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(57) ABSTRACT 

A method and System for optimizing the design of a network 
controller in a home phone line network is described. More 
particularly, embodiments of the present invention provide a 
System for networking computers in a home phone line 
network. The system includes a first controller that includes 
a physical layer (PHY) configured to be coupled to a phone 
line, and a media access control (MAC) configured to be 
coupled to the PHY. The MAC is separated from the PHY by 
a partition. The partition enables the MAC to be imple 
mented as a separate circuit from the PHY such that the 
MAC can be modified during and after the design process 
while leaving the PHY intact. 
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ISISPHY interface: 39 pins - 
Signal Name In/Out 

MAC to PHYTX path data. 
MAC to PHY TX path data valid 
One clock active pulse to send frame. 
One clock active pulse to start a 10M8 BACKOFF20 frame 
transmission. 
One clock pulse to disregard TX buffer data or abort transmission. 
Link status bit for MII management register read. 
When MTX SND is active, this signal indicates frame version: 0 
M8, 1-10M8 
When MTX SND is active, this bus contains the 10M8 payload 
encoding information. 
000- Reserved. 
001:111 - Various 2Mbaud setting according to HomePNA2.0 spec. 
Fig 2.9 Payload Encoding 
In case of sending a 10M8 frame, when MTX SND is active, this bus 
contains the PHY frame priority information. "111" is the highest 
priority. 
In case of sending a 1M8 frame, this field contains the PCOM(2:0 to 
be sent. Please see to HomePNA 2.0 spec. Fig 4.1 PCOM field. 
PHY to MAC RX path data. 
PHY to MAC RX path data valid. 
Received frane version: 1-10M8,0-1M8. 
RX payload encoding. "000'b' is reserved. 
While receiving a 10M8 frame, this is the priority retrieved from 
header. While receiving a 1M8 frame, this field contains thc encoded 
PCOM(7:0 value. Please see to HomePNA 2.0 spec. Fig. 4. PCOM 
field. 

MTXSNDi ND s 
E. 2: O 

MTXPR2:0 

PRXD3:0) 
PRX DV# 

PRXPE2:0) 
PRXPRI2:0 

PRXFMEND# In One clock active pulse indicates the end of RX frame. 
In M8 carrier sense. 

PCRSOM8 In 10M8 carrier sense. 
In 1M8 collision detected. 
In 10M8 collision detected. 

PRX ERCRC# In 10M8 RX frame CRC16 check fails, sampled with PRXFMEND. 
PRXERM8# In 

In 10M8 HCS checkerror. 
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METHOD AND SYSTEM FOR OPTIMIZING THE 
DESIGN OF A NETWORK CONTROLLER 

FIELD OF THE INVENTION 

0001. The present invention relates to computer net 
Works, and more particularly to a method and System for 
optimizing the design of a network controller in a home 
phone line network. 

BACKGROUND OF THE INVENTION 

0002 Home networks are becoming more common and 
desirable for connecting computers within a home. One type 
of home network is the home phone line network, which 
uses existing telephone lines in residential homes for com 
munication among computers. The Home Phone Line Net 
working Alliance (HPNA) has published a specification to 
standardize the behavior of home phone line networks. In 
Such home phone line networks, phone lines can be used to 
Send digital packets among computers. 

0003) In such a network, a HPNA controller receives 
Signals containing data packets through telephone wires via 
a phone jack. The HPNA controller then processes the data 
packets. The HPNA controller includes a physical layer 
(PHY) and a media access control (MAC). The PHY trans 
mits various types of data frames onto the phone line, Such 
as normal data frames. 

0004 Although the present invention disclosed herein is 
described in the context of networks complying with HPNA 
Standards, the present invention can apply to other Standards 
as well. 

0005 One problem with the design of an HPNA control 
ler is that as protocols change or Standards evolve, the 
HPNA controller must be upgraded. For example, a home 
phone line network needs to comply with the current version 
of the HPNA specification. If an upgrade is required during 
the design process, the HPNA controller must redesigned. 
Accordingly, upgrading can be costly and time consuming. 

0006 Accordingly, what is needed is a method and 
System for optimizing the design of a network controller. 
The method and system should enable convenient modifi 
cations of the architecture of the network controller. The 
present invention addresses Such a need. 

SUMMARY OF THE INVENTION 

0007. The present invention achieves the above needs 
and others with a method and System for optimizing the 
design of a network controller. More particularly, embodi 
ments of the present invention provide a System for net 
working computers in a home phone line network. The 
System includes a first controller that includes a physical 
layer (PHY) configured to be coupled to a phone line, and 
a media access control (MAC) configured to be coupled to 
the PHY. The MAC is separated from the PHY by a 
partition. The partition enables the MAC to be implemented 
as a separate circuit from the PHY such that the MAC can 
be modified during and after the design process while 
leaving the PHY intact. 

0008 According to the method and system disclosed 
herein, the embodiments of present invention enables con 
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Venient modifications of the architecture of a network con 
troller. Consequently, the design process is optimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a block diagram of a home phone line 
network Station in accordance with the present invention; 
0010 FIG. 2 is a block diagram of a MAC and a PHY in 
accordance with the present invention; 
0011 FIG. 3 is a table of I/O pin descriptions of an ISIS 
PHY interface in accordance with the present invention; and 
0012 FIG. 4 is a block diagram of a MAC for a HPNA 
controller in accordance with the present invention. 

DETAILED DESCRIPTION 

0013 The present invention relates to computer net 
Works, and more particularly to a method and System for 
optimizing the design of a network controller in a home 
phone line network. The following description is presented 
to enable one of ordinary skill in the art to make and use the 
invention and is provided in the context of a patent appli 
cation and its requirements. Various modifications to the 
preferred embodiment and the generic principles and fea 
tures described herein will be readily apparent to those 
skilled in the art. Thus, the present invention is not intended 
to be limited to the embodiment shown but is to be accorded 
the widest Scope consistent with the principles and features 
described herein. 

0014 Generally, embodiments of the present invention 
enable convenient modifications to a controller circuit dur 
ing and after the design process by partitioning a MAC 
circuit from a PHY circuit. By partitioning the MAC and 
PHY circuits, the MAC circuit can be implemented with a 
programmable device Such as an FPGA. AS Such, the 
controller circuit can be debugged or upgraded by modifying 
the MAC circuit, leaving the PHY circuit intact. This results 
in cost and time savings. FIG. 1 describes an embodiment 
of the present invention. 
0015 FIG. 1 is a block diagram of a home phone line 
network station 50 in accordance with the present invention. 
The network allows multiple computers to communicate 
through existing telephone wires, which have been installed 
in residential homes. The network station 50 includes a 
network controller 100. In a preferred embodiment, the 
network controller is a Home Phone Line Networking 
Alliance (HPNA) controller 100. Note that the present 
invention is not limited to network or HPNA controllers and 
may apply to other controllers and Still remain within the 
Spirit and Scope of the present invention. 
0016. The network controller 100 includes a media inde 
pendent interface (MII) 106, a media access control (MAC) 
108, and a Physical Layer (PHY) 110. The network station 
also includes a phone jack 102, an analog front end (AFE) 
104, a host 112, and an Ethernet controller 114. In this 
specific embodiment, the Ethernet controller 114 is an 
Ethernet MAC controller. In another specific embodiment, 
the Ethernet controller 114 uses a media independent inter 
face (MII). 
0017. In accordance with the present invention, there is a 
partition between the MAC and the PHY. Information flows 
back and forth between the MAC and the PHY across the 
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partition. The partition enables the MAC to be implemented 
as a separate circuit from the PHY, which enables the MAC 
to be modified during and after the design proceSS while 
leaving the PHY intact. 
0.018. In operation, the network controller 100 receives 
Signals containing data packets through a telephone wire 
(not shown) via the phone jack 102. The AFE 104 processes 
the signals between the network controller 100 and the 
telephone wire. The network controller 100 processes the 
data packets received in the signals from the AFE 104 and 
outputs signals to the Ethernet controller 114. In this specific 
embodiment, the network station 50 complies with the 
current version (e.g., HPNA 2.0). Accordingly, the network 
controller 100 implements the current HPNA specification. 
The network controller may also implement other specifi 
cation Standards depending on the Specific application. 
0019. The Ethernet controller 114 can send normal data 
frames from HPNA software at the host 112 to the phone line 
via the MAC 108 and the PHY 110. The PHY 110 comprises 
a transmit FIFO (not shown) for transmitting frames onto the 
phone line. According to one version of the HPNA specifi 
cation, prior to each normal data frame, a frame control 
frame (FCF) is sent via the Ethernet controller 114 to the 
network controller 100. The FCF comprises information 
needed by the MAC 108, such as the current data rate used 
by the network station. The FCF is not transmitted to the 
PHY 110 or the phone line. 
0020. In addition to transmission of the normal data 
frame from the Ethernet controller 114, the HPNAMAC 108 
also sends two other types of frames to the phone line 
through the PHY 110: a link-integrity control frame (LICF) 
and a rate-request control frame (RRCF). The LICF includes 
information concerning the physical conditions of the net 
work. The RRCF includes information required for perform 
ing the rate negotiation function, i.e., to determine the data 
rate required to communicate between different Stations in a 
home phone line network. 
0021 FIG. 2 is a block diagram of a MAC 120 and a 
PHY 122 in accordance with the present invention. The 
MAC 120 and the PHY 122 can be used to implement the 
network controller 100 of FIG.1. Still referring to FIG. 2, 
an interface 124 is also shown. In this specific embodiment, 
the interface is an ISIS PHY interface. The MAC 120 is 
implemented with a field programmable gate array (FPGA). 
Note that the MAC 120 is not limited to being implemented 
with FPGAs and can also be implemented with other pro 
grammable devices Such as a programmable logic device. 
The programmability of the MAC 120 is beneficial because 
during the development of a controller because the MAC 
may need to be modified to comply with current protocols or 
Standards. Also, the MAC can be easily debugged during the 
development of the controller. 
0022. The MAC 120 is partitioned from the PHY 122. 
The partition enables the MAC 120 to be implemented as a 
separate circuit from the PHY 122, which enables the MAC 
120 to be modified during and after the design process while 
leaving the PHY 122 intact. For example, the MAC 120 can 
be implemented with an FPGA or other type of program 
mable device Such as a programmable logic device, and the 
PHY 122 can be implemented with an application-specific 
integrated circuit (ASIC). AS Such, if a modification of the 
MAC 120 is required, only the MAC 120 needs to be 
modified. The PHY 122 can remain intact. 
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0023 The PHY 122 is typically designed with an ASIC 
because its functions are complex. For example, the PHY 
122 can have an analog-to-digital (A/D) converter function, 
a signal processing function Such as a digital Signal proces 
sor (DSP) function, or other function. The functions per 
formed by the PHY 122 are typically standard functions. 
Accordingly, the design of the PHY portion of the controller 
need not be modified with every protocol change or change 
in the Standard. 

0024. Thus, as protocols change and standards evolve, 
only the MAC portion of the controller needs to be 
upgraded. This Saves considerable costs and time during the 
development of the controller. 
0025 FIG. 3 is a table of I/O pin descriptions of an ISIS 
PHY interface in accordance with the present invention. The 
I/O pin descriptions can be used to implement the interface 
124 of FIG. 2. Still referring to FIG. 3, the PRXD3:0 
signal includes the PHY to MAC RX path data. The 
PRX DV# signal includes information regarding the valid 
ity of the PHY to MAC RX path data. 
0026 FIG. 4 is a block diagram of a MAC 140 for a 
controller in accordance with the present invention. The 
MAC 140 can be used to implement the MAC 108 of FIG. 
1 or the MAC 122 of FIG. 2. Still referring to FIG. 4, the 
MAC 140 includes a receive data path 202, a transmit data 
path 204, a distributed fair priority queuing circuit (DFPQ) 
206, a binary exponential back-off circuit (BEB) 208, a link 
integrity circuit 210, a network State circuit 212, a rate 
request control frame (RRCF) 214, and a plurality of reg 
isters and management information base (MIB) counters 
216. 

0027. The receive data path 202 receives data packets 
from a PHY (not shown) and sends data packets to the MII 
106 (first introduced in FIG. 1). In a preferred embodiment, 
after each data packet Sent by the receive data path 202, 
another packet, referred to herein as a "frame Status frame,” 
is Sent immediately following. The frame Status frame 
contains certain Status information required by Subsequent 
proceSSeS. 

0028. According to the method and system disclosed 
herein, the present invention provides numerous benefits. 
For example, it enables convenient modifications of the 
architecture of a network controller. 

0029 Embodiments of the present invention enable cer 
tain portions of the architecture to be modified while leaving 
other portions of the circuit intact. 
0030 Although the present invention has been described 
in accordance with the embodiments shown, one of ordinary 
skill in the art will readily recognize that there could be 
variations to the embodiments and those variations would be 
within the Spirit and Scope of the present invention. Accord 
ingly, many modifications may be made by one of ordinary 
skill in the art without departing from the Spirit and Scope of 
the appended claims. 
What is claimed is: 

1. A System for networking computers in a home phone 
line network, the System comprising: 

a first controller that includes: 

a physical layer (PHY) configured to be coupled to a 
phone line; and 
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a media access control (MAC) configured to be coupled 
to the PHY, wherein the MAC is separated from the 
PHY by a partition, wherein the partition enables the 
MAC to be implemented as a separate circuit from 
the PHY such that the MAC can be modified during 
and after a design process while leaving the PHY 
intact; and 

a Second controller configured to be coupled to the first 
controller. 

2. The system of claim 1 wherein the PHY is an appli 
cation-Specific integrated circuit. 

3. The system of claim 1 wherein the PHY is a signal 
processor. 

4. The system of claim 1 wherein the PHY is a digital 
Signal processor. 

5. The system of claim 1 wherein the MAC is a program 
mable device. 

6. The system of claim 1 wherein the MAC is a program 
mable logic device. 

7. The system of claim 1 wherein the MAC is a field 
programmable gate array. 

8. The system of claim 1 wherein the first controller is a 
Home Phone Line Networking Alliance controller. 

9. The system of claim 1 wherein the second controller is 
an Ethernet controller. 

10. A controller comprising: 
a physical layer (PHY) configured to be coupled to a 
phone line; and 

a media access control (MAC) configured to be coupled 
to the PHY, wherein the MAC is separated from the 
PHY by a partition, wherein the partition enables the 
MAC to be implemented as a separate circuit from the 
PHY such that the MAC can be modified during and 
after a design process while leaving the PHY intact. 

11. The system of claim 10 wherein the PHY is an 
application-specific integrated circuit. 

12. The system of claim 10 wherein the PHY is a signal 
processor. 

13. The system of claim 10 wherein the PHY is a digital 
Signal processor. 

14. The system of claim 10 wherein the MAC is a 
programmable device. 

15. The system of claim 10 wherein the MAC is a 
programmable logic device. 

16. The system of claim 10 wherein the MAC is a field 
programmable gate array. 

17. The system of claim 10 wherein the controller is a 
Home Phone Line Networking Alliance controller. 

18. A circuit comprising: 
a physical layer (PHY) configured to be coupled to a 
phone line, wherein the PHY is an application-specific 
integrated circuit; and 

a media access control (MAC) configured to be coupled 
to the PHY, wherein the MAC is a programmable 
device, wherein the MAC can be modified during and 
after a design process while leaving the PHY intact. 
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19. The system of claim 18 wherein the PHY is a signal 
processor. 

20. The system of claim 18 wherein the PHY is a digital 
Signal processor. 

21. The system of claim 18 wherein the MAC is a 
programmable logic device. 

22. The system of claim 18 wherein the MAC is a field 
programmable gate array. 

23. The system of claim 18 wherein the controller is a 
Home Phone Line Networking Alliance controller. 

24. A System for networking computers in a home phone 
line network, the System comprising: 

an Home Phone Line Networking Alliance controller 
(HPNA) controller that includes: 
a physical layer (PHY) configured to be coupled to a 
phone line, wherein the PHY is an application 
Specific integrated circuit; and 

a media access control (MAC) configured to be coupled 
to the PHY, wherein the MAC is separated from the 
PHY by a partition, wherein the MAC is a program 
mable device, wherein the partition enables the 
MAC to be implemented as a separate circuit from 
the PHY such that the MAC can be modified during 
and after a design process while leaving the PHY 
intact; and 

an Ethernet controller configured to be coupled to the first 
controller. 

25. A method for optimizing a design of a network 
controller, the network controller including a physical layer 
(PHY) and a media access control (MAC), the PHY being 
configured to be coupled to a phone line, the MAC being 
configured to be coupled to the PHY, the method comprising 
the step of: 

(a) separating the MAC from the PHY by a partition, 
wherein the partition enables the MAC to be imple 
mented as a separate circuit from the PHY such that the 
MAC can be modified during and after a design process 
while leaving the PHY intact. 

26. The method of claim 25 wherein the PHY is an 
application-specific integrated circuit. 

27. The method of claim 25 wherein the PHY is a signal 
processor. 

28. The method of claim 25 wherein the PHY is a digital 
Signal processor. 

29. The method of claim 25 wherein the MAC is a 
programmable device. 

30. The method of claim 25 wherein the MAC is a 
programmable logic device. 

31. The method of claim 25 wherein the MAC is a field 
programmable gate array. 

32. The method of claim 25 wherein the controller is a 
Home Phone Line Networking Alliance controller. 
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