
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
without interference 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 absence of said received signal. 3.
The receiver of claim I wherein said first means for detecting includes 



a DC-coupled differential input amplifier circuit having first input 20
mcans for receiving said packet data bursts, second input means for
receiving 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 reference
signal at an output port. 25            4. The receiver of claim 3 wherein
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    [err] -2 - selector means,
responsive to a 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 peak 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 a received 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 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    REPLACEMENT SHEET [err]
-3- [err] 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 claim I wherein said first means for detecting
detects at its input electrical voltage 5 changes generated in response to
the received high-speed 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
digital 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 detector 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 generating 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    [err] 



4- [err] 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
non-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. IS. 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 enabled
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 reset 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
reset 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   



[err] [err] 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 5  from a received 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.    -6- receiver input (300 of FIG. 3) in the brief interval TQ
between packets. This amplitude information is provided at a special
low-frequency data or "sampled" output (340 of FIG. 3). Our packet receiver
thus provisionally satisfies the purpose of requirement I above, by
producing both a high-speed packet data 



5   output (330 of FIG. 3) and a low-frequency sampled data output (340 of
FIG. 3). By sampling the received input signal (300 of FIG. 3) during the
"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 ([err] 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 [err] has a 15
transimpedance of [err] (i.e., [err] =  [err] ). The background light
compensation circuit has an equivalent transconductance that is
approximately [err]  i.e., the inverse characteristic of [err] . This "dark
level compensator" linearly converts the voltage stored in SH1 to a
differential output current, [err],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 A3 should be disabled (by Reset
Disable signal) while the Peak Detector is being discharged. That is
necessary because it would otherwise have undetermined outputs 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    -7- begin the interpacket sampling operation described
above. That requires that 



RESET signal and Sampling signal operations be performed sequentially,
which will necessarily increase the required time to complete these
operations. In accordance with the invention, an analog multiplexer (i.e. 5
Selector S1 of FIG. 2) is used to isolate the Peak Detector from the input
Amplifier A, during the RESET/Sample operations, so that resetting of the
Peak Detector can proceed simultaneously with low-frequency sampling. This
allows a considerable reduction in the required total time. 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 [err] are
enabled, the Selector S1 selects the 15   Peak Detector output [err] , 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 [err] , and is routed through
the high-speed Selector S1 (an analog, unity gain 



20   multiplexer) back to the negative input of Amplifier [err] . 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 [err] is then further amplified by
output Amplifier A3 and appears 25 across outputs Q and [err]. 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 A3 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
[err] to the negative input of A, ; (c) the Peak Detector Capacitor [err]
discharge control circuitry is activated; and (d) the Dark 35   Level
Compensator circuit is disabled or turned off.   



-8- In the RESET mode, the Peak Detector Capacitor [err]  is discharged to
prepare the circuit for the next packet. At about the same time, a pulse
may be delivered to the Sample. and Hold circuit SH1. This activates the
Sample and Hold circuit SH1, which measures and stores the differential
output 5   of Amplifier A, at this time. Amplifier A, 's output voltage
during the interval between packets will be related to low-frequency
information as well as background light. This signal is delivered to the
Sample Buffer/Amp A4 to provide an external voltage (sampled outputs S and
[err] ) 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 [err] . This compensatory
differential current [err] 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., [err] of 190
in 



FIG. 2) using well-known techniques in the art for converting current input
Transimpedance Amplifier [err] into a voltage amplifier. One example of how
this could be implemented is shown in FIG. 2 using a voltage input source
[err] and 20  input impedance [err] connected to the positive input of
Amplifier A, and a reference voltage [err] connected through an input
impedance [err] to the negative input of Amplifier A, (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 [err], voltage Amplifier [err] , and output
Amplifier A3 . The Sampled output is generated by transimpedance Amplifier
[err] , Sample and Hold circuit SHIA and Buffer Amplifier [err]. 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 ([err] 



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    -9- of FIG. 3). It thus effectively cancels the
low-frequency signal (305 of 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. By 5   subtracting
compensation current [err] from the input to Amplifier [err] , we can
eliminate dark currents from the receiver. Optionally, compensation current
[err] (shown by dotted lines) can be used to eliminate dark currents at the
input to Amplifier [err] . 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 [err] , output Amplifier A3
, 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   in non-optical signals as well. 



Claims: 1.  A digital burst-mode packet data receiver (FIG. 2) for
simultaneously receiving a high-speed burst-mode packet data signal and a
lower frequency data signal, CHARACTERIZED IN THAT 5               first
means (PD) for detecting the high-speed burst-mode packet data, means for
resetting (RESET) the first means for detecting during a time period
between consecutive bursts of the high-speed packet data signal, and second
means (SHI) for detecting the lower frequency data signal 10  during a
predetermined portion of the time period between consecutive bursts of the
high-speed packet data without interference from said high-speed burst-mode
packet data signal. 2. The receiver of claim 1 CHARACTERZED  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 [err]  



selector means, responsive to a 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 5
peak amplitude signal stored by said peak 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 1 CHARACTERIZED IN THAT said second means for detecting includes 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 I 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 Re laced   



-12-            [err] first detector 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 generating a sample
data output signal of said data output signal in response to both an
inter-packet reset signal and a 5   sample control input signal; and
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 10                 b) connecting a precision
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 Re laced 



[err]    


