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The OIF is an international non-profit organization with over 90 member companies, 
including the world’s leading carriers and vendors. Being an industry group uniting 
representatives of the data and optical worlds, OIF’s purpose is to accelerate the deployment 
of interoperable, cost-effective and robust optical internetworks and their associated 
technologies. Optical internetworks are data networks composed of routers and data switches 
interconnected by optical networking elements. 

With the goal of promoting worldwide compatibility of optical internetworking products, the 
OIF actively supports and extends the work of national and international standards bodies.  
Working relationships or formal liaisons have been established with IEEE 802.1, IEEE 802.3ba, 
IETF, IP-MPLS Forum, IPv6 Forum, ITU-T SG13, ITU-T SG15, MEF, ATIS-OPTXS, ATIS-
TMOC, TMF and the XFP MSA Group. 

For additional information contact: 
The Optical Internetworking Forum, 48377 Fremont Blvd., 

Suite 117, Fremont, CA 94538 

510-492-4040, info@oiforum.com  

www.oiforum.com 
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Notice: This Technical Document has been created by the Optical Internetworking Forum (OIF).  This document is 

offered to the OIF Membership solely as a basis for agreement and is not a binding proposal on the companies listed as 
resources above. The OIF reserves the rights to at any time to add, amend, or withdraw statements contained herein. 
Nothing in this document is in any way binding on the OIF or any of its members. 

The user's attention is called to the possibility that implementation of the OIF implementation agreement contained herein 
may require the use of inventions covered by the patent rights held by third parties. By publication of this OIF 
implementation agreement, the OIF makes no representation or warranty whatsoever, whether expressed or implied, that 
implementation of the specification will not infringe any third party rights, nor does the OIF make any representation or 
warranty whatsoever, whether expressed or implied, with respect to any claim that has been or may be asserted by any 
third party, the validity of any patent rights related to any such claim, or the extent to which a license to use any such 
rights may or may not be available or the terms hereof. 

© 2016 Optical Internetworking Forum 

This document and translations of it may be copied and furnished to others, and derivative works that comment on or 
otherwise explain it or assist in its implementation may be prepared, copied, published and distributed, in whole or in 
part, without restriction other than the following, (1) the above copyright notice and this paragraph must be included on 
all such copies and derivative works, and (2) this document itself may not be modified in any way, such as by removing 
the copyright notice or references to the OIF, except as needed for the purpose of developing OIF Implementation 
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By downloading, copying, or using this document in any manner, the user consents to the terms and conditions of this 
notice.  Unless the terms and conditions of this notice are breached by the user, the limited permissions granted above are 
perpetual and will not be revoked by the OIF or its successors or assigns. 

This document and the information contained herein is provided on an “AS IS” basis and THE OIF DISCLAIMS ALL 
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTY THAT THE USE OF 
THE INFORMATION HEREIN WILL NOT INFRINGE ANY RIGHTS OR ANY IMPLIED WARRANTIES OF 
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 Introduction 

Faceplate density of optical IO is a key metric for routing, switching and 
line-side transport applications.  The industry experience is that this faceplate 
density is maximized when high power electronics are removed from optical 
modules [e.g. CFP → CFP2 → CFP4 → QSFP28 for 100GbE client modules.]   

Faceplate density improvements can be realized for line-side optical 
transport by placing coherent DSP engines on the Host board and the E-to-O 
conversion functions within a module of chosen form factor.  This density 
improvement can also be potentially realized using an on-board optic (OBO).  
This architecture for line cards, that broadly separates optical and electronic DSP 
functions, offers the following additional benefits:    

 Margin stacking of the coherent DSP engine in the supply chain is 
removed.  

 Coherent DSP engine development is decoupled from the electro-optics 
development, which is beneficial since they have different supply chains 
and development cadences.  This decoupling also enables specialization 
within the supply chain and reduces duplication of development efforts. 

 Optimal cooling of the optical and electronic DSP functions is possible, 
enabling higher performance line-side applications.  Shared heat sinking 
between low temperature optics and high temperature electronics is 
avoided and there is no inefficient “box”-in-“box” thermal stacking: 

o A Host board coherent DSP engine can have a permanently 
attached full slot height heat sink with excellent thermal interface 
conductivity.  The DSP engine can operate with high junction 
temperatures.  

o A faceplate pluggable module has limited space available for a 
riding heat sink and the interface thermal conductivity is limited by 
both the maximum spring force that can be applied to the module 
and the module surface roughness.  A pluggable module is best 
suited to relatively low power E-to-O conversion functionality.  

 The dominant coherent modem Bill of Material (BOM) cost along with the 
main contributors to reliability FITs (Failures in Time) become hot- 
pluggable with the use of a COM-ACO compliant module.  This addresses 
the problem of the modem first-in install cost in multi-port line cards.  It 
also allows the selection of the best-fit COM-ACO module for each system 
application at the time of deployment (price/performance/power/etc.) 

A host with DSP and a module each compliant to the Common ACO (COM-
ACO) Electrical I/O Implementation Agreement may be known as a COM-ACO 
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host and COM-ACO module, respectively. A COM-ACO module can contain all 
the required functions to perform bi-directional dual polarization coherent 
optical signaling over a pair of single mode optical fibers.  Support of multi-
carrier applications is an implementation choice by making use of more than one 
Common ACO electrical I/O. 

 COM-ACO Module Functions 

In this Section an overview is provided on the functions contained within the 
COM-ACO module to provide E-to-O and O-to-E conversions for dual 
polarization (DP) coherent optical signaling.  The high-level block diagram for 
the COM-ACO module is given in Figure 1. The diagram shows the possibility of 
having multiple channel support in a COM-ACO module. For specification 
definition purposes, the following sections will focus on signal channel COM-
ACO, in which 4 high-speed diff pairs will be presented on both transmit and 
receive sides. Class 2 specification for CFP2-ACO in Ref. [1] is used as the 
baseline for the COM-ACO definitions. 

 

Figure 1 COM-ACO Module High Level Block Diagram 

4.1 Laser Sources (Tx and Rx LO) 

The COM-ACO module may contain a single laser source whose optical 
power is shared between the transmit signal and LO functions, or it may contain 
multiple laser sources if multiple channels are supported. The laser source(s) 
may be integrated with other electro-optics such as the PMQ modulator [2] or the 
ICR [3], or be stand-alone components such as might be derived from the Ref. [4, 

5] ITLA.  The number of channels supported in a single COM-ACO module will 
depend on the technology available to the manufacturer along with design trade-
offs such as module form factor, module power dissipation or the physical space 
available. 
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The laser source(s) will require a narrow optical linewidth that is consistent 
with operation of coherent optical systems. Lorentzian components of the laser 
source(s) are expected to be below 500 kHz linewidth.   

The channelization of the laser sources is expected to vary by application, 
with the most demanding applications requiring compatibility with arbitrary 
wavelength channel grids having a 6.25 GHz channel spacing.   

4.2 Integrated Polarization Multiplexed Quadrature Mach-Zehnder 
Modulator (PMQ Modulator) 

The PMQ modulator impresses the optical phase modulation onto the Tx 
CW source output. Electrical drive signals are provided from four modulator RF 
drivers and may be differential or single-ended, depending on the material 
and/or design of the optical modulators.  

The modulator comprises X and Y polarization paths which are orthogonally 
polarization multiplexed prior to coupling into the single mode fiber output. 
Power in the two polarization paths may be balanced by the action of variable 
optical attenuator (VOA) or semiconductor amplifier (SOA) functions. Prior to 
launch into the output fiber the total power shall be controlled by a shutter, 
variable optical attenuator (VOA), or optical amplifier (SOA or EDFA) using 
associated tap monitoring photodiodes.   

The individual Mach-Zehnder (MZ) modulator elements have electrodes 
that allow the phase imbalance between their arms to be adjusted to maintain 
optimum system performance over life, wavelength and temperature.  Control is 
facilitated using various in-line and complimentary optical tap monitoring 
points.  It is expected that all control for bias and imbalance of the MZ elements 
will be controlled by the module itself, or via the management interface. 

4.3 Intradyne Coherent Receiver (ICR) 

The ICR function may be a stand-alone function within the COM-ACO 
module or it may be physically integrated with other functions such as a PMQ 

modulator.  The Ref. [3] ICR ICR is an example implementation for this 
function. The Rx optical input signal may be monitored and controlled by optical 
photodiode tap and VOA functions before or after the polarization de-
multiplexing occurs within the ICR. 

The ICR function shall provide Rx optical input polarization de-
multiplexing, LO splitting, and 90-degree mixer hybrids feeding eight 
photodiodes in 4 balanced pairs.  Four differential transimpedance amplifiers 
(TIAs) shall amplify the received X and Y polarization quadrature signals 
(XI,XQ,YI,YQ) and AC couple them to the COM-ACO module connector Rx 
differential signal pairs for return to the Host. 
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The TIAs in the ICR function enable multiple signal monitors and control 
methods.  The most notable TIA control choice is between an automatic or 
manual gain control operating mode (AGC or MGC).  The TIAs may also 
facilitate a bandwidth equalization function and provide various input signal 
strength and/or output level monitors. 

In the AGC operating mode there is RF output level adjust control available 
on the management interface and in the MGC operating mode an external signal 
is used to control the gain of each differential amplifier. The MGC external gain 
control can be provided via management interface registers.  

4.4 MZ Modulator RF Drivers 

The MZ modulator RF drivers amplify the signals from the Host that are 
delivered across the module transmit-side connector interface. They drive the 
optical MZ modulators at a chosen fraction of 2×Vpi, dependent on the COM-
ACO module operating modulation format.  

RF drivers are likely to be one of the more highly power dissipative 
components within the COM-ACO module, so they require appropriate 
heatsinking for long-term operation.  

The RF drivers may be controlled from the management interface registers 
and/or their output drive level may be actively controlled. To assist with 
accurate drive level control the driver function may include output side RF 
detectors which return mean or peak signal levels.  

RF drivers shall provide a linear drive transfer characteristic in order to 
deliver the COM-ACO modules operating at linear regimes.  

4.5 Monitoring and Control 

Monitoring and control are key parts of the functionality in the COM-ACO 
module.  The electronics within the module must process the various monitoring 
signals and make them available over the management interface. Requirements 
for the monitoring and control functions include the following: 

 Maintain stable total output power. 

 Adjust output power to match the use situation. 

 Shutter Tx output power during tuning and set up operations. 

 Monitor or adjust modulation depth to suit modulation type. 

 Maintain modulator imbalance and bias point over time, temperature 
and wavelength. 

 Control receiver optical signal level. 
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 Adjust receiver output voltage swing. 

 Indicate received signal strength 

 Alarm on LOS 

Optional monitoring and control functions include the following: 

 Balance X and Y polarization optical powers. 

 Adjust receiver bandwidth or peaking function for separate 45Gbaud 
and 64Gbaud implementations. 

 Tx to Rx loopback for calibration and debugging purposes 

 COM-ACO Tx and Rx RF Electrical Interfaces 

5.1 Introduction 

The Tx and Rx RF interfaces on the ACO connector are AC-coupled. RF 
signals must be carried differentially across the COM-ACO connector interface to 
achieve acceptable levels of crosstalk. The Host is therefore agnostic to the PMQ 
modulator RF drive design (differential or series push-pull).  The COM-ACO RF 
electrical interface requirements do not limit modulator technology choices.  

5.2 Tx and Rx Electrical Interface Specification Compliance Points 

Reference test fixtures, called “Compliance Boards,” are used to access the 
electrical specification parameters.  The interface specification compliance points 
are identified in Figure 2 are defined as per Ref [6] OIF-CEI-03.1 Section 13.3.1,  

“The output of the Host Compliance Board (HCB1) provides access to the 
host-to-module electrical signal (host electrical output) defined at TP1a. 
Additional module electrical input specifications, for host-to-module 
communication, are defined at TP1, the input of the Module Compliance 
Board (MCB2).  The output of the Module Compliance Board (MCB) provides 
access to the module to host electrical signal (module electrical output) 
defined at TP4. Additional host electrical input specifications, for module-to-
host communication, are defined at TP4a, the input of the Host Compliance 
Board (HCB).”  

                                            
1 HCB: Host Compliance Board (represents Module side, tests Host compliance) 
2 MCB: Module Compliance Board (represents Host side, tests Module compliance) 
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Figure 2:  Tx and Rx Electrical Interface Compliance Points.  The Provided HCB and MCB 
Implementation Pictures are Informative Examples Only.   

5.3 Compliance Board Suppliers and Example Part Numbers   

TBD  

5.4 Compliance Board S Parameter Requirements 

Use of compliance boards for testing is assumed for the electrical interface 
specifications given in Section 5.5.  

The mated compliance boards used to measure the COM-ACO compliant 
Module and Host should conform to the S parameter requirements of Annex B 
(Section 8), with the individual reference MCB and HCB compliance board PCB 
traces in the mated pair conforming to the differential insertion loss equations 
provided by Annex A (Section 7).   

If compliance boards do not meet the specified S-parameters in Annex A then 
test results shall be corrected for the difference. The mated MCB-HCB 
compliance boards S-parameters provided in Annex B are defined between the 
reference planes of the RF coax connectors.     
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5.5 RF Electrical Interface Specifications 

5.5.1 Tx RF Interface Specifications 

The Tx RF interface electrical specifications for 45Gbaud and 64Gbaud COM-
ACO with a Module controlled PMQ transmitter are given in Table 2.   

ID Parameter Conditions 
Test 
Point 

Min Max Units 

TE.010 
Differential 
Voltage 
from Host  

Differential output voltage from Host measured at the TP1a compliance 
point and at 1.0GHz3. The voltage must include the effects of equalization 
required to compensate the Host and the module portion of the TE030 
channel. Compensation is defined as the wave shaping required to obtain 
the desired system performance when carrying traffic.  
It is assumed the COM-ACO module will also support sufficient phase 
modulation to achieve the Host defined module performance (optical 
power, linearity, power dissipation, etc.). 

TP1a 200 450 mVppd 

TE.020 

Tx 
Modulator 
Driver 
Linearity 

Parameter is not measurable at the module level. It is evaluated in a test 
fixture representative of the application environment and at output voltage 
levels representative of in service operating conditions.  Test frequencies 
are 2GHz, 5GHz, and 10GHz. THD = sqrt(V2^2 + V3^2 + … + Vinf^2)/V1.  

NA  5 % THD 

TE.030 
Tx EO S21 
Magnitude 
Mask 

Normalized Tx EO MAG(S21) compliance mask measured from TP1 to 
Tx Out. Inner MZ modulator operating at quadrature and under small 
signal conditions (i.e. RF drive < 0.3Vπ).  MAG(S21) is normalized to 
1GHz.    

TP1 

Normalized OE 
MAG(S21) Mask: 

in Figure 3 for 
45Gbaud and 
Figure 4 for 
64Gbaud 

dBe 

TE.040 

Tx EO 
Group 
Delay 
Variation   

Group Delay Variation Magnitude from 1GHz to 0.5*Baud Rate GHz with 
1GHz span smoothing. TP1 to Tx Out. 

TP1 0 

20ps: 
45Gbaud; 

15ps: 
64Gbaud 

ps 

TE.050 
Electrical 
Return 
Loss 

Electrical Return Loss at the TP1a and TP1 compliance points. This is a 
differential specification.   
1MHz < f < 0.5*Baud Rate GHz 
0.5*Baud Rate GHz < f < 0.75*Baud Rate GHz 
0.75*Baud Rate  GHz < f < Baud Rate GHz 

TP1a 
TP1 

 
 

10 
8 
6 

 

 
 

dBe 
dBe 
dBe 

TE.060 
Low corner 
cutoff 
frequency 

-3dBe low corner cutoff frequency. AC coupled. 
TP1 to Tx Out. S21 is normalized at 1GHz. 

 
TP1 

 
 

1000 
 

kHz 

TE.070 
IQ Timing 
Skew 

Time difference4 up to 0.5*Baud Rate GHz of the Q channel relative to 
the I channel within a polarization.  The time for a channel is defined as 
the mean of P and N. Includes TE090.  TP1 to Tx Out.5 

 
TP1 

 
-5 

 
+5 

 
ps 

TE.080 
XY Timing 
Skew 

Time difference4 up to 0.5*Baud Rate GHz of the Y polarization relative to 
the X polarization, defined as (XI+XQ)/2 - (YI+YQ)/2, where the time for 
an individual I or Q channel is the mean of P and N. Includes TE090. TP1 
to Tx Out.5 

 
TP1 

 
-8 

 
+8 

 
ps 

TE.090 
Skew 
Variation 

Temporal variation up to 0.5*Baud Rate GHz among any two channels 
due to module temperature, wavelength, amplifier gain, and aging4. TP1 
to Tx Out. Time for channel defined as mean of P and N.6 

 
TP1 

 
-1 

 
1 

 
ps 

                                            
3 A square wave data pattern that is as close to 1.0 GHz as can be achieved at the operating symbol rate is 

acceptable, e.g., 16 ones and 16 zeros at 32 GBaud NRZ. The amplitude is defined as the difference 
between the two primary peaks in a vertical histogram that encompasses a full cycle of the 1.0 GHz 
waveform. The transmitter must be otherwise in a mode that includes all skew, de-emphasis, spectral 
shaping, and other operational settings and functions.   
4 Time can be calculated using the Electrical Delay (ED) method outlined in TxC305 in Ref. [1]. <Deviation 

from linear phase (DLP) is obtained by removing the electrical delay (ED) in seconds from the unwrapped 

phase  𝐸𝐷 = −𝐴𝑉𝐺 (
1

360

𝜕∅

𝜕𝑓
) for 1GHz < f < 16GHz, and then DLP is given by DLP =  + *f * ED.  The 

DLP specification frequency range is 1MHz-20GHz. TP1 to Tx Out.> 
5 A wider range is allowed if calibration data is stored in the module. 
6 Specified values do not include any measurement inaccuracy, which itself might be as large as +/-1 ps in 

practical measurements. 
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TE.100 
PN Intrapair 
Timing 
Skew 

Informative: Time difference4 up to 0.5*Baud Rate GHz between any P 
and N pair over the module operating temperature and life. TP1 to RF 
driver input. Applies only to modules using RF drivers with a differential 
input stage. 

 
TP1 

 
 

 
1 

 
ps 

Table 2: 45Gbaud and 64Gbaud COM-ACO Module Tx RF Interface Electrical Specifications 

 

Figure 3:  Normalized Tx OE CG MAG(S21) Compliance Mask for 45Gbaud ACO. 

 

Figure 4:  Normalized Tx OE CG MAG(S21) Compliance Mask for 64Gbaud ACO. 



 
IA # OIF-COM-ACO-1.0 

IA for Common Analog Coherent Optics (ACO) 
Electrical I/O 
 

 
www.oiforum.com  16 

5.5.2 Rx RF Interface Electrical Specifications 

The Rx RF interface electrical specifications for 45Gbaud and 64Gbaud COM-
ACO module are given in Table 3.   

Table 3 makes use of the following related parameter definitions:  𝐶𝐺 is the 

Rx OE Conversion Gain for a channel expressed in 
𝑉

√𝑊
 , 𝑉𝑂𝑈𝑇(𝑡) is the differential 

electrical output AC signal for a channel from the COM-ACO receiver, √𝑃𝑆𝐼𝐺  is 

the mean power of the COM-ACO input optical signal that beats with the LO, 

and cos(𝜃(𝑡)) is the received channel phase modulated AC signal.   The 

parameters are related for a channel by the following: 

𝑉𝑂𝑈𝑇(𝑡) = 𝐶𝐺 ∙ √𝑃𝑆𝐼𝐺 ∙ cos(𝜃(𝑡)). 

In Table 3 CGmin and CGmax are the minimum and maximum OE 
Conversion Gains for an Rx channel in the COM-ACO, agreed between the 
vendor and user.   For a given CGmin and CGmax there is a corresponding range 
of values for the TIA GC voltage used in specifications RE.080-RE.100. 

ID Parameter Conditions Test 
Point 

Min Max Units 

RE.010 
Differential Output 
Voltage Range 
(VOUT) 

Differential output voltage (VOUT) dynamic range at the TP4 
compliance point and at 1GHz with the Rx electrical output not 
in shutdown.  The necessary Rx In power will be provided for 
the agreed upon CGmin and CGmax.  The dynamic range is 
controlled by the Host, which for CFP MIS is register BB8C 
(MGC) or register BBCC (AGC). 

TP4 300 700 mVppd 

RE.020 

Rx Channel 
Output Total 
Harmonic 
Distortion (THD) 

Rx channel output total harmonic distortion (THD ) = sqrt(V2^2 
+ V3^2 + … + Vinf^2) / V1. Measured from Rx In to the TP4 
compliance point and at 1GHz over the full range of differential 
output voltage VOUT in RE.010:  
VOUT < 400 mVppd 
400mVppd < VOUT < 1000 mVppd 

TP4  

 
 
 
 

2.5 
4 

 
 
 
 

% 
% 

RE.030 
Rx OE CG S21 
Magnitude Mask 

Compliance mask for the normalized Rx OE Conversion Gain 
MAG(S21) response, measured from Rx In to TP4, over the 
CG range CGmin < CG < CGmax.  CG MAG(S21) is 
normalized to 1GHz. 

TP4 

Normalized OE 
MAG(S21) Mask: 

in Figure 

5Figure 3 

for 45Gbaud and 
Figure 6 for 
64Gbaud 

dBe 

RE.040 

Rx OE CG S21 
Magnitude 
Response, 
Variation over CG  

Allowed variation in the CG MAG(S21) response determined in 
RE.030, relative to the midpoint CG response, over the CG 
range CGmin < CG < CGmax:  
f < 0.5*Baud Rate GHz 
0.5*Baud Rate < f < 0.6*Baud Rate GHz 

TP4 

 
 
 

-1.5 
-3.0 

 
 
 

+1.5 
+3.0 

 
 
 

dBe 
dBe 

RE.050 
OE S21 Deviation 
from Linear Phase 

Deviation from linear phase (DLP) is obtained by removing the 

electrical delay (ED) in seconds from the unwrapped phase  

𝐸𝐷 = −𝐴𝑉𝐺 (
1

360

𝜕∅

𝜕𝑓
)for 1GHz <  f  < 0.5*Baud Rate GHz, 

and then DLP is given by DLP =  + 360 * f * ED.  The DLP 
specification applies over the CG range CGmin < CG < 
CGmax, and for the frequency range from 0-20GHz. This 
parameter is acknowledged to be difficult to measure at the 
module level. ICR only verification testing acceptable. 

TP4 -40 40 Degrees 
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RE.060 

 
Differential 
Electrical 
Return Loss 

Differential electrical return loss at the TP4 and TP4a 
compliance points: 
100kHz < f < 0.5*Baud Rate GHz 
0.5*Baud Rate GHz < f < 0.75*Baud Rate GHz 
0.75*Baud Rate  GHz < f < Baud Rate GHz 

TP4 
TP4a 

 
 

10 
8 
6 
 

 

 
dBe 
dBe 
dBe 

RE.070 
Low corner cutoff 
frequency 

3dB low corner cutoff frequency. AC coupled. Rx In to TP4. 
CG MAG(S21) is normalized to 1GHz. 

TP4 10 1000 kHz 

RE.080 IQ Timing Skew 

Time difference of the Q channel relative to the I channel 
within a polarization7.  Rx In to TP4. The time for a channel is 
defined as the mean of P and N. Applies for TIA GC_I = TIA 
GC_Q, over the TIA GC range, and at start of life and room 
temperature. The time difference could be extracted from the 
Beat Frequency skew measurement method8.  

TP4 -3 +3 ps 

RE.090 XY Timing Skew 

Time difference of the Y polarization relative to the X 
polarization7. Rx In to TP4. The time for a polarization is 
defined as (XI+XQ)/2 - (YI+YQ)/2 where the time for an 
individual I or Q channel is the mean of P and N.  Applies for 
TIA GC_XI = TIA GC_XQ = TIA GC_YI = TIA GC_YQ, over 
the TIA GC range, and at start of life and room temperature. 
Time difference could be extracted from the Beat Frequency 
Skew measurement method5,8. 

TP4 -8 +8 ps 

RE.100  
Channel Timing 
Variation with GC 

Temporal variation of a channel over the TIA GC range. Rx In 
to TP4.  Time for channel defined as mean of P and N.6 

TP4 -1 +1 ps 

RE.110 IQ Skew Variation 
Deviation of IQ Timing Skew (RE.080) from the SOL room 
temperature value, over the module operating temperature 
range and life.6 

TP4 -1 +1 ps 

RE.120 XY Skew Variation 
Deviation of XY Timing Skew (RE.090) from the SOL room 
temperature value, over the module operating temperature 
range and life.6 

TP4 -1 +1 ps 

RE.130 
P/N Intrapair 
Timing Skew 

Informative: Time difference between any P and N pair over 
the module operating temperature and life.  Rx In to TP4.  
Applies over the CG range CGmin < CG < CGmax. 

TP4  1 ps 

RE.140 Tx to Rx Crosstalk 

Rx electrical noise power is computed by integrating the 0.2-
20GHz Rx RF output power spectrum on an ESA including the 
tones. 
Rx electrical noise power is measured with no light on the Rx 
In, for CG = CGmax, with and without PRBS-11 signals on the 
4 Tx RF inputs [uncorrelated to each other.]    
The Tx to Rx Crosstalk is defined as 10.log10( ((Rx electrical 
noise power:Tx On) - (Rx electrical noise power:Tx Off)) / (Rx 
electrical noise power:Tx Off) ).    

TP4  20 dB 

Table 3: 45Gbaud and 64Gbaud COM-ACO Module Rx RF Interface Electrical 
Specifications 

                                            
7 If Rx channel skew data is provided with the COM-ACO module, then increased IQ Timing Skew 
might be tolerated (Host specific.) 
8 The Beat Frequency skew measurement method is defined in Appendix II. 
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Figure 5:  Normalized Rx OE CG MAG(S21) Compliance Mask for 45Gbaud ACO. 

 

 

Figure 6:  Normalized Rx OE CG MAG(S21) Compliance Mask for 64Gbaud ACO. 
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 Glossary 

Table 4 presents definitions for acronyms used in this IA. 

Term Definition Term Definition 

ADC Analog to Digital Converter MIS Management Interface Specification 

AGC Automatic Gain Control MSA Multiple Supplier Agreement 

ASE Amplified Spontaneous Emission MZ Mach-Zehnder 

BOM Bill of Materials OSP Organic Solderability Preservatives (PCB finish) 

COM-ACO 
Common Analog Coherent Optics Electrical 
I/O 

p/n 
The complementary electrical outputs for each 
channel are labeled p and n, see Section Error! R
eference source not found.. 

CG Rx OE Conversion Gain PBS Polarization Beam Splitter 

CMRR Common Mode Rejection Ratio PCB Printed Circuit Board 

CTE Coefficient of Thermal Expansion PD Photodiode 

DAC Digital to Analog Converter PDL Polarization Dependent Loss 

dB 10*log10(x) PER Polarization Extinction Ratio 

dBe 20*log10(x) PLC Planar Lightwave Circuit 

DLP Deviation from Linear Phase PMF Polarization Maintaining Fiber 

DP Dual Polarization PMQ 
Integrated Polarization Multiplexed Quadrature 
Mach-Zehnder Modulator 

DSP Digital Signal Processing PP/RMS Peak-to-Peak to RMS Ratio 

ED Electrical Delay PRBS Pseudo-Random Bit Sequence 

EOL End of Life Psig 
Mean power of the COM-ACO Module Rx input 
that will beat with the LO 

ESA Electrical Spectrum Analyzer QPSK Quadrature Phase Shift Keying 

E-to-O Electrical to Optical REFCLK Reference Clock 

FAWS Fault and Warning System RMS Root Mean Square 

FIT Failures in Time Rx Receiver 

GC Gain Control (usually in reference to TIA) SMF Single Mode Fiber 

GSSG Differential RF Line [GND-Sig-Sig-GND] SOA Semiconductor Optical Amplifier 

HCB Host Compliance Board SOL Start of Life 

I / Q 
Mutually orthogonal phase channels in 
each polarization as defined in Section 8.3. 

TBD To Be Determined 

IA Implementation Agreement TDL Temperature Dependent Loss 

ICR Intradyne Coherent Receiver TE 
Transverse Electric Polarization (electric vector 
of incident wave parallel to the boundary plane) 

IL Insertion Loss TEC Thermoelectric cooler 

InP Indium Phosphide THD Total Harmonic Distortion 

IO Input Output TIA Transimpedance Amplifier 

LO Local Oscillator [Optical Source] Tx Transmitter 

LVCMOS Low Voltage CMOS V1 
V1 is the rms voltage of the fundamental 
frequency 

MCB Module Compliance Board V2 V2 is the rms voltage of the 2nd harmonic 

MCLK Monitor Clock VGA Variable Gain Amplifier 

MDIO Management Data Input/Output VOA Variable Optical Attenuator 

ME Modulation Efficiency VOUT Differential Output Voltage from Rx at TP4 

MGC Manual Gain Control 
X / Y Pol. 

Pair of mutually orthogonal polarizations of any 
orientation 

mils Thousandths of an inch xQAM  

    

Table 4: Glossary 
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 Annex A: HCB and MCB Differential Insertion Losses 

Individual MCB and HCB test traces of matching length and geometry to the 
signal traces between the Host connector and RF ports should conform to the 
differential insertion losses provided by Equations 1 and 2 for 45Gbaud 
application and Equations 3 and 4 for 64Gbaud application. Plots are shown in 
Figure 7 and Figure 8. These specifications are defined between the reference planes of 
the RF coax connectors on the test trace with the S-parameter magnitudes in dBe and f 
(frequency) in GHz.  

MCB SDD21 = −0.05 − 0.038 ∙ √𝑓 − 0.0175 ∙ 𝑓 dB, 0.001  < f < 45 (1) 

HCB SDD21 = 2.5 𝑥 (−0.05 − 0.038 ∙ √𝑓 − 0.0175 ∙ 𝑓) dB, 0.001  < f < 45 (2) 

MCB SDD21 = −0.05 − 0.0275 ∙ √𝑓 − 0.0128 ∙ 𝑓 dB, 0.001  < f < 64 (3) 

HCB SDD21 = 2.5 x (−0.05 − 0.0275 ∙ √f − 0.0128 ∙ f) dB, 0.001  < f < 64 (4) 

As per Section 5.4, observed differences from Equations 1 and 2 on actual 
MCBs and HCBs can be applied as corrections to measurements that use them. 

 

Figure 7: Reference Differential Insertion Losses for the PCB Traces on Two Module 
Compliance Boards [MCB SDD21]  
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Figure 8: Reference Differential Insertion Losses for the PCB Traces on a Host Compliance 
Board [HCB SDD21]  

 Annex B: Mated HCB and MCB S-Parameters 

The specifications given for the mated HCB and MCB shall be verified in 
both directions, except for the differential insertion loss that can be measured in 
either direction.  In the equations provided here the S-parameter magnitudes are 
in dBe and f (frequency) is in GHz.  The mated MCB-HCB specifications are defined 
between the reference planes of the RF coax connectors on the MCB and HCB.   

The differential return loss of the mated HCB and MCB pair: TBD 

The differential to common mode conversion for a mated HCB and MCB 
pair: TBD 

The mode conversion return loss for a mated HCB and MCB pair: TBD 

The maximum differential insertion loss for a mated HCB and MCB pair 
(45Gbaud) are given in Equation 5, 6 and 7. The minimum differential insertion 
loss for a mated HCB and MCB is given in Equation 8. The preliminary 
differential insertion loss for a mated HCB and MCB pair are plotted in Figure 9. 

Mated HCB-MCB SDD21, SDD12 > -0.087-0.29*sqrt(f)-0.162*f, 0.001 < f < 22.5 (5)   
Mated HCB-MCB SDD21, SDD12 > 4-0.4*f, 22.5 < f < 45 (6) 
Mated HCB-MCB SDD21, SDD12 > 15.5-0.65*f, 45 < f < 70 (7) 
Mated HCB-MCB SDD21, SDD12 < -0.003-0.122*sqrt(f)-0.062*f, 0.001 < f < 70 (8) 

The maximum differential insertion loss for a mated HCB and MCB pair 
(64Gbaud) are given in Equation 9, 10 and 11. The minimum differential 
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insertion loss for a mated HCB and MCB is given in Equation 12. The 
preliminary differential insertion loss for a mated HCB and MCB pair are plotted 
in Figure 10. 

Mated HCB-MCB SDD21, SDD12 > -0.087-0.225*sqrt(f)-0.116*f, 0.001 < f < 32 (9)   
Mated HCB-MCB SDD21, SDD12 > 5.6-0.33*f, 32 < f < 50 (10) 
Mated HCB-MCB SDD21, SDD12 > 25.2-0.72*f, 50 < f < 70 (11) 
Mated HCB-MCB SDD21, SDD12 < -0.003-0.122*sqrt(f)-0.062*f, 0.001 < f < 70 (12) 

 

 

Figure 9: Mated HCB-MCB SDD21, SDD12 (45Gbaud) 
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Figure 10: Mated HCB-MCB SDD21, SDD12 (64Gbaud) 
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 Appendix I:  Electrical Connector S-Parameters (Informative) 

Figure 11 and Figure 12 provide informative reference data for typical mated 
COM-ACO connectors (Courtesy of Yamaichi). 

 

Figure 11: Mated COM-ACO Connector SI Performance Measurement Conditions 

 

 

Figure 12: Typical Mated COM-ACO Connector SI Performance 
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 Appendix II:  Beat Frequency Skew Measurement Method 
(Informative) 

Two un-modulated narrow line width CW laser sources (one is the LO in the 
ACO, the other is an optical Rx input signal to the ACO) are used in the Beat 
Frequency skew measurement method.  The frequency offset between the two 
laser sources creates an ICR output beat signal from which the phase delay 
between XI, XQ, YI and YQ can be determined at the set offset frequency. This 
measurement is repeated with various offset frequencies to obtain enough 
accuracy for a line fit, typically between 1.0 GHz and 5.0 GHz, and with a 
frequency step size small enough to resolve big skews, typically 0.1 GHz.  The 
slope of the fitted line determines the skew between the tributaries. 

 

Figure 13: Beat Frequency Skew Measurement Method 
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