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METHOD AND APPARATIJS FOR INSERTING/EXlRAcnNG SETS OF SIGNALS INTO/FROM A SIGNAL STREAM 

RESERVATION OF COPYRIGHT 

A portion of the disclosure of this patent document contains material to which 

a claim of copyright protection is made. The copyright owner has no objection to the 

facsimile ·reproduction by anyone of the patent document or the patent disclosure as it 

5 appears in the Patent and Trademark Office patent file or records, but reserves all other 

rights whatsoever. 

BACKGROUND OF THE INVENTION 

To date, several telecommunication systems have been proposed for carrying 

signals for different types of communication applications in the same signal stream. 

10 Some of these systems integrate signals for narrowband applications (e.g., telephony 

signals) with signals for broadband applications (e.g., video and data signals) in the 

signal streams that they transmit. For systems that transmit integrated signal streams 

in a cell based format, the signal stream can contain a mixture of cells having 

asynchronous application signals (i.e., signals for asynchronous communication 

15 applications) and cells having isochronous application signals (i.e., signals for 

isochronous applications). 

Integrated telecommunication systems, that carry different types of signals for 

different types of applications, have to properly multiplex and demultiplex the 

different signals in the signal ~eam. For instance, some integrated 

20 broadband/narrowband systems have to separate the isochronous application signals 

(e.g., such as telephony signals) from the asynchronous application signals (e.g., video 

and data signals). A simple prior art method for extracting isochronous telephony 



W099191101 2 PCT/US98/16369 

signals reads all of the bytes in a received frame into a memory and subsequently 

determines the isochronous bytes. 

Figures 1and2 set forth one implementation of this prior art technique. As 

shoWn in Figure 1, the prior art includes a memory 105 whi(;h sequentially stores 

5 every byte of a received frame in contiguous byte-wide memory locations. This prior 

art implementation also includes a table of pointers 110 with a pointer for each 

memory location. Each pointer for a memory location that stores telephony bytes 

points to a specific twisted pair 210 of a specific telephone-interface-unit (TIU) card 

205, as set forth in Figure 2. Hence, once the memory completely stores all bytes of a 

10 received frame, the isochronous telephony bytes in the memory are routed to the 

appropriate telephone lines by traversing the table of pointers. 

This prior art technique is inefficient and memory-intensive. For instance, a 

155 Mb/s SDH-like data stream having ATM and TDM cells could have 2,340 DSO 

bytes. Storing this many data bytes in the memory to extract a relatively few TDM 

15 bytes is highly inefficient and memory-intensive. 

Consequently, there is a need in the art for method and apparatus that 

efficiently demultiplex signals for different applications from a signal stream. There is 

also a need for method and apparatus that efficiently mul~plex signals for q.ifferent 

applications into a signal stream. More generally, there is a need for method and 

20 apparatus that identify signals for a set of communication devices in a signal stream 

which has signals for a number of different sets of communication devices. 
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SUMMARY OF THE INVENTION 

The invention provides method and apparatus for identifying signals for a set 

of communication devices in a signal stream having signals for a number of different 

sets of communication devices. Some embodiments of the invention are methods and 

5 devices for extracting signals for a first set of communication devices from a signal 

stream having signals for a number of different sets of communication devices. Other 

embodiments of the invention are methods and devices for inserting into a signal 

stream signals from a first set of communication devices. 

Yet other embodiments of the invention are time division multiplexing and 

10 demultiplexing methods and apparatuses that use a content addressable memory to 

identify sets of signals for a particular set of communication devices. In addition, 

some embodiment of the invention are used in fiber optic telecommunication 

networks. These embodiments include an optical network unit that receives an 

integrated signal stream having signals for different types of applications. The optical 

15 network unit includes a content addressable memory that stores locations in the 

received signal stream of signals for a first type of communication application. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features of the invention are set forth in the appended claims. 

However, for purpose of explanation, several embodiments of the invention are 

explained by reference to the following figures. 

5 Figure 1 presents a memory device and a table of pointers used in one prior art 

time division demultiplexing technique. 

Figure 2 presents four TIU cards used in conjunction with the memory device 

and table of pointers of Figure 1. 

Figure 3 presents a fiber-to-the-curb network in which the invention can be 

10 implemented. 

Figure 4 presents one example of a SDH-like frame used in some 

embodiments of the invention. 

Figure 5 presents one example of a telephony cell used in some embodiments 

of the invention. 

15 Figure 6 presents a common control unit for use in the network of Figure 3. 

Figure 7 presents one embodiment of the invention. 

Figure 8 presents one example of a content addressable memory used in some 

embodiments of the invention. 

.· ...... . 

I 
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Figure 9 presentS one example of a memory interface unit used in some 

embodiments of the invention. 

Figure 10 illustrates one manner for forwarding extracted telephony data and 

control bytes to four TIUs in the network of Figure 3. 

5 Figure 11 presents another embodiment of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The invention provides method and apparatus for identifying signa_ls for a set 

of communication devi~s in a signal stream which has signals for a number of 

different sets of communication devices. µi a comm~~tion system, a 

5 communication device is a device that transmits and/or re.ceives signals through the 

communication system. Examples of such communication devices include computers 
. . 

(such as network computers, personal computers, workstations, servers, etc.), 

television set-top boxes, premises interface device, and telephones. 

One or more communication devices form each set of communication devices. 

10 A set of communic~tion devices can include similar conµnunication devices (e.g., a 

set of telephony communication devices can use similar telephony equipment). A set 

of communication devices can be defined by a number of communication devices that 

utilize a similar communication medium (e.g., utilize twisted pairs or co-axial cables) 

to connect to the communication system. In addition, a set of communication devices 

15 can be defined by a number of communication devices qiat utilize similar 

communication-medium terminating devices (e.g., utilize similar line cards, adapter 

cards, modems, etc.). 

In the following description, numerous details are set forth for purpose of 

. explanation. However, one of ordinary skill in the art would realize that the invention 

20 may be practiced without the use of these specific detail$. In other instances, well-

known structures and devices are shown in block diagram form in order not to obscure 

the description of the invention with unnecessary detail. 
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Several embodiments of the invention are implemented in fiber-to-the-curb 

(FTIC) networks. 6ii~~example of such a network ispti!$ented in Figure 3. As set 

forth in this figure, the FTIC network 300 connects one or more communication 

devices at one or more network subscriber site 305 to one or more communication 

5 networks, such as a public switched telecommunications network (PS1N) 310, an 

asynchronous transfer mode (ATM) network 315, or other communication networks. 

Each network subscriber site 305 can be residential or commercial subscriber sites. 

The FTIC network 300 transmits signal streams between the subscriber sites 

and the PS1N 310, the A TM network 31 S, or other networks (e.g., individual, private, 

I 0 or non-switched public networks). The signal streams contain signals transmitted to, 

or received from, a number of sets of communication devices. For one embodiment of 

the invention, the FTTC network transmits signals to and from telephony 

communication devices (i.e., telephony application signals) and signals to and from 

non-telephony communication devices (i.e., non-telephony application signals). For 

15 alternative embodiments of the invention, signals for different types of communication 

devices can be transmitted through the communications network. 

The FTIC network 300 includes a host digital terminal (HDT) 320, element 

management system (EMS) 325, a nwnber of fiber optic cables 330, and a number of 

optical network units (ONUs) 335. As shown in Figure 3, the HDT couples to the 

20 PS1N, the A TM network, and/or other networks. For one embodiment of the 

·invention, the PSTN-HDT interface 340 follows the specification adopted by one of 

the standards bodies, such as the B~Ifo'Ore specificatlon TR-TSY-000008, TR-NWT-
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000057 or TR-NWT-000303. The physical interface to the PSTN can be twisted pairs 

carrying DS 1 signals, or fiber optic cables carrying OC-'3 optical signals. 

The A TM netwoJ,'k-HDT interface 345 can be realized using an optical 

interface (such as OC-3,:QC-12c, etc.). For one embodim~nt of the invention, the 

5 HDT 320 has two optical broadcast ports, which can 011ly"receive signals carrying 

A TM cells, and one opti~al interactive port which can rece.ive and transmit signals. 

The HDT receives downstream signals from the PSTN, the A TM network, or 

other networks, and rou*s these signals downstream to the network subscriber sites. It 

also receives upstream signals from the network subscriber sites, and routes these 

10 signals upstream to the PSTN, the A TM network, or other networks. 
. . 

On the downstream side of the network, the HQT serves a multiplexor which 

(1) controls access of the received downstream signals (i.~., the signals it receives from ,.•. . . ··. 

the PSTN, ATM, or <;>th~r networks) to the transmissioJ;J. media, and (2) transmits the 

received signals to the .appropriate ONUs 335 via the appropriate fiber optic cables 

15 330. Conversely, o~ ~e upstream side of the network; the HDT serves as a 

demultiplexor which (1) parses the received upstream signals (i.e., the signals received . . 

from the ONUs) intd0 signal streams for the PSTN, ATtvf, ·or other networks, and (2) 

supplies these signaLstieams to the appropriate netwodc. 

The HOT als~ re-formats the downstream and upstream signals, before 

20 forwarding them to t~eir destinations. As further describ~d below, the HDT performs 

the following formatting operations: combining isochrpnous and asynchronous signals . ,· - . 
. . 

into frames, parsing irttegrated frames into individual sig~al streams, adjusting signal 
'. ,· ·:· 
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rates, and converting of electrical signals to and from optical signals. One of ordinary 

skill in the art woultl rAlize that, in alternative emboiim.~nts of the invention, the 

HOT does not perform all of these formatting operations, or perfonns additional 

operations. 

5 In the FTTC network set forth in Figure 3, the HDT combines (i.e., maps) the 

received downstream signals into frames containing a mixture of cells having 

asynchronous application signals (such as data and video signals) and cells having 

isochronous application signals {such as telephony signals). The HOT transmits these 

frames to the ONUs at a prespecified rate {e.g., once every 125 µs). The HDT also 

10 parses the received upstream frames into individual bytes supplied to the PSTN, ATM, 

or other networks. 

Figure 4 presents one example of frames transmitted across the fiber optic 

cables 330. Each frame shown in this figure is a SDH-like frame which includes 

overhead and payload envelopes. The payload envelope includes 41 cells of 

15 asynchronous and isochronous information. Each cell has 57 bytes. 

Figure 5 presents one example of an isochronous, telephony cell. As shown in 

this figure, each cell includes three reserved bytes (R), and six groups of DSO bytes. 

Figure 5 presents each group as eight DSO data bytes following one signaling byte (S). 

-The signaling byte contains the status and control signals (e.g., on/offhook, ring, etc.) 

20 for the eight DSO bytes. Alternatively, each group can include nine clear DSOs bytes 

containing a mix of information and control signals. 
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The HDT also adjusts the signal rate of the data it receives. For instance, for 

some embodimeQ.ts of the invention, the HOT 320 converts the signals it receives from 

the PSTN 310 at a OS I-rate to signals at a OSO-rate; it then transmits these signals to 

the ONUs in the SOH-:-like frames. On the upstream si~e, the HOT performs the 

5 inverse signal rate tr~sformation operation. The HOT. alsp converts the electrical : ' _,., . ·. 

representation of the di~~tal signals into an optical repr~sentation, and visa versa. 
_::· 

As shown in :Figure 3, the HOT couples to the EMS 325. The EMS is used to·· 

provision services a.Ii~ equipment on the FTTC netwo*(~.g., allocate twisted pairs off 

the TIUs), in the central office where the HOT 320 is located, in the field, or in the 

IO residences. The EM$ is software based and can run on a personal computer in which 

case it will support one HOT and the associated acces~ neiwork equipment connected 

to it. Alternatively, it can run on a workstation in which c;ase it will support multiple . . . ; . 

HOTs and access netw01;ks. 

The fiber optic cables 330 communicatively couple the HOT to a number of 

15 ONUs 335 located in a.number of serviced areas. Some embodiments of the invention 

use bi-directional, single-mode fiber lines and a dual wavelength transmission scheme 
. . ·: 

to communicate betweel!- the ONUs and the HOT. In addition, some embodiments of 

the invention use sixty four optical fiber cables to COI1Ilect the HOT to sixty four 
.. 

ONUs. 

20 As shown in FigD.re 3, each ONU includes a common control unit (CCU) 350, 

four telephone interface units (TIU) 355, and eight broadband interface units (BIU) 
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360. The CCU controls the operation of the ONU. In pa¢cular, the CCU perfonns 

similar formatting of;·etations as those performed by $ .f:lDT. 

For instance, the CCU (1) parses the received downstream signals (i.e., the 

frames it receives from the HOT) into telephony application signal streams and non-

5 telephony application signal streams, and (2) supplies the telephony application signal 

streams to the appropriate TIU 355. The CCU also combines the signal streams that it 

receives from the TIUs 355 and BIUs 360 into SDH-like frames (such as the frames 

discussed above with respect to Figure 4), which it then transmits to the HOT via fiber 

optic cable 330. Different embodiments of the invention can be employed in the CCU, 

10 in order to allow the CCU to perform the above-described parsing (i.e., 

demultiplexing) and combining (i.e., multiplexing) operations. Two such 

embodiments will be described below by reference to Figures 7 and 11. 

Figure 6 presents one example of the CCU 350. As shown in this figure, the 

CCU includes a bi-directional (BIDI) optical converter 605, a framer 610, a TlU 

15 interface (TIUI) 615, a BIU interface (BIUI) 620, and a microprocessor 625. On the 

downstream side, the optical converter 605 converts optical signals, that it receives via 

a fiber optic cable 330, into a serial, electrical signal stream. The framer 610 then 

receives this bit-wide electrical signal stream and converts it into a byte-wide signal 

stream. On the upstream side, the optical converter receives bit-wide, electrical signals 

20 from the framer, and converts these electrical signals into optical signals for 

transmission via the fiber optic cable 330. 
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The framer also scans the incoming signal· stream in order to determine the 

frame boundary inforination used to determine the location of payload and overhead 

bytes. Once the framer detennines the frame boundary, it generates a frame synch 

signal which indicate~ the start of each frame. As described below, this frame synch 

5 signal is used by a number of the circuits of the CCU. 

The framer communicatively couples to the TIUI 615, in order to transmit and 

receive signals from the TIUL Some embodiments of the invention are implemented 

in the TIUI, in order to allow the TIUI to parse the telephony application signals from 

the downstream signal stream, and to combine the telephony application signals into 

10 the upstream signal stream. Two such embodiments will be described below by 

reference to Figures 7 and 11. 

The framer also transmits signals to and receives signals from the BIUI. The 

BIUI performs administrative functions (e.g., parity check and overhead addition 

functions). On the downstream side, the BIUI forwards the signals it receives from the 

15 framer to the BIUs 360. Each individual BIU then extracts the portion of the received 

signals that are addressed to it; the BIU forwards the extracted signals to a network 

subscriber site 305. On the upstream side, the BIUI 620 acts as an arbitrator for the 

BIUs. In this capacity; the BIUI allocates different portions of each frame's payload to 

different BIU's. 

20 The microprocessor 625 of the CCU 350 is used to program various 

components of the CCU. For instance, as further described below, the microprocessor 

is used to program various components of the TIUI. Through this programming, the 
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TIU! can store the focation of telephony bytes in the received or transmitted signal 

stream. 

As shown in Figure 3, each ONU 335 includes four TIUs 355 coupled to the 

TIU! 615 through a backplane interconnect. Each TIU 355 connects to six twisted 

5 pairs 365, which thereby allow each ONU to service up to twenty four network 

subscriber sites. For alternative embodiments of the invention, the FTTC network 300 

utilizes ONUs that have different number ofTIUs and/or different number of twisted 

pairs for each TIU. 

When a TIU receives a signal stream from the CCU, it converts the signal 

10 stream into a signal stream for a narrowband service (such as plain old telephony 

signals (POTS), coin, ISDN, etc.). For instance, the TIU can generate analog POTS 

which it transmits to network subscriber site 305 via a twisted pair 365. At the 

network subscriber site 305, a network interface device (NID) 370 serves as an 

interface and demarcation point between the twisted pair 365 and subscriber-site 

15 twisted pair 375 coupled to telephone 380. The NID provides high~voltage protection. 

In addition, through the NID 370 and twisted pairs 365 and 375, each TIU 355 

receives analog signals from the network subscriber site. It then converts these analog 

signals into digital signals which it supplies to the CCU. 

Each ONU 335 also includes eight BIUs 360 coupled to the CCU 350 through 

20 the backplane interconnect. Each BIU 360 connects to two co-axial cables. 

Alternative number ofBIUs and/or co-axial cables could also be used in the ONU. As 
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described above, each BIU communicatively couples to the BIUI 620-ofthe CCU 350. 

Through this coupling, the BIU receives signals from the CCU. 

The BIU includes a filter which decodes a portion of the overhead bytes of 

each received cell to determine if the received cell is addressed to its BIU. If so, the 

5 filter also determines the addressed co-axial ·cable of the BIU. The filter then 

reformats the received cell and stores it in a FIFO queue. As the contents of the FIFO 

are read out, the BIU modulates the read-out signals onto an RF carrier and transmits 

the data via the addressed co-axial cable to a splitter 3 85 at the network subscriber site 

305. 

10 Subscriber-site coaxial cables 390 couple the splitter to a number of 

communication devic¢s at the network subscriber site. These communication devices 

include a television (TV) 392 with a television set;.top 394, computer with a network 

interface card (NIC) 396, and a premises interface device (PID) 398 connected to a 

telephone. Each of these devices parses and decodes the received reformatted cells in 

15 order to obtain video, data, and voice signals. 

In particular, each communication device requires an interface sub-system 

which provides for the conversion of the signal from the format on the subscriber-site 

coaxial cable to the service interface required by the device. The PID 398 extracts the 

voice sign~ls carried on the subscriber-site coaxial cable 390 and generates a telephone 

20 signal compatible wit~ the telephone. Similarly, the television set-top 394 converts 

digital video signals to analog signals compatible with the TV 392. The NIC card 

generates a computer compatible signal. 
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Through the subscriber-site coaxial cables 390, the splitter 385, and the coaxial 

cable 367, the BIU also receives broadband signals fot upStream transmission through 

the FTIC network 300. The BIU demodulates the signals that it receives and 

combines the resulting components of the broadband signals into a unified broadband 

5 signal stream, which it relays to the BIUI 620. 

One of ordinary skill in the art would understand that the invention can be 

'fuiplemented in other FTIC net\vorks. For instance, some embodiments of the 

invention can be implemented in the networks disclosed in United States Application 

No. , entitled "Unified Access Platform," filed on August 4, 1997, 

10 · concurrently with the present application, having Thomas R. Eames as the inventor, 

and having the express mail label number EH385539499US. The disclosure of this 

application is incorporated in the present application by reference. Alternatively, one 

of ordinary skill in the art would understand that the invention can be implemented in 

alternative networks. 

15 One embodiment of the invention that is implemented in the FTTC network 

300 extracts signals for a set of telephony communication devices from an integrated 

telephony/non-telephony signal stream transmitted through the FTTC network. This 

embodiment stores position identifying indicia (e.g., pointers) that identify the 

locations of telephony application signals in a received signal stream, which as 

20 . mentioned above, is organized in a SDH-like frame. 

It then generates position identifying indicia as it receives a transmitted frame, 

and simultaneously compares this iridicia to more than one of the stored indicia. When 
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the generated indicia matches a stored indicia, the process extracts the telephony signal 

corresponding to the generated indicia from the received signal stream. This process 

then generates appropriate routing signals based on the matched stored location, in 

order to route the extracted set of signals to its set of communication devices. 

5 Figure 7 sets forth one such embodiment. This apparatus is implemented in 

the CCU's TIUI 615, 1µ1d serves as the interface to the TIUs of the ONU 335. This 

interface constantly r~ceives the SDij-like frames in byte-:wide increments at the SDH-

like 19.44 MHz. The interface includes a byte counter 705, a content addressable 

memory 710, a mem<?ry. interface t.mit 715, swing data random access memories 720, a 

10 control random access memory (RAM) 725, a downstream TIU interface 730, a table 

of pointers 735, a pointer RAM control 740, a bit counter (not shown}, a 

microprocessor interface unit 745, and a downstream synchronizing unit (not shown). 

The counter 705 and content addressable memory (CAM) 710 in conjunction 

act to identify the telephony application signals in the downstream SDH-like frames 

15 forwarded to the me~ory interface unit 715. Specifically, the counter receives frame 

synchronizing signal (generated by the framer 610) to maintain its alignment to each 

frame. The counter also ~eceives a synchronizing signal from the downstream 

synchronizer (not shown). This synchronizing signal 111aintains the counters in the 

SDH-domain and the CQunters in the telephony-domain in synch, so that the interface 

20 units 715 and 730 in these domains do riot simultaneously access the memories 720 

and 725. 

The counter also receives the 19.44 MHz SDH-byte clock to generate three 

count values that are synchronous with the signals received in byte-wide sets at this 
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frequency. In other words, the counter is a byte counter which generates sets of count 

values. Each set of dbuftt values serves as a pointer th.At s~ecifies the location of a byte 

within a frame received by the memory interface unit 715. Each pointer is input to the 

CAM to determine if the received byte corresponding to the pointer is a telephony 

5 application byte. 

As mentioned above by reference to Figures 4 and 5, some embodiments of 

the invention are designed to multiplex and demultiplex SDH-like frames with a 

payload of 41 cells of telephony application signals (e.g., TDM signals) and non-

telephony applications signals (e.g., ATM signals). Each telephony cell is composed 

10 of 6 groups of 9 bytes. The 9 bytes are arranged as one signaling byte followed by 8 

DSO bytes. 

Given this cell structure, the counter generates (1) a cell count value, 

RxCellCnt, that specifies the cell count of the currently received byte, (2) a group 

count value, RxGrpCnt, that specifies the group count of the currently received byte, 

15 and (3) a DSO byte cowit, RxDSOCnt, that specifies the byte count of the currently 

20 

25 

received byte. In this manner, the three count values serve as pointers that uniquely 

identify every byte within each of the 41 potential TDM cells. 

The behavior of these three counts is shown below . 

. 
CellCnt: 

Groupcnt: 
-1 
DSOCount: 

n-1 !------------------------------ n -----------------------

5 I 1 1------- o -------!------- i -------!------- 2 ------

CellCnt: ------------------------------- n ----------------------!--- n+l 
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GrpCnt: 
o­
DSOCount: 

111------- 3 -------1------- 4 -------1------- 5 -------1 7 1--

The DSO nU1I1:ber 8 within each group is used as the super-frame, multiplexed 

signaling byte. Also, within each cell there are three reserved bytes corresponding to 

group 7 with a DSO count of 0, I or 2. 

10 As shown in Figure 7, the CAM 710 receives the generated count values 

(RxCellCnt, RxGrpCnt, and RxDSOCnt) and receives a signal (RxCellType) indicating 

the type of the received cell. A CAM is a memory device with the ability to compare 

any set of signals (e.g., a data word) presented to it with all of the CAM contents at 

once, and report the location in the CAM whose contents match the presented set of 

15 signals. In the prior art, CAMs have been used in bridges and routers to compare 

extracted MAC addresses with stored MAC addresses, in order to determine if 

received packets are addressed to LANs connected to the bridges or routers. 

Figure 8 presents one example of the CAM 710 that can be used in some 

embodiments of the invention. As shown in this figure, the CAM includes control 

20 circuitry 805, a first memory 810, a second memory 815, downstream comparators 

820, and decoder 825. Although this figure presents two memories, one of ordinary 

skill in the art would appreciate that this presentation is simply a pictorial 

representation of the CAM in order to facilitate its description, and that these two 

memories could be part of a single memory array. 
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Through microprocessor interface unit 745 and the control circuitry 805, the 

first and second membrles couple to the microprocessor 6l5 to receive respectively 

data signals (i.e., position identifying indicia) and control signals (e.g., block size 

indicia) for storing. Specifically, through this coupling, the first memory 810 receives 

5 and stores up to thirty two position identifying indicia that identify the position of 

thirty two telephony-application bytes in each SDH-like frame. 

In some embodiments of the invention, the first memory stores thirty position 

identifying indicia, where each position identifying indicia is a pointer that specifies 

the location of a telephony-application byte within each frame received by memory 

10 interface unit. When the frames have a structure as shown in Figure 4, and the 

telephony cells have structures as shown in Figure 5, each stored pointer can have 

thirteen bits. Of these bits, six bits identify the cell value, three bits identify the group 

value, and four bits identify the byte value. 

In the second memory 815, the microprocessor stores control bits that 

15 determine the size of the blocks of signals extracted from the signal stream. In some 

embodiments of the invention, the second memory stores thirty two sets of control 

bits, so that there is one set of control bits for each pointer in the first memory. Each 

set of control bits includes two bits. When a received byte has its location in the 

received :frame match one of the stored pointers in the first memory, the memory 

20 interface unit decodes the two control bits corresponding to the matched pointer in 

order to determine whether it needs to extract one to three bytes following the received 

byte in the received signal stream in addition to extracting the received byte. 
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As mentioned above, the CAM also includes thirty-two comparators 820. Each 

comparator compares a particular thirteen-bit pointer stored in the first memory with 

the thirteen-bit output of the byte counter 705. For instance, the comparator for the nth 

row in the first memory array receives the bits stored in row n (Rn) from columns 0 to 

5 12 (CO and C12), and compares these bits to the generated: thirteen count bits 

RxCellCnt, RxGrpCnt, and RxDSOCnt. 

Each comparator includes thirteen X-NOR gates, with each X-NOR gate 

receiving one bit of the stored pointer and one bit of the generated count value. Each 

comparator also has an AND gate (not shown) which receives the outputs of the 

10 thirteen X-NOR gates of the comparator. The output of each AND gate then 

represents the output of the comparator. Hence, the thirty two comparators 820 have 

thirty two output lines. When a received byte's location matches a stored pointer, the 

pointer's comparator indicates a hit (i.e., a match) by pulling its output line high. One 

of ordinary skill in the art would understand that alternative CAM structures ~ used 

15 in alternative embodiments of the invention. 

As further described below, the memory interface unit 715 receives the thirty 

two bit output of the comparators 820. This interface unit includes a priority encoder 

which receives this thirty two bit output to generate a five bit output to represent the 

address of the row storing the matched pointer in the first memory. The row address 

20 for the matched pointer is the same as the row address for its corresponding pair of 

control signals in the second memory. Hence, the five bit address is supplied to the 

decoder 825 of the second memory. This decoder then latches and outputs the two 

control bits stored at the row identified by the received address signal. The memory 
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interface unit then receives these two bits, which, as described later, direct the interface 

unit to extract up to ~ bytes that follow the received b)'te. 

The CAM also receives the CellType signal (such as RxCellType or 

TxCellType ). This signal indicates whether the cell that is currently being received in 

5 the received frame is ·a telephony cell or a non-telephony cell. To generate this signal, 

the CCU includes a memory (not shown) with forty one registers for the forty one cells 

in the frame payload. Each register stores a CellType flag that indicates whether its 

corresponding cell is a telephony cell. By using the cell count address generated by 

the counter 705, the CCU sequentially reads the forty one registers to generate the 

10 CellType signal. When the cell is not a telephony cell, the value of the CellType 

signal powers down the comparators 820. 

As mentioned above, the memory interface unit 715 of Figure 7. This 

interface unit receives the downstream signal stream. It also receives the generated 

count values RxGrpCnt and RxDSOCnt, and the RxCellType, in order to 

15 synchronously operate with the CAM. It couples to the CAM 710 to receive its thirty-

two bit output. Based on this output, it generates the five bit address of the matched 

pointer in the CAM. The interface unit then uses this address to retrieve the two 

control bits corresponding to the matched pointer from the CAM. Based on the two 

control bits, as well as the thirty two output bits of the CAM, the interface unit extracts 

r 

20 one to four telephony bytes from the received signal stream, and generates address and 

control signals to store the extracted telephony bytes in data and control RAMs 725 

and 730. 
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Figure 9 presents one example of the memory interface unit 715. This 

embodiment includes a priority encoder 905, an OR gate 910, and a downstream (DS) 

state machine 915. Priority encoder 905 receives the thirty two bit output of the CAM. 

As the CAM does not store identical pointers, only one of the thirty two output lines 

S should be active when a telephony signal is received. If the CAM reports multiple hits 

on its thirty two outpl1t lines (i.e., if more than one line is active), it is determined that 

the CAM was improperly programmed, and an error condition is reported through an 

interrupt structure or a status flag. 

When one of the thirty two output lines 755 are active, the priority encoder 

10 generates a five bit address based on the values-of the active line. ·This address is sent 

back to the CAM in order to retrieve two control bits which are stored in the second 

memory at the generated row address. These two bit are then supplied to the DS state 

machine. 

The state machine also receives an enable signal 920, as well as the five-bit 

15 output of the encoder; The enable signal is the·output of the OR gate 910, which 

receives as its input the thirty two output lines of the CAM. When one of these lines is 

active, the OR gate output is also active. This active signal causes the DS state 

machine to extract from the downstream signal stream the byte that it is receiving at 

that time. By decoding the two control bits, the DS state machine then determines 

20 whether it needs to extract up to three other bytes that follow the initial, extracted byte. 

Based on the value of the generated five bit address and the two control bits, 

the state machine 915 generates address.and control signals to store the extracted bytes 

.. ·~. 
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in the data and contr61ltA.Ms720 and 725. For some embodiments of the invention, 

the relationship bet~eeii the pointers stored in the CA'.M and the storage locations in 

RAMs 720 and 725 (for storing extracted bytes whose locations in the signal stream 

matched the stored pointers) is hard coded. This hard coded relationship allows the 

5 downstream state machine to simply use the five bit row address 925 of the matched 

pointers to generate the address signals for the locations in the RAMs 720 and 725 for 

storing the extracted bytes. 

In some embodiments of the invention, the memory interface unit is designed 

by using a hardware design language. For such embodiments, one possible design of 

10 the memory interface unit is set forth in Appendix A. This design uses the Verilog 

hardware design language. Numerous manufacturers of logic synthesizers (such as 

Synopsys, Viewlogic, Synplicity, ACEO, Cascade Design Automation, Exemplar, and 

Altera) can transform the logic in this code to gates, and thereby obtain the gate level 

implementation for the memory interface unit. 

15 The memory interface unit extracts either telephony data signals or telephony 

control signals from the frame. The two signal types are treated differently in the way 

they are stored. The control signals are written to control RAM 725, whereas the data 

signals are written to data RAM 720. In some embodiments of the invention, the 

control RAM is a 128x8, dual port RAM, while the data RAM is formed by two 

20 32x32, dual port RAMs that act as a "swing'' buffer ("ping-pong'' buffer). 

RAMs 720 and 725 are where the telephony data and control signals cross from 

the 19 MHz, SDH-like time domain into the 4 MHz, telephony domain (e.g., POTS 
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domain). Two RAMs are used to form the "swing" buffer for the telephony data 

signals. The "swing" buffer has two memory areas so the .19 MHz domain can write 

the data for one frame, while the 4 MHz domain can re~ t,he data for the previous 

frame. The memory interface unit 715 determines which of the "swing" RAMs to 

5 store the telephony data signals in the current frame, b~ed on a frame count generated 

by a frame counter (not shown). 

The control signals do not require more than one RAM to cross the 19 MHz - 4 

MHz boundary. Thisis because the frequency of the control signals is slow enough 

that both the 19 MHz and the 4 MHz domains can access.the RAM before the next 

10 signaling byte will appear in the SDH frame. Also, a slight degree of imprecision can 

be tolerated with respect to the control signals, as such imprecision will hardly be 

notic.ed by the users. The 4 MHz side is given priority over the 19 MHz side in the 

accessing of this control signal RAM. 

Once the ONU has completely received a frame, the counter 705 and the CAM · 

15 710 have checked the location of each received byte, and the memory interface unit 

715 has extracted and stored all the telephony data and control signals of the frame in 

the data and controlRAMs, the pointer RAM control 740; the table of pointers 735, 

and the DS TIU interface 730 direct the telephony signals in RAMs 720 and 725 to the 

appropriate TIUs. In other words, the pointer RAM control 740, the table of pointers 

20 735, and the DS TIU interface 730 act as a cross connect structure that determines 

which data and control is forwarded to which TIU. 
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As shown in Figure 7, the DS TIU interface 730 c6uples to four TIUs A, B, C, 

and D. This interface RJ.so couples to the pointer contr61 740 to receive addresses of 

locations in the data and control RAMs that it needs to read. The pointer control 

retrieves these addresses from the pointer table 735. The pointer table couples to the 

5 microprocessor 625 through the pointer control 740 and the microprocessor interface 

unit 745, in order to receive and store address signals from the microprocessor during a 

program mode. 

The pointer control 740 serves as an arbiter which controls access to the table 

735. The pointer control receives the 4.096 MHz clock signal, the frame synch signal, 

10 and the DS synch signal. A bit counter (not shown) of this pointer control receives the 

4 MHz clock signal to generate a nine-bit count at this frequency. The control unit 

receives the frame synch signal (generated by the framer 610) to maintain its 

alignment to each frame. The control unit 740 receives the DS synch signal from the 

downstream synchronizer (not shown), in order to synchronize its counter with the 

15 SDH-domain counters so that the interface units 715 and 730 do not simultaneously 

access the memories 720 and 725. 

The top six bits of the nine-bit count produced by the pointer control's counter 

serves as a byte counter that counts sixty four bytes for each received frame. These 

sixty four count values define sixty four time slots during which the pointer control 

20 740 (1) causes the pointer table 735 to generate 256 addresses in the RAMs 720 and 

725, and (2) supplies these 256 addresses to the DS TIU interface 730. 
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In particular, during each of the sixty four time slots, the pointer RAM control 

directs the table 735 to output in a particular sequence the contents of four of its nine-

bit wide storage locations. Each nine-bit wide storage location of the table 735 

includes seven bits for defining a row address, one bit for selecting the control RAM, 

5 and one bit for selecting the data RAM. In turn, during each of the sixty four time 

slots, the TIU interface 730 reads the RAMs at each ofthe four addresses output by the 

table. The TIU interface then forwards the four sets of retrieved signals to the four 

TIUs A, B, C, and D. 

Figure 10 illustrates this.read out operation pictorially for one embodiment of 

10 the invention which stores 120 telephony data bytes in each data RAM 720, and stores 

120 telephony control bytes in the control RAM 725. During the first two time slots 

and the last two time slots, the DS TIU interface reads out overhead bytes (e.g., parity 

bytes). 

During the remaining sixty time slots, four sets of thirty telephony data bytes 

15 (D), and four sets of thirty telephony control bytes (C) are respectively read out of the 

data RA.Ms 720 and the control RAM 725. Each TIU 355 receives one set of 

telephony data bytes and one set of telephony control bytes. For the operation 

illustrated in Figure 10, the pointer RAM control 740 alternatively reads out telephony 

data bytes and telephony control bytes for each TIU. 

20 Data and control signal fetching are done for each of the TIU in a particular 

order. During each of the middle sixty time slots, the DS TIU interface 730 retrieves 

four telephony bytes, The first three bytes for three TIUs are stored in intermediate 

·:·.: 
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registers. When the fourth byte is fetched, all four bytes are written to shift registers. 

These bytes are the1i'siiifted out to the TIUs one bit afa time based on the value of the 

pointer control's bit counter. While the bytes in the shift registers are being shifted 

out, the next four telephony bytes are fetched. 

5 In some embodiments of the invention, the DS TIU interface 730 and the 

pointer control 740 are designed and manufactured by using a hardware design 

language. For such embodiments, one possible design for the DS TIU interface unit is 

set forth in Appendix B, while one possible design for the pointer control 740 is set 

forth in Appendix C. These designs use the Verilog hardware design language. 

10 Numerous manufacturers oflogic synthesizers (such as Synopsys, Viewlogic, 

Synplicity, ACEO, Cascade Design Automation, Exemplar, and Altera) can transform 

the logic in this code to gates, and thereby obtain the gate level implementation for the 

DS TIU interface. 

Another embodiment of the invention that is implemented in the FTTC 

15 network 300 multiplexes telephony application signals and non-telephony application 

signals to form an integrated telephony/non-telephony signal stream for transmission 

to the HDT 320 through the FTTC network. This embodiment stores position 

identifying indicia (e.g., pointers) that identify the appropriate location of the 

telephony signals in a signal stream, which as mentioned above is organized in a SDH-

20 like frame. It then generates position identifying indicia as it receives signals for 

transmission, and compares the indicia to the stored indicia. When generated indicia 

matches stored indicia, it inserts the telephony signal corresponding to the generated 

indicia in the signal stream. 
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Figure 11 sets forth one such embodiment of the invention. This embodiment 

multiplexes telephony signals and non-telephony signals to fonn an integrated 

telephony/non-telephony signal stream for transmission to the HDT 320 through the 

FTTC network. The interface apparatus 1100 constantly receives four telephony data 

5 streams (e.g., four D~O streams) from four TIUs A, B, C, and D. It multiplexes these 

streams with another signal stream to fonn a byte-wid~ s~eam supplied to the framer. 

Like the apparatns 700 ofFigure 7, the apparatus 1100 of Figure 11 can be 

implemented in the CCU's TIUI, which serves as the interface between the TIUs and 

the fiber optic cables~ Also, like apparatus 700, this apparatus has a byte counter 1105, 

10 a CAM 1100, a memory interface unit 1.115, two dual port data RAMs 1120, a dual 

port control RAM 1125 , an upstream (US) TIU interface 1130, a table 1135, a pointer 

·control 1140, and a microprocessor interface unit 1145. However, it also includes a 

delay FIFO 1150, an early counter 1155, and a set of eight OR gates 1160. 

The operation of the.apparatus 1100 is similar to the operation of the apparatus 

15 700, except that it is in the reverse order and it has a built in delay. For instance, like 

the pointer control 740, the table 735, and the DS TIU interface 730, the pointer 

control 1140, the table 1135, and the US TIU interface 1130 act as a cross connect 

structure. However, unlike these structures of apparatus 700, the pointer control 1140, 

the table 1135, and the us nu interface 1130 forward the signals coming from the 

20 TIUs to the RAMs 1120 and 1125. 

As shown in Figure 11, the US TIU interface 1130 couples to TIUs A, B, C, 

and D to receive telephony data and control bytes. This interface also couples to the 



~...,,.._. 

W099/07107 PCT/US98/16369 

•' 29 
table 1135 via the cdntrol unit 1140 to receive addresse8 oflocations in the data and 

control RAMs 112o··anJ 1125, in which it can store the received telephony bytes. The 

table 1135 couples to the microprocessor 625 through the control unit 1140 and the 

microprocessor interface unit 1145, in order to receive and store address signals from 

5 the microprocessor during a program mode. 

The table 1135 is controlled by the pointer control 1140, which includes a bit 

counter (not shown). This control unit receives the 4.096 MHz clock signal, the frame 

synch signal, and the US synch signal. The control unit's·bit counter receives the 

4.096 MHz clock signal to generate a nine-bit count at this frequency. The control unit 

10 receives the frame synch signal (generated by the framer 610) to maintain its 

alignment to each frame. The control unit 1140 receives the US synch signal from the 

downstream synchronizer (not shown), in order to synchronize its counter with the 

SDH-domain counters so that the interface units 1115 and 1130 do not simultaneously 

access the memories 1120 and 1125. 

15 The top six bits of the nine-bit count produced by the pointer control's counter 

serves as a counter that counts sixty four time slots for each transmitted frame. During 

these sixty four time slots the pointer control 1140 (1) causes the pointer table 1135 to 

output 256 addresses in the RAMs 1120 and 1125, and (2) supplies these addresses to 

the US TIU interface 1130. The US TIU interface then uses these 256 addresses to 

20 store 256 bytes from the TIUs 355 in the RAM 1120 and 1125. 

More particularly, during each of the sixty four time slots, the US TIU 1130 

receives and stores up to four telephony bytes from the four Tills A, B, C, and D. 
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Also, during each time slot, the pointer RAM control 1140 directs the table 1135 to 

output four of its nine-bit wide storage locations. Each nine-bit wide storage location 

in the table 1135 includes seven bits for defining a row address, one bit for selecting 

the control RAM, and one bit for selecting the data RAM .• The US TIU interface then 

5 uses the nine-bit outputs of the table to store its four telephony bytes in the RAMs 

1120 and 1125. 

As mentioned.above, in some embodiments of the invention, the pointer RAM 

control 740 is designed and manufactured by using a hardware design language; one 

example of such a design is set forth in Appendix C. AlsQ, in some embodiments of 

10 the invention, the US TIU interface 1130 is designed and manufactured by using a 

hardware design langtlage. For such embodiments, one possible design of the US TIU 

interface is set forth iµ: Appendix D. This design uses the Verilog hardware design 

lariguage. Numerous manufacturers of logic synthesizers (such as Synopsys, 

Viewlogic, Synplicity,ACEO, CascadeDesign Automation, Exemplar, and Altera) 

15 can transform the logie in this code to gates, and thereby obtain the gate level 

implementation for the US TIU interface. 

The memory interface unit 1115 also accesses the data and control RAMs 1120 

and 1125. However, unlike.the US TIU interface 1130 which couples to the 4.096 . . 

MHz ports of these RAMs, the memory interface unit l 1 l5 couples to the 19 .44 MHz 

20 ports of these RAMs. As shown in Figure 11, the memory interface unit also couples 

to the CAM 1110, the early counter 1155, the counter 1105, and the delay FIFO 1150, 

in order to read the telephony bytes from the RAMs and timely output these bytes in a 

signal stream for transmission. 
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Specifically, the i!arly counter 1155 cause memory interface unit to read out the 

telephony signals frdii\ 1he RAMs and to store them iti the delay FIFO 1150. The 

count values generated by the early counter are a predetermined number of bytes (e.g., 

twenty four) ahead of the count values generated by the counter 1105. The early 

5 counter 1155 generates count values which identify the locations (or time slots or time 

periods) in the frame for transmission. 

These count values are supplied to the CAM 1110. One example of this CAM 

is depicted in Figure 8, which was discussed above. The CAM 1110 can store up to 

thirty two pointer in a first memory, where each pointer specifies the location of a 

10 telephony-application byte within each frame for transmission. The CAM also stores 

two control bits for each pointer in a second memory. 

Once the CAM receives a count value from the early counter, it simultaneously 

compares the count value with all of its pointers. If the generated count value matches 

one of the CAM' s stored pointers, the CAM outputs a hit signal on the output line for 

15 its matched pointer. 

The memory interface unit 1115 receives the thirty two output lines of the 

CAM. When the CAM outputs a hit signal, the memory interface unit (like the 

memory interface unit 715 of apparatus 700) uses a priority encoder to encode the 

signal on: the thirty two output lines into a five bit output. This five bit output 

20 represents the address of the row storing the matched pointer. This output is feedback 

to the CAM in order to read out the pair of control signals corresponding to the 

matched pointer. The memory interface unit then receives these two bits. 
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For some embodiments of the invention, the relationship between the pointers 

stored in the CAM 710 and the storage locations in RAMs 1120 and 1125 is hard 

coded. This hard coded relationship allows the memory interface unit to use the 

matched pointer's row address plus the retrieved two ~ntrol bits to extract one to four 

5 bytes from the RAMs' 1120 and 1125. In some embodiments of the invention, the 

memory interface unit 1115 is designed and manufactured by using a hardware design 

language. For such embodiments, one possible design of the memory interface unit is 

set forth in Appendix E. This design uses the Verilog hardware design language. 

Numerous manufacturers oflogic synthesizers (such as Synopsys, Viewlogic, 

10 Synplicity, ACEO, Cascade Design Automation, Exemplar, and Altera) can transform 

the logic in this code to gates, and thereby obtain the gate level implementation for the 

memory interface unit 1115. 

The memory interface unit stores the extracted telephony data bytes in the 

delay FIFO 1150, while it stores some of the extracted telephony control bytes in a 

15 circular buffer. As mentioned above, the early counter is a predetermined number of 

bytes (e.g., twenty four) ahead of the byte counter 1105. Hence, the early counter 

causes the memory interface unit to extract each telephony byte from the RAMs a 

number of cycles before it needs to output the byte. 

The memory interface unit uses the delay FIFO 1150 to .store the extracted 

20 telephony data bytes. The delay FIFO stores thirty two sets of nine bits. The memory 

interface unit can store a telephony data byte in eight bits of each set. The ninth bit 

indicates whether the set contains telephony data bytes. Each time the early counter 

generates a count value, the memory interface unit (1) reads out the set of bits that was 
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input first, and (2) caft st~re a telephony data byte in the PtFo. Also, each time the 

early counter generates a new count value, the contents hi.each nine bit register in the 

FIFO are advanced one stage. 

The early counters and the delay FIFO allow the memory interface unit to 

5 perform a "look ahead" function, in order to identify the telephony data bytes that will 

surface in a few clock cycles. By identifying the telephony data bytes slightly ahead 

of time, the memory interface unit can combine in proper order the telephony control 

bytes and the telephony data bytes, as depicted in Figure 5. In other words, this early 

hit detection will allow the data and control bytes to be fetched and merged into the 

10 SDH frame at the proper time. 

The memory interface unit stores the extracted telephony control bytes in a 

circular buffer. For some embodiments of the invention, a three byte circular buffer is 

used by the memory interface unit. In these embodiments, this unit uses a frame count 

generated by the frame counter (not shown) to selectively store in the circular buffer 

15 one of the eight possible telephony control bytes that are to be placed in front of the 

sets of eight telephony data bytes in nine-byte groups of the transmitted cells. 

The memory interface unit reads out the contents of the delay RAM and the 

circular buffer under the control of the early counter 1155 or the counter 1105. The 

memory interface supplies each retrieved byte to input of OR gates 1160. The OR 

20 gates receive the output of the memory interface unit or another signal stream, but not 

both simultaneously. These gates then output the signals they receive onto line 1165, 

which couples to the framer 610. 
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As apparent from the discussion above, the invention is advantageous 

because it provides method and apparatus that efficiently demultiplexes signals for 

different communication applications (such as telephony applications and non­

telephony applications) from a signal stream. The invention also provides method and 

5 apparatus that efficiently multiplexes signals for different applications into a signal 

stream. 

As described above, some embodiments of the invention efficiently perform 

the demultiplexing operation by using a CAM to quickly verify whether a set of 

signals are for a particular type of communication application. If so, these 

10 embodiments extract these sets of signals from the signal stream. This demultiplexing 

operation obviates the need for storing all the received sets of signals, prior to 

determining which sets of signals need to be routed to the particular communication 

applications. Some embodiments of the invention also efficiently perform the 

multiplexing operation by using a CAM to quickly identify appropriate locations in a 

15 signal stream. 

While the invention has been described with reference to numerous specific 

details, one of ordinary skill in the art would recognize that the invention can be 

embodied in other specific forms without departing from the spirit of the invention. 

Thus, one of ordinary skill in the art would understand that the invention is not to be 

20 limited by the foregoing illustrative details, but rather is to be defined by the appended 

claims. 

I 
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I I/// I//// I I I I/ I I I I I /I I/ II II II/ I /I// JJ 1111111 /I I I I/ I II/ I/ II I II I/ 1111//// ////// 11 
II Priority encoder 11lth error 11.,..1 for n:1re thin one CAM location hit 
l/l/llllllllll/llll/lll/l/lllllllll/lllll/lll/1/lllll/lllllll/llllll//1//ll/llll 

Dhioys 8 ( RJd>cmHI t ) 
begin 

Hit = l'bO; 
Hi tAclcl • S•bODODO; 
ErrMul HI t • 1' l>O: 
ErrHulHftflg • 1'b0; 
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for Cl • 31; i •= o; i = I ·1> 
begin 
If tRJIPClllHltliJl 

begifl I 

end 

llit • 1'b1· 
if Cl!rrMulHitflg> ErrHulHlt = 1'b1; 
ErrHulHitflg = 1'b1; 
llitAdd = I; 
end 

iislgn ErrO'lrlp = Busy & Hit; .. , 
6111ays ~ Cposedge Clk19 or negedge IRESET_> 

beg1n 
if CliR~SET_) 

begin 
CAHErr .- 11b0; 
end 

else 
be9in 

I. · ~:!)Err <= ErrHulHit f ErrOVrLp; 

end 

1//11//ll,'lll/l///J//l/l///////l/l///////llll/llllll/llllllllll//llllllllll/lll/ 
II Hit adilress latch Latches i!ddress on CAM hit 
lllll/lll/l/l/llll/lllllJlllll/l/llllf/llllll/llllllll/ll/ll/llllllll/ll/l////ll 

always Iii <posedge Clk19 or negedge IRESET > 
-~ -if (f ill~SET_) 

bea1n 
StHitAdd <• S1 bOOOOO; 
end 

else if CHit & -Susy) 
begin 

end 

StHltAdd <• HitAdd; 
end 

lll//llll/lllll/ll//l/ll/lll/lll//l/lllllll/ll/l//ll/lll/lllll/lllll/Jl//l///lll 
II RAM address latch 
1111 II I I I I II/ I/ II II II II 11 II /I/ I/ II/ I I/ I II /I I/ II I /I II I II II II I I/ I/ I I I I! I I II II/ I I/ I 

.!ways Iii Cposedge Cll:19 or negedge !RESET ) 
lt.egb -

If UiRESET ) 
begin -
DnPllAdd <• 61b000000; 
StBlkSz co; 2'ti0D; 
end 

else if (lleOOnPDln> 
begin 
O~WAdd cs (Rx5Ftnt (OJ , StH I tAcld); 
st8lkSZ <= BlkS'J;; 
ervS 

end 

1/l/Jl/l//11///////l/l/l/l/l/lllllll//J//l/l//////ll/lllll///ll/lllllllllll/llll 
fl Block shl' 1111ltlplexer to tettive the stored block sh:e of the hit CAH 

II location 
/////fl///// I /II I II I/ II Ill II II II II I 1111 II II II I II I// II I 1111 II/// I I I I/ I I I I I I// 1111 

assign 8lkb .. (StBllcSi1tStHitAddJ,St8lkSiO[StffltAddJ)1 

lllllllllll/lll/l/l/llllllllllll/lllll///lllllllll//llll/lllllllllll/llllllll/I/ 
I I/Ill/I II 11111111/lll lllllJ II Ill Ill I/ II I 111 I I I I lllf If llllllllllll/11/ I/ II/ II Ill 
1111 PCM AAll address end data r;onttol 
l/l/ll/lllllllllll/ll/llll//l/lll/lll/l//lllll/ll/ll//ll/lll/lll/l/llllllllll/J/ 
IJ/llllllllll//lllll/l//lll/llllll/ll////l//llllllll//lllll/llllll/1/J/lllll/I// 

I/ I/II II l I I I II I/ 1 /I I I/I/I/II II I I I I/ I II II /I I I II I lll/ll/11//ll/lll llllf I II II////// 
II Delayed nit sign•I used as byte 0 write enable, counter start signal 
II and RAM storage enable 
//l//llllllll////l//l/lll/l/lllll///l////lllll/l/l/lllllll/lllll/lllll//llllllll 

always iii (posedge tlkl9 or negedge iRESet.> 
begin 
if (I iRESET l 

begin -
l/eOOnPO In •• 1' bO; 
dtRllSOH cs 1 'bO; 
dRxD <s &•hOO: 
encl 

else 
begin 
\leOOl'l'llln <• Hit & w&usy; 
dt11xSOH <= tRxSOHr 
dRJIO <= RxD; 
end 

end 

/llllllllllllll/l//l//////l/lll//l/ll/////ll/llllllllllll/llllll//Jll///11/ll/I/ 
II Byte . ~ounter and control 
11111111 II/ I II/ I II II II/ II/// I I I I I I II II I I I II I llll /I I/II llll llllllllllll I II/ 111 /II 

assign BlktntrO • (811<.Cntr == 2'b00); 
assign BlkS10 • (BlkSi := 21b00>; 

always Iii (posedg• Cllt19 or neseds• iRESET ) 
begin -
if (!IRESET ) 

BlkCntr-<= 2'b00; 
cln 

BlkCntr <= n81kCntr; 
end 

always ii (llcOOnPDln or StB\kSi or BlkSzO or dtRxSOll or BlkcntrO or BlkCntr) 
begfn 
if (\leOl>nPDln & ·Blk$:t0) 

nBlkcntr " 2'b01; 
else If (I dUii50H) 

if ((B\~tntr •• StBlkSzl I J BlktntrD) 
nBlkCntr • z•bOO; 

tlse 
n81kCntr * Blktntr • 1'bl; 

else 
nBlkCntr = Blktntr; 

end 

assign Busy = nllkCntr I'" 2'b00; 

always a Cposedge Clkl9 or ne9edse lRE5ET > 
begin -
if ti iRESET ) 

be9ln -
DnPlle •= 1'b0; 
lle1Dli'Dln cs l'bO; 
lle2DnP01n <• 1•b0; 
llel0rl'Olt1 c• 1 'bO; 
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end 
else 

begin 
DnPlle <• ·-c1tRjCSOH & CBlkCntr •= StBlkSz> & -alkcntrO I 

end 

8 lkszo & lleODnPDI n; 
Ue1DnPDln c: -tRxSOH & CnBlkCntr == 21b01); 
Ue2DnPDln <= -tRxSOH & CnBlkCntr s: 21b10); 
Ue3DnPDln <= -tRxSOH & CnBlkCntr =• 2'b11>; 
end 

II I I I/ I// I I I I I I I/ I I/ I I I I/ I I I/ II 111 /I I I/ JI I I II I/ I I I I I/II II JI I Ill I I/ II I I I I I I I I/ JI I 
17'/ PCM RAM data holding register with individual byte write enables 
·~I I I I I I I/ I I I I I/ I I I I I I I I I I I I II I I I I II JI II JI I 111111 JI I I Ill I I I I I II I II I I I I I I I I I I I I I I I 

always Iii <posedge Clk19 or negedge !RESET_> 
; · · If (I iRESET > 
ll I begin -.. DnPOln!31 :241 •= a•hOD; 

end 
i . else if (lleODnPDln) 

· ·begin 
f ; DnPDlnC31 :241 <• dRxD; 
·• erd n .. 
always Iii Cposedge Clk19 or negedge !RESET_> 

If (I !RESET I 
begin -
DnPDln!23: 16J <= 81h00; 
end 

else If ClleODnPDln> 
begin 
OnPDlnC23:16) <• B'hDO; 
end 

else if (lle1DnPDln> 
begin 
DnPDlnl23:161 <• dRllD; 
end 

always a (posedge tlk19 or negedge IRESET_I 
If Cl !RESET_) 

begin 
DnPDln!15:8J <= 81h0D; 
end 

else If (lleODnPDln) 
begin 
DnPDln!15:BJ <= 8'h00; 
end 

else if (lle2DnPPln) 
begin 
DnPDln(15:8J •• dRxD; 
end 

always Iii (posedge Clk19 or negedge !RESET_> 
if (I !RESET I 

begin -
DnPDlnC7:0J <= 81h0D; 
end · 

else if (lleODnPDln) 
begin 
DnPDlnl7:01 <= B'hDO; 
end 

else if (lle3DnPDln> 
begin 
DnPDln[7:0J <• dRllD; 
end 

I I I I I I II I I I I I I I I II I I I I I I I/ II/ I I I I I// I I I I I I I I I I I I I I I I I/ I I I I// II/ I I I II I I I I II II I I I I 
llllllllllllJlllJlllllllllllllllJllll//llllllllllllllllJlllll/llllllllllllllllll 
II Slgn1ll Ins RAM address and data control 
I I I/ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II 11 /I/ I I Ill I I II I I II II I I I I I I I I I I I I I I II II II II II 
/IJIJlll/lll/lllllllll/lllllllllllll/ll/l/lllllllllllll/IJl//JJlllllllllllllllll 

llllllllllll//l/lllllll/ll/l//lll//llll////Jlllllll/lllllllllllllJl/llllllllllll 
II Ccmnon stuff •• various decoded control signals !Ind delayed signals 
ll//J/lllllllll/l/l//llllllllllll/1/llllllllllllllllllllllllllllllllllllllllllll 

assign TdnCell = tRxCell1ype; 
assign pVal ldGrp = 1ctncell & CRxGrpCnt I• l'b111); 

always Iii (posedge Clk19 or negedge !RESET_) 
begin 
if (liRESET ) 

begin -
dRxDSOCnt •= 4'b0000; 
Val idGrp <• l'bO; 
end 

else 
begin 
dRllDSOCnt <• RxDSOCnt; 
Val idGrp <• pVal idGrp; 
end 

end 

assign SlgBlle = -dtRxSOH & Val idGrp & (dRllDSOCnt •= 41b1000); 
assign SlgHlt = -dtRxSOH & V1lldGrp & ((1'1lD,RXSFCnt) == cllllDSOCnt) & 

ClleODnPOln I 11e1DnPDln t 11e2DnPDln I 11e3DnPDln>: 

I I I I II I I I I II I/JI I I I I I II I I I I I I II I/ I/ I I I I I II I I/ I I I I II I I I II II I I I I I I I I II II JI 11111111 
. I/ Signal! Ing byte and address capture upon detection of PCH hit. Pending 
II flag set on hit, held off by write. blocking signal, and cleered If no block. 
I I II I I /I I I I I I I I I II I I II I I II II II I I I I I I I/ II I I I I II I II I II II II I Ill II II I I II I I II I I I I Ill I 

always Iii (posedge Clkl9 or negedge IRESET_) 
if Cl I RESET ) 

Sl98yte-co 81hOO; 
else If ($igBlle) 

SigBytt <= dRllD; 

always Iii (posodge Clk19 or negedge iRESEt ) 
ff CtlRESET ) -

begin -
DnSlgllAdd <• 7•hoO; 
DnSigDln •= 8'h00; 
encl 

else if (SigHIU 
begin 
DnSlgllAdd co (((lleOOnPDln) 7 StHitAdd : DnP11Addf4:0J ), 

(lle2DnPDln I lle3DnPDln),(lle1DnPDln WelDnPDln»: 
DnSigDln <• SigByte; 
end 

always Iii Cposedge Clk19 or negedge iRESE1_> 
If Cl !RESET ) 

SigFlg <• 11b0; 
else If (Sigf19 & DnSigUe) 

Slgflg <= 1'b0; 
else if (MSlgflg & Si9Hi t) 

Sl9Flg <= 11b1; 

assign DnSialle = SlilFlg & ..PnSigllrBlk; 
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e111gn Fl't~Ret'OS = llittnt(3;0J *" 4'b011D I 
Sittntr3:0J '"' 41btOOU J 

. j• Blttntl3;0J .,. 4'b1011 
i~1 Bittnt(3:0] - 4'b1101; 

ft}ways II <posedge tll<4 or ne9edae RESEt4H_) 
' If (!RE5ET4H ) 
1 PtrRRerDS « l'bO; 
· else 

PtrRRer0$ <~ pPtrRRerOS; 

fi$sign DnPRAdd" (tnnCnt[OJ ,DnPRAddLWr[6:2)); ... ~ 
'lisslgn onPRen "' 8itCnt(3:0J "" 4'b1000 I 

bltCnt(3:Dl = 41b10t0 
8itCnt(3:0) •= 4'bl10t 
81ttnrcl:OJ .., 4'bftt1r 

ssi9n onSi!IRAdd = onPRAddlwr; 

=aislgn bnSlgRen = DnPAen; 
': 
'/i11JJllllll/IJll//l/llll/lllllll/llJllllllll/lllf////l/ll/f/ll/lll/l/J/lllll/IJ 
11 Stored Info frcm pointer RAH 
////lll/l/l///l/ll/l/l/IJl////ll//l/IJJ/llllllll/l/l/////////l/ll/lllJlllllJ/lll 

always II (po&edgfl! Clk4 or negecf$e RE5ET4H ) 
begin -
if (:!:~~T4H_) 

DnPRAddlwr <= 7'h00; 
SlgEn <= I 'bO; 
PCHEn <= 1'b0; 
erd 

else if (PtrRRerOSl 
begin 
DnPRAddLwr <= PtrRllOUtPUS [8:21; 
SlgEn ... PtrRDOutDUSl1h 
PCHEn <= PtrRDOutDU$ [OJ ; 

I erd 
end 

//II I Ill/I Ill 1111 /I /I/ II /I /I II/ II I I/II II II llll/Jlll/l /I JI J IJ II /I I II/ I II I/ 1111111 
II Data read 11111<e• for PCM .and slsnall ins RAM• 
'llllllllllllllllllllllll/1/lllll//ll/llllllll,lll/llllllllllllllllllllllllllllll 

assign Dnl'DOUtB c t•PCHEn) ? PCHSisOffB : C 
(OnPb0utl31:241 • (lf(DnPRAddl.wrU:Ol = 2'b00))) I 
<DnPDDutl23;t6J I (4(flnl'llAddl.wrthOJ ""' 2'b01>» 
(Dl'IPDOUt!l~;BJ & <B<OriPltAddlwrlhOJ - 2'b10)}> I 
<PnPDOUtl7:0J & (8COnPllAddl.wr[t:O} .,., Z1b11)}) 
>; 

aJsign On5i901.1t8 = (•SigEn) ? PCHSigOffB : Dn5ig00Ut; 

lll///lllll/l/l/llll/ll/11/l/lll/ll/l/l/l//lllll/l/ll/l/lll/llJl////l/l//lll//ll 
II load enables fr;ir holding registers 
I I I// I/I I II II I I II 111 /II I I II I/ I/I /I II 111111111Ill1111111/ 111111111111111111111/ 11 

aaslgn LdlDDA • 8itCntC3:DJ ""' 4 1b1t01; 
assign ~dlDDB " BitCnt(3:0J "" 4'b1010; 
11iSi9" LdlDDC • 8itCnt(3;0J == ''b1111; 
esslgn ldfDDO " Bittnt!3:0J "" 4•blOOO: 

//II// I// I// I I //I/ I /111111111 I I I I II I II I II II II II II II II II II II I I I/ 1111 ///// ///// /1 f 

II Holding registers for PCM pnd si9nall1ng 
II 
II PCM holding reg for interfoco C is not needed because the PCM buffer 
II rc~d occurs just as the shfl t byte is needed thus l10 holding reg is 
II requi rod. 
111111/1111111111111// 1111 Ill/I I I I/ I I I I I I I I I/ I I/ II// I I I I II II II I I II I II I I/ I/// I II I 

always ~ (poscdg~ Clk4 or negedge RESEl4M~l 
begin 
if (!RESEl4M l 

begin • 
PCMHldRegA <o 8•hOO; 
$igHldRegA ·= a•hOO; 
end 

eln if (ldrOD.Al 
begin 

end 

PCMHlclRegA <= DnPDOUtB; 
Si9Hlc1Re9ll <= DnSlgOutB; 
end 

11l1111n a (poaedge clk4 or negedge RESET4M_) 
begin 
if ( !RE~ET4M_) 

be91n 
PCHfftdRegfl c" 81 ftOll; 
SigHldHgll <• 8'h00; 
erd 

else if (Ldf PDB) 
begin 

end 

PCMHldReg8 <= OnPDOUt8; 
SlgNldllegB ... OnsigOutB; 
end 

always 111 (poscdge tlk4 or negedge RESET~H ) 
~gin -
if CIRESET'K_) 

begin 
SigHldRogC: <• B'hDO; 
end 

el$e if (LdTDDt) 
begin 

end 

Si9HldRegt <• On5igOutB; 
end 

always a (poscdge tlk4 or negedge RESET~H > 
be~ -
if (IRESE14M_> 

begin 
PCHHldRcsD <= 8'h0D; 
si sll ldllegO <= a•hOO; 
end 

else if (LdTDDD) 
begin 
l'CHJUdllegD <" bnPDOUtB; 
SigllldRegll <z DnSISOut8; 
end 

end 

///ll//llllllllll//l//l/l/l/ll////1/lll/lllJllllllllllll////lll//fl//l/ll/l/l/ll 
II Parity generation ard storage 
/ 1111/ /I Ill I /I I Ill II /I Ill I II/ 1/1111111111111111Ill///111111111111 Ill I /1111111 Ill 

assign LdPrty " RsrvBSel & LdShftRegs; 
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... ten R1rvlyte • 8'd0; 

;:11111 /I II I I II I/ II//// II I I I I if II I I I I I I I// I II I I I I I/ 1111 Ill/ I I I/ I I I I I/ I I// I// I/ I I I/ 
IJ clock Inversion for down·stream slsnall 1119 and PCM RAMs 

!-hi/ II /I I II I// I I II I I/ I/ II I/ I I I I/ I II/ I /I II/ I I II I II /I I I I/ I/ I/ I I I I I I I I I I/ I I I I/ I I// I 
;·!. 
. essign DsClk4b = -Clk4; .. 
l/ll/////l///ll/ll//ll/llllllllllll/l/l/lllllllll/lllllllll/llllll/ll////lll//// 
II Processor address decodes 
,If I II 1111 ////I/ I I I II I II I II I/ I I I I/ I I I I II II I I f//l /I/ I/ I II /I I/ I/ 1 //I I/ I I I/ I I I I I I II I 
I I . . 

;~ssign dAny = Uplteq4H & .(IUPA[10:6t == 5'b000_00); 
assign dBitOffSet • dAny & (IUPACS:IJ s= 5'b00_000); 
assl9n d>CHSlgOffB = dAny & llUPAl5:1J c: S1b00_001); 

.ifslgn d>~ISlyte = dAny & CIUPAl5:1J r:!: 5•b00_010l; 
assign dStgAISByte = dAny & CIUPAl5:1J :: 51b00 0111; 
,_sign dAutoAIS = dAny & CIUPAl5:1J == 51b00-100); 
~ssign dJpAIS • dAny & (IUPAIS:IJ so: s•b00-101); 

·a,slsn dlsgXllltEn s dAny & CiUPAl5:1J •• 5'bO(OOO); 
assign dls9Pend = dAny & <IUPAl5:11 •• 5'b01 001); 

!-blgn dlsgCmd = dAny & (iUPAl5:1J cs 5'bO(D10>: 
.,sslgn dlsgAdd = dAny & CIUPAl5:1J •• 5'b01 011); 
1isslgn d4sgWr0 = dAny & <IUPA[5:1J •• 5'b0(100); 

///I I I I I I I/ I I/// I/ I I I I I I I I/ I I I I I I I I/ I/ I I I I I I I I/ I I II I I Ill I II I I I I II I I I/ II I I I/ 1 /I/ I 
II Offset. blt•count· capture 
11111 II I I I I I/ I I I I I I I I I I I I I I I I I I I I I I I/ I I I/ I I I I I I I I I I II I I I I II 11111 /////I I II I I I//// 

: always a (posedge clk4 or nesed9e RESET4H_> 
begin 
if CIRESET4H ) 

begin -
BitOffSet <= 9'd0; 
end 

else If (UsOffSetRef) 
t.igin 

end 

BitOffSet <= BilCnt; 
end 

always a (posedge clk4 or negedge RESET4H_> 
begin 
If CIRESET4H l 

begin -
81tOffSetS <• 91 dO; 
BltOffSetChg <= 11b0; 
end 

else 
begin 
BitOffSetS <= BitDffSet; 

end 

BltDffSetChg <= BltDffSetS I= BltDffSet; 
end 

////I II/ I I I/ I I I II I/ I I I I I I I I I I I I I I I I/ I II I I I/// I I I I I I/ I I/ 11111111 II II I I I I I I I I I I I I I 
II Porcessor Interface control logic, stora9a reg1, and read aux 
II/// II I/ II I I I/// I I I/ II I/ I II I I/ II/ Ill II /11111 II I Ill II II I I II II I II I// I I I I/ I I I I/ I II 

always a (posedge Clk4 or negedge RESET4H > 
begin -
if CIRESET4N ) 

begin -
flllpRdyOsTlnt4N <= 1 •bO; 
end 

else 
begin 
pllpRdyOsTlnt4H <• UpReq4H; 
end 

end 

assign UpRdyOsTlnt4H = dAny & UpReq4H & -pUplldyOsTlnt4N; 
assign U!lllr = UpRdyDsTlnt4H & -iUPRNll; 

ass I gn HsgemcNr • upUr & dNsgcnd; 

always a (posedge Clk4 or negedge RESET4H > 
begin -
if <IRESET4H l 

begin -
HsgCnd <= 8' hOO; 
end 

else if <Hsgcndlr> 
begin 

end 

NsgCnd <• iUPD [7;0]; 
end 

always a <posedge Clk4 or negedge RESET4M > 
begin . -
if (IRESET4H l 

begin -
HsgAdd <= 16'h0000; 
end 

else If (UpUr & dlsgAdd> 
begin 

end 

HsgAdd <= IUPD; 
end · 

assign HsgHAdd = NsgAdd[15;8J: 
assign HsgLAdd = HsgAdd[7:0J; 

always a (posedge ·clk4 ·or negedge RESET4H_l 
begin 
if (!RESET4H l 

begin -
NsgllrD <= 8'h00; 
end 

else If <UpUr & dtsgllrDl 
begin 
HsgllrD <• IUPD 17:01; 
end 

end 

always ii CpoGedge Clk4 or negedge RESET4M l 
be~n · -
if ( I RESET 4H_> 

begin 
NsgXmtEn <• 41 hD; 
end 

else If (UpUr & cllsgXmtEnl 
begin 

end 

HsgXintEn c: IUPD []:OJ; 
end 

always a <posedge Clk4 or negedse RESET4N l 
begin -
If URESET4N_l 

begin 
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PCllSlgOffB ar 8'1i02; 
end 

else If (Upllt & dPCMSlec>ffB) 
begin • 

end 

PCHSlgOffB <= iUPD [7:01; 
end 

!always 11 cpasedge Clk4 or ne11edae RESET4M_> 
, begin 
' if (!RESl:T4M ) 

begin -
; ·•. PCMAIS8yte .,. 8'h7f; 

i·i; rel$e e'j (Upllr & dPCMAISByte) 
begin 
PCMAISByte <= iUPD[7:0J; 
end 

end 

always ii (posedsle Clk4 or negedge RESET4H ) 
r begin -

~ ... 
, r~ 

if <I RESE1'M ) 
begin -
SigAIS&yte <S 8'h0Z; 
end 

else if (Upllr & clSlgAIS8yte) 
be!Jin 

end 

Si aAI SByte ·= iUPD [7:01 ; 
end 

always a cposedge Clk4 or negedge ReSET4M > 
begin -
if <I RESET4H_l 

bes In 
AutoAIS <= 1'b0; 
end 

e I se if (Upllr & dl\utoAI S> 
begin 

end 

AutoAlS •~ iUPO tOJ; 
end 

always ii (posedge Clk4 or negedge RESET41U 
begin 
if Cl RESET'M_l 

begin 
UpAIS <= 4•cll; 
end 

else If CUpllr r. dlpAISJ 
begin 

end 

UpAIS <~ iUP0[3;0J; 
end 

assign UpltODsTlnt = C(B'hOO,MsgClllCI) I <16<dHstcmd>l> 
( HsgAdd & C16(dlsgAdd)}) 
({6'hOO,Hsg\lrD} ' C16(dls9'1rO))) 
((12' clO ,HsgXmtEnl I. C16Ccl4caXllltEn))) 
((15'dO,llssPendl & C16CdMsgPend>)) 
((8'h00,PCHSlgOffB) l (16(dPCHSig0ffB))) 
((B'hOO,PCHAISByte) I. <16(dPCMAISByle))) 
((8'hOO,Si9AlSByte> & C16<dSl9AIS8yt1t))) 
((1S'dO,AutoAIS) I <t6CdAutDAIS))) 
((12•dO,UpAIS) & (16(clJpAIS))) 

((/'dll,UitOflScl) & llllldllltUtt~clJH; 

I I I/ I/I //I I I II/ I II II 1/II/111/l II I/ II I/ I I I/ II I I I Ill II II 1111111/ll Ill 111//I 11111/ I 
II Ma•ter bit counter, reference fr;im pulse and frame count rcaf•ter 
II II// I I/ I// I I I/ I/ I/ I/////// I/ II I I I I I I I I I I I I I II II I I/ I/ I// 1111/ II I/ II I I I I II II 1111 

always II tposedge Clk4 or ne9ecf$e RESET4M_> 
begin 
if (IRESET4H_l 

begfn 
flittnt •= 9'h00; 
Onfrnftef <• 1'b0; 
end 

else 
begin 
BltCnt <= n&hCnt; 
Onfnrilcf •= (BitCnt •= 9'b11101 00001; 
end -

end 

always ; (BhCnt or DnCntrRst> 
be9ln 
if (011CntrR$t) 

nBltCnt = 9'hOO; 
else 

naltcnt = BitCnt + 1'b1; 
end 

always Q (posedge Clk4 or negedge llE$£T4H ) 
begf.n -
ff (I llESET4M l 

Fnd:nt ,.; S1bOOOOO: 
else if Cl>nCnttRst I C81ttnt ... 9•dS11)) 

frmCnt <• DnFrmcntr 
end 

always QI (poseclge C\k4 or negedge R&SET411 ) 
begin -
if ( lllla$ET4M ) 

Dnlls9FC "<= 2•b00; 
else if (BhCnt = ~UsMsgfCRef) 

DnHs9FC.., FnnCntC1:Dl; 
end 

l/l//l////llll/l/ll//l//////ll/ll//llllllllll/l/llll/lll/l//ll/lllll//ll/lllllll 
II Address and read enable for pginter and PCM RAMs 
II 1111 II II I II I II II II I I II II II I I I Ill II I I II II I I I/ II Ill I I II I I I 1111 /I II II/ I II II I I I II I 

assign fSSel ~ nBitCnt [8:3J == 6'd1; 

all'ay$ ii (posedge Clk4 or ne9edge RESET4H J 
begin -
if llRESET4M_l 

oTfS <= 1'b1; 
else 

oTF$ <= CFSSel) 1 

end 

((fnd;nt ••S•bOOOOOJ ? 
eSFS[7-nBitCnt12:0ll I eFSt7·nBltCntl2;0J)) : 

1•b1: 

/I II/ 111111 /I II I II I II I// I/ I/ I/ II/ 1111111/III/1111111111 I II I II Ill II/ Ill I/ II I ff II I 
II Address end read enable for pointer •ncl PCH RAiis 
f//l/l/ II I II /1111111II11111/ II II I/ II//// I/I/ II/Ill II II/ I/ II Ill II I/ I II I II I I II// tJ 

assi911 PtrRAddOS s (Bittnt[hOJ,BltCnt[B:4J); 
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as119n pPtr:UlerOS = BltCntl3:0J ..: 4'b0110 I 
8itCnU3:0J •• 4'b1000 I 

•I altcntl'J:OJ "" 4'b10U 
'·, BltCnr(3:0J =• 41 b1101; 
i-i 
r•lways a (posedse Clt4 or negedge RESEf4M ) 

; If (I RESET4M_) -
' PtrRRerOS <• I 'bO; 

else 
PtrRRerOS •• pPtrRRerOS; 

.~fsi9n DnPRAcld = (FrmCntlOJ ,DnPRAddLwr16:2J>; 

'~~s I gn DnPRen • BltCntl3:DJ == 4•b1DOD I 
a1tcnu3:0J == 4•b1010 
Bitcnt[3:0J =• 4'b1101 
BltCntl3:0J •• 4•b1111; 

.ss i gn DnS I gRAdd • DnPRAddl. wr; 

;assign DnSl9Ren = DnPRen; 
i' "Yi I I I I I I I/ I/// I I I I I II II I I I I I I I I I I I I I I I I I I I/ I/ 11 /I I I I II I I I II I// I// I I I I I I I/ I I I I I I I 
'ii Storedtlnfo frOlll pointer RAK 
II I I I I/ II////////// 11 II I/// I I I I I I II/ I II I I II Ill II I// II/ I I I/ I I/ 11IIIII/////II11111 

always &l (posedge Clk4 or negedge RESET4M_) 
~- begin 
·. ... 'If URESET4M ) 

begin -
DnPRAddLwr <• 7'h0D; 
SlgEn <• l'bO; 
PCHEn <• l'bO; 
end 

else If (PtrRRerOS> 
begin 
DnPRAddLwr <= PtrRDOutOUSlB:ZJ; 
Si9En <• PlrRDOUtDUS[1J; 
PCMEn <• Pt rRDOutDUS [OJ ; 

' end end 

. //////II II I/ I I/ I/ I I/ I I I I I/ I I I I I I I//// I I I I I II I// I I/ I II I/ I/ I/ I I I/ I I II 1111 II/////// 
II Data read ouxes for PCM and signall 1119 RAMs 
·'/II I II II I/ I I I/ II llll I I I I I I/ I/ I I I I/ I I I I/ I I I I I II I I II I I I// I I I II I I I I I I I I I I I/ II I I I I/ 

assign DnPDOJtB = C-PCMEn) 7 PCMSlgOffB : ( 
(DnPDOUt(31:24J & <8<DnPRAddLwrt1:0J == Z'bOO))) I 
!DnPDOut[Z3:16J & <8<DnPRAddLurl1:0J =• 2•b01))) 
<DnPDOut(15:8J & (8(DrHAddl.wrl1:0J == Z1 b1D»> I 
(DnPOOJt l7:0] & (8(0nPRAddLwr (1 :OJ == Z1b11})) 
>; 

assign DnSISOUtB = (-SigEn) ? PCMSlgOffB : DnSlgDOut; 

I II I Ill II/ I/ I I// I/ I/ I I I/ I I/ II I I II//// II II I I I I/ I II/ I I/ II I II I II I I II I I II I I/ I II II I I/ 
II Load enables for holding registers 
I I I I I II I/ I I I I I// I/ I I I/ I I/// I I I I/ I II/ I I I II /I I I I I I I I I II /I/ I II I/ I I/ I////// II II I I I I I 

assign LdTDDA = altcntt3:0J == 4•b1101; 
HSign LdTDDB • BltCnt(J:Dl •• 41b101D; 
asslan LdlDDC • BltCnt(J:OJ == 41b1111; 
.. sign LdlDDD • BltCnt(3:01 •• 41b1000; 

/llll//l/llllll/l/lllllll/lllll//llll//l/llllllllllllllll/lll/llllll/ll/l/l/llll 

II Holding registers for PCM and signall 1ng 
II 
II PCM holding res for Interface C is not needed bee.use the PCM buffer 
II read occurs Just as the shift byte is needed thus no holdlna reg Is 
II rcqui red. 
////////////////I I/// I I/ I/ I I II I I I/ I/ I//// I// I I I/ II II I I II I II II//// I I I I I I I I I I I I I I I 

always Q Cposedge Clk4 or negedae RESET4M ) 
begin · -
If (I RESET4M ) 

begin -
PCMHldRegA u &•hOD; 
Si9HldRegA •= a•hOO; 
end 

else if (LdJDDA) 
begin 

end 

PCMHlcllegA ca DnPDOutB; 
SlgHldRegA c• DnSigOutB; 
end 

always Q <posedgc tlk4 or ncgedge RESET4M ) 
besln -
if CIRESET4M_) 

begin 
PCMH lclRegB •= s• hDO; 
SlgHldRegB •= a•hDD; 
end 

else if <LdlDDB) 
begin 

end 

PCMHldRegB <= DnPDOutB; 
SigHldRegB <= DnSigOutB; 
end 

always Q (poscdge Clk4 or negedge RESET4M > 
begin -
if CIRESET4H l 

begin -
Sl9HldRegC <• B'hOD; 
end 

else if CLdTDDC) 
begin 

end 

SlgHldRegC <•. OnSigOutB; 
end 

always Q (posedge Clt4 or negedge RESET4M ) 
begin -
if <IRESE14M l 

begin -
PCMHldRegD •• 81h00; 
SlgHldRegD <• 8'h00; 
end 

else if (LdlDDD) 
begin 

end 

PCMH lcllegD <• DnPDOUIB; 
SigHldRegD <• DnSlgOutB; 
end 

I I I/// l////l I// I I I/ I I I I/ I I I I II I I I I I I II I II/ I// II Ill II I/ llll II I/ I/ llll II I II I II II II 
II Parity generation and storage 
llllll/llllll/lll/lll/ll//l/llllllll/llllll/lll/lllllllllllll/llllll//l/l/l//lll 

assign LdPrty • RsrvBSel I LdShftRegs; 
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always a CllOsedse tlk4 or negqe RESET4M ) 
begfn -
If CIRESET4M_l 

besh• 
Prt~ieA ac 8'1100; 
Pr.t:.Yll~ell ac 8111001 
PUYJI~ c" 8'h00i 
f'rtYJl)'tllD ""' l'hOO: 
PrlY~C!cA <• 811100; 
Prty.Ac;.cll «' 81 hOO; 
PrtyllCCC <= a•hOOr 
PrtyAccO « 8•hOO; 
end 

else if (ldPrty) 
bet in 

end 

PrtyllyteA •= PrtyAccA; 
PrryByteB <• PttyAcce: 
PrtyBytec ca PrtyAccC; 
PrtyByteD "" PrtyAccD; 
PrtyAccA <= -shftOByteA1 
PrtyAccB cz -$hftOByteB; 
PrtyAccC c= -ShftOByteC; 
PrtyAccll <= -ShflOBytel>; 
end 

eln H (ldSllftRegs) 
besi11 
PrtyAccA <• PrtyllccA • ShftOByteA; 
PrtyAc;c8 ca PrtyAccB " ShftoayteB; 
PrtyAccC < .. PrtyAccc " $hft0Bytec1 
PrtyACcll <= PrtyA«O " ShftOByUO; 
end 

lll/lllll/11//l//llllllll/ll/llll/llllllllllJ/llll/l/lll//llllllllll/lll/lllllll 
II Message cpu holdil'l!I reg, output holdl119 re9, and control logic 
II I I II I I/ II I I I I I I 1111II11111111111111/// I II JI I 1111///I/II/1111/ II I I I/ I I I I I I// I II 

always il (posedgq Clk4 or negodge llESET'll_l 
if (IRESET4M ) 

beflln -
MsgPend <= 1'b0; 
et>d 

else if (llsgCftdllr) 
b09ln 
KsgPend <= 1'b1· 
erd ' 

else if (llqllldLd) 
!Mogin 
MsgPend « l'bO; 
end 

al11ays a Cposed9e tlk4 or neeed9e Re$ET4H_> 
ff CIRll:SET4H_l 

begin 
HS9£nA c• 1'b0; 
llS9El18 cs 1 •bO; 
l1t9EnC <,. 1'b0; 
~nl) cw 1'b0; 

else If (M19ffldllrDClr) 
!Mogin 
HSI~ cs MS9XlatEnlOl; 
KssEnB <• Ms9Xllltenm; 
MsgEnC u MsgXmtEnt2J ; 

MSQEdl (Z HsgXmtEn (jJ : 
encl 

osslsn HsgHldl.d = 11$gPend & HsgHldllrOtlr; 

assian HssHLdCmdClr · = Ldshftl\ess & HssBC11dSel: 
assign HsgHldllAddclr c LdShftllegs & Ms$BHAddsel; 
assign HqHldl.Acldclr " LdSliftllea& & Ms$BLAddSel; 
assign MsgHldllrDClr • ldShftRegs & Hsg&\lrDSel: 

alllilya Ol (pDsetdge Clk4 or negcdge RESE14H_> 
1 f CIRESET411 ) 

begin -
MsgllldCmd <= a•hOO; 
end 

else if (MsgHldLd) 
begin 
HsgHldCmd °' Msgcmd; 
end 

else if (Ms9HlclClllCICl r) 
begin 
HsgHldCmd <• 8'h00; 
end 

always a (poscdgc Cl l4 or ncgetdgc RESET411 ) 
if (IRESET4M ) -

begin -
MsgHldHAdd <= 8'1100; 
end 

else if <HsgHldld) 
be$in 
MsgHldHAdd -cs Hsgl!Add; 
end 

else If <HsgHLdllAddClrJ 
begin 
HsgKldllAdd <= 8'h00; 
end 

el11ays a (posedgc clk4 or negcdge RESET4M l 
if ( !RESET4M_l -

begin 
KsgHldLAdd <= B'hOO; 

• end 
else if <HsgHldld) 

begin 
HsgllldlAdd c HsgLAdd; 
end 

el5e if <HsgHldl.Addtlr) 
bet fr• 
HsgKldLAdd <= 8•hOO; 
end 

alway& ii Cposedge Clk4 or nete<19e Rli.SE14H ) 
if <I l\ESET411 ) -

bqin -
MsgllldllrD .,. 81h001 
end 

else if <H,?Hldl.d) 
begin 
llsSffldllrll <= Ms9Ur1>; 
end 

else if CHs9Kldllrl>Clr) 
begin 
::HldlltD <= &•hOO; 
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llllllllllllll/lllllllllllllllllll/lllllllllll/lllllllllllllllllllllllllllllllll 
II Alarms 
l/lllllllllllllllllllllllllllllllllllllllll/lll/11/llllllllll/lllllllllllllllJll 

ilsslgn AISA = AutoAIS & RxAiSL4H I UpAISIOJ; 
1~sl9n AIS8 • AutoAIS & RxAISL4M UpAIS[1J; 
1pssign AISC " AutaAIS & RxAISL4H UpAISl2J: 
:a~s/gn AISO = AutaAIS & RxAISL4H UpAISl31; 

"ssign AlnrllyteA = (UsPrtyErrlOJ ,AISA,CrltPwrAllll4M,5'b000DO); 
assign Alrdytel = CUsPrtyE.rrl1J ,AISB,CrltPwrAllll4M,5•bOOODD>; 
11slgn AlraiyteC = (UsPrtyErr[2J,AISC,CrltPwrAlllGH,5'b0000D>; 
:~~sign Alm6yte0 " (UsPrtyErr[3J ,AISD,CritPwrAllll4M,51bOODOO); 

lllllllllllllllllllllllllllllllllllllllllllllll/lllllllllllllllllll//l//ll/lll/I 
II Output byte select signals ard byte nuxes 
/J 
II Interface C is different than the others -- see holding reg comnent above 
·'llllll/lll///l/l/lllllllll/l/llll/llllll/ll/llllllll/lll/ll/llll/lllllll/lll/11 

assign RsrvBSel 
!.551911 PrtyBSel · 
.a1Sl9n HsgBSel 
isslgn AlnrllSel 
.,!, 
assign PCHSlg8Sel 
assign PCMBSel 
assl911 SigBSel 

= B ltCntlB: 3] == 6' dl; 
• BltCntl8:3J == 6'd2; 
• BltCntl8:3J =• 61d63; 
" Bl tCntl8:3J == 6'dD; 

= •RsrvBSel & -PrtyBSel & .flsgBSel & -AlrdSel; 
= PCHSlgBSel & BitCntl3J; 
= PCHSigBSel & •BitCntl3J; 

assign HsgBClllCISel = HsgBSel & ftmCnUl:OJ = 2'b00; 
•sslgn HsgBllAddSel • HsgBSel & F.-:ntU:OJ •" 2'b01; 
.assign MsgBLAddSel '" HsgBSel & frll!CntU:DJ c: 21b1D; 

· assign HssBllrDSel = Hsg8Sel & FrmCntlt:DJ = Z•b11: 

assign PCHBSelNrmA s PCH8Sel & -AISA; 
assign PCH8SelAISA · • PCHBSel & AISA; 
assign SlgBSelNrmA • SigBSel & -AISA: 
assign SfgBSelAISA = SigBSel & AISA; 
1Ssign HsgBCmdSelA • HsgEnA & MsgBcmdSel{• 
ass lgn MsgBllAdilselA " HsgEnA & HsgBHAdclSe : 
assign HsgBLAddSelA • HsgEnA & H198UddSel; 
assign HsglllrOSelA " HsgEnA & MsgBllrOSel; 

assign PCHBSelNnnB ·" PCMBSel & -AISB; 
assign PCMBSelAISB • PCHBSel I AISil; 
•sslgn SigBSelNrdl = Sig8Sel & •AISB; 
.sslgn SlgBSelAISB = SlgBSel & AISB; 

asslan MsgBClldSelB "' MsgEnB & MsgBCndSel: 
asslan MsgBHAddSell "' HsgEnB I HsgBHAddSet: 
assign HsgBLAddSell " HsgEnB & HsgBLAddSet; 
assign HsgBllrDSell = MsgEnB & HsgBllrDSel; 

assign PCHBSelNrmt = PCHBSel & -AISC; 
1sslgn PCH8SelAISC = PCHBSel & AISC; 
assign SigBSelNrmC • SlgBSel & •AISC: 
assign SlgBSelAISC '" SigBSel & AISC; 
assign HsgBCllCISelC "' HsgEnC I HsgBClldSel; 
assign HsgBHAddSelC ., MsgEnC & HsgBKAddStl; 
assign Ms,BLAddSelC = HsgEnC & MsgBLAddSel; 
assign Hs;iBllrDSelC • HsgEnC & HsgBllrOSel; 

assign l'CMBSelNrnO " PCHBSel & -AISD; 
assign PCHBSelAISO • PCHBSel & AISD; 
assign $lg8SelNl'AO " SlgBSel I •AISD; 
111l1n SlgBSelAISO • SlgBSel ' AISO: 
11111111 HsgBCmdSelO • HsgErD & HsgBClldSel; 

assign Hsg811Add5el0 • HsgErD & HsgBHAddsel; 
ass Ian HsgBLAddSelD = HsgErO & Hs9BLAddSel; 
asslsn HsalllrOSelD ~ MsgErO & HsgBllrOSel; 

assign ShftOByteA "' (RsrvByte & C8CRsrvBSel))) 
(PrtyByteA & C8CPrtyBSel))) 
(PCHHldRegA & (8CPCHB5elNrmA))) 
(PCHAISByte & (8(PCHBSelAISA))) 
(SigHldRegA & (8(Sig8SelNrM))) 
(SlgAISByte & <8<Sig8SelAISA))) 
(MsgHldCnd & (8(HsgBCadSelA))) 
(MsgHldHAdd & (8(HssBHAddSelA))) 
(HsgHlcUdd & C8CHsg8UddSelA))) 
lHsgHldlrO & (B(HsgBllrDSelA))) 
(Alrll"llYttA & <B<Alrll"llSel))); 

assign ShftOByteB " (RsrvByte & (8(RsrvB5el))) 
(PrtyBytel & (B(PrtyBSel>)) 

· <PCHKldRegl & · (8(PCHBSelNrll"ll))) 
(PCHAISByte & CB<PCMBSelAISB))) 
(SlgHldRegB & (8(SlgBSelNrd))) 
(SlgAISByte & C8CSlg8SelAIS8))) 
(HsgHldelld & (8(Hsg8Cnd5ell))) 
(MsgHldHAdd & (8CHsg8HAddSel8))) 
(HsgKldLAdd & (8(HsgBLAddSel8))) 
(Hs9Klc:AlrD & (B(Ms9BllrDSelB))) 
(Alra6yte8 & (8(Alrn8Sel))); 

assign ShftOByteC " IRsrvByte & C8CRsrvBSel))) 
(PrtyByteC & C8CPrtyBSel))) 
CDnPOOutB & C8CPCHBSelNrmC))) 
CPCHAISByte & . (8(PCHBSelAISC))) 
(SigHlcllegC '' (8(SlgBSelNrmt))) 
(SlgAISByte & CBCSlgBSelAISC))) 

.. (MsgHldCmd & CBCMsgBCmdSelC))) 
CHsgHldltAdd & CBCMsgBHAddSelC))) 
IMsgHlcl.Add I CB<HsgBLAddSelC))) 
(Hs9HlcNrD & C8CHsg811rOSelC))) 
(Alrn"llytoC & (8(Alrn85el>)); 

assign ShftOByteD • (RsrvByle & C8CRsr1r8Sel))) 
IPrtyByteO & C8CPrty8Sel))) 
(PCMKldRegD & CBCPCHBSelNrnO))) 
(PCHAIS8yte & (8(PCH8SelAISO))) 
(SigHldRe9D & (8(Slg8Se1Nrn0))) 
(Sl9AISByte & (8(SlgBSelAl$0))) 
<HsgHldCnd & (8(Msg8CndSelO))) 
CHsgHldHAdd & CB<MsgBHAddSelD))) 
(Hs9HldLAdd & (8(MsgBLAddSelD))) 
(HsgKlcNrO & (8(MSglllrDSelD))) 
<AlrdyteD ' (8(Alrd1Sel>»; 

1111 //II I/ II II II I I I I I/ I I///// I I I/ I I/ 11 /I I I II I I I I I I I I II II 11111111111111111111111 I 
II Byte load signal for output shift registers 
11111II111111 /I I II I I I I I I/ I I I I I Ill I I I I I I I I I/ I I I I/ II II 1//111111111II111111 II I I I I I I 

assign LdShftRegs = Bitentl2:0J == 31b111; 

I I I I/ I I/ I /l I I I I I I/ I I I I I I//// I I I I/ I I I I I I I// 1 /I/ I/ II II I I I II I I II 11111111 I II/ I I I I/ I I 
II Output shift registers 
I I I I///// 1 /I I I I I I I I JI I I I I/ I/ I/ I I/ I I I II I/ 11 II I I II II II I I/Ill I I II I I /I/ I II II 1111 Ill I 

always ii (posedge Clk~ or negedge RESET4H > 
begin -
If U RESET4M_) 

.j:o. 
0\ 

.. 

~ 
\C 
~ s -s 

~ 
fl) 

~ -
~ 



!.:~ 
n , .. 
;.:.l 

begin 
TlltAlleg <= 81hDO; 
end 

else if <LdShftll'9s) 
begin 

end 

TDDARe9 <= ShftOByteA; 
end 

etlse 
begin 
lDDAReg •= {TDDAReg 16: DI f 1 • bO): 
end 

!•t 
~;~$sign oTDOA = TDDARegm: 

elvaye a <pcisedae Clk4 or negedge RESET'M_) 
begfn 

! ·; If CIREs£1'H ) 
b'9in -
lli08Re9 <• 8'h0D; 
end 

i . else if (tdSllftRegs) 
betin '. I 

I;• 

end 

TDDBReg <= ShftOllyteB; 
erd 

else 
begin 
TDD8Reg <.: (TDD8Reg(6:0J, 1'1::0>; 
end 

HS I en oTOOll " TDDBReg 171 ; 

alway& a cposedse Clk4 or negedge RESET4H > 
. beg" -

1 
If ::~~TIOM_l 

TDDCReg <= 8'h00; 
end 

else if (ldShhRegS) 
begin 

end 

TODCReg c: Sl\ftOByteC; 
end 

11h;e 
begfn 
TDDCReg c" (TDDCRegl6:0l, l'bO>I 
end 

assign DTDDC = TDDCRegt7J; 

,1vays a (PQ$ed9e clklO or negedge RESET4M > 
beg~ -

if (IRESET4Mw> 
begin 
TDDOReg <= e•hOD; 
end 

else if (ldShftRegs) 
begin 

end 

TDDDReg <= ShftOByteP; 
end 

else 
begin 
!:DReg <.: (TDODReg [6:0), 1 •bO); 

8$$ i gn DTDDD " TDDDaeg m i 

endoodul e II tdst Int 

.;. 
-...) 

•I 

~ 
0 
\0 
~ 
~ -s 

"ti 

~ 
flJ 
~ 
~ 
el 
Cl'\ 
\Cl 

1/ 
II 



II . 
II tdstlnt • .., : Down·streDAI telephony interf1ce 
II . 

,,#­
·'II , .,,. 
II 

l ,l/ Func:tlonal desriptlon: 
1,1/ 
// 
II 
II synthesis constraints 

if./ 
: 11 sc: ClkList s (Clk4) 
'11 sc: c:reate_cloc:k Clk4 •period 220 ·wavefol'll (0 110) 
II sc: set_c:loc:k_skew ·ur:ic:ertalnty J ClkLlst 

, II sc: set_flx_hold ClkL1st 
·II sc set false_path ·from (RESET4M ) 
1/ sc: se(dont_touc:h_network Clkllsi 
I ric set_dont_touch_netWGrk RESEJ4H_ 

. I/ sc: set_load JZ • load_11f(m5c/CMDFOO/D) DsClk4b 
i II sc: set_lnput_delay 1 (DnfrnCnt) 

l.Mociute t~st int 
··; ( 

RESET4H_, 
Clk4, 
DsClk4b, 
DntntrRst, 

·onFrdlef, 
· bnFrmCnt, 

RltAISL4M, 
Crl tPwrAlm4M, 
UsPrtyErr, 
UsOffSetRef 1 
DllPOOUt, 
DllPRAdd, 
Dlll'Ren, 
DnSigDOUt 0 

DnSlgRAdd, 
DnSigRen, 
PtrllAddDS, 
PtrROOUtDUS I 
PtrRReri>S, 
DrHsgFC, 
otcu:, 
oTFS, 
oTDDA, 
oTDDI, 
olDDC, 
oTDOD, 
UpReq4H, 
UpRdrt11Tlnt4M, 
iUPA, 
iUPRNll, 
IUPD, 
UpRODsTlnt, 
litOffSetChg 
>; 

il'f'Ut 
ll'f'llt 
ll'f'llt 
ll"f'llt 
ll'f'llt 
ll'f'llt 

l4lOI 

RESET4M_; 
Clk4; 
DnCntrRst; 
DnfraCnt; 
RltAISL4M; 
CrltPwrAlm4M; 

II 
II 
II 
II 

input 13:01 UsPrtyErr; II ~ 
input UsOffSetRef; II 0 
input Ill: OJ bnPOOUt; 1100 ... ·stream PCll RAii D1t1•0Ut \C 

Input 17:0] DnSI gllOUt; //Down·stream Slpll 1111 RM D1t1·0Ut ~ 
input 18:01 PtrRDOUtDUS; II = 
input UpReci'M: II 

.... 
Input [10:11 IUPA; II 

.... 
Input IUPRNll; II s 
input 115:01 iUPD; II 

output DsClk4b; II 
output 11:01 DnMsgFC; II 
output 15:01 DnPRAdd; //Down·strealll PCM RM Reid Address•Jn 
output DnPRen; I /Oown·stre1111 PCM RAii Reid Enable 
output Dnfrallef; //Oown·strn111 fr1111e reference pulse 
output 16:01 DnSlgRAdd; //Do..,·stream Sl9119ll Int RM Read Address· In 
output DnSlgRen; //Down·stream Signall lne RAii Read Enable 
output 16:01 PtrRAdcl>S; II 
output PtrRRerDS; II 

·output oTCLK; I/Telephony clock 
output oTFS; //Telephony fruie sync 
output olDDA; I/Serial output data for telephony interface A 
GUtpul olDDC; //Serl1I output dat•· for telljlhony lnterf1c:e B 
output oTDDB; //Serial output datl for telljlhony Interface C 
output oTDDD; //Serial output data for telejlhony Interface D 
output UpRdyDST lnt4M; II 
output 115:01 UpRDDsllnt; II 
output BitOffSetChg; II 

JI local declarati<ins 

reg t8:01 BitCnt; II I ~ 
reg 18:01 n8itCnt; II 00 
reg [4:01 Frn>Cnt; II 
reg oTFS; II 
reg DnFrllt!ef; II 
reg 17:01 PCHHldRegA; II 
reg 17:01 PCHHldRegB; II 
reg 17:01 PCHHlcllegD; II 
reg 16:01 DnPRAddlwr; II 
reg SigEn; II 
res PCMEr\; II 
reg PtrRRerDS; II 
reg 17:01 SigHldRegA; II 
reg 17:01 SigHldRegl; II 
reg [7;01 SlgHldRegC; II 
reg [7:01 SlgHldRegQ; II 
reg [7:01 TDDAReg; // 
reg 17:01 TDDBReg; // 
reg [7:0) TDDCReg: II 
reg 17:01 TDDDReg; // 
reg 17:01 PrtyByteA; II 
reg [7:01 PrtyByteB; II 
reg 17:01 Prty8yteC; II ~ reg 17:01 PrtyByteD; II 
reg 17:01 PrtyAccA; II ~ reg 17:0] PrtyAccB; II 
reg 17:01 PrtyAccc: II 
reg 17:01 PrtyAccD; II 

rn 
\Cl 

reg flUpRdyDsTlnt4H; II e;!! 
reg 17:01 MsgCmd; // .... 
reg 115:01 MsgAdd; // 0\ 

reg 17:01 HsgllrD; II 
~ 

rea P:DI H1gX1DCEn; II 
0\ 

re9 11:01 PCllSl90ffl; II 
\C 

re9 17:01 PtHAISByte; II 

,, 



~ 
reg [7:0J Sig41$8)'tt!l II wire "'g~ltAC!Ol>ll'llll II 

reg AUtaAJS; II wire Hs9BLAddSell>: fl 
0 

res (3rDJ UpAtS: II wire 11$9BllrDSelD; II ~ 
rea MsgPend; II 11ire PCMBSelNnM; II 

•. i-eg MsgEnA; ' II wire PC118$elNrdl; II 
cs 

i:~:: 
MsgEnB; II wire PtM&SelNrlllC; II 

-.I ,... 
Msgenc: II 11ire PCHBSelNrd>; II = 

I reg Hs9Er"D; II wire PCH85elAISA; II 
-..a 

i.res l7:0l M5gffldCmd; II wire PCHBSelAISB; II 

.ft9 [7:01 MsgHldllAdd; II wire PCHSSelAISC; JI 

reg 17:0J Ms9HldLAdd; II wire PCHBSelAl$D; II 

'!'9 17:01 HsgffldllrD; II wire SigBSelNrmA; II 

1res U:OJ DrllsgFC; II wire Sl9BSelNrril; II 

·res [B:OJ BitOffSet; II 11ire Si gBSe I NrtnC; II 

reg 18:01 SitOffSetS; II wire Sl9BSelNrnO; II 

reg Bi tOffS..tChg; II wire sigBSelAISA; II 
wire SigBSelAISll; II 

Wfre dlls90ncl; II wire SigBSelAISC; II 

wire dllsgAdd; II wire SigBSelAISD; JI 

ire cttsgllrD; // wire DnSigRen; II 

wire cllsgXmtEn; II wire fSSel; II 

;wire dllsgPend• II wir11 Rsrv8Sel; JI 

.wire dPCHSigOffB: II wire PrtyBSel; II 

!wire dPCffA I SByte; II wire Alrm8Sel; II 

.\'ire dSiglUS8yte; JI wire PCMSigBSel; II 

wire dAUtoAIS; II wire PCMBSel; II 

vi re dUpAIS; II wire SigBSel; II 

wire dBitOffSet; II wire LdShftllegs; /I 

wire dAny; II vlre (S;OI DnPllAdd; II 

wire I UpRdyDsTlnt411; II wire [6:0J DnSlgRAdd; II 

wire Upllr; II wire ['7:0J DnSigOut8; II 

wire Ksgtm<tilr; II wire l7:0J ShftOByteA; II I ~ 

wire 17:01 Hsgl!Add; II wire 17:0] Shft0Byte8; II \0 

wire (7;0J MsgLAdd; II wire !7t01 $h ftOByteC; II 

wire ll5:0J UpRDOsT Int; II wire 17:01 $hfl08yte0; II 

wire M$gHldLd; II wire [7:01 RsrvSyte; II 

wire HsgHldClldClr: II wire pPtrRReriOS; II 

vi re HsgHldHAdclClr; II wire (6:01 PtrRAddlS; II 

wire HsgHldl.AddClr; JI wire OnCntrRst; JI 

wire HsgH I cNrDCI r; II wire DnPRen; II 

wire AISA; II wire (7:0] DnPDOuta; II 

wire AISB; II wire LdlDDA; II 

wire AISC; II wire LdTDDB; II 

wire AISD; II wire LdTDDC; II 
I ...... 

vi re l7:0J Alrll'lilyteAI II wire LdlODD; II 

:Ire (7:0J Alrll'lilytell; JI wire otCLIC; II 

irli [7:0J Alrft'llyteC; II wire oTDDA; II 

wire 17:0) A I rlltlyt elJ I II wire otooe; II 

wire Hs9BSel; II wire oTDDC; II 

wire Ms9BCnd$el; " 
wire oTDOD; II 

wire MsgBHAdd$el ; II wire LdPrtr II 

wire HsgBLAddSel; II wire DsClk4b; II 

wire HsgBllrDSel; II 
wire HsgBCnfSe IA; II /l//llllllll//lll/llllllllll/1/llllll/lll//llllllllllJlllllllllllllll//llll/llll ~ 
wire Hsg8HAddSelA; " 

II C1111$tantt 

wire Hsg8LAddSelA; II 
l//l/llll/ll/lll/1/l/lllll/IJl///l//lll/llll/l/lllllll/ll/l/ll/lll/lll/l//ll//ll g 

wire Hsg811rDSelA; II 
wire Hsg8ClldSelB; II parameter CSFS = 8'hcc, ~ 
wire Msg8HAddSelB; II cf$ = B'hea, 

wire HsgBLAddSelB; II 
cUsHsgf CRe f = 9'd24; ~ 

wire HsgBllrDSela; II 
.... 

wire HsgStnfSelC; II 
I/ I/ I I I/ I/ I II// I I I I I II I I I I I/ II I I II I I II I///// 1111 II I /I/// II /Ill I I I I II I I /I I I/ II II I el 

wire MsgSHAddSelC; I/ II Misc assigns ~ 
wire Hs9BLAddSelC; JI 

I /I I II II II I/ II// I/ I I II JI 111111 II///// JI I// I/ II I II II II/ II II /I I I I /Ill II I JI I/ II I I II 

wire Hsg811r11SelC; II 
wire Hs98ClldSelD; II assign oTCLIC " Clk4; 

•I 
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II 
II tpt,."'lllCtl.v : Pointer RAii control 

" j·:: 
··ii+ 
"' II Fl11 f....ctlONI d"srlptfon: 
.•111 
• '11 

II 
II synthesis constraints 

41 I .. .,, $!; 

·:fl SC 
. II SC 

II SC 

Clkllst : ((;lk4) 
create clock Cl k4 ·period 2ZO ·waveform (0 110) 
set_clock_ske11 •uncertainty 3 ctlttist 
nt_flxjlold Clkl 1st 
set_false_path ·fr0111 CResn~H_) 
ser_dont_toucll_r.etwork ClkL1st 

;II u 
II SC 
II SC 
II SC 

set dont touch network RESET4K 
set)oaci"3Z • ioad_of<m5cJCMDFOOIDJ Ptrclk4b 

1 
ftlOdule tptrr111Ctl ... ( 

. RESliT411_, 
Clk4, 
PtrClt4b, 
PtrRAddlS, 
PtrRRmllS, 
PttRAddJS, 
PtrRRe<m, 
PtrllA1;kUS, 
PtrRAdd, 
PtrRDOut, 

. PtrRDOutous, 
PtrRCeb, 
PtrRllRb, 
Upl!e<;"4M, 
Upl!ctyPtrl!ml:tl4H, 
IUPA, 
iUl'RNll, 
iUPO, 
llpi\DPttRlllCt l 
); 

irflllt 
input 
output 
ill'Ut [6:0) 
lrp.it 
iJl)Ut 
input 

[6:0) 

output 
output C6:0l 
htpUt [8;0) 
OUtplt !8:0J 
output 
output 

R£Sff4H ; 
Clk4• -
Ptrtlk4b; 
PtrllAddDS; 
PttRRerDS; 
PtrRAdcllS; 
PtrRfleqUS; 
PtrRAcklJS; 
PtrRAdd; 
PtrRDOut; 
PttRDOutDUS; 
PtrRCeb1 
PttRllllb; 

II 
II 
II 
JI 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II Input UpReq4H; 

output Upllcfyf'trRmCt 14K;// 
lf1l!Jt (10:11 11.JPA; II 
ll"f'Ut iUl'RNll; II 
irpit (15:0) iUPO; II 
Out pl.It US:OJ UpltPPtrRmCd I II 

II local declarotions 

reg 
reg 
reg 

wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 
wire 

[6:01 
[8:0) 
115:0} 

d.Jpbq4K; II 
UpPtrRafleql t: II 
Data£n; II 

PtrRnrllit: II 
UpPtrRnrReqSt; II 
UpPtrRll«e•u II 
UpRdyPtrRmCtl4K;/I 
PtrRAckU$; II 
PtrRCeb; II 
PtrRllRb; II 
PtrRAdd; II 
PtrROOutOUSJ II 
UpROPtrRMCtl; II 
CtrlHit; II 
CtrlRdy; II 
UpPt rRnildy; II 
Ctrllll"; II 
Ptrtlk4b; II 

11111 /I I I I I I I I I I I I I II fl 1111 I/////// I II Ill I II/ I/I II II /I /JI/ 1111 Ill/ II Ill I II 111/ II 
II Chick inversion fot pointer RAH 
llJJllllll/lllllllllllllll/Jllllllll/lllllllllllllll/l/ll/lllllll/lllll///lll/l.I 

assign PtrClk4b = -Clk4; 

IJJJll////J//l///Nlll////llll/l/lll//lll//Jlllllllllllll/1/ll/lllllll/lllllllll 
II Address dec:ade 
II I I II II/ I// II/ II/ I I I I I II I II// I 111111/ IJ /I JI I II JI I II 111111 II II /Jiii Ill II II ///JI I 

assign PttR<llHlt = UpReqt.H & iUl'AUO:BJ == 31llllD1; 
assign ttrlHlt = UpReqlOM & iuPA(10:1J = 101b000_1000_000; 

JI I/ I/JI JI /I II II I///////// /I I/ II II// I/ I/ 111 I I I I I I I I/ I I I I// I ///11/III/IIJ11111J11 
II Cpu request for pointer RAM sipl 
ll/lllllllllllllllllll/llllllllll/lll/lll/1/llllll/1/llll/lll/ll/lllll/l/J/llJ/I 

always ill Cposedge Clk4 or ne!J'!dge RE5ET4H_) 
if (!RESET4H ) 

dJpReq4H-<= 1 'bO; 
else 

dJpReq4H <"' UpReqt.H; 

assign UpPtrRmlteqSt = -dlplleqt.H & PtrRmHit; 
assign ttrlRdy = -dlpRecjolH & etrlHft: 

always 9 (poscdge tlk4 or negedge llESET4H_) 
if (!JIESfT4M ) 

upPtrRl!lliqlt <• 1 'bOl 
else if (UpPtrRn'!cfy) 

UpPtrRntleqLt <= l'bO: 
else if (llpl'trRmReqStl 

UpPtrllMleqlt <= l•b1; 

assign UpPtrllmReq ,. Upl'trlfnileqSt I UpPtrRldleqlt; 

1/ll/llll/lllll/lllll/111/llll/lllllll/Jllll/lllllllllllll/IJlllllllllll//llll/I 
II Arbitration between Cpu and Up-stream 
II Up•atream has priority over the Cp1.1 
1111 /I I/// I I I I I I II// 1111/111111111111111I/1111 /II I II II I/ I/ /Ill II II I///// I/ I I/ Ill 

;isslgn UpPtrRmlldy s -PtrRltiriS & ~PtrRfle4JS & UpPttlll«eqr 

•sslgn UfRdyPtrRni:tl411 " Upl'trRlllltdy I CtrlRdv: 

VI -

•I 

~ 
\C 
lf 
§ 
~ 

~ 
~ 
! 
~ 
fl 
0\ 
\0 

l 
i 

iJ 

~ 
I 

I 
,J 
l 
' J 
:i 



' I. 

I r--· -·· .. ···-·· 
assign DtrRAckUS = -PtrRRerDS & PtrRReqUS; 

. 111111 I II II I I I I I I I I I I I I Ill rt 1111111II111111 JI //Jlllllllllllll lllllllll I/ lll/1 /I I .f II Pointer RAM Add aux and control signals 1.:i11111111111111111111111111111111111111111111111111111111111111111111111111111111 
I =!assign PtrRAdd = (PtrRAddlS & <7<PtrRReli>S))) I q1 CPtrRAdcllS I (7CPtr11AddlS))) . (iUPAC7:1J & C7(11pPtrllddy))l; 

assign PtrRCeb = -CPtrRReli>S f PtrRAckUS f UpPtrllll«dy); 

~:::.sslgn PtrllllRb = -iUPRNll & UpPtrR!dldy; ,. 
I JI /1111/ I I/ I/ I I/ I I I JI I I/ 1111 II/// I/ I JI I I II 11 /I I I//// I JI I I I I I I/ I/ I/ I I I I JI I I I JI I I (I Pointer RAM data disable function Y J J /I I I II I I/////// I J JI I I/ I J JI II 11II1111111111111/ ///I I I I I I I J ///I I I I I I/ 1 /I/ I ///11 
i 
assign PtrRDOutDUS = (PtrROOut & (9(DataEn)>J; 

I (/I I/ II l/JJll/ I IJ/I II //ll//lllll/ //II II I/Ill/I I/ I II 11111111 II JI I I I/ II I///////// I 
I 
II Control register ::iJ /I I I// I/ I I/ I/ I I I I I I I /J ///I/ I /111 /I I I/// JI/ 1111111/1111II1111 II I I/ I I I II I// I I/ I I I 
"•iHl9n Ctrlllr • -iUPRNll & CtrlRdy; 

always iii <posedge Clk4 or negodge RESET4H_) 
If (I RESET4M l 

oaraEn ci t •bO; 
else If (Ctrlllr) 

OataEn •= IUPO [OJ; 

·· I JI/////// I/// I ///I I// I// I/ II I I II// I/ I I II I I/ I I I I I I JI I I I JI JI II I/// I/ I/ I//// I I II I I II Cpu read data 11a.1x 
JI I II I I I II I J /I/ I I Ill I II I I II II /I II //l/l//ll/ll I/ II I/ Ill I /I Ill/II 1111 /Ill II II II Ill 
assign UpllOPfrllmCtl = 

endaodule II tptrnncU 

({7'dO,PtrRDOuc> & (16CPtrRatlt»> I 
((15 1d0,0at8En> & C16(Ctrlffit))); 

., 

~ 

.. 

~ 
\0 
If 
~ -s 

"'1:1 n g 
~ 
el 
~ 
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JI 
lnpUt U:OJ DnHsgft; II ~ 

JI tustlnt.v : Up·stream telephony lnterfece Input Bl tDffSetCh9; II 

II 
inpUt '8:DJ PtrRDOutDUS; II 

j'I~~ 
Input PtrRAckUS; II 

\0 

. Input ilUDA; //Serl1l Input dat• for telephony Interface A ~ 

'"fl-
input ilUDt; //Serl1l l,..ut datl for telephony lnterf1ce 8 = 

~:11 
Input ilUDB; //Serl1I l,..ut date for ttlellhony Interface C 

.... -
1 ··11 functional desription: 

lfll'Ut iTUDD; //Serial i,..ut dat• for telephony Interface D = 
!,"'// 

Input UpReq4M; II 
.... 

. // 
Input l10:1J IUPA; II 

// 
Input IUPRNll; II 

// synthesis constraints 
input (15:0J iUPD; II 

.. fl 
·.:11 SC Clkllst " (Clk4 usclk4b> 

output UsClk4b; // 

:// SC create clock clt4 -period 220 •waveform <O 110) output 17:01 UsPDln; //Up·Slream PCH RAH D1t1·ln 

// SC set clock skew ·uncert1intY J Clkllst output 17:01 UsPllAdd; llUp·stream PCM RAH llrlte Address· In 

, //SC set-fix hold Cltl ist output UsPllen; //Up·strea111 Pell RAH llrlte Enable 

II SC set)alse_path ·frOlll <RESET4H_> output Usfrllllef; //Up·stream frame reference pulse 

I/ SC set dont touch network clkL 1st output UsO!fSetRef; // 

. I SC set-dont"'"touch-networt RESEl411 output 17:0J UsSigOtn; llUp·stream Sl9nal llnt RAH Data· In 

II SC set-load.,.32 • Toad of(m5c/CMDFliDID> USClk4b output 16:01 UsS i g\IAdd; //Up•streaai Si11111lll111 llNI llrlte ·Address·ln 

! II SC set)nput_delay 1 (UsFrnCnt> 
output UsSigllen; //Up·stream Sfgnallfna RAH llrfte Enable 

i ~le tustint 

output (6:0J Pt rRAdclJS; II 
output PtrRRe~S; II 

~;, ( 
output ll:OJ UsPrtyErq II 

RESET4H_, 
output UsSfgRdalk4H; II 

Clk4, 
output UpRd)UsTlnt4H; II 

UsClk4b, 
output (15:01 UpRDUsTlnt i II 

UsCntrRst, 
output UplntUsTlnt: II 

Usfrdlef, II loc1l declarations 
Usfrtlltnt, 
DnHs9FC, 18:01 nBitCnt; I BitOffSetChg, 

reg II VI 

UsOffSetRef, 
reg 18:01 Bittnt; II """' 

UsPOln, 
reg [2:01 FrnCnt: " UsPllAdd, 
reg Usfndlef; II 

UsPllen, 
reg JUDA; II 

UsSfgl>ln, 
reg TUDB; II 

UsSfgllAdd, 
reg IUDC; II 

UsSfg\len, 
reg llllD; II 

PtrRAcldJS, 
reg 17:01 TUDAReg; II 

I · PtrRDDutDUS, 
reg [7:0J TUDBReg; II 

PtrRR8"'S, 
reg [7:0J TUDCReg; II 

PtrRAckUS, 
reg 17:01 TUDDReg; II 

UsSigRd81k4H, 
reg 17:01 PCllHldRe9A; II 

ITUDA, 
reg 17:01 PCllHldRegB; II 

iTUDB, 
reg 17:0J PCHllldRegC; II 

lllUDC, 
reg 17:01 PCllHldResD: II 

llUDD, 
reg 17:01 SfgHldResB: II 

UsPrtyErr, 
reg (7:01 SigHldRegC; II 

Upll~, 
reg 17:0J SigHldRegD; II 

UpRd)UsTlnt4H, 
reg 17:01 PrtyHldRegA; II 

iUPA, 
reg 17:0J PrtyHldRegB; II 

IUPRNll, 
reg 17:01 PrtyllldRegC; " ~ 

IUPD, 
reg 17:01 PrtyHldRegD; " n 

UpRDUsllnt, 
reg 16:01 UsPllAddL wr; II ~ UplntUsllnt 
reg 11:01 lntAdd;· II 

>; 
reg l1 :OJ PtrRAddlvr: II 
reg PtrRRe~sa; II 

rn 
reg PtrRRe~Sb; II 

IC 

reg UsSigRdBlk4H; II 
!!! 

reg SigEn; II 
..... 

lroput RESET4H ; 
reg PCHEn; II t 

lllpUt Clk4; - reg Usllen; II °' 
l,....C uscntrRst: JI reg 17:0J PrtylyteA; II 

IC 

lllpUt lZ:OJ UsFrment; II reg [7:0J PrtrByteB: II 

•I 



~ 
(7:0) Prtyllytet; II wire ld!let; 

reg II 0 
reta 17:0) Prty8yte0; II wire EdgeD; II 

te9 17:01 PrtyAc:cA; II wire Hs9Slot1 II 
IC 

, .. reg (7:0) PrtyA~cB; . II wire PreyErrA; II 
lf 

rireg 17:01 PrtyAccC; // wire PrtyErr8; II 
c .... 

!'1't9 (7:01 PrtyAccD; II wire Prty£rrC; II .... 
;'.!es )lUpRdWsttnt4H; II wire PrtyErrD; II = 
l'l'eg th OJ MsgJntNLlll; II wire DsPrtyA\11111; II 

.... 
·."reg (3:Dl Ac:tivityS; II wire OsPttyAld; II 

reg 19:0J LatAlmO; II wire OsPrtyAlnC; II 

reg 115:01 l•tAlnl'I; II wire l>sPrtyAlnO; II 

r•e (9:01 lntAlmO; II wire Usffi scAlm1A: II 

.. iee 115:01 lntAlm1; II 11ire UsHlscAtmle; II 
1' e9 (9:0) lntHskO; II wire UsHi $CAlla1c; II 

i~teg. 115:01 lntllsktr II wire Uslli$cAlm1D; II 

re,g . lhOJ HsgfrmCnt; II wire U$MiscAlm2A; II 

.rfl UsOffSetRef: II wire UsHisc:AlmZB; II 
te9 110:0) Ac:ttmr1 II wire UsllhcAlnr2C; II 
·reg (10:0) nAc:tTmr; II wire UsMiscAlm2D; II 

•9 GotEdgeA; II wire [3;01 PrtyErr; II 

. reg . GotEclseP; II wire Rclllls9Tick; II 
j re!I GotEdfet; II wire ErlyLdHsg; II 

'rs Gott;~eO; II wire L<ils9 lnt!Nm; II 
;. eg ActivHyA; II wire (7:0J Hs9Byte; II 
(,fell Activity&; II wire LdllsgCmd; II 

reg ActivityC: II 11ire LctlsgHAdd; II \ 

reg ActivityD; JI wire Ldlls9LAdd; II 

~ 1•9 ldPrtyErr; II wire Lcllsgtd>; II 

re9 (7:0J PCllA I S8yt e: II wire ldHld; II 
reg (7:0) S igAJSllyte: II vi re LdRsrv: II 
reg ll:OJ upus; II wire LdPrty; II 
reg 13:01 UsPrtyErr; II wt re Ldlsg; II VI J 

reg 11:01 HsglntNllllS; II wire LdAlrm; II VI 

l res 17:0) HsgHtdOld; II wire LdPCHS1g; II 
res 17:01 KsgH I dHAdd;" II 11ire ldPCH; II 
reg 1r:o1 Hsgttldl.Add; II wire LdSig; II 

reg l7:DJ MsgOrd; II wire PtrRR•cf.IS; II I 
reg (7tOJ KsgHAdd; JI wire ussigllen; II 
reg 17•01 HsgLAdd; JI wire UsPl/1:11; II 
reg (7:01 KsgRdD; II wire [6:01 PtrRAddJSl // 

wire dllsgend; II wire [7:0) UsPllAdd; II 
wire dHsgAdd; II wire [6,0J UsSigl/Add; II 
wire dflsgRd>; JI wir• [7:0) UsSigl>ln; II 
wire dMsglntNr,qi II wire [7:0J UsPOtn; II 
11ire dAc:tiv.1.ty; II wire LdPrtyAcc; II 
wire cllatAl..0; II wire Ustlk4b; II I :~ .. 

o1lre dL•tAlllrt; II wire SellntA; II 

wire dlntAllllD; II wire SellntB; II 

wire dlntAl1111; II wire SellhtC; II 

wire di nttlslcO; II wire Sellntl>; II 

wire dlntHsk1; II wire SelSigA; JI 

wire dAny; JI wire SelSl98; II 
wite UpRd)tlsT lnt4K; JI wire SelSisC; II 
wire Upllr; II wire SelSigD; II a wire t3:0J Activity; II "'" SelPCHA; II 
wire [l:OJ RiseAc;t; II 11ire SelPC118; II 
wire (3:0) FatlAc;t; II wire StlPCllC; II 0 
wire LatAlmOllr; II wire SelPCHO; II fl') 

wire htAl11111/r; II wire SelAIS; II ~ 
wire lntAlinOl/r; II wire dPCHAISByte; JI -
wire lntAh11111r; II 11in dSigAISlyte; II 

.... 
wire UplntUsTtnt; JI win dJpAIS; fl 

0\ 

wire Lane it; II 
~ 
0\ 

wire AGtTick.; II /I I I/I Ill 111111111JI1111II/1111/ II I I I I I I 11111/// II I II I 111111111111//1111 /I II I I II IC 

wire EdgeA; II I I tQllSunts 

wire EdgeB: II 111111111111II1111II11111111 I I I I II I I I I/ I I I I I I I I/I I II II Ill I/ 111111 I II II II II II II /I 



'--···-- ·----------·- ... ·-
par111.eter cOffSetRef • 9'd485i 

. f// II II I I I I I/ I II II llll I I/ Ill/ II I I I I /I I I I I I I I I I II I II llll II II II I I I I I I II I I I I I I I I I I I 
::i II CICM:k Inversion for up-streain signal ling and PD! RNls 
UI 1111111111111111111111111111111111111111111111111111111111111111111111111111111 

i·:\issign UsClk4b = -clk4; ... 
ni . /llllll/llll/ll ll/ll/11 II II II /Ill II II II Ill/ II II Ill/ llll II Ill/ II II II II II II I I lllll 
·· JI Processor address decodes 

I I I/ I I/ II I I I/ I/ II II II I I II I I I I I I II I I I I II I I II I/ II II II// I/ I I II II II I I I/ I I I I// I/ I I II I 

I'"\ . ·· pss 19n dAny 
·::1ss'lgn dAcrivlty 

assign dLatAlmO 
assign dL1tAl111 
assign dlntAlmO 
'ssign dlnrAlin1 
.sslgn dlnrMskO 
ISS ign dlntMskt 

i ass lgn ctlsslntNua i tsslgn ctls9Cmd 
•· iss lsn ctlsgAdd 
(tssl gn ctfssRcll 

assign d>CMAl5Byte 
assign dSigAISByte 
assign cllpAl5 

c UpReq4M & (IUPA[10:6J =• 51 bODD Dl>i 
• clAny & <iUPA15:1J =" 51b00 ODD>i 
.. clAny & <iUPAl5: II == 5'bO(OD1>i 
" dAny I C IUPAIS: 1J •= 5'b00.010Ji 
" dAny & CIUPAl5:11 == S•b00_011>i 
• clAny· & (IUPAl5:1J == 51b00 100)1 
• clAny & (illPAIS:IJ "" S•bOO)Ot>: 
"clAny & ClllPA15:1J :s 51b00_110>; 
= clAny & CIUPAl5:1J :: 5'b01.0DD)i 
• clAny & 'IUPAl5: 1J H 51b01_001>i 
.. clAny & CIUPAC5:1J H 51 b01 010>: 
"'clAny & CIUPAC5:11 == 5•b11(011>i 
• clAny & CIUPA(5:1J == 5'b01_100Ji 
= clAny & (IUPA(5:1J == 5•b01.1D1)i 
• clAny & CIUPAl5:11 == S1 b01_110J1 

I;, I I I I I I I I I I I/ I I// II/ I I I/ I I/ I I I I/ I I I I I I I I I I I I I II I I I I J/ ////I/ II II I I II I I II I II 1111 
·11 ·Porces.sor lnterflce .control logic, storage regs, and read iaix 
· 11111111111111111111111111111111111111111111111111111111111111111111 I I/ I/ II I I I I I 

ii'iiays a Cposedge Clk4 or negedge RESET4M > 
begin -
If CIRE5ET4M.> 

begin 
flllpRdytlsTlnt4M <= 1'b0; 
end 

else 
begin 
pUpRdy\JsTlnt4M <= UpReq4M; 
end 

encl 

sslgn UpRdytlsTlnt4M = clAny & UpReq411 & -flllpRdy\JsTlnt411; 
.sslgn Upllr : UpRdy\JsTlnt4M & •IUPRNV; 

always a <posedse Clk4 or negedge RESET4M_) 
begin 
if CIRESET4M.> 

begin 
PCMAISByte <= 8 1h7f1 
end 

else If (Upllr & dPCMAISByte) 
begin 
PCMAISByte <= IUPDl7:01 i 
end 

end 

always a (posedge Clk4 or negedge RESET4M > 
begin -
If Cl RESEJ4M_) 

begin 
SlgAISByte <• 81 hll2i 
end 

else If (Upllr & dSigAISByte) 
begin 
SigAISByte <• IUPDl7:01i 
end 

end 

always a Cposedge clk4 or negedge RESET4H > 
begin -
if URESET4H ) 

begin -
UpAIS •= 4'hf; 
end 

else if (Upllr & cllpAIS) 
begin 

end 

UpAIS <= iUPDl]:OJ; 
end 

always a (posedge Clk4 or negedge. RESET4M ) 
begin -
ff CIRESET4M > 

begin -
Ms9lntNU111 <= 21bOD; 
end 

else if (Upllr & ctlsglntNun) 
begin 
MsglntNUlll <= IUPO (1: 01 i 
end 

end 

assign LatAlmOUr = Uflllr & dLatAlmOi 

always a (posedge Clk4 or negedge RESET4H > 
begfn -
If Cl RESET 4H > 

begin -
LatAlmD <= IO'dD; 
end 

else 
begin 
LatAlmOIOJ <= LatAlmOIDJ 1 -<-BitOffSetchg& LltAlmllllr & iUPDIOJ) : ltOffSetC 
LatAlmD!11 cs LatAlcnDUJ 1 •(•Rc..itsgTlck & L•tAlmOllr & IUPO (11 > RaMsgTI 
LatAlm012J <• LatAlm0(2J 1 -(--11$11i1cAl111A & L•tAllllOllr I IUPDl2JJ UsMlscAI 
LatAlm013J·<e= LatAlm0(3J 1 •(--11$11lscAl1118 · · & LatAlinOllr &· IUPOl]J) UsMlscAI 
LatAlllllJt4J cs LatAlm0(41 1 -<-UsMlscAlm1C & ·LatAlmOllr & IUPDf4J) UsMlsc:AI 

·· c. latAlm015J .c::L'ltAlmD(SJ 1 -(-UsMlscAlmlO · & LatAlmDllr· I IUPDl5J> UsMlscAI 
LatAlmDf61 <= L•tAlaiDf6J 7 -HlsllhcAlm2A & LatAlmllllr & IUPD l6JJ USMlscAI 
LatAlm0(7J <= l•tAlm0f7J 1 -(~MiscAlm28 & LatAldlllr & IUPD (7JJ UsMlscAI 
LatAlmDIBJ <• latAlm0(8J 7 •(•UsMlscAllllZC I l•tAlmOllr I fUPD(BJJ UsMlscAI 
latAlmD!91 <• latAlmDl91 1 -<-UsMiscAlm20 I LatAlmOllr & IUPD(9J) UsMiscAI 
end 

end 

assign Activity = (Actlvit,O;ActivftyC,AC:tivityB,ActiYityA); 

always a <posedge Clk4 or negedge RESET4M > 
begin -
if (IRESET4M ) 

begin -
Act I vi tyS <• 4'h0; 
end 

elH 
begin 
ActlvltyS <• Activity; 
end 

end 

VI 
Q\ 
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IO 
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asslen Rlswt "'Activity & -Activity$; 
.,1stlon flltAct "' •Activity & ActlvityS; 
II' • 
1...l!'•lgn llltAlm111r " llpllr l dlatAl1111; 

l";llways ; (PQ$edge Clk4 or negedge RliSET4H_) 
Ii) begin 
f if (IRESET4K.l 

begfn 
UtAlm1 <= 161d0; 
end 

else 

end 

begin 
L~tAlmltOJ <s LatAIAIHOJ 7 •(•fellActfOJ 
latAlm1111 <" LittA11111 l1l 7 •C-RiseAct(OJ 
LatAlat1121 <= LatAl1111 l2J 7 •C.-OsPrtyAllM 
latAllll 131 ..., LatAl111113J ? -C..Prt)lfrrlOl 
La~tm1141 .... LatA\1111141 ? -c-fallAct 111 
LatAIAll ISJ c: LatAlm115l ? -C-RlseAct ltJ 
latAlllll 161 <• latAlml 161 1 -C-ilsPrtyAld 
LatAlm1171 .... LlltAl1111[7J 7 -r-Prtyft't t1l 
LetAlmHBI <a LatAlm118l 7 •C-fallActtZI 
LatAlm119l <= LatAlm1(9) 1 -C-RiseAct 121 
LatAlm1 UOJ <= LatAlmHIOJ 7 •C-C>sPrtyAIRC 
LatAlm1111l <= LatAlm1 lt11 7 ·(-Prtyfrrt2l 
LatAIA11112l <= LatAlm1C12J 1 •C-fallAr;tC3J 
latAlnttl13J <= LatAl1111(13J 7 •C-RfnAclllJ 
LatA\1111 t14l ..., LatAlml 1141 t ·HlsPttyA.ltO 
LatAlad t15l <• latAlai1C15J 1 -C-Prtyfrr(3J 
end 

assign lntAlniClllr " Upllr & dlntAlmO; 

always il (PQsedge Clk4 or negedgl' RESEtloll l 
~~ -
if CIRESET4K l 

begin -
lntAlaO <= IO'dO: 
end .,, .. 

l LatAlmlllr & iUPIHOl) fallAct( 
& LatAll11111r & IUPDlt]) RinAct[ 
& latAlmlllr & llJPDIZJ) DsPrtyAl 
& letAlm111r & IUPD(3J) PrtyErrl 
& L11tAlm111r & IUPO 141) FallAct! 
& LatAlmlllr & IUPD [SJ) RiseAc:t( 
& LatAlm111r & IUPll 161 ) llsPrtyAI 
& LatAl111111r & iUPbt71) PrtyEtrl 
& LatAlm111r & iUPDlBJ) FallAct( 
& LatAlt11111r & iUPll [9] ) R iseActt 
& LatAlt11111r & fUPD l1DJ) > OsPrtyA 
& LatAhalllr & iUPl)(l1J > ; Prt)lfrr 
& LatAlm111r & iUPI> 11CI) : FallAct 
& LatAhn111r & iUPOU3J) ; RlseAct 
l LatAlm111r & IUPll[14J) : DsPrtyA 
& LatAlmlllr & iUPO 1151> : Prt)lfrr 

begin 
lntAl#llOl <= lntAlaOlOJ 1 •UntAllllllllr & IUPOIOll BitDffSetCh9; 
lntAlaOUl coo lntAlll(il1J ? -((ntAllllOllr & IUPOl1)) RcvMsgT!ck; 
lntAlnl[2J "" lntAlmOl2J l •CJntAlaiOllr ' IUPD IZJ) UslliscAlm1A; 
lntAlnltlJ ..., lntAlpOW 1 •(lntA!aGlr & IUPO l.lJ) UsMfscAlmtB: 
lntAlll0(4J <s lntAldlt41 ? -ClntAlmtlllr & IUPb l4J) UsMlseAl111C; 
lntAllllllt5J <• lntAlni.1151 ? -(lntAlmOllr & IUPbl5J) UsKiscAlmlD; 
lntAllllOl6J <• lntAldlt6) 1 -(lntAlt!Ollr & IUP0(6Jl Uslli$cAlm2A: 
lntAlaOt71 <= ln1Alldl[71 l -(lntAlmllllr & iUPDl71> U$MiscAhnZB; 
lntAldl«IJ <= lntAlm0181 1 ·ClntAldlllr & IUP0(8J) UsMiscAlllli!C: 
lntAla0!9J <= lntAlaOt9J ? •ClntAlmllllr e. IUPD l9l) UsHiscAlm20; 
end 

end 
assign lntAhn111r = Upllr & dlntAlml; 

alnys a <poudge Clk4 or negedge Rf$ET4M_> 
begin 
if CIRESET4H_l 

begin 
lntAlm1 •= 16'd0; 
end 

else 
begin 
lntAl1111tOJ <= lntAlmHOJ 1 •(lntAlm111r & IUPOIOJ) : hllAct(Ol; 

end 

lntA\llllllJ <" JntAlmlllJ 'I -llntAlatlllr' UJl'UllU : ICt$ttl!LllUI; 
lntAlm1t21 « lntAlm1(~J 1 ·ClntAlm111r & IUPDl2J) : DsPrtyAl111A; 
lntAlmttll <s lntAlPll t3J 1 -ClntAlmlllr & IUPDl31J : Prt\IErtlOJ; 
lntAlai1[4J c: lntAl1111l41 1 •ClntAlm111r & IUP0[4J) ; FallActUJ: 
lntAlm1151 <c lntAl1111ISJ ? •(lntAlmlllr & IUPbtsJ) ; llis.Act(1J; 
tntAlm116J <• lntAlm1l61 1 -ClntAlm111r & IUP1>[6J) : b$PrtyAldl; 
tntAlm117J .... tntAlt111l7J ? -(lntAlm111r & IUPD!n) : Prtyertl1J; 
JntAlmHBJ <= lntAlm11BI 1 ·(lntAlm111r l IUl'Ot8U : FaUAct!Zl; 
lntAlm1(9) « lntAlm1(9J ? •ClntAh11111r & IUPDl9l) ; Rl$eAct(2J• 
tntAlm1t1DJ ..., lntAlmll\OJ ? -<1ntAl111111r & IUP0(10l) ; DsPttyAlaot; 
lntAlmtl11J .,. lntAlmll11J 7 -<lntAlm111r I ilJl'Otl1JJ i PrtyErr(2J; 
JntAlm1t1ZJ •• lntAlm111ZJ ? •ClntAlmtllr & fUPD lt2l > ; fallAct t3J; 
lntAlt11tl1lJ <• lntAlm11131 1 -(lntAlm111r & IUPDU31> : Rl$eActl3J; 
JntAlm1114J <= lntAlm11141 ? -OntAl111111r & IUPOl14J) ; 0.PrtyAlnO; 
lntAhnll15J <s lntAlmt 1151 ? -ClntAlmtllr & IUP0(151) : •rt~rrm; 
end 

alway11 a CPQsed!le Clkt. or negedge RESET4M l 
begin -
if CIRESET4H.> 

begin 
lntMskO <= 1D'd0; 
end 

el$e if CUpllr & dlnttlskO) 
begin 

end 

lntKskO <= iUPO 19:0) l 
end 

always a (pasedge Cl k4 or negedge RESET4K l 
begin -
if ORESET4K l 

begin -
lntKskl <= 16'd0: 
end 

else if CUfllr & di ntMsk I) 
begin 
lntHsk1 <= iUPD [1S:OJ: 
end 

end 

assign UpRDUsTlnt • ((a•hOO,Msgtllld) & (16(dKs9Dltd))) 
C<Ksg11Add1Ksgl.Add) & (16Cit119Adc1>)) 
((81hOO,Hs11Rcl>) & (16(dKsallcll))) 
CC14 1 d0,Msslntllun) & (!6(.dlsglntll1.111))) 
((81hOO,PCllAlS8yte) & (t6(dPCMAls8vtcl)) 
C<8'h00,5isAIS8yte) & C16CdSlgAlSByte))) 
C<12'd0,UpAI$) & (16(d.JpA1$))) 
((12•d0,Activity) & (16(dAetlvlty))) 
({61 dO,LatAlmO) & (16(dlatAllllD))) 
(LatAllll1 & (16(dlatAl1111))) 
((6'dO,lntAllllD) & (16CdlntAl!IOl» 
(JntAllnl & C16CdlntAl1111))) 
((61d0, lntKskO) & (16(dlntMskll))) 
ClntKsk1 & <16CdlntKsU>»; 

assign UplntUsTlnt = Cf (lntAlmO & JntMskO» I <I ClntAlm1 I lntHsklll; 

lllllllllllllllll/ll/llllllll//ll//l/llllll//l/lll/ll/l/l/ll/lll/lllll//l/lll/ll 
II Master bit counter, reference fr•me pulse and fr- COi.flt register 
II I I I I I I I I II II I I I/ II II II I/ 111/111111II11II11IIIII1111111 II Ill I/ II I/II II I Ill I II II 

alway$ a cp0sed!le Ctk4 or negedge RESET4K_) 
begin 
If tlRESET4K_l 

-·· .. ~1.'- ;.".:3-
··,· 

VI 
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.......... - ... _ .. ______ ........ . 
;l .... 
1;t 

l""l 
u 

begin 
BltCnt <= 9 1h00; 
UsfrmRef cs t •bO; 
end 

else 
begin 
Bi tCnt <: nB ltCnt: 
~~rmRef <= (BitCnl == 9'b11101_0000); 

end 

•lways a <BitCnt or UsCntrRst) 
Ii begin 

if !UsCntrRst) 
nBitCnt = 9'h00; 

else 
n8itCnt = BitCnt + 1'b1; 

end 

JSSign LastBlt = (lltCnt == 9'd511); 

!always a (posedge Clk4 or ncgedge RESET4M ) 
I:. begin -
. ' if (I RESET'M ) 

FrtllCnt ci 3'b000; 
else If (UsCntrRst I LastBltl 

FrmCnt <= UsFrmCnt; 
end 

.:"always a (posedge Clk4 or negeclge RESET4M_> 
begin 

. if (IRESET4M ) 
Msgfrn:ni •= 2'b00; 

else if (lastBltl 
MsgfrnCnt c: DrHsgFC; 

end 

I I I I I I I I I I I/ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I/ I/ Ill I I I I// II/ I I I I I/ I/ I// I I I//// I I I 
II Reference pulse U$ed by down·stream inocklle to capture bit offset for TIUA 
I I/// 111111 II I I I I I/ I//// I II 11111111111111 Ill I I I /I I Ill II 111111 I I/ I/ I I I I I/ I I I I I I I I 

al11ays D (posedge Clk4 or negeclge RESET4M_l 
begin 
If !!RESET4M l 

UsOffSetiief c= 1 'bO; 
else 

UsOffSetRef •= BltCnt == cOffSetRef; 
end 

1111 //I I I// I I I I I I I I I I/ I II/ I I/// I I/ I I//// I I I II I Ill /I 111111 II II/ I I I I I/ I I/ I I I// I II I 
II Input shift registers with data clocked In on the falling edge of the 4MHZ 
I I/ I I I I I I I/ I/ I// I II/ I/ I /I II I I// II// I/ II I/ I I Ill II/ II// 11 II /II/ I I II/// I I I I I I I// I/ I 

alwa:S~n (posedge Clk4 or negedge RESET4M_) 

If (I RESET4M ) 
begin -
TUOA <= 1'b0; 
1,111 <= t•bO; 
TUOC c= 1 'bO; 
TUDD <= 1'b0; 
end 

else 
begin 
TUOA <= ITUDA; 
TUDB ca I TUDB; 

end 

TUDC •= ITUDC; 
TUDD <= ITUDD; 
end 

always ;i (posedge Cl k4 or negedge RESE1'M I 
begin -
If (IRE5ET4M ) 

begin -
TUDAReg •= 8' hOO; 
end 

else 
begin 

end 

TUDAReg <= OUDAReg[6:01, TUDA); 
end 

always a (posedge Cl k4 or negedge RESET4M_) 
begin · 
if (IRESET4M I 

begin -
.TUDBReg <=. 81 hOO; 
end 

else 
begin 
TUDBReg <• (TUDBleg [6: 0] , TUDB); 
end 

end 

always a (posedge Clk4 or ncgedge RESET4M_) 
begin 
if (llESET4M l 

begin -
TUDCReg <• 8'h00; 
end 

else 
begin 
TUOCRog •= (TUDCReg[6:01, TUDC); 
end 

end 

always a <posedgc Clk4 or negeclge RESET4M ) 
begin -
if (IRESE14M_) 

· begin 
TUODReg <= 8'h00; 
end 

else 
begin 
TUDDReg <• CTUDDReg[6:0J, TUDD); 
end 

end 

I I I I I/ I I I I II/// I I/ I I I I/ I/ II/ I I II I I I I I I I I II 1111 /I II I/II Ill/II II/ I 11111111 /Ill /Ill 
II Activity detectors •• 1t least one edge must occur &Very four fr­
/1///////////////1/// II///// Ill I I /I I I I////// Ill I II I I /II II/Ill I/I/ I /I II/ II II II I II 

always ;i (poseclge Clk4 or negedge RESE1'M_I 
begin 
if (IRESET4M ) 

begin -
Ac:Umr <• l1 1dO; 
end 

else 
begin 
ActTmr <= nActTmr; 

VI 
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eud 
end 

.11 way$ il (ActT111rl 
,,, begin 
; ;; nAc;tTmr " Actlmr + 1'b1; 
,., erd 
'. 
'ahisn A<:ttlck • •nActTmrtlOJ & ActTmrt10J; 

assign ~A • TUOAReg11J I• TUDARealOJI 
assign Edge8 " TUOBRe9ltl I: TUDBReg[OJ; 
•i&19h EdgeC .. TIJDCResr1l I• TUOCRegtOJ; 
~Jslen EdgoO .. TUDDReg[1J ... TUODReg[OJ; 

always a (posedg• Clk4 or n1!9edge RESET4M ) 
If <I RE$IET4M_) -

· GotedseA •* 1 •bO; 
I else If (EdgeA) 

Goted!leA .,. l'b1; 
else I I (ActTick) 

GotEdgeA •" 1 •bOr 

;~(ways a (posed9e Clk4 or negedge RESET4H_> 
·' If (!RESET4H_) 

GotE•l <> l'bO; 
else If cE•&> 

GotEclgelJ cs 1'bt; 
else if (At:tlfck) 

GotEdfeB (" 1 'bO; 

~lways a (posedge Clk4. or negeclge llESET4H_) 
if (!RESE1'M_l . 

GOtEdgeC <= 1 'bO; 
else If (Edget:J 

GotEdget <= 1'b1; 
else II (Ac:tlick) 

GotEdgot <s 1 'bO; 

always ;;i (posedge ctk4 or negeclge RESET4M ) 
If <I RESET4M_) ~ 

GotEd9eD cs 11 bO; 
else If <EclseD> 

ai>tedia.o. a. 1 'b1; 
else if <Ac:tTlcll:) 

GatEdgeD cs 1'b0; 

always il (posedge Clk4 or negeclge RESET"V 
if (IRESET4M_) 

begin 
ActlvhyA •= 1'b0; 
Ac;tivit)'B <• 1'b0; 
Activit~ <= l'llO; 
Actfvit)O <= 1'b0; 
end 

else if (ActTickl 
begin 
Act Iv! tyA <= Gat&dsleA; 
Activity& <= Gclt&dgllll; 
Acrivlt)'C ... l'iotEdaeC; 
ActlvityD •= Got£dgeO; 
end 

l/ll/lll/lllll/ll//l/lllllllll/llll/l/ll/lll/ll/lllllll//l//l/ll//llllllll/lll/I 
II 1,.aad signals for holdlna resisters 
II 111111111 II I Ill/ Ill I I II II II II II II I II I llll l/J 111111III1111 II II II I/ I I /I I/// I/ I// 

HSign LdHld 
assign LdR$rv 
assign LdPrty 
assign Hsgstot 
assign LdAlr• 
assign LdPtHS i 9 
ass I sn ldPCK 
assign Ldsig 

" 8ittnt[2:0J ·= 3'b111; 
• Ldllld & BitCnt lB:lJ so 6 1d63; 
" Lclllld & Blttnt18:3J == 6'cl0; 
" 8itCnt[Bi3) ~= 6'd61; 
= LdH\d & BltCnt C8:3J == 6 1d62; 
= •LdRsrv & •LdPrty & -Lctlsg & •LclAl r•; 
a ldHld & LdPCKSig & 8itCnt(3J; 
= LdHld & LdPCMSig & -BitCntt3J; 

//I/ II I I I/ II// I JI JI/ llll/ I II JI I/ I I I I I I II I// I// II I/ JI/ I/////// Ill/ Ill/ 1111/11 /Ill 
II Holding registers for PCM and signalling 
II 
II si9 holding reg for interface A is not needed because the Sig buffer 
II write occurs just as the shl ft byte arrive$ thus no holdi119 reg Is 
II required, 
1111/III//IIII1111 /I I I I I/// l/llll/ 1/lllf111 II/ I/I/II II/I/Ill II II/ I/Ill I/ 11/11111 

always ;;i (posccfge tlk4 or negedge RESET4M l 
begin • 
if (! RESE"M ) 

begin -
PCMH\CIRegA <= 8 1h00; 
PCMHldRegB <= a•1ioo: 
PCMHldRegC <r 81hOO; 
PCllllldRegO <= a•hOO; 
end 

eln if (LdPCH) 
begin 

end 

l'CllHldRegA <• lUDAAeg; 
PCMlltdRegll cs TUOBReg; 
PCHllldRegC c= TUOCRl!!lf 
PCMHldRegj) (& fUODReg; 
end 

always ii (posedse Clk4 or negocjge RESET4M_l 
begin 
if (IRESU4H l 

begin -
Si9HldRe98 <= 8'h00; 
Si9HldRetC <= l'hOO; 
Si91tldRegD <= 81 hOO; 
end 

else if (LcfSig) 
bogin 

end 

SisHldRegll ·= TUDBReg; 
SlgllldResC "" TUDCRe111 
SigHldll.egD <• lUDDReg; 
end 

always a <pasedSe Clk4 ar negecfge RESET4K_) 
begin 
if (IR&5ET4M ) 

begin -
PrtyHldRe9A <• B'hOO; 
PrtyHldRe9B •• 8'h00; 
PrtyH\dRegC <• 8'h00; 
PrtyHldRegD c: S1hOO; 
encl 

else H (LdPrty) 
begin 
PrtyHldRegA ·= TU>ARes; 
PrtyllldllesB ca TlA>IJRe111 
Prtyllldte,C « TtDCRe9; 
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end 

PrtyHlclRegD <• TUDOReg; 
end 

;:~/I I/ I I I I /I I I II 11 II I I I I I I I /11111111111 /II II II I II I II 1111IIII11 /I/ I I I I I II//////// I 
;2/ Parity generation and storage 
j /'(I I I I I II II I II I /I I I I I I I II// I I /I I//// I I I I I II II II II I/ II/I I /II I I I/ I I /I I I///// I I I I I I 

~ :.\sslgn LdPrtyAcc = LdRsrv & LdHld; ... 
always ii Cposedge Clk4 or negedge RESET4M_) 
· begin 

if CIRESET,M_I 
begin 
PrtyByteA <= 8'h00; 
PrtyByteB cs 81 hDO; 
PrtylyteC <= 81hOO; 
PrtyByteD ... a•hOO; 
PrtyAccA <= 8'h00; 
PrtyAccB <=. 8 1h00; 
PrtyAccC •= 8'h00; 
PrtyAccO. <= 8 1h00; 
end · 

else If CLdPrtyACC) 
begin 

end 

Prty8yteA cs PrtyAccA; 
Prty8yte8 CZ: PrtyAccB; 
PrtyBytcC cz: PrtyAccc; 
PrtyByteD <= PrtyAcCO; 
PrtyAccA <• •TUDAReg; 
PrtyAccB cc •TlllB8eg; 
PrtyAccC <= •TllDCReg; 
PrtyAccO <• -TlllDReg; 
end 

else If CLdHld> 
· begin 

PrtyAccA c: PrtyAccA • TUDAReg; 
PrtyAcc8 cz: PrtyAccB • tl.CllRes; 
PrtyAccc <= PrtyAccC • tUDCReg; 
PrtyAccO cs PrtyAccD • TUOOReg; 
end 

alw1'1)'S ii 1:posedge Clk4 or negedge RESET4H > 
If URESE14H_) -

begin . 
lcfPrtyErr •= 1 •bO; end . 

else 
begin 
lcfPrtyErr •= LdPrty; 
end 

assign PrtyErrA • LdPrtyErr & PrtyByteA I= PrtyHldRegA; 
1ssf9n PrtyErrB = ldPrtyErr & Prty8yte8 tz PrtyHldRegB; 
esslan PrtyErrc " Lcl'rtyErr & PrtyByteC t z: PrtyHldReac; 
assign PrtyErrD = LdPrtyErr & PrtyllyteD I= PrtyNldlegD; 

assign PrtyErr = (PrtyErrD, PrtyErrC, PrtyErrB, PrtyErrA>; 

always a (posedge Clk4 or negedge RESET4M_) 
if CIRESET4M_) 

b19in 
UsPrtyErr •=. 4'hD; 
end 

else if CldPrtyErr> 

begin 
UsPrtyErr •= PrtyErr; 
end 

/I I//// I I I I I I I I I I I I/ I I I/ II /I// I I II I I/// 11/1/III/II1111111111Ill/II11111II11 II I II 
II Message control and storage 
11 II/ II/ I I I I I I I I I I/ I I /I I/ I I I II I I I I I I// I/ I I//// I I II II I I I I I/ 1111111111111111111111 

assign RcvMsgTlck • LdPrty & HsgfrmCnt == 2'b00; 

assign Erlylcflsg • HsgSlot & BitCnt!2:01 == 3'b110; 

assign lcilsglntNun = ErlyldMsg & Hs9FrmCnt11:0J == 2'b00; 

always ii Cposedge Clk4 or negedge RESET4H ) 
if CIRESET4M_) -

begin 
HsglntNui!IS •= Z•bOD; 
end 

else if CLdlsglntHUll) 
begin 
MsglntNunS •= MsglntHun; 
end 

assign Msglyte = 

assign Ldlsg 

ass I gn LctlsgCmd 
ass i sn ldls9HAdd 
assign ldlsgl.Add 
assfan ldlsgRit> 

CTUDARes & (8(MsalntNllllS == 2'bOO>» I 
CTllD8Reg & (8(HsglntlklllS .,. 2'b01»J 
CTllDClleil & <8<HsglntllllnS =" 2'b10>>J 
(T~Reg & (8(Msglntlllln5 == 2'b11»>; 

= HsgSIDI & Ldffld; 

= LO!sg & MsgfrlllCnt == 2'b00; 
= Ldlsg & HsgfrmCnt =• 2'b01; 
= ldfsg & NsafnaCnt == 2'b10; 
c Ldfsg & llsgfl'llCnt .,. 2'b11; 

always ii <posedge Clk4 or negedge RESET4M_> 
ff (I RESET4M ) 

begin -
MsgHldc:md c" 81h00; 
Hs9HldHAdd •= s•hoo; 
MsgHldLAdd •• 81 hDO; 
end 

else 
begin 
MsgHldCmd •= CLctlsgCmd) 7 HsgByte : MsgHldOtd; 
Hs9HldHAdd <= · (ldllsgllAddJ 7 MsgByte : MsgllldllAdd; 
MsgffldLAdd •= (ldlsgl.Add) 7 MsgByte : MsgHldl.Add; 
end 

always ii (posedge Clk4 or negedge RESET4M_> 
if (IRESET4M ) 

begin -
HsgCnd <= 81h00; 
MsgHAdd •= 81h00; 
HsgLAdd •= 81h00; 
MsgRcl> •= 8'h00; 
end 

else if tldlsgRcl>l 
begin 
HsgClld <= HsgHldc:md; 
MsgHAdd cs MsgHldHAddi 
Ms9LAdd <= MsgHldLAdd; 
HsgRdl <= MsaByte; 
end . 
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I I I II I II I I I II II Ill Ill 1111 /II /II I II I/I I I II I II I II 11f111 II If" II I Ill II I I I 111111 /II I 
II llown-sttell!ll parity alann 
I I II I II II II I Ill I I I I II I I I II I II II II I II I II II II II II II I I II I II II 11111111111111111 II Ill 

!4isl9n PsPrtyAlmA "LdAlr111 & TIJDAR119[7l; 
if*sl9n llsPrtyAlldl • LdAlr111 & TIJD8Re9[7l; 
.iltstsn DsPrtyAIAC " LdAI r111 S tLIDCRe9[7J; 
Ji sign DsPrtyAlnO .. ldAlrm & 1Ull0Reg[7l; .,. 
t:ir 

t1fsian UsHiscAl1111A"' LdAlr111 & tLOAReg[6J; 
aasfgn UsMiscAl1111B .. LdAlnn & TUDBReg£6J; 
esslen UslllscAl1111c = LdAlr111 & JlJDCRe9(6J: 
a~sl9n UslliscAllll10 = LdAlrm & TIJIJDReg[6J; 

ailslsn UslllscAlm2A " LdAlrm & tUllAAe9t5): 
assfsn Usllfsc:Allll2B .. LdAlr111 ' TUDBRes[Sl: 
assi911 UsHfscAhlZC w LdAlr111 & TUIJCRegl5J 1 
·-lgn U$HlscAlm20 • LdAI nll & lWOReg 15); 

) 11111 II II I I I I I I I I I I I I I I II II I II I II I II I I I II /I II/ I II Ill I /JI I I I II I I II /I II/ I /I// I II 
II ll~e of bit counter to get misc control addres.es lll1d signal$ 
I/ 11 /I I l I I I/ I I I I I/ I I II I II I I I I I I I I I II /11 /I I II I I I I I/ II/ 11 /II /I II I II I II I/ I I I II I I I II I 

~iways i <BitCntl 
1:1. begin 

if (Bitcntt8:4l '"" S•d51 I BitCnttB;ioJ "= S1d0> 
begin 
PtrRAddlwr = 21 b00; 
PtrRReqUSa = 1'b0; 
erd 

else 
case (Bitcnt Jl:OJ > 

41b01D1 : begin 
l'trRAddl.wr • 21 bOD; 
PtrRReqUSa " 1'b1; 

erd 
4 1 b0110 : begin 

PtrRAddl,wr " 2'b00; 
PtrRReqUSa = 1'b0; 

end 
''b0111 : bogin 

PtrRAddl.wr = 2'b01; 
PtrRReqUSa .. 1'b1; 

end 
4'blDOO ; bC9in 

PtrRAdcLwr = 2'b01; 
PtrRReCjUSB " 1 •bO; 

erd -
41b1010 ' begin 

l>trRAddLwr = 2'b10; 
PtrRl!eqUSa = 11b1; 

end 
4'b1D11 : begin 

PtrRAddLwr " 2'b10; 
PtrRReqUSa .. 1'b0: 

end 
4•b1100 : begin 

PtrRAddLwr = 2'b11; 
PtrRReqUSa .. 1'b1; 

end 
4•bt101 : begin 

PtrRAddl.wr = 2'b11; 
PtrRReqUSa = 1'b0; 

erd 
default : begin 

PtrRAdcil.wr = 2'b00; 

Pt rKKeqUSa • I 'bU; 
end 

endcase 
end 

I I /111 /I I JI II I II I/ I/ II I I/ I II/ 11 /I I II I I/ I I/// I/ II JI JI 11111111 JI II JI II I I I II I I/ 11 I I 
JI Generate pointer RAii signels using synchronous delap 
II Al$1> gene"te re..:! blocltins signal for athet aide Gf slenalllng RAH 
I II II I I/ I// I/ II I I II II I/ I II I II I II II I I II II I I II I/ II II I Ill/ II II II I II/I I II I I/ /I/ I/ I II 

always a (posedga Clk4 or negedge RESET4H_) 
if (!RESET4H ) 

begin -
Ptr~ReqU$b <= 1'b0; 
1Jss19Rd8lk411 <= 1•b0; 
end 

else 
begin 
PtrRReqUSb <= ~PtrRAckUS & PtrRfleqUsa; 
UsSigRdBlk4H <= PtrRReqUSa; 
end 

assign PtrllAddUS " CPtrRAddl.wr,Bittnt!8:4]); 

assign PtrRReqUS " PtrRReqUSa I PtrRReqUSb; 

lllllll/l/lllllll/lllllllllll/ll/ll/lll/llll////llll/llllllllll/l/llJlllllll/ll/ 
II Stored Info frClll pointer RAH 
lll/l/lllll/llll/llllllJlllllll/llllll////l/llllllllllll/llllll/lll/lllllJllJIJI 

always a (pasedge Clk4 or neaedse RESET4M ) 
begin -
if (IRESET4M_l 

begin 
UsPWAddl.wr <= 71 hOO; 
SigEn <= 1 'bO; 
PCllEn <• 1 'bO; 
end 

else if (PtrRAckUS) 
begin 

end 

UsPllAdd!.wr <" PtrRDOutDUS(8:Zl; 
StgEn <: PtrROQutDUS [1); 
PCKen cz PtrROOutDUS(OJ; 
end 

1111111 I II II/ II I I I I I I I II I I II I I I I I I I I I I JI 1111/IIII11111IIll111 /II II II I/ I I II I 11111 
II Generate PCM and $i911all ing AAM signals usfl'l!I $~l'OllCIUI delays 
ll//llllllllll//l/fllllfl/JlllllllJ/llllllllll/llllllllll/llllllllllll/lllllllfl 

a$$ign UsPllAdd = (FraC/lt[OJ ,USPllAddLwr); 

always Iii (posedae Clk4 or negedge RESET4H ) 
if (!REsET4H_) -

beg.In 
lntAdd <= Z'bOO; 
UsUen <• 1'b0; 
end 

else 
be9in 
lntAdd <• PtrRAddLwr: 
uswen <= ussigRdlllc4M; 
end 

assign UaSfgllAdd = UsPllAddl.wr; 
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ass I gn UsPllen = Usl/en & PCMEn; 

assign UsSi9'1en ~ Usl/en & SigEn; 
(' . I 

:111 /I/ I II I// I/ II/ I I I II II J //I I I I/ II I I/ I/I llll II I// II I I I I //I I I I I I I I I II I I I I/ I/ I I I Ill 
l"Y.I lnp1t llUXH for PCM and si9n1ll Ing IAHs 
l~U lnpit A of Sig m.i~ Is different than the others •• see holding 
•;(I reg canment above 
·•· ! 111111111111111111111111111111111111111111111111111111111111111111111111111111 I 

· isslgn SellntA· = lntAdd == 2'b00; 
.fsSlign Sellntl ., lntAdd == 2'b01; 

!.-•ssign SellntC = lntAdd == 2'b10; 
·• 1ssi9n SellntD s lntAdd -= 2'b11; 

assign SelSlgA = sellntA & -UpAISIOl; 
··1sslgn SelSlgB = Sellntl & -1JpAIS11l; 

tsslgn SelSigC = SellntC & -UpAISl2J; 
assign SelSlgD = SellntD & -1JpAISl3J; 

i fssign SelPCllA • SellntA & -upAISIOJ 
' assign SelPCM8 = Sellntl & -1JpAIS111 
l.isslgn SelPCMC • SellntC & -UpAISl2l 
1,!~sslgn SelPCllD • SellntD & ..UpAISl31 

assign SelAIS ., SellntA & UpAISIOJ I 
SellntB & UpAIS[1] 
SelllitC· & UpAISIZl 

1 SellntD & .UpAISl3); 

. •assign UsSlgDlli · • 

assign USPDln 

ISigAISByte & CBCSelAIS)}) I 
CTUDAReg &·cacsetSlsA>» 
(Sl9HldRe98 & (8(5elSlg8))) 
(SlgHldRegC & C8(SelSlgC))) 
CSigHldRegD & CBCSelSlgD))); 

(PCMAISByte & (B(SelAIS))) I 
CPCMHldRegA & C8CSelPCMA))) 
(PCllllldRegB I (8($elPCllB))J 
<POIHldRegC & C8CSelPOIC))) 
CPCHHldRegD & (8(SelPCllD))J; 

erdaadule II tustlnt 
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end 

AcldSt C• MddSt; 
dETXSOH <• ETxSOll; 
end 

~ i 
I 'I;/ 111/ I /I I I I I I I JI JI/ I I J /I II I I I I I I JI II I I II I/ 11 /I I J J II I I/ II/ I J 11111111/IJ///1/I/11 ;'/J Byte cwnter ard control 
~ flll/llll JJ//1111II1111 II II II I I II I/ I I I I II I I/ II I II II I I II II II I I I/ I I II I I I l I I I l I I/ 11 
1 .. 1 
assign BllcCntrD = (81kCntr •= 2'b00>; 
ii&Slgn BlkSzD " (BlkSz == 2'b00); 

•• ~llll)'S a <posedse Cllc19 or negedge I RESET _I 
'" begin ; i If (I iRESET_) 

lllcCntr c= 2•bOD; . 
else 

BlkCntr •= n8lkCntr; 
end 

al1111ys a CAddSt or StSlkSz or llkSzD or dl!T.dOll or BlkCntrO ar BlkCntr> 
I·· begin 
'. • if CAddSC I ·BllcSzD> 
! .. ; nllkcntr • 2•b01: 

else if (ldEbSOHJ 
If ((Blktntr >= StlllkSzJ 11 BlkCntrO) 

n&lkentr • 2•bOO; 
else 

118lkCntr = lllcCntr + 11b1; 
else 

:'~!o:.~ 
nBlkentr = BllcCntr; 

as~lgn Busy = nBlkCntr I= Z•bOO; 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 II PCH RAii read address and read enable 
/I I I I II I I/ I II 11111111/ I II Ill I Ill Ill/ I /Ill I I II Ill/II II/Ill I I II// 1111 /I I I I// II//// 
always a Cposedge Cllc19 or negedge !RESET ) 

begin -
If C II RESET ) 

begin -
UsPllAddl.wr •= 2•bOO; 
"-lsPlten <• 1•b0; 
UsPRen •= 1'b0; 
end 

else 
begin 
UsPRAddlwr c= lllcCntr; · 

end 

rusPRen •= MddSt I -ETxSOH & -cnBtkCntr :c 2•bOOJ; 
UsPRen C• lilsPRen; 
end 

assign UsPRAdd • (StPRAdd,UsPRAddLwr); 

/I/ I I I I/ I Ill I// II /111111/ll II ////II ///11//ll/l /lll///llllllll/lll II/I I 111 //I/ Ill II Signall Ing RAii address ard data control · ll/llllllll/l/ll//llllll//lllllllll/llll/llllllllllllllll/llllllllllllll//ll/lll 
assign pValidGrp = tETxCellType & <ETxGrpCnt I= 3'b111); 

1lw~~n Cposedae Clk19 or negedge IRESET_) 

If UIRESET J 
betln -
deTxGrpCnt <= 31b000; 
clETxOSOCnt cc 4'b0000; 
ValldGrp •= 1•b0;-
end 

else 
begin 

end 

dETxGrpCnt c: ETxGrpCnt; 
dETxDSOCnt •• EhDSOCnt; 
Val ldGrp <= pval ldGrp; 
end 

1s&lgn Si9Hit = ·dETxsOH & ValidGrp C <C1'bO,ETxSFCn0 == dET.wDSOCnt> & 
(lilsPRen); 

eluays a Cposedge Clk111 or ne9ed9e IRESET_J 
if (I !RESET ) 

sfgllAdcr <= 2'boo; 
else If CSlgHit> 

begin 
if CdETxGrpCnt == 3'dD I dEbGrpCnt •= 31dJ) SllllAdd cs Z•bOD; if (dEJXGtpCnt == 31d1 dEfxGrpCnt ,.. J'c14) SfgWAdd c: Z1b01; If !d&TxGrpCnt =• 3'dZ dETxGrpCnt ,.. J•dS) SlgllAdd <= 2'b10; 
end 

always a <posedge Cl k19 or negedge iRESET_) 
If C!iRESET > 

begin -
UsSf gRAdd <= 7'h00; 
end 

else if (SlgHltJ 
begin 
UsSigRAdd c• (((AddSt) ? StHitAcld : StPllAddC4:0J J,BlkCntr); 
end 

1lways a Cposedge Clk19 or negedee IRESET_> 
If (I !RESET_) 

S19Fl9 <• l'bO; 
else if (Sf9fl9 & UsSfaRen> 

Si gfl9 •= 1'b0; 
else If C•Sl9f19 & Si9HIU 

Slgflg <= 11b1; 

assign UsSl9Re11 = Sigflg & °""sSlgRdBlk; 

1sst9n lleSlgRegO • usSigRen & SllllAdd == 2'b00; 
1ssl9n lleSlgReg1 = UsSfgRen & Sllll/Add = 2'b01; 
assign lleSlgRegZ = usSfgRen & Sllll/Add == 2'b1D; 

asslsn si9FlgRAllClr = -CETdacellOly(OJ I DlyRen>: 

always a (posedge Clk19 or 11egedge !RESET_> 
If (I I RESET > 

Sigfl9R!i <= l'bD; 
else If (Sl9Fl9RO & (SiaFlgROClr I Sl9Fl1RAllClr)) 

Slgf(gRO <• f'bD; 
else If C•Si9Fl9RO & lleSlgRegO) 

SigFlgRO cs 11b1; 

always a (posedge Clk19 or negedge iRESET_> 
if (I !RESET_) 

Si9fl9RI <= 1 'bO; 
else If (Sf1fltRT & (SltflgR1tlr I SlgfllflAllClr)) 

Sl9FlgR1 co: 1'b0; 
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.-----------··-·-· ·-· ...... . 
else If (-Sf9Fl;R1 & lleSitR .. t> 

Si9Flgllt u 1'bft 

1."tilays a (posedail cUc19 or 11e9edge lResfiJ J 
<J' If (! fRESET ) 
• ') Sf gF lltt o 1'b0; 

1
!;

1 
else If (SfaflaR2 & <SfgflgR2Clr I Sl9f191tA1lClr» 

. Slgflg112 a: 1•b01 l-1 else If (-Sfgfl!IR2 & weSigRea2> 
... I SlgFlgR2 o 1'b1: . . 
alwiYs a lp0sedge Clk19 Dr negedge iRESET..) 

i::! If (lfRESET_> 
.... Sf9flet0 <= 81 hOO; 
: 1 else If (lleSi gReg(I) 

$l9'1tg() <" UsSfgOOUt; ,,, 
e\va>"' a (posedge Clk19 or negedge !RESET_) 
"· If (I fRESET _) 

SlgReg1 <" 8'h00; 
, else ff (lleSI 9Res1> 
;·· SlgReg1 <• UsSlgOOUt; 

1?ivaY$ a (posedge Clk19 or negedge iRE$11!T_> 
'. If U IRESET_) 

SfgRegZ <" 8'1100: 
else If ClleSfgReg2> 

Sf9Re92 <" USSigOOllt; 

I Ill I/II /I/ Ill/ I /I I I I I/ II Ill I //I Ill lllll I II l//111/111111111 II /I/ I I/ II II 111111 I II 
II llelq RAii write end reed 1ddres. tld control atanal• and final txO datl 
II lllXfftll and retiming 
ll/l/l/llll/llllllllll//llllll/11/lllllll//l/ll/l/l/lllllll/l/lll/llll/lllllllll 

always a (posedge Clk19 or neged91t IRE$Ef ) 
if UIRESfT ) -

begin -
OlyDln ..,, 91 dO; 
end 

else 
begin 
Ol)'Oln CIO (UsPRen,((USPRen) 1 UsPoout I a•hOO»: 
end,, 

11111)'• a f P1iel!P· Cllt19 i>r negedge IRESllT_) 
ff Cl RESUJ 

begin 
E'idilltellDly ca 2'b00; 
Ohllen •= 1'bD; 
d>l)'llen •• 1•b0; 
DI~ <s 511>DOOOO; 
lllyRAdd <s 51tiooo0D; 
DlyRen <= I 'bD; 
b$igl>Sd <= t 1b0; 
end 

el•• 
begin 
ETdllcellDly <= (Efdi(ellDly[Ol, tETXCellType); 
0 l y\len <= ETdlrQtlD I yUl ; 
d>lyllen .,. Dl)'llen; 
DI~ .,. Dl~ + 1'b1; 
DtyRAdcl <• Dl~Add + Oly0ff$et; 
Dlyllen <= tTxCellType; 
TxSfgDS11l u nfllSfsOSel; 
end 

nsi911 nT;icSiglJSel • tlxCellType & ~tTxSOH & (TldlSOCnt n 4•b1000>; 

assign SigRegOllit "' TllGrpCnt •• J•dD I TxGrpCnt •• J•cD; 
assign SigReg1Hft ,. TltlirpCrit "'" J1d1 TxGrpCnt .. J'd4; 
assign Sigkeg2Hlt " TllGrpCnt = 3•d2 Tl<Grpcnt a. l•d51 

assign SigF\gROClr = lxSig0$el ' Si9Re9DHit; 
assign SigflgR1Clr " Tx$fgDSel & SigReg1Hlt; 
assign sigFlgR2Clr " rxslgb$el & Si9Re9ZHlt; 

nssfsn TxSlgO = CSfgResl) & (8((SigReg0Hi t & SigflgllO)))) I 
(Sf9Re91 & C8((SfgReg1Hit & SfgflgRt)))) 
($tgReg2 & CB((SfgReg2Hlt & Si9Fl91t2)))); 

assign nTld>Vld = OlyDOUU8l I 
SigflgRO & Sigfl9ROCI r 
$lgFlgll1 & Sf9U9RIClt 
SlgfleR2 & Sf9Fl91t2Clr; 

always ti (posedge tlk19 or negedge iRESET_) 
If C 1 IRfSET_) 

begin 
rxoen •• l'bO; 
end 

else If (-Olyllen & dllyllen) 
begin 
TlCDEn <= 1'b1; 
end 

assien TxSigOSeto • TxSilll>Sel & ..f)lyDOutCBJ; 

atwavs a (poseclge clktll or negedgo iRESET_) 
If (lfRESET_) 

begin 
TxDVlcf <= 1'b0; 
ll<O <= 8'h00; 
end 

else 
begin 
bDVld <= (OlyRen & TltOEn) 7 nTXOVI d t 1'b0; 
lxD <= <Dlyllen & TxOEn) ? ((TXSlgOSt"lQ) 7 TxSfgO; Dl~DUtl7;0)) : 8'h00; 
encl 

II /II I I I I I II// I/ I/ I/ II /11111 II I I II II/ II II I I I/ II I// Ill/ Ill/// II II//// 111111/ I II II 
II Generation of early frame a~ signal 
///llllllll/ll//lllll/l///lll//lllllll/ll/lll/llll/lll/l/lll///l/l/lllllll/lll/I 

always a (posedge Clkl9 or negedge iRESET_> 
bes in 
if (I iR&SET ) 

begin -
ETxF$ <= 1 'bD; 
encl 

else 
begin 
ETxF$ <= TxCelltnt ..., TXFSC8l1Nun & 

TxGrpCnt .., TxfSGrjlllun & 
bOSOCnt ""' TxFSDSDNun; 

end 
end 

on4nodule II twrmic:tl 

°' Ul 

~ 
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~ 
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II 
l/up·stream IUH c;ell 

~ 

II tyan1lc;tl.v 1 Up•str- RAii outp.lt cantrDl inpi.it d:OJ EllCDSOCnt; //Early DSO nllltler within the current 
0 

II 
//up·stream POTS 1rDUP 

\0 

t~~ ' 
Input l5:0J TxCellCnt: //Up·stream SPE eel l nudler 

):f 

Input [2:01 hGrpCnt; //POTS group llUllber wl thin the current = 
1" 

//up·stream TOM cell 
~ 

·11 
input ll:OJ TxOSOCnl; //DSO numer within the current -

I)'/ Fo.n:tlanal desrlptlon: 
//up·stream POTS 11ro:.\ 

s 
i>'I 

input [31:01 bPcillllit; //up·stream hit slgna 1 fr11111 CAM 

·$: . 
input [31:01 StBlkSzO: //Bit 0 of all stored CAM block size caunts 
Input 131:01 StBlkSz1; //Bit 1 of all stored CAM bloclc size caunts 

/( synthesis constraints 
Input UsSigRdBlk; II 

'i' sc; ClkList " <Cllc19) 

Input 17:01 UsPDOut; //Up·stream PCM RAii data·out 
lnFUt 18:01 DlyDOUt; //Delay RAH data·out 

; l sc c;reate_cloclc Clkt9 ·period 40 ·1111vefonn (0 20) input 17:0) UsSigDDut; //Up•stream signalling RAH data•out 

II sc set clock slcew ·uncertainty 3 CllcLfst 

~fr··.·:· 

I: 

.I( sc se(flx_hold ClkList 
output UsClk19b; II 

II sc set f1ls•,.P1th ·frQlll (!RESET > output [7:0J TxD; //Up·stream SONET fr- data 

~· " sc set-dant touch netMOrlc ClkLiit output TxDVld; //Up·stream SOHET valid fr,_ data signal 

~.C/~· • M 

I sc set-dant-touch -netMOrlt uscllt19b output 17:01 UsPRAdd; //Up•stream pat RAH address• In 

p sc set)1111ci32 * Toad_ofCia5c/CMDF00/D) UsClk19b output [4:0J DlyllAdd; //Delay RAH read address 

lr-11 
output 14:01 DlyllAdd; //Delay RAM write address 

i:'.f!"1e tusrmictl 
output Dl)'Ren; //Delay RAH read enable 

~.-.. r , output Dl)'\len; //Delay RAH write enable 

::;_..,- . i'.1., IRESEJ_, 
output [8:01 DlyDln; //Delay tAll data•ln 

o Clk19, 
output UsPRen; //Up·strea111 PCK RAM read enable 

..... ' UsClk19b, 
output [6:01 UsSlgRAdd; I /Up·str- slgnatl 11111 RAH read lddress 

llCD, 
output UsSlgRen: llUp·stre11111 Slgnall 11111 RAH read llllble 

bDVld 
·output ElxFS; . //Early transmltt frame sync output 

· tETxcelt Type, 

~rt 
.• nxcetl Type, 

II local declarations 

I .gEJilSOll, I °' 
... ;ffXSFCnt, 

integer i; II °' 
·li·UxGrpCnt, 

ETxDSOcnt, 
reg Hit; II 

nxsoH, reg [4:01 HltAdd; II 

txCellCnt, 
reg .AddSU . II 

TxGrpCnt, 
reg dETxSOll; II 

. TxDSOCnt, 
reg nUsPRen; II 

bPcadllt, 
reg Us PR en; II 

St81kSzO, 
reg ValidGrp; II 

5t81kSz1, 
reg Slgflg; II 

·:~·~i~/'. '· 

1~ 
UsPDOllt, 

reg Dlyllen; II 

.~ .. ~_:·. UsPRAdd, 
reg DlyRen; II 

·~-:::-·:·. ~:· .. - UsPRen, 
reg TxSigDSel: II 

.. 
. UsSigDOut, 

reg EtxfS; II 

UsSlgRAdd, 
reg [4:01 StHftAdd; II 

UsSlgRen, 
reg [5:01 StPRAdd; II 

DlyDOut, 
res . [1:01 StBlkSZI ·II 

DlyllAdd, 
reg 11:01 BlkCntr; II 

Dlyllen; 
reg tl:DJ nBlkCntr; II 

DlyDln, 
reg 11:01 USPRAddL11r; II 

DlyRAdd, 
reg 12:0) dETxGrpCnt: II ~ 

DlyRen, 
reg [3:0J dEhDSOCnt: II 

UsSlgRdBlk, 
reg [1:01 SlgllAdd; II 

n 

ETxfS 
reg [6:0J UsSlgRAdd; II ~ 

>; 
res 17:01 SlgRegO; II 
res 17:01 SigReg1; II ~ 

lf1)Ut !RESET_; 
reg [7:01 SigReg2; II 

ll'fUt Clk19; 
reg 18:01 DlyDln• II ~ 

if1)Ut tETxCel l Type: //Early transmit cell type reg 11:01 ErdnCeholy; II 
... 

llllUt tTxCel ttype: llTren111lt cell type reg 14:01 Dl)'llAdd; II 
0\ 

Input tTXSOH; I /Up-stre111 SONET overhead enable reg 14:01 DlyRAdd; JI 
~ 
0\ 

Input ETllSOH; //EBrly up-str ... SOllET overhnd enable reg mOJ TxD; JI 
\0 

Input 12:0J l!TXSFCnt; llE•rly up-ltl'Blll $llp8r fr- count reg TxDVlcl; JI 

Input 12:0J ETXGrpCnt; //E1rly POTS 1r11141 ......,., 11fthfn the current re1 Sl1Fl1RO; II 



r'8 
~ 
re9 

SltFlgR1; 
SlaflgR2; 
TxDEn; 
dlllyllen; 

II 
JI 
II 
II ,.reg 

I• 

M
ire nAddSt; II 

"i· Ire 8lktntro; fl 
Ire BlkS%0; II 

1 llir• &U$rr /1 ·qi re pV. ldGrp; II 
·"iii re Si9Hlt; II 
l!!r• Udi9Ren1 // 

1111n llcSlsR"'90; II 
iii re lleSf9Re91; II 

fjlire ueslsRe82; II 
wlril nTxSigOSel; II 

.wlr• Sl!IResOHlt; II 
'ill re SlgReg1Hft: JI 
·•Ire stsRe92ffit; JI 

ire (l:OJ BlkSz; II 
wire [7:0J UsPRAdcl; JI 

•wire l7:0f TllSigP; II 

1
111Jre SigflgllAlltlr; JI 
wire SigftgROClr; JI 
1~fre sisFlgR1Clr; JI 
wire SlgflgR2Ctr; II 
wire UsClk19b; II 
111 re nTllDVld; II 
wire hSlgOSelO; II 

II II //////Ill/ Ill// JI I I 111/ I/ 1 //I I I/II I lllllllllll/ll lllfll l//1111111111111 //Ill II P1t-tert .. 
111111111flllll11111111 /Ill /I I I II/ 11 // llllll//lllllllllllll Ill II l/llJ 11111/JI Ill 

pan1meter OlyOff$et 
TXFSCellN"11 
hf Sil~ 
TxFSOSONun 

"5'd8, 
,. 6•d40, 
.. 31dl, 
s 41d1: 

I 111111IIII111111 //I II I II II II II II 111///////I/I/I/II1111/Ill111111III1111III1111 I 
I II II II II Ill I II II II II II II I/I Ill II II l//ll II/ IJ //Ill I II Ill/I I/I I I II I I II I II II I/Ill I 
Ill/ c- stuff 
llllJll///JJJl/l/l/l//l/lll/lllllll//lll/llllllllllll/lllJJl/lllll/llJJ/ll/l/ll/ 
I II II II JI JI II II JI// JI JI I JI/I I I II I I I/// I II///// /I Ill I/ I I I// Ill II JI I/ Ill II I II II I II 

'lllllJlll/ll//lll/llllllllll.llll/l/lllllJllllllllllllllllllJll/l/llllll/11//lll 
,/ Cloc:k Inversion for up•atream 11lsn•llf1$ tnd PQI IAlll 
I I/ Ill/ I II II II I II I/ I II II Ill I/ I I/ 1111/ll II llllllll 1111IllIllII1111/III111111II111 

ISSfgn UsClk\9b • •Clk19; 

/l/lllll/llll/l/l/l///lll/l/l/llll/ll/lll////l/llllll/llllll///l/llllll/l//l/1/1 
// Priority e~r "hh error slpl for 1111re thlln one CAii location hh 
II 11111II11111111 II// I I II Ill /JI II II 11111111 Ill Ill /1111111////11111111II11111 II// 

1lua" D ( TlCPcmlllt ) 
be9ffl 

llit " 1 'bO; 
llf tAdd = 5' bDOOOO; 
for Ci ~ 31; I >= 01 I " I ·1> 

begin 
if CTxPClllflft[i]) 

begfn 
Ifft .. 11b1; 
HftAdd " I: 
end 

end 
end 

II 1111 II////// II///// I I 1111JI11111 II I JI/// I///// II /I/I/Ill/I I 11// 11111 JI I /II II II 
II Ith address latch Latches 11ddress on CAii hit 
II II II JI II I I I I II II 11IIII111111 //II llllllll/ Ill IJ I II JI 11111Ill/11111II11/IJJ11111 

olways il <pose<19e Clk19 or negedge !RESET_> 
begin 
if (I iRESET l 

begin -
StllltAdd <= S1b0000D; 
end 

else ff Cffit & R8111y) 
begin 

end 

StKltAdd <= HltAdd; 
end 

1111 I// I/I/ I I I/ I/I/ I II I I// II/ I II I I// I/ 1///111111 ////I Ill II I I II //I/ I II I II I/// I II I 
JI RAM address lat ch 
1111/11111 I II I/ I/ I /JI I //Ill I II II II I/////// II I II II 11/I1//IIJIII111//III1111II11 II 
always a (posedge Clk19 or negedge iREsU_> 

ties In 
if (liReSET ) 

begin -
StPRAdd c: 61bOOOOOO: 
StBlkSz <= 2'b00~ 
end 

else if (AddSt) 
begin 
StPRAdd ~ CETllSfCfttlOJ , StKf tAdd); 
StBlkSz ca BlkSz; 
end 

end 

111 / l/Jll ////II I// II 1111 II II II II I I I/ II// 111/ II II I /Ill I/II/ I/Ill I II II II// Ill II II I 
II llloc:k sin aultlplexer to retrflte the stored block 1fl• of the hit CAM 
II locetion 
/l/11/l/l/l/lll/ll//llll/l/llllll/ll/lllllllllllll//l/////llll/llllllll//lllll// 

as5i9n BlkSz = (St8lkb1(StHltAddl 1St8llcszOIStHitAdd)); 

II II II II II II 1111 /I /I I II II I /I II/ I /I I// I I/// II II II II II I II/JI/ I /I /Ill/ I II II II 1111 II 
ll////l/lll//ll//l/lllll//lllllll/l/llllll/ll/lll/ll//ll/Jlll//lllll//lll/lll/I/ 
1111 PCM RAif •cldresa llld d1t• control 
//ll/l//lll//l/l//llllllllllllllll/lllllll//J/llllll//////llll/l//llllllJlllll// 
/I/ I/ I I I I/ I Ill /Ill II Ill II I// 1111 /I I/ I/ I I I/ I// I I/ II II II/I II I II II I I II Jiii i i/i iii i/ 
111111 fl// I// I I I //I I II/ I/I I I I I/ I II I I II II II I/ I/ I II Ill/ I/II/ II Ill /Ill II I Ill /I Ill II II Ocl;1yed Hit slsnal used '" • strobe to store the CM hit lddrett, as 1 start 
II signal for the 81kCntr, llld IS • RAii read enable for thll first DSO. 
II II Ill///// II Ill Ill 111111// 11//1111//IIIIIII11111JI111/111111IIll11111111/ II I II 

assign nAdd5t = Hit l ~usy; 

always a (posedge tlk19 or negedge iR~t-> 
begin 
if (I !RESET ) 

begin -
Addst <= 11b0• 
dETxSOH « 1 'bo; 
end 

el&e 
begin 
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I claim: 

68 

CLAIMS 

PCT/US98/16369 

111111~ 1111~ 11~1111[1111111 
1. In a communication system that transmits a signal stream having 

5 signals for a number of sets of communication devices, a method of extracting signals 

for a first set of communication devices from the signal stream, the method comprising 

the steps of: 

(a) storing locations, in the signal stream, of sets of signals, said 

sets of signals including at least one set of signals for the first set of communication 

10 devices; 

(b) simultaneously comparing locations of received sets of signals 

in a received signal stream to a number of the stored locations; 

( c) when a location of a first set of signals matches the stored 

·location of the set of signals for the first set of communication devices, extracting the 

1 S first set of signals from the signal stream. 

2. · The method of claim 1 further comprising the steps of: 

(a) generating routing signals; 

··.·;., .. ' "'.'·:· ·. 
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(b) routing said extracted first set of signals to the fll'St set of 

communication devices based on the routing signals. 

I llllJ If llll 11111 lllfil 11 lllf i 
* C L M S * 

3. The method of claim 2, 

5 (a) wherein the generating step includes the step of generating 

memory address and control signals; 

(b) wherein the routing step includes the step of using the generated 

memory signals to store the extracted first set of signals in a memory. 

10 4. The method of claim 4 wherein the routing step further includes the 

step of reading said memory to extract the first set of signals, and forwarding the read-

out first set of signals to the first set of communication devices. 

5. In a communication system that transmits a signal .$treatn having 

15 signals Jor different communication applications, a method of extracting signals for a 

first type. of communication application from a received signal stream, the method 

comprising the steps of: 

(a} storing position identifying signals identifying the location of 

sets of signals for the first type of application in the received signal stream; 
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(b) generating a position identifying signal for each received set of 

signals in the received signal stream; 

( c) simultaneously comparing the generated position identifying 

signal for each received set of signals with a number of the stored position identifying · 

5 signals; 

( d) when one of the generated position ~dentifying signals matches 

one of the stored position identifying signals, extracting from the signal stream the set 

of signals corresponding to the generated position identifying signal. 

I If Ill~ Hll~ llf 111111111111 
. s . * 

10 6. In a communication system that transmits a signal stream having 

signals for a number of sets of communication devices, a method of inserting signals 

for a first set of communication devices into the signal stream, the method comprising 

the steps of: 

(a) ·for each set of signals for transmission from the first set of 

15 communication devices, storing a pointer that identifies the location of the sets of 

signals in the signal stream; 

(b) generating pointers identifying locations of sets of signals in the 

slgnal stream; 

( c) simultaneously comparing each generated pointer with a 

20 number of the stored pointers; This Sheet Has Been•,li~placed . 

·\ \ll\I\\ 111·. \l\1\1 ... \ll:ll. It: 
I I . 1. II . II" .1;:! , f I 11 

....... ."· ~ . ' ... ·.. . . ;: .. 
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( d) when a generated pointer matches a stored pointer, inserting into 

the signal stream a sel of signals corresponding to the iitatehed stored pointer. 

l lllllllflll llH fllll,ll 1111· 
* C L 11 s * 

7. In a communication system that transmits a signal stream having 

5 signals for a number of sets of communication devices, a method of inserting signals 

for a·first set of communication devices into the signal stream, the method comprising 

the steps of: 

(a) for each set of signals for transmission from the first set of 

communication devices, storing a pointer that identifies the time period for 

l 0 transmitting the set of signals; 

(b) while transmitting the signal stream, generating pointers to 

identify time periods for transmitting sets of signals; 

( c) simultaneously comparing each generated pointer with a 

number of the stored pointers; 

15 (d) when a generated pointer matches a stored pointer, inserting into 

the signal stream the set of signals, from the first set of communication devices, 

corresponding to the matched stored pointer. 

1ii01ii 
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5 

8. A time division demultiplexing method, said method comprising the 

step of using a content addressable memory to identify sets of signals that need to be 

extracted from a signal:s~. 

111111111111111111111111111111' .. 
* C L M S * 

. ' . . 

9. A time division multiplexing method, s~d ;~ethod comprising the step 

of using a content addressable memory to identify time perf ods for inserting sets of 

signals into a signal stream 

10. In a fiqer optic telecommunication network, an optical network unit 

10 receiving a signal stream having signals for a telephony application and signals for a 

non-telephony applic~tion, said optical network unit having a content addressable 

memory, said memory storing locations of signals for the telephony application in the 

received signal stream. 

15 11. . In a communication system that transmits a signal stream having 

s~gnals for a number ·of sets of communication devices, an apparatus for extracting 

signals for a first set of communication devices from the ·~ignal stream, the apparatus 

comprising: 

(a) a memory storing position identify~ng signals identifying the 

20 locations, in the signal stream, of s~t,~ .qf ~ignals for the first set of communication 
. ·.·.: .... ·<. :··· 
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(b) a comparator coupled to the memory, wherein, for each received 

set of signals, the coifipahtor receives a position identifyitlg signal identifying the 

location of the received set of signals, the comparator simultaneously comparing each 

received position identifying signal with a number of the stored position identifying 

5 signals, 

wherein, when a position identifying signal of a first set of signals 

matches a stored position identifying signal, the comparator generates a signal 

indicating that the first set of signals have to be extracted from the signal stream. 

I Ill Rf.lllllf IHf Htlll lf f 111· 
* C L M S * 

10 12. In a communication system that transmits a signal stream having 

signals for a number of sets of communication devices, an apparatus for inserting 

·signals from a first set of communication devices into the signal stream, the apparatus 

comprising: 

(a) a memory storing position identifying signals identifying the 

15 locations, in the signal stream, for sets of signals from the first set of communication 

devices; 

(b) a-comparator coupled to the memory, wherein, while 

i:ansmitting the signal stream, the comparator receives position' identifying signals 

identifying the locations of the set of signals in the signal stream, the comparator 

20 simultaneously comparing each received position identifying signal with a number of 

the stored position identifying signals, 
This .Sheet.lla11.Beeµ R,eplaced 

I lllllJl·.rtlllf Ill I llHBf · 
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wherein, when a position identifying signal matches a stored position 

identifying signal of a first set of signals, the comparator generates a signal indicating 

that the first set of signals have to be inserted into the signal stream. 

11111111111111 llllrlllll 11 1111 
* C L M S * 

5 13. A time division demultiplexor comprising a content addressable 

memory to identify sets of signals that need to be extracted from a signal stream. 

14. . A time division multiplexor comprising a conteut addressable memory 

to identify time periods for inserting sets of signals into a signal stream. 

·.· .. · 


