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1.  Introduction

The Agilent 71612C Error Performance Analyzer is the ideal solution for the
research, development and manufacturing test of Gbit lightwave and digital
components, devices and subsystems from 100Mb/s to 12.5Gb/s.

With this high performance serial pattern generator and error detector, you can
perform error analysis to verify the operation and quality of lightwave submarine
cable systems, SONET/SDH telecom and datacom transceivers, Gbit datacom
serial links, high-speed logic devices, and optical amplifiers and modulators.

The analyzer can be used to test 10.6 Gbit ethernet and forward error correction
(FEC) rates giving you a breadth of applications to help you thoroughly test and
characterize your devices for complete confidence in your product.
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2.  General

All specifications are valid after a 30-minute warm-up period.

Temperature range for specified operation:

100 MHz to 10 GHz, 5 to 40ºC.
10GHz to 12.3GHz, 5ºC to 35ºC
12.3GHz to 12.5GHz, 20ºC to 30ºC

Calibration Interval 2 years (recommended)
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3.  Test patterns

Prbs 231 – 1 Polynomial D31 + D28 + 1 = 0 (inverted)
223 – 1 Polynomial D23 + D18 + 1 = 0 (inverted)(ITU-T O.151)
215 – 1 Polynomial D15 + D14 + 1 = 0 (inverted)(ITU-T O.151)
210 – 1 Polynomial D10 + D7 + 1 = 0 (inverted)
27 – 1 Polynomial D7 + D6 + 1 = 0 (inverted)

Zero Substitution  and variable mark density

Test Patterns: 8192 bits based on 213-1 PRBS
2048 bits based on 211-1 PRBS
1024 bits based on 210-1 PRBS
128 bits based on 27-1 PRBS

Zero Substitution Zeros can be substituted for data to extend the longest run of zeros in the
above patterns. The longest run can be extended to the pattern length
-1. The bit following the substituted zeros is set to 1.

Variable Mark Density The ratio of ones to total bits in the above
patterns can be set to 1/8, 1/4, 1/2, 3/4, or 7/8.

User-programmable test patterns:

Variable length user patterns from 1 bit to
8388,608 bits (223).

Pattern Granularity

Pattern Length Alternate Pattern Length      Resolution

>4 Mbit >2 Mbit           256

>2 Mbit >1 Mbit           128

>1 Mbit >512 kbit             64

>512 kbit >256 kbit             32

>256 kbit  >128 kbit             16

>128 kbit >64 kbit               8

>64 kbit >32 kbit               4

>32 kbit >16 kbit               2

>32 kbit >16 kbit               1
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Alternate test pattern Switch between two equal length user programmable patterns, each up to
4,194,304 bits, under the control of a front panel key, GP-IB or the auxiliary
input port; changeover is synchronous with the end of a word. The length of
the alternating patterns should be a multiple of 256 bits. Two methods of
controlling pattern changeover are available, one-shot and alternate.

NOTE: The error detector is not affected by alternate pattern switching and
is set to pattern A when Alternate Pattern is selected. (See Auxiliary Input
page 8)

Internal Disk Drive The 70843C internal disk drive is used to store user data patterns. The disk
supports MSDOS format 1.44 Mbyte 3.5 in. disks only. The disk functions
supported are:

•  Pattern read
•  Pattern write
•  Disk format
•  Pattern delete

4.  Pattern Generator

Clock Input

Features: •  Set frequency - when used with standard modular clock source
•  Measure frequency
•  Set output level of clock source

Specifications:
Frequency range: 100 MHz to 12.5 GHz
Interface: 0.45 V to 0.90 V pp (<=10 GHz), dc coupled
0.63 V to 0.9 V pp (>10 GHz) dc coupled
Impedance: 50Ω nominal
Connector: SMA female connector

Data and Data (inverted) Outputs

Features •  Polarity - normal or inverted data.
•  Data high level adjust.
•  Data amplitude adjust.
•  External termination voltage 0/-2V or ac coupled.
•  External attenuator set 0 to 40 dB for 0V termination.
•  Clock/Data relative delay adjustment.
•  Output ON/OFF selection.
•  Vertical data-eye cross-over adjust.
•  Independent control of high level, amplitude and ON/OFF for DATA and
    DATA.
•  Output gating
•  Error add
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Specifications

Data outputs - main Interface: complementary dc coupled, reverse terminated.
Impedance: 50Ω nominal.
Format: NRZ, normal or inverted.
Amplitude: 0.5 to 2 V pp in 10 mV steps.
Transition times: (10% to 90%) < 30 ps (typical at 2 V pp).
Jitter: typically less than 20 ps pp; <15 ps pp at 10 Gb/s
Offset (range): +1.5 V to -3.0 V in 10 mV steps.
Clock/data delay: ±1 ns in 1 ps steps (100 MHz to 500 MHz) or 1 clock period
(500 MHz  to 12.5GHz).
Resolution: ±1 ps.
Connector: APC-3.5 male connector.
Terminations: 50Ω 0V, -2V or external ac coupled.
Error Add: Adds errors to the data:
Single: Adds single errors on demand.
Fixed: Fixed error ratios of 1 error in 10n bits, n = 3, 4, 5, 6, 7, 8, 9.
External input: Injects a single error in the transmitted test pattern on each
rising edge.

Clock outputs - main

Features •  Clock high level adjust.
•  Clock amplitude adjust.
•  External termination voltage 0/-2V or ac coupled.
•  External attenuator set 0 to 40 dB (0V termination only).
•  Independent control of high levels and amplitudes.

Specifications Frequency range: 100 MHz to 12.5 GHz.
Interface: Complementary, dc coupled, 50Ω, reverse terminated.
Amplitude: 0.3 to 2 V pp in 10 mV steps.
Range: +1.5 to -3.0 V in 10 mV steps.
Connector: APC-3.5 mm male connector.
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Subrate Clock & Data (inverted) Outputs

Four subrate Data outputs (parallel data out ports) and one
subrate Clock output are available. Subrate Data and Clock
are at 1/4 the main Data and Clock rate. Subrate data is
inverted relative to the main data output. When the main data
output is a pure PRBS pattern, each subrate data output is the
same PRBS pattern at 1/4 the main data rate; each subrate
output is delayed by one quarter of the PRBS sequence length
with respect to adjacent subrate outputs.

Features •  Data high-level adjust.
•  Data amplitude adjust.
•  Clock high-level adjust.
•  Clock amplitude adjust.
•  Set Clock and Data to ECL.
•  Set external termination voltage 0/-2V or ac coupled.

Specifications Frequency range: 1/4 of main clock rate.
Interface: dc coupled, 50Ω, reverse terminated.
Amplitude: 0.5 V to 1 V pp in 10 mV steps.
Range: 0 to -1.5 V in 10 mV steps.
Connector: SMA female connector.

Trigger Output Provides an electrical trigger synchronous with the pattern for
use with an oscilloscope or other test equipment. It operates in
two modes, pattern trigger and divided clock trigger.

Pattern trigger mode For PRBS patterns; 231-1, 223-1, 215-1, 210-1, 27-1, the pulse is
synchronized with a user specified trigger pattern. The petition
rate is 1 pulse for every 32 pattern repetitions.

Alternate pattern trigger mode

Trigger pulse at bit 0 of the selected pattern.

For all other patterns, the trigger pulse is synchronized  to a
user-definable bit in the pattern. The repetition rate is a
function of the pattern length; the rate is the lowest common
multiple of 256 and the length, for example:

Pattern length = 32767 => 1 pulse/256  pattern repetitions
Pattern length = 32768 => 1 pulse/pattern repetition
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Divided Clock Mode: In divided clock mode the trigger is a square wave at the clock rate divided
by 32 or 8.

Trigger output interface Pulse width: 32 bits
Pulse amplitude: Output terminated 50Ω to 0V; High: 0V nominal;
Low: -0.4 V nominal
Impedance: 50Ω nominal
Interface: dc coupled
Connector: SMA female connector

Auxiliary Input This port can be used to control user programmable alternate test patterns
or inhibit data output (force the output data to a fixed low level).

When Alternate Pattern Mode is selected the instrument will output one of
two patterns (A or B). The auxiliary input controls which pattern is output in
one of two modes. In both modes, switching between patterns is at the end
of a pattern and is hitless (error free).

Mode 1: Oneshot - a rising edge on the auxiliary input inserts a single
version of B pattern into repetitions of pattern A.

Mode 2: Alternate - The logic state of the signal at the auxiliary input
determines which pattern is output. A logic ‘0’ will output pattern A.

The auxiliary input may also be used to inhibit the data output signal. If
Alternate Pattern mode is not selected, an active (TTL low) signal at the
auxiliary input port forces (gates) the data to a logic zero at the next 32-bit
boundary in the pattern. Connecting an external termination to the auxiliary
input will pull it low and disable the data output.

Auxiliary Input interface Interface: dc coupled
Levels: TTL levels (active low)
Connector: BNC female connector

External Error Inject Input The external ERROR INJECT INPUT adds a single error to the data output for
each rising edge at the input.

Interface
Levels: TTL compatible (active low)
Connector: BNC female connector
Minimum pulse width: 100 ns
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5.  Error Detector

Clock Input (error detector)

Features •  Switchable termination voltage 0V or -2V.
•  Input frequency measurement.

Specifications

Frequency Range: 100 MHz to 12.5 GHz.
Amplitude: 450 to 900 mV pp.
Range: +1.5V to -4V.
Interface: dc coupled.
Impedance: 50Ω.
Input termination: switchable 0V or -2V.
Sensitivity: <100 mV pp (typical at 10 Gb/s).
Connector: APC-3.5 mm female connector.

Data Input

Features •  Data polarity - normal or inverted data.
•  Auto or manual slicing.
•  Set manual slicing level.
•  Termination voltage - 0/-2V.
•  Measure auto slicing voltage.
•  Clock/Data delay adjust.
•  Clock/Data auto-alignment.
•  0/1 decision threshold auto-alignment.

Specifications
Impedance: 50Ω to 0V or -2V, dc coupled.
Format: NRZ.
Amplitude: 0.5 to 1 V pp.
Sensitivity: <50 mV pp (typical for 2 23-1 PRBS input at 10 Gb/s 0V high
level).
<100mv pp (typical for 2 23-1 PRBS input at 12.5 Gb/s 0V high level).
Decision threshold range: +1V to -3V in 1 mV steps.
Range: +1.5V to -4V.
Data input range: +1.5V to -4V.
Clock/Data phase alignment: ±1 ns in 1 ps steps (100 MHz to 3 GHz) or 1
clock period (3 to 12.5 GHz) in 1 ps steps.
Connector: APC-3.5 mm male connector.
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Error Detector Pattern Trigger Output:

Provides an electrical trigger synchronous with the selected error detector
reference pattern.

Features •  Pattern or divided clock trigger modes.

In pattern mode the pulse is synchronized to repetitions of the output
pattern.
For PRBS patterns 231-1, 223-1, 215-1, 210-1, 27-1 the repetition rate is 1 pulse/
32 pattern repetitions.  For all  other patterns the repetition rate is a function
of the pattern length. The pulse occurs at that lowest common multiple of
256 and the length, for  example:

Pattern length = 32767 => 1 pulse/256 pattern repetitions
Pattern length = 32768 => 1 pulse/pattern repetition

In Divided Clock Mode the trigger is a square wave at the clock rate/8.

Specifications Interface: dc coupled.
Impedance: 50Ω nominal.
Connector: SMA female connector.
Amplitude: High: 0V nominal; Low: -0.4 V nominal.

Errors Output This provides an electrical signal to indicate received errors. The output is
the logical ‘OR’ of errors in a 32-bit segment of the data.

Features •  Pulse length switchable - RZ or stretched.

Interface Format: RZ, active high.
Interface: dc coupled.
Impedance: 50Ω nominal.
Amplitude: High: 0V nominal; Low: -0.4 V nominal.
Pulse Width: For 1-bit error: 16 clock periods nominal or 200 ns.
Connector: BNC female connector.

Gating Input The Gating Input is used to enable the error counters including during burst
gating mode. In both these cases the error counters will always be enabled
for  a multiple of 32 pattern bits. When the clock and data inputs of the Error
Detector are continuous, the Gating Input alone provides sufficient control
of the bit error counting functions. When  the data input is not continuous
this input should be used together with Burst Gating mode.

Interface Levels: TTL levels.
Pulse Width: 10 µs at 100 MHz; 1 µs at 10 GHz.
Connector: BNC female connector.
Connecting an external termination to the gating input will pull it low and
disable the instrument error counters. Gating resumes when the Gating
Input returns high.
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Automatic Clock-to-Data Alignment

An important feature of the 70843C error detector is the ability to
automatically align the clock and data inputs such that the error detector
samples in the middle of the eye (in the time axis). This reduces setting-up
time as it automatically compensates for delays in the clock/data paths.

The delay point in the eye at which the error detector samples can also be
set manually.

In order for the system to align the clock with the data (at the error detector
input) it must find the edges of the data input eye. The eye edge is defined
as a data input delay point where the Bit Error Ratio (BER) measured over a
decisecond interval is less than or equal to a pre-defined threshold, and
another adjacent point which is greater than the threshold. The Eye Edge
Threshold can be set by the user to any value between 10-1 and 10-7 either
via the  softkey or remotely.

Eye Width Each time a successful clock-to-data alignment procedure is performed the
eye width is calculated, and displayed.

Automatic 0/1 Threshold Center

The 0/1 threshold center operation is used to set the 0/1 threshold midway
between two points, top and bottom of the eye where the bit error ratio is
equal to a selectable threshold.

Eye Height The eye height is calculated and displayed.

Data Input 0/1 Threshold There are three methods of determining the 0/1 Threshold of input signals
at the error detector data input; they are Manual, Automatic Track and
Automatic Center.

Manual: 0/1 threshold can be set manually.
Range: +1 to -3V nominal
Resolution: 1 mV nominal

Automatic Track Tracks the mean dc level of the input signal. The 0/1 threshold calculated is
displayed.

Automatic Center The error detector sets the 0/1 threshold midway between two points, the
top and bottom of the eye, where the bit error ratio is equal to a selectable
threshold. The eye height is calculated and displayed.
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Measurements The error detector counts bit errors by comparing data bit-by-bit with the
internally- generated reference pattern. All measurements run during the
selected gating period with the exception of Delta Error Count and Delta
Error Ratio. These measurements run continuously to enable user
adjustments for minimizing errors. The measurements are as follows:

•  Bit Count
•  Error Count
•  Delta Error Count
•  Error ratio
•  Delta Error Ratio
•  0 - >1 Error Count
•  0 - >1 Error Ratio
•  1 - >0 Error Count
•  1 - >0 Error Ratio
•  Errored Intervals - intervals seconds, deciseconds, centiseconds,
    milliseconds
•  Error-free Intervals - intervals seconds, deciseconds, centiseconds,
    milliseconds
•  Sync Loss Seconds
•  Power Loss Seconds
•  G.821 Error Analysis

The Bit Count result is provided in particular for use whenever the detector’s
Gating Input is being used to enable the bit error counters both in Normal
and Burst Gating modes. Whenever the Gating Input is switching the
measurement period is not continuous and hence the number of measured
bits will no longer be equal to the elapsed gating time multiplied by the error
detector clock frequency. The bit count allows the user to confirm the
proportion of the measurement gating period for which the Gating Input
enabled the clock and bit error counters.

Error Analysis The Error Analysis is based on CCITT Rec G.821 and is derived from the bit
error results.

•  % Unavailability
•  % Availability
•  % Errored Seconds
•  % Severely Errored Seconds
•  Degraded Minutes

Power-loss Seconds This is displayed as the number of seconds the error detector is not able to
make measurements during a gating period due to ac power loss. The gating
continues to the end of the selected period following a restoration of power.

Sync-loss Seconds Displays the number of seconds the error detector lost pattern
synchronization during a gating period.

Frequency Measurement The incoming clock frequency is measured and displayed to five significant
digits.
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Error Location Analysis( Option UHJ)

Error location is available only for RAM-based patterns (custom patterns,
and also the zero substitution and variable mark density patterns available
from the pattern menu). It has three forms:

•  Bit BER
•  Error location capture
•  Block BER

Bit BER Bit BER measurements are measurements made on a specific bit in a
RAM-based pattern. The specific bit is  specified by an address. This
measurement aids in identifying systematic errors causing a specific bit to
change value.

Measurements • Bit BER - BER of a specified single bit
• Bit error count - error count of the specified single bit
• Delta bit BER
• Delta bit error count

Bit BER and Bit error count are affected by gating like normal BER. Delta bit
BER and delta bit error count run continuously like normal delta BER.

Error location capture Error location capture allows the capture of the actual position of errored
bits in a RAM based pattern.  To initiate a measurement select  then . The
instrument searches for the first bit errored bit in the pattern. After an error
is located the instrument displays the errored bit in inverse video together
with  the 28 bits before the error and 3 bits after the error.

Block BER Block BER measures the BER of a range of bits in the pattern. It replaces
normal BER measurements. Ranges of bits must be a multiple of 32 bits with
the block specified by a start location and block length.

In general bit or block BER is not measured on every repetition of the
pattern. The number of repetitions depends on the pattern length.
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Pattern Length/Number of Repetitions for Bit/Block BER

Pattern length  Number of repetitions

Odd  256

Multiple of 2  128

Multiple of 4    64

Multiple of 8    32

Multiple of 16    16

Multiple of 32      8

Multiple of 64      4

Multiple of 128      2

Multiple of 256      1

Measurement Period Features

•  Length: The length of the measurement period can be set as a time period
number of bits or number of errors.

•  Timed Measurement Period: Can be set from 1 second to 99 days, 23
hours, 59 minutes 59 seconds in 1 second steps.

•  Number of Bits: The time for the number of bits to be received to a
resolution of 1 second. Can be set for 10n bits, n = 7 to 15.

•  Number of Errors: Time for number of errors to be detected to a resolution
of 1 second. Can be set for 10, 100 or 1000 errors.

•  Real-time Clock: Provides time and date information for event logging.
Battery back-up allows clock to continue running when the instrument is
switched off or power fails.

•  Elapsed Time Indication: Shows elapsed time from the start of a gating
period; resets to zero at the start of each gating period; holds value when
measurement stopped.
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Gating modes There are three gating (measurement timing) modes: Manual, Timed Single
and Timed Repeat. Manual: Accumulating results are displayed throughout
the measurement and the end of measurement results are held until a new
gating period is started. Single: Accumulating results are displayed
throughout the gating period and the end of gating results are held until a
new gating period is started. Repeat: Similar to Single but when one timed
gating period ends, a new identical period starts.  The measurement results
displayed during any period can be the final results of the previous period or
the accumulating results for the current period. There is no “deadtime”
between consecutive periods. The gating period excludes any periods when
the instrument is not powered.

Gating Period Definition •  Time - 1 second to 99 days, 23 hours, 59 minutes, 59 seconds.
•  Errors - 10, 100 or 1000.
•  Bits - 107 to 1015 bits.

Burst gating Burst gating is always used together with the error detector GATING INPUT
and is available only when PRBS patterns 231-1, 223-1, 215-1, 210-1 and 27-1are
selected.  A further requirement of this mode of operation is that a
continuous clock signal is provided at the Error Detector’s clock input. When
a burst clock is recovered from the data input during the measurements,
then an external switch should be deployed to switch between the
recovered clock burst and a continuous clock (e.g. from the Pattern
Generator) when the burst is not present.

Pattern Synchronization Synchronization to the incoming pattern can be performed automatically or
manually.

The criteria for gaining or losing synchronization is the error ratio in a 1 ms
interval. Selectable error-ratio thresholds of 10-1 to 10-8 are provided.

Synchronization Times
•  PRBS patterns - <0.2s
•  STM64 frame at 10 GHz - <2.8s
•  <10 kbit pattern, >1 GHz - <1s

Logging to External Printer

Functions •  Log on demand.
•  Logging on/off.
•  Log on error, end of gating period, error rate>threshold, alarms.
•  Set logging threshold.
•  Select GP-IB controller capability.
•  Select GP-IB printer (HP DeskJet supported).
•  Squelch on/off.
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