35 accommodated using an externally provided RESET input signal to identify the
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10 The Reset Discharge circuit discharges the stored peak amplitude
signal on Capacitor C,, to a non-zero DC voltage , V.., , that is substantially

equal to the baseline DC voltage stored by the Peak Detector circuit during the
absence of a received input signal. This DC voltage V.., is established using a
Precision Reference circuit. The Reset Discharge circuit may include both coarse

15  and fine Reset circuits (not shown) which are enabled by the RESET signal. A
coarse Reset circuit discharges the Detector circuit at a high rate until the stored
voltage is within a predetermined voltage of the baseline DC voltage, after which
it is shut off. A fine Reset circuit discharges the Detector circuit at a low
discharge rate until the baseline DC voltage is reached.

20 The Precision Reference circuit establishes a reference voltage
Viero  Which is equivalent to a baseline voltage V... generated when no input

current I,, is received from Photodetector PD1. The Precision Reference circuit
is implemented as a 'clone" of A, and Peak Detector, except that no
Photodetector PD1 is used.

25 The novel capabilities of our packet receiver, shown in FIG. 2,
stem from its incorporation of very high-speed Sampling and Hold circuit SH1
and Selector (analog multiplexer) circuitry' Si.

The Sample and Hold circuit SH1 may be implemented in a well-
known manner. For example, see the article entitled "Fully Bipolar, 120-M

30 Sample/s 10-b Track and Hold Circuit,” written by Messrs. Vorenkamp and
Verdaasdank and published in IEEE Journal of Solid-State Circuits, Vol. 27, No.
7, July 1992. | | |

By means of the Sampling and Hold circuit SH1, enabled by a
sample control input signal (320 of FIG. 3) having timing information derived

35 from the RESET signal, our packet receiver has the capability of detecting the
amplitude of a low-frequency light signal (305 of FIG. 3) component of the



20 i, 13. A digital packet data receiver for receiving bursts of

di gital packet data, conprising a DC coupted differential input anplifier
circuit having first input neans for receiving said digital packet bursts.
second i nput neans for receiving a reference signal, and output means for
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"quiet" interval (i.e., 320 occurs during TQ interludes) between packets, we can
assure that there is no high-speed data signal present. This provisionally resolves
requirement II above. '

10 After the low-frequency signal has been sampled in the quiet
interval TQ between packets, this value is held by Sample and Hold circuit SH1
and converted to an equivalent differential current (I, of FIG. 2) which is
subtracted from the received input signal during the subsequent high-speed data
packet intervals (e.g., T1, T2 of FIG. 3). Recall that amplifier A, has a

15  transimpedance of Z, (i.e., 8V, =1, *Z; ). The background light compensation

circuit has an equivalent transconductance that is approximatelyyz i.e., the
T

inverse characteristic of A, . This "dark level compensator" linearly converts the
voltage stored in SH1 to a differential output current, /., , according to this
inverse characteristic. It thus effectively cancels the low-frequency signal (305 of
20 FIG. 3) at all times (T1 - TN) as well as any other background light that may be
present, except for the quiet interval TQ between packets, so that it does not
interfere with burst-mode detection of the high-speed packet data during times T1
- TN. This resolves requirement III above.
Data packet protocols ensure that there must be a "quiet" interval
25 TQ between data packets. That is because (1) there must be a timing cushion to
prevent adjacent packets (e.g., T1, T2) from interfering with one another, and (2)
a RESET time is required to discharge the burst-mode Peak Detector, in
preparation for receipt of the next packet. Consequently, sampling during the
quiet interval TQ (using the sample signal) does not violate requirement IV above
30 by interfering with the packet data protocols. However, during the RESET input
signal, the output Amplifier A, should be disabled (by Reset Disable signal)
while the Peak Detector is being discharged. That is necessary because it would
otherwise have undetermined 6utputs during the reset operation.
To ensure stable voltage levels within the circuit, we normally
35 must wait until the end of the Peak Detector RESET operation before we can



4- ferr] b) connecting a precision reference voltage as said reference

- signal to said second input neans of saig-input anplifier circuit. 14. The
recei ver of claim 13 wherein said first detector neans is discharged to a
non-zero DC voltage 5 substantially equal to an initial DC voltage which is
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The following paragraphs review the operation of our packet

10 receiver circuit of FIG. 2 during the DATA and RESET modes.

DATA Mode
With reference to the table shown in FIG. 4, during the DATA

mode, the RESET signal is in a negative state. Hence, the Dark Level
Compensator and Output Amplifier A, are enabled, the Selector S1 selects the

15  Peak Detector output V.. , the Discharge circuit is disabled, the Sample and
Hold circuit SH1 is in the hold mode and the sample output is constant.

At the beginning of a data burst, one-half of the peak value of
Amplifier A, 's positive differential output is stored on Peak Detector Capacitor

C,, , and is routed through the high-speed Selector S1 (an analog, unity gain
20 multiplexer) back to the negative input of Amplifier A, . This half-amplitude
signal becomes an effective logic threshold at Amplifier A, 's input, and
subsequent data signals are defined as either logic ONE or ZERO, depending on

whether they are above or below this threshold.” The differential signal from
Amplifier A, is then further amplified by output Amplifier A, and appears

25  across outputs Q and O .
RESET Mode
With joint reference to FIGS. 2 and 4, at the conclusion of a data
packet during the quiet interval TQ, a RESET signal is delivered to the packet
receiver. The RESET signal causes several actions to occur: (a) the receiver's
30 high-speed packet data output Amplifier A, is disabled, i.e., clamped to a low
(logic ZERO) state (this ensures that that output does not suffer spurious logic

transitions during RESET); (b) the high-speed Selector S1 is switched so that it
provides a fixed DC reference V.., to the negative input of A, ; (c) the Peak

Detector Capacitor C,, discharge control circuitry is activated; and (d) the Dark
35 Level Compensator circuit is disabled or turned off.



16... The receiver of claim 15 wherein said second detector neans is enabl ed
-during a portion of said second tine perigad. 20 - 17. The receiver
of claim 15 wherein said second detector neans is disabled during said

first tinme period. 18. The receiver of claim15 wherein detector neans for
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and wherein R
background light. This signal is delivered to the Sample Buffer’/Amp A, to

provide an external voltage (sampled outputs S and S ) proportional to the light
present between packets.
10 ' At the conclusion of the RESET signal, the Dark Level

Compensator is again enabled and converts the Sample and Hold signal (from
SH1) into a compensatory differential input current I, . This compensatory

differential current I, exactly cancels the photocurrent due to the low-

frequency signal and also that due to background light.
15 Note that although the implementation we have described utilizes a
current input, it does not preclude the use of a voltage input (e.g., V; of 190 in

FIG. 2) using well-known techniques in the art for converting current input
Transimpedance Amplifier A, into a voltage amplifier. One example of how this
could be implemented is shown in FIG. 2 using a voltage input source V; and
20 input impedance Z,, connected to the positive input of Amplifier A, and a
reference voltage V., connected through an input impedance Z,, to the
negative input of Amplifier 4, (see 191).
Also note that although the detailed implementation we have
described, in FIG. 2, uses an analog Selector S1 in the peak detector feedback
25 loop to reduce the required packet spacing, as described above, it would be a
straight forward proposition to utilize instead separate amplifier chains (for the
Sampled output and Packet Data output) along with a voltage input burst-mode
amplifier to accomplish substantially the same purpose, as illustrated in FIG. 5.

There, the Packet Data output is generated via transimpedance
30 Amplifier A, , voltage Amplifier A, , and output Amplifier A, . The Sampled

output is generated by transimpedance Amplifier A, , Sample and Hold circuit
SHIA and Buffer Amplifier A4,, . After the low-frequency signal has been

sampled in the quiet interval TQ between packets, this value is held by Sample
and Hold circuit SH1A and converted to an equivalent differential current (14,

35 of FIG. 5) by the "dark level compensator" which is subtracted from the received
input signal during the subsequent high-speed data packet intervals (e.g., T1, T2



[err]. [err] said neans for subtracting generates a conpensation current
*which is subtracted fromsaid receiver imput current. 21. The receiver of
ckaim 19 further including photodetector neans for generating an input
current for the receiver 5 froma received hi gh-speed burst-node data
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produci ng Dot Kubirdeting compensation Rirentdiqa,, from the input to Amplifier 4,, , we can

eliminate dark currents from the receiver. Optionally, compensation current
Ioups (shown by dotted lines) can be used to eliminate dark currents at the

input to Amplifier A, . The implementation and operation of the comparable

circuits of FIG. 5 are essentially the same as the similar circuits described for

10 FIG.2. ‘

In the disclosed embodiment, the analog circuit blocks are actually
either well-known ECL gates, or simple modifications of ECL gates. The ECL
gate consists of a differential pair with current source load, followed by an
emitter follower stage. These circuits, while offering limited gain, are inherently

15  very fast. The input Amplifier 4, , output Amplifier A, , Peak Detectors, Buffer
Amplifier, and Precision Reference may be implemented using circuits which are
described in more detail in our article entitled "DC-1Gb/s Burst-Mode
Compatible Receiver for Optical Bus Applications," by Yusuke Ota, et al.,
Journal of Lightwave Technology, Vol. 10, No. 2, February 1992.

20 ~ While the disclosed embodiment of the present invention is
implemented used bipolar integrated embodiment circuit technology, it should be
noted that other circuit technologies could be utilized, including FET.

The circuit can be implemented using, for example, silicon,
gallium arsenide or other appropriate semiconductor materials. Moreover, it is

25 contemplated that other well-known circuits can be used to implement the
amplifier circuit functions shown in FIGS. 2 and 5 without departing from the

_ teaching of the present invention.

Although the present invention has been described for use with
optical signals, it should be understood that the present invention can be utilized

30  innon-optical signals as well.
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the high-speed packet data without interference from said high-speed burst-mode
packet data signal. '

2. The receiver of claim 1 CHARACTERIZED IN THAT
said first means for detecting is reset in response to a received reset
15  signal occurring during the time period between consecutive bursts of the high-
speed packet data signal and
said second means for detecting is enabled during said
predetermined portion, defined by a received sample signal occurring in the
absence of said received reset signal.

20 3. The receiver of claim 1 CHARACTERIZED IN THAT said
first means for detecting includes '
a DC-coupled differential input amplifier circuit having first input
- means for receiving said packet data bursts, second input means for receiving a
reference signal, and output means for outputting a data output signal and
25 detector means for detecting and storing a peak amplitude of said
data output signal and for generating said reference signal at an output port.

4. The receiver of claim 3 CHARACTERIZED IN THAT
said second means for detecting utilizes a signal path that is
independent of said DC-coupled differential input amplifier circuit.

30 5. The receiver of claim 3 CHARACTERIZED IN THAT said
resetting means includes

-

T



*that there nust be a "quiet" interval 2511-TQ between d

because (1) there nust be a timng cushion to prevent a

(e.g., T1, T2) frominterfering with one another, and (2) a RESET time is
required to di schar ge t heldotor shea®des iVeQGtaestéIFSIgnaﬁ, caRiigeduriny ther

recei pt of the, next cket. Consequ ur i UI et
interval TQ (gﬁﬁﬁeq(ﬁ&egﬁm ‘é’%‘f%‘ﬂﬁ “ﬁﬁﬁﬁqﬁgb sg?e%[ ?%éiﬁl?q’ nt |V above
gESETby interfering wt fa)tdisropmdtmlg sdik pchrmnpiaxuﬂs detelotor veeans gutpuh@otthe

I nput  sI I t
Di sabl e si gnal vm?lfies%%n%qbg&km%ggt %lra i be| n Qahar e%ls&%ﬁépg saiase
necessary ﬁeczmsléamhmgIsttnel'mdnby@alldepﬁek ambtt@pudmet@rmmaad during the
reset operation. To ensuheofhething ayRbdidon rifs&ﬂbév 4501a0 sélh?efefeheaglgname

normal Iy 35 must wait unti Peak Detector RESET operation
before we canto sald?ecwégnwttm@ns af saig inprukamplifien GifeYitoper at i on descri bed
above. That requires that

6. The receiver of claim 1 CHARACTERIZED IN THAT said
second means for detecting includes

- TNs: This resol ves requi rement |11 above. Data packet rot ocol S mm
| S

10 detector means for generating said lower frequency data signal by
sampling said data output signal in response to both an inter-packet reset signal
and a sample control input signal.

7. The receiver of claim 6 CHARACTERIZED IN THAT
said detector means includes means for subtracting said lower
15 frequency data signal from the high-speed burst-mode packet data signal when
said reset and sample control signals are absent.

8. The receiver of claim 1 CHARACTERIZED IN THAT
said first means for detecting detects electrical current changes in
the received high-speed packet data signal and
20 said second means for detecting detects electrical current changes
in the received lower frequency data signal.

9. The receiver of claim 1 CHARACTERIZED IN THAT
said first means for detecting detects electrical voltage changes in
the received high-speed packet data signal and
25 said second means for detecting detects electrical voltage changes
in the received lower frequency data signal.

10. A digital packet data receiver for receiving bursts of digital.
packet data, CHARACTERIZED BY
a DC-coupled differential input amplifier circuit having first input
30 means for receiving said digital packet bursts, second input means for receiving a
reference signal, and output means for outputting a data output signal;

. This Sheet Has Been Reﬂlaced .




RESET si gnal and Sanpling signal operations be perfo
»which will necessarily increase the requil2ed tine tol
i .e. 5

operations. In accordance with the invention, an ana
Selector S1 of FIG 2) is used to isolate the Peak Detector fromthe I nput

érrplkl Be ter tA during the ﬁgﬁaé?acﬁtrmé@sqeﬁaaém@s@dssf@oﬁm péﬂé@thbh!lﬁﬁe of tT Ee
ea ector c roceed. sirul taneous wWfr in i's
1 ove. & cons SR BBE Siebe! B (PR EEangfaid Tt SIETET fheth HRABY owi ng
par agraphs review the opeoat idetectlr means fox gaterdting 4 eample elatacoutputi digrefl FI G
2 d th bl
shown 1 FiG: O i i plrcs BRI resnons {208 daitiel Falktiete: sfbablod 87, 2
state. Hen%e, sahplePantrolliopusisigbehadsat or and Qutput Anplifier [err] are
enabl ed, the Sel ector Sl F&Eﬁhs [:%gar@ﬂvetg%?alﬁ%gfghglr fqutput [err] , the

D|scharge circuit is dlsa iréult SH1L |s in_the
hol d node and the sanpl &) discornectiag é@lﬁsﬁrémdetemortm@ngéymmmgt fonp saidt a

burst, one-hakécod ih ﬂeais yPkae i (fgutAam lifirEirddit afd RNEhidgiy §4il fRarnt i al

out put is stored,.o tor err] and is rout ed t hrough
Che hi gh: speeAmBE SEnaksioned by SHAITHR. eteeton e, rid

10 b) connectlng a precmon reference voltage as said reference signal
to said second input means of said input amplifier circuit.

11. The receiver of claim 10 CHARACTERIZED IN THAT
said first detector means is discharged to a non-zero DC voltage
substantially equal to an initial DC voltage which is stored by said first detector
15  means during an absence of a received signal to said receiver.

. This Sheet Has Been Relilaced '




£

<§20*" mul ti pl exer) back to the negative input of Anplifier [err] . This,
';—".-'ﬁ‘al f-anplitude signal becones an effective logic threshold at Anplifier A

s input, and subsequent data signals are defined as either |ogic ONE or
ZERO, dependi ng on whether they are above or below this threshold. The
differential signal fromArrpIifigr s[err] is then further anplified by
output Anplifier A3 and appears Jacross ouyputs Q and [err]. RESET Mode
Wth joint reference to FIGS. 2 and 4, at tB® seonclusion of a data packet
during the quiet interval TQ a RESET signaf5i&S delivered to the packet
receiver. The RE®ET signal causes several afEiFng to occur (a) the
receiver's 30 high- speed packet data out pt? lifier A3 is disabled,
i.e., clanped t@ low (|l ogic ZERO) state (&Ris ¢nsures that that output
does not suffer sagurious logic transitions during RESET); (b) the

hi gh- speed Sel e%r Sl is switched so that pt—provides; a fi xed DC reference
[err] to the ne ve input of A ; (c¢) t he Pegak, Detecfor Capacitor [err]
di scharge control circuitry is activated, ang',:(g)g_-_t;hg Dar k 35 Level
Conpensator circuit is disabled or turned cfEa:%S
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- 8- 1n the RESET node, the Peak Detector Capacitor [err] is discharged to
prepare the circuit for the next packet. At about the sane time, a pul se
may be delivered to the Sanple. and Hold circuit SH1. This activates the .
Sanmpl e and Hold circuit SH1, which nmeasures and stores the differenti al

out put 5 of Amplifier A at this tine. lifier A, 's output voltage
during the interval between packets w || related to | owfrequency
information as well as backgroundgight. This signal is delivered to the
Sanpl e Buffer/Anm A4 tg__pr ovi de agexternal voltage (sanpled oﬁ\puts S and
[err] ) proportlo@I the light® fent betvve@ngackets 10

At the concl usi onﬁ 3 RESET sigh t he Dar kzf &zel Conpens IS again
enabl ed and conve Sanpl e amdgl %ol d signal=¥t@om SH1) intQea

‘.

conpensatory di lek Nput C nt [ergd a¥T S sonmpensatery
differential current JJefr eﬁlctlgtzncels t hg phoffocurrent d o the | ow
frequency sigBal- h& due tlo backgroyng/\ilght. 15
Note that altmSughi/t ke e%ntaticnwehave _ |b§ utilizes a current
input, it doens_no ke e usejof a volt (geci | u§(e g., [err] dmgo
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FIG 2) using well-known techniques in the art for converting current input
‘#Transi npedance Anplifier [err] into a voltage anplifier. One exanple of how
this could be inplenented is shown in FIG 2 using a voltage input source
[err] and 20 input inpedance [err] connected to the positive input of
Amplifier A and a reference voltage [erg} connected through an input

| npedance [err] to the negative input of /i"rplifier A, (see 191). Also note
that although the detailed i | enmentati on we have described, in FIG 2§-’L
uses an anal og Sel ector Sl ifffhe peak deR{ctor_fieedback 25 1loop to r &3
the required packet spacing,53s descri be bovegit would be a strai ghsS
forward proposition to utili®e instead segarateganplifier chaigns (for, Ehe
Sanpl ed out put and Packet Data output) gl&Zhg gﬁivoltage i@@' =
burst-node anplifier to acco@plish subst|@R i al tR¢ same pyrPode
illustrated in FIG 5. Theregthe Packet| fBata mdt is gendld® 8
t ransi npedance 30 Amplifieea[err], voIt@e Bier [err} & £
Amplifier A3 . The Sanpl ed oﬁput ex=at ed GAransi npe

[err] , Sanple and Hol d gircuit SHfA and Buf Amplifier [¢rr]. Af
| ow- f requency signal has&een/sanplled in thg_guiet interval |TQ bet

packets, this value is )d Hol d ci r'&s_l;l;l__A_ and co

to an equivalent differ | fcurrent ([Jerr]
~ —
[~

————

ce

[0

12

M—%&M—m\
L_
¥
Il
/%

Y\ —
. —
— L =
N v

FIG.3<



35 “of FIG 5) by the "dark | evel conpensator” which is subtracted from
t-he received input signal during the subsequent high-speed data packet
intervals (e.g., T1, T2 -9- of FIG 3). It thus effectively cancels the
| owfrequency signal (305 of FIG 3) at all tines (T1 - TN) as well as any
ot her background light that may be present,,_except for the quiet interval
TQ between packets, so that it does not i df8Srfere with burst-node detection
of the high-speed packet data during times T1 - TN. By 5 subtracting
conpensation current [err] fromthe input . to Anplifier [err] , we can
elimnate dark currents fromthe receiver. Optionally, conpensation current
[err] (shown by dotted lines) can be used to elimnate dark currents at the
input to Anplifier [err] . The inplenentation and operation of the
conparable circuits of FIG 5 are essentially the sane as the simlar
circuits described for 10 FIG 2. In the disclosed enbodi nent, the anal og

circuit blocks are actually either wells ECL gates, or sinple
nodi fications of ECL gates. The ECL Jrzﬁt

DATA MODE RESET MODE

OAPEAT? ENABLED DISABLED

OUTPUT ANP A3 ENABLED DISABLED
SELECTOR §1 | VRer VReFO

DISCHARGE CONTROL |  DISABLED ENABLED

SAMPLE DURING
SAMPLE & HOLD SH1 HOLD SAMPLE SIGNAL

SAMPLED QUTPUT CHANGED DURING
(OF Ad)  CONSTANT. | "SaMPLE SIGNAL




gat.e* consists of a differential pair with current source |oad, followed by
agh emitter follower stage. These circuits, while offering limted gain, are
-~ inherently 15 very fast. The input Anplifier [err] , output Amplifier A3
, *Peak Detectors, Buffer Anplifier, and Precision Reference may be
I mpl emented using circuits which are des ;fed in nore detail in our
~article entitled "DC 1Gb/ s Burst-Mde Cbﬁ%, I bl e RBacelvyer for Optical Bus
;. Applications,” by Yusuke-CIaEset al ., Journal of IBgth\&ve Technol ogy, Vol.
10, No. 2, February 199% SO Whi | e F5hei2 &scl osed enbodi nent.
of the present inventiofi : enbodi ment
circuit technol ogy, i noted that other &irjcuit techn 0089
could be utilized, incCTgding The circuit can beli npl ement e @s&Ag, for
exanpl e, silicon, gglliymArgenide or other approprfiatg sem con
mat eri al s. Nbreovenggi iA X3 contenpl ated that digdd well-kn 0 gricuits
can be used to inplqﬂpn anplifier circuit fundt@ns shown i . 2
and 5 without deparggp he teachi ng of the pregent inventites:

Al t hough the presents n entidn has been desg
signals, it should & urnderstjood that the pfesent invention can bejutilized

30 I n non-optical sigWe

bl enent ed used bi polgdr @ nt egr at ed
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Catns: 1: A digital burst- nmode packet data receiver (FIG 2) for

si mul t aneously receiving a high-speed burst- nDde packet data S|gnal and a
| ower frequency data signal, CHARACTERI ZED I ‘““-- first
means (PD) for detecting the hi gh- speed bur 3 means for
resetting (RESET) the first means for detec
bet ween consecutive bursts of the high- speeu
means (SHI) for detecting the | ower frequency -------- —Juring a
predet er m ned ggg}gan of the tine period between consecutive bursts of the
hi gh- speed pac a wthout interference fromsaid hl%h speed bur st -node

packet data signal. 2. The PACRETRADA REGEIWER SAARN IN THAT said
first means for det gFATAOUTPUTSAND BACKTROBND LIGHTSE IAPRIN 12
signal occurring during the tine period between consecutive bursts of the
hi gh-. A digital burst-mode packet data receiver receives (by PD1) high-speed

burst-mode packet data signals superimposed on a lower frequency data signal. The
receiver includes a first detector (PEAK DETECTOR) for detecting the received
high-speed burst-mode packet data which is reset (by RESET) during the time period
between consecutive bursts of the high-speed packet data signal. A second detector
(SHI) detects the lower frequency data signal during a predetermined portion of the
time period between consecutive bursts of the high-speed packet data.

Figure 2




speed packet data signal and:-said second neans for detecting is enabled
during said predetermned portion, defined by a received sanple signal
occurring in the absence of said received reset signal. 20 3.
The recei.ver of claim1 CHARACTERI ZED I N THAT said first nmeans for
detecting includes a DC coupled differential input anplifier CIrCUIt havi ng

first input neans for receiving said packet data.h sd=FFut nmeans
for receiving a reference signal, and output ned i dat a
out put signal and 25 det ect or nearns storing
a peak anplitude of said data output signal and | ¢fdF

reference signal at an output port. 4. The receijter—at—tt= -
CHARACTERI ZED I N THAT sai d second neans for - detectlng ut|I|zes a signal
path that is independent of said DC-cougﬂed differential input anplifier
circuit. 30 - 5. The receiver of claim3 CHARACTERI ZED | N THAT
said resetting neans includes [err] -

e

Hllflll I lllll i II Iﬂl

Claims .
1. A digital burst-mode packet data receiver for simultaneously receiving
a high-speed burst-mode packet data signal and a lower frequency data signal,
comprising
5 first means for detecting the high-speed burst-mode packet data signal,

means for receiving a reset signal during a time period between
consecutive packet data bursts of the high-speed packet data signal,

means, responsive to said reset signal, for resetting the first means for
detecting to a reference level, and

10 second means, responsive to said reset signal, for detecting the lower
frequency data signal during a predetermined portion of the time period between
consecutive packet data bursts of the high-speed packet data withoutinterference
from said high-speed burst-mode packet data signal.

2. The receiver of claim 1 wherein

15 said second means for detecting is enabled during said predetermined
portion defined by a received sample signal occurring in the abscnce of said received
signal.

3. The receiver of claim 1 wherein said first means for detectin g includes
a DC-coupled differential input amplificr circuit having first input

20 mcans for receiving said packet data bursts, second input means for recciving a

reference signal, and output means for outputting a data output signal and

peak amplitude detector means for detecting and storing a peak
amplitude of said data output signal and for generating said refcrence signal at an
output port.

25 - 4, The receiver of claim 3 whercin said second means for detecting
utilizes a signal path that is independent of said DC-coupled differential input
amplifier circuit.

5. The receiver of claim 3 wherein said resetting means includes



sel ector neans, responsive to a reset signal, occurring during the tine
period.between consecutive bursts of the high-speed packet data, for a)

di sconnecting said peak anplitude detector neans output port from said
second i nput neans of said input anplifier circuit and discharging said 5
peak anplitude signal stored by said peak anplltude detector neans, and b)
connecting a precision reference voltage as sa oL ene: | to said

second i nput nmeans of said input anplifier ci LAGQMEﬁmeSHEEd’e ver of

cl aim1 CHARACTERI ZED I N THAT sai d second nea g‘%r gj i ficl udes 10
detector nmeans for generating said |ower fredyep ata Si. gnaL y sanpling
sai d data output signal in response to both ah o si gnal
and a sanple control input signal. 7. The. r eceiver—of—elaim6- CHAF?ACTERI ZED
I N THAT sai d detector neans includes neans for: ower
frequency data signal fromthe hi gh-speed burst- mb (“m“m ‘imﬁ“‘m gnal
when said reset and sanple control signals are

selector means, responsive to 4 reset signal, occurring during the time
period between consecutive bursts of the high-speed packet data, for

a) disconnecting said peak amplitude detector means output port from
said second input means of said input amplifier circuit and discharging said peak

5 amplitude signal stored by said pcak amplitude detector means, and

b) connecting a precision reference voltage as said reference signal to

said second input means of said input amplifier circuit.
6. The receiver of claim 5 wherein

said peak amplitude detector means is discharged to a non-zero DC

10 voltage substantially equal to an initial DC voltage which is stored by said peak
amplitude detector means during the absence of a high-speed burst-mode packet
data.

7. The receiver of claim 1 wherein said second means for detecting
includes _

15 detector means for generating said lower frequency data signal by
sampling said data output signal in response to both said reset signal and a sample
control input signal for defining said predetermined portion of the time period
between consecutive packet data bursts

8. The receiver of claim 7 wherein

20 said first means for detecting includes means for subtracting said lower .
frequency data signal from the high-spced burst-mode packet data signal when said
reset and sample control signals are absent.

9. The receiver of claim 8 further including
photodetector means for generating an input current for the receiver
25 from areceived high-speed burst-mode data signal and wherein
said means for subtracting gencrates 2 compensation current which is
subtracted from an input current to said first means for detecting.
10. The receiver of claim 1 wherein
said first means for detecting detects at its input resulting electrical

30 current changes generated in response to the received high-speed packet data signal

and '



8 The recejver of claiml| CHARACTERI ZED I N THAT said first nmeans for
detecting detects electrical current changes in the received hi gh-speed
packet data signal and 20 sai d second neans for detecting
detects electrical current changes in the receiv
signal. 9. The receiver of claim1l CHARACTERI ZED|(| REFLACEMENTI SHEESt | neans
for detecting detects electrical voltage changesifin t?gbdﬁﬁf ed h| h- speed
packet data signal and 25 said se [
detects electrical voltage changes in the receiv Fregaerss—dat a
signal. 10. A digital packet data receiver for rece|V|ng bursts of digital.
packet data, CHARACTERI ZED BY a DC-coupled differential input anplifier
circuit having first input 30 means fop.receiving said digital acket
bursts, second input means for receiving a reference "! ﬂuﬁ wuu
means for outputting a data output signal; This Shee

said second means for detecting detects at its input resulting electrical
current changes generated in response to the received lower frequency data signal.
11. The receiver of cleum 1 wherein
said first means for detecting detects at its input electrical voltage
5 changes generated in response to the received high-speéd packet data signal and
said second means for detecting detects at its input electrical voltage
changes generated in response to the received lower frequency data signal.
' 12. A digital burst-mode packet data receiver for receiving high-speed
burst-mode packet data and lower frequency data signals, comprising
10 means for detecting the high-speed burst-mode packet data so that said
lower frequency data signals do not affect detection of the high-speed burst-mode
packet data, _
means for resetting the burst-mode packet data detector to a reference
level in response to a first state of a received reset signal occurring between
15 consecutive bursts of the high-speed packet data, and
means for detecting the lower frequency data signals, in response to both
the first state of the received reset signal and a received sample signal, such that said
high-speed burst-mode packet data does not affect detection of the lower frequency
data signal.
20 13. A digital packet data receiver for receiving bursts of dagxtal packet
data, comprising
a DC-coupled differential input amplifier circuit having first input
means for receiving said digital packet bursts, second input means for receiving a
reference signal, and output means for outputting a data output signal;
25 first detcctor means for detecting and storing a peak amplitude of said
data output signal and for generating said reference signal at an output port;
second detector means for gencrating a sample data output signal of said
data output signal in response to both an inter-packet reset signal and a sampled
control input signal; and
30 selector means, responsive to said reset signal, for
a) disconnecting said first detector means output port from said second
input means of said input amplifier circuit and discharging said peak amplitude
signal stored by said first detector means, and



L AR

-A42- - . [err] first detector nmeans for detecting and storing a peak
anpl i tude of sai d data output signal and for generating said reference

si gnal at an out put port; second detector neans for generating a sanple
data out put signal of said data output signal in response to both an

i nter-packet reset signal and a 5 sanmpl e control input signal; and

sel ector neans, responsive to said reset SII : sconnecting said
first detector neans output port fromsaid f said input
anplifier circuit and discharging said peak i ored by said
first detector neans, and 10 [L_{5)° connecl | NEX eci si on
reference voltage as said reference signal .;::__J nmeans of
said input anplifier eircuit. 11. The regeiver of claim 10 0
THAT said first detector means is discharged to a non-zero

substantial-ly equal to an initial DC voltage whic || I l]t"l MILHHI d f| rst
. detector 15 means during an absence of a receiv

receiver. This Sheet Has Been Re | aced

b) connecting a precision reference voltage as said reference signal to
said second input means of said input amplifier circuit.
14. The receiver of claim 13 wherein
said first detector means is discharged to a hon-zero DC voltage
5 substantially equal to an initial DC voltage which is stored by said first detector
means during an absence of a received signal to said receiver. :
15. A digital burst-mode packet data receiver for simultaneously
receiving a high-speed burst-mode packet data signal and a lower frequency data
signal, comprising
10 first detector means, enabled during a first time period occurring during
a received burst of the high-speed packet data signal, for detecting the high-speed
burst-mode packet data, and reset to a reference level during a second time period
occurring between consecutive bursts of the high-speed packet data signal, and
second detector means, operable independent of said first detector means
15 and enabled during a predetermined time period, for detecting the lower frequency
data signal.
16. The receiver of claim 15 wherein
said second detector means is enabied during a portion of said second
time period. |
20 17. The receiver of claim 15 wherein
said second detector means is disabled during said first time period.
18. The receiver of claim 15 wherein
detector means for generating said lower frequency data signal is
enabled by sampling said data output signal in response to both an inter-packet resct
25 signal and a sample control input signal.
19. The receiver of claim 18 wherein
said second detector means includes means for subtracting said lower
.. frequency data signal from the high-speed burst-mode packet data signal when said
teset and sample control signals are absent.
30 20. The receiver of claim 19 further including
photodetector means for generating an input current for the receiver
from a received high-speed burst-mode data signal and wherein
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said means for subtracting generates a compensation current which is
subtracted from said receiver input' current.
21. The receiver of claim 19 further including
photodetector means for generating an input current for the receiver
S5 from areceived high-speed burst-mode data signal and wherein
said means for subtracting generates a compensation current which is
subtracted from an input current to said first detector means.



