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RESERVATION OF COPYRIGHT

A portion of the disclosure of this patent document c-ontains 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
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 sysfems have been proposed for carrying
signals for different types of communication applications in fhe same signal stream.
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
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
d;ﬁ‘erent signals in the signal stream. For instance, some integrated
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
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signals reads all of the bytes in a received frame into a memory and subsequently

determines the isochronous bytes.

Figures 1 and 2 set forth one implementation of this prior art technique. As
shown in Figure 1, the prior art includes a memory 105 which sequentially stores
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 (TTU) card
205, as set forth in Figure 2. Hence, once the memory completely stores all bytes of a
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 cel_ls could have 2,340 DS0O
bytes. Storing this many data bytes in the memory to extract a relatively few TDM

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 multiplex signals for different

applications into a signal stream. More generally, there is a need for method and
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 icientiﬁring signals for a set
of communication devices in a signal stream having signals fox: a number of different
sets of communication devices. Some embodiments of the invention are methods and
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
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
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.

| Figixre 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.

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

embodiments of the invention.
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Figure 9 presents one example of a memory interfdce 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 apparattis for identifying signals for a set
of communication dévic,es in a signal stream which has s;ignals for a number of
different sets of cdm_n__mpication devices. Ina communi_cé.tion system, a

5 communication devige is a device that transmits and/é__r receives signals through the
communication syst_,_e;I;. Examples éf such comm;niﬁéﬁ;h devices include computers
{such as network ccﬁ_nﬁuters, personal computers, wof_k_stétions, servers, etc.),

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

One or more.;cox._\nmur.lic_ation devices form each set of communication devices.
10  Asetof communicgﬁqn devices can include similar éonimunication devices (e.g., 2
set of telephony cori_:mu_ni'cation deviceé- can use simil'é_rl felephony equipment). A set
of communication dgvices can be defined by a number of communication devices that
utilize a similar communication medium (e.g., utilize fwiSted pairs or éo-akial cables)
to connéct to the corprﬁ%mication system. In addition, al set of communication devices
15  canbe defined by a nﬁmber of conimun_ication devices 'q’:a't utilize similar
communication—mediux_fx terminating dévi:ces (e.g., uuhzc similar line cards, adapter

cards, modems, etc.). '

In the folloﬁi;g_ description, numerous details are set forth for purpose of
.explanation. Howes}éf, one of ordinary _s_kill in the art Wﬁuld realize that the invention
20 maybe pfacticed w1thout the use Of these speéiﬁc deta_.ilé. In other instances, well-
known structures and devices are shown in b_lock diagréfn‘ 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
(FTTC) networks. &ié‘example of such a network is présented in Figure 3. As set
forth in this figure, the FTTC network 300 connects one or more communication

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

networks, such as a public switched telecommunications network (PSTN) 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 FTTC network 300 transmits signal streams between the subscriber sites
and the PSTN 310, the ATM network 315, or other networks (e.g., individual, private,
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
alternative embodiments of the invention, signals for different types of communication

devices can be transmitted through the communications network.

The FTTC network 300 includes a host digital terminal (HDT) 320, element
management system (EMS) 325, a number of fiber optic cables 330, and a number of

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

'PSTN, the ATM 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 Béllcore specification 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 DS1 signals, or fiber optic cables carrying OC-3 optical signals. .

The ATM network-HDT interface 345 can be realized using an optical
interface (such as OC—3;_TOC-120, ete.). For one erhbodiment of the invention, the
HDT 320 has two optieat broadcast ports, which can or__tly'receive signals carrying

ATM cells, and one Optieal interactive port which can receive and transmit signals.

The HDT receives downstream signals from the P$T‘N, the ATM network, or
other networks, and roﬁtés these signals downstream to'the network subscriber sites. It
also receives upstream 51gnals from the network subscnber sites, and routes these

signals upstream to the PSTN the ATM network, or other networks.

On the downstre'am side of the network, the HDT serves a mhltiplexor which
(1) controls access of the received downstream signals.j__(i.,el., the signals it receives from
the PSTN, ATM, or other networks) to the transmissioh media, and (2) transmits the
received signals to the appropnate ONUs 335 via the appropnate fiber optic cables
330. Conversely, on the upstream side of the network, the HDT serves as a
demultiplexor whlch (1) parses the received upstream srghals (i.e., the signals received
from the ONUs) int6: sxgnal streams for the PSTN ATM or other networks, and (2)

supplies these s1gnal streams to the appmpnate network

The HDT_also re-formats the downstream and upstream signals, before
forwarding them to the_ir_destinations. As further described below, the HDT performs
the following formattmg operations: combining 1sochronous and asynchronous signals

into frames, parsing mtegrated frames into individual s1gnal 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 woul@ rélize that, in alternative emboditi€nts of the invention, the
HDT does not perform all of these formatting operations, or performs additional

operations.

In the FTTC network set forth in Figure 3, the HDT combines (i.c., 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 HDT transmits these
frames to the ONUs at a prespecified rate (e.g., once every 125 us). The HDT also
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

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 DS0 bytes.
Figure 5 presents each group as eight DS0 data bytes following one signaling byte (S).
. The signaling byte contains the status and control signals (e.g.,.onloff hook, ring, etc.)
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 embodiments of the invention, the HDT 320 conv_erts the signals it receives from
the PSTN 310 at a DS1-rate to signals at a DSO-rate; it thén transmits these signals to
the ONUs in the SDH:like frames. On the upstream si_d_e_,; Ethe HDT performs the
inverse signal rate transformatlon operation. The HDT also converts the electrical

representation of the digital signals into an optical repf?scf;tation, and visa versa.

As shown in Flgure 3, the HDT couples to the EMS 325. The EMS isused to-
provision services and é’quipmeht- on the FTTC network.(é%.g., allocate twisted pairs off
the TIUs), in the ceni__ral llt_)fﬁce where the HDT 320 is lbcé’_ted, in the field, or in the
residences. The EMS _i_s.. éoﬁware based and can run ona é._ersonal coxhputer in which
case it will support o_he 'HDT and the associated access né:iwork equipment connected
toit. Alternatively, 1t can runona workstation in whig_ﬁh_c%ase it will support multiple

HDTs and access neﬁwoéks.

The fiber optic cables 330 communidatively co_uplé the HDT to a number of

ONUs 335 located in ajmmber of serviced areas. Son:i_e embodiments of the invention

. use bi-directional, singlc—mode fiber lines and a dual wavelength transmission scheme

to communicate between the ONUs and the HDT. In addition, some embodiments of
the invention use si:gfy f_oul_' optical fiber cables to connect the HDT to sixty four

ONUs.

As shown in -_Figfure 3, each ONU includes a _cbm_mon control unit (CCU) 350,

four telephone inter_facé units (TIU) 355, and eight bl_'_o_adband interface units (BIU)
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360. The CCU controls the operation of the ONU. In pa:;ticular, the CCU performs

similar formatting opétitions as those performed by thé HDT.

For instance, the CCU (1) parses the received downstream signals (i.e., the
frames it receives from the HDT) into telephony application signal streams and non-
telephony application signal streams, and (2) supplies the telephony application signal
streams to the appropriate TIU 355. The CCU also coxﬁbines 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 HDT via fiber
optic cable 330. Different embodiments of the invention can be employed in the CCU,
in order to allow the CCU to perform the above-described parsing (i.e.,
demultiplexing) and cbmbining (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 TIU
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
-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 th:

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

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

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

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

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 BIUL. The

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

: functiohs). On the downétrcam side, the BIUI fdi'wards the signals it receives from the

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

BlUs. In this capacity, the BIUI allocates different portions of each frame’s payload to

different BIU’s.

The microprocessor 625 of the CCU 350 is used to program various
components of the CCU. For instance, as further described below, the mi'croprocessor

is used to program various components of the TIUI. Through this programming, the
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TIUI can store the location of telephony bytes in the received or transmitted sign

stream.

As shown in Figure 3, each ONU 335 includes four TIUs 355 coupled to the
TIUI 615 through a backplane interconnect. Each TIU 355 connects to six twisted
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 of TIUs and/or different number of twisted

paits for each TIU,

When a TIU receives a signal stream from the CCU, it converts the signal
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
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
the backplane interconnect. Each BIU 360 connects to two co-axial cables.

Alternative number of BIUs 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 of the 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 receive:d.cell is addressed to its BIU. If so, the
filter also determines the addressed co-axial cable of the BIU. The filter then
reformats the receivedl 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 385 at the network subscriber site

30S.

- Subscriber-site coaxial cables 390 couple the splitter to a number of
communication devices at the network subscriber site. These comniunication 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 théée devices parses and decodes the received reformatted cells in

order to obtain video, data, and voice signals.

In particular, each communicati_o_h device requires an intérface sub-system
which provides for the conversioh of the signal from the format on the subscﬁber—site
coaxial cable to the seryice inferface reqfuire?l by the device. The PID 398 extracts the
voice éignals carried on the subscriber;site coaxial cable 390 and generates a telephone
signal compatible with 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 als6 receives broadband signals for upstream transmission through
the FTTC network 300. The BIU demodulates the signals that it receives and
combines the resulting components of the broadband signals into a unified broadband

signal stream, which it relays to the BIUI 620.

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

‘implemented in other FTTC networks. 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,

‘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. Altematively, one
of ordinary skill in the art would understand that the invention can be implemented in

alternative networks.

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 sighal 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

“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 indicia 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.

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

the CCU’s TIUI 615, and serves as the interface to the TIUs of the ONU 335. This

- interface constantly receives the SDH-like frames in byte-wide increments at the SDH-

like 19.44 MHz. The interface includes a byte counter.70$., a content addressable
memory 710, a memquy' jnter_face unit 715, swing data random access memories 720, a
control random access memory (RAM) 725, a downstream TIU interface 730, a table
of pointers 735, a pointer RAM cqntrol 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

. forwarded to the memory interface unit 71 5. Specifically, the counter receives frame

synchronizing signal (geherated by the framer 610) to maintain its alignment to each
frame. The counter also receives a synchronizing signal.from the downstream
synchronizer (not shown). Thls synchronizing signal maintains the counters in the
SDH-domain and the counters in the telephony-domain in synch, so that the interface

units 71 5 and 730 in these domains do not 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 céunt values serves as a pointer thdt specifies 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

DSO0 bytes.

Given this cell structure, thé counter generates (1) a cell count value,
RxCelICnt, that specifies the cell count of the currently received byte, (2) a group
count value, RxGrpChnt, that specifies the group count of the currently received byte,
15 and (3) a DSO byte count, RxDSOCnt, that specifies the byte count of the currently
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: n-1 | - ———————— e e n - -

20 --
GroupCnt: 5 |7 0 SV P 1 mm—— P—— 2 —m—e—ee
DS0Count: . .

25 a|sielzlolzfelol1l2]3)4]stel7l8lol1l2]3}4]s]6}7lslol2l2]3}4a]s5]6]
7

CellCnt: e e n ———————= [-—- n+1
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GrpCnt: [7{--- 3 --] -— 4 | 5 P 7 |-
o-
DSOCount:
| l2lslol2l213lalsiel7lslol1l2]3)alslel7lelotrlz2l3lals]6l7]0]1]8]0]
1 .

The DSO number 8 within each group is used as the super-frame, multiplexed
signaling byte. Also, within each cell there are three reserved bytes coi'responding to

group 7 with a DSO cbunt of 0,1 0r2.

As shoWn in Figﬁre 7; the CAM 710- receives the generated count values
(RxCellCnt, RxGrpCnt, and RxDS0Cnt) and reéeives a signal (RxCellType) indicating
the type of the received éell. | A CAM is a memory device :with the _ability to compare
any sét of sigﬁals (e.é., a data word) presented tb it with all of the CAM contents at
once, and report the location in the CAM whose contents match the presented set of
signals. In the prior art, CAMs have been used in bridges and routers to compare
extracted MAC addrééses with stored MAC addresses, in order to determine if

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

Figure 8 presents 0;16 example of the CAM 710 that can be used in some
embodiments of the invenﬁon. As éhown in this ﬁgme, the CAM ihchides control
circuitry 805, a first I:ne_mory 810, .a sécond 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 ;1 pictorial
representation of the CAM in order to facilitate its desc;iption, 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, th

first and second memoriés couple to the microprocessor 625 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
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
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
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
il;terface 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

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

RxCellCnt, RxGrpCnt, and RxDS0Chnt.

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
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
p _ p

. 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 are used

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
-for the mé.tched poinfter 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 threé bytes that follow the received byte.

The CAM also receives the CellType signal (such as RxCellType or
TxCellType). This signal indicates whether the cell that is currently being received in
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
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 RxDS0Cnt, and the RxCellType, in order to
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
0;18 to four telephony bytes from the received signal strea‘m, 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. P_xlfiority encoder 905 receivgs the thxrty two bit output of the CAM.
As the CAM does not store identi_qal pointers, 'only one éf the thirty two output lines
should be active when.'a teleﬁhony signal is received. If the CAM reports ﬁMﬁple hits
on its thirty two outpu;t lines (i.e., if more than one liné is #ctive), it is determined that
the CAM was impropérly programmed, and an error conditi_on is reported through an

interrupt structure or a status flag.

When one of the thirty two output lines 755 are active, the priority encoder
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 thén supplied to the DS state

machine.

The state machine also receives an enable signal 920, as well as the five-bit
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 opitput is also activ'e.: ' This active signal causes the DS state
machine to extract from the downstrca'rﬁ signal stream the byte that it is receiving at
that time. By decoding the two control biis, the DS state machine then determines

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

Based on the IVah.ze of the gene:rated" five bit addiress 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 cont6l RAMs 720 and 725. For some emibodiments of the invention,

the relationship betvicesi the pointers stored in the CAM #nd the storage locations in
RAMSs 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
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 RAMSs 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
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.

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

32x32, dual port RAMs that act as a “swing” buffer (“ping-pong” buffer).

RAMSs 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 framé,.while the 4 MHz domain can read the data for the previous

frame. The memory intﬁi‘face unit 715 determines which of the “swing” RAMs to
store the telephony data signals in the current frame, based 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. This.is because the frequency of the control signals is slow enough

that both the 19 MHz and the 4 MHz domains can acce_ss.;he RAM before the next

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

be tolerated with respect to the control signals, as such imprecision will hardly be
noticed 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 OW has completely received a frame, tﬁe counter 705 and the CAM -
710 have checked the location of each received byte, and the memory interface unit
715 has extracted and stored all the telephony data and co;n_trol signals of the frame in
the data and control RAMs, the pointer RAM control 740, the table of pointers 735,
and the DS TIU inte_r_face 730 direct the telephony signals:'_ in RAMs 720 and 725 to the
appropriate TIUs. In other words, the pointer RAM céntrol 740, the table of pointers
:735 , and the DS TIU interface 730 act as a cross conn#ct jstructure that determines

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

and D. This interfacé aldo couples to the pointer contrdl 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

‘microprocessor 625 through the pointer control 740 and the microprocessor intetface

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

program mode.

The pointer control 740 serves as an arbitor which controls access to the table
735. The pointer control receives the 4.096 MHz clock signal, the frame synch signal,
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
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
7-40 (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,

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 éach of the 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

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 élots, 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
(D), and four sets of thlrty telephony control bytes (C) ;u_re feépectively read out of the
data RAMSs 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 pointgr RAM control 740 altefnatively reads out telephony

data bytes and telephony control bytes for each TIU.

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 then ‘shiifted out to the TIUs one bit at'4 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.

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.
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 leve] implementation for the

DS TIU interface.

Another embodiment of the invention that is implemented in the FTTC
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-
iike 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 form 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 DSO streams) from four TIUs A, B, C, and D. It multiplexes these

streams with another signal stream to form a byte-wide stream supplied to the framer.

Like the apparatus 700 of Figure 7, the apparaius 1100 of Figure 11 can be
implemented in the CCU’;TIUI, which serves as the i;iierface between the TIUs and
the fiber optic cables. Also, like apparatus 700, this apparatus has a byte counter 1105,
10 aCAM1100,a men_ibry interface unit 11135, two dual poi't data RAMs 1120, a dual
port control RAM 1125 , an upstream (US) TIU intert.’z:zce' 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 fhe_apparatus 1100 is similar #o 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 :inferface 730, the pointer
control 1140, the tab_le -1:135, 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 TIU interface 1130 forward the signals coming from the

20 TIUs to the RAMs 1120 and 1125.

As shown in Figpre 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
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table 1135 via the control unit 1140 to receive addresses of locations in the data and

control RAMs 11207nd 1 125, in which it can store the réceived 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

- 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
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.

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

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 TIUs A, B, C, and D.
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Also, during each time slot, the pointer RAM control 1140 directs the table 1135

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, ané .on'e bit for selecting the data RAM. - The US TIU interface then
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 designéd and manufactured by using a hardware design language; one
example of such a design is set forth in Appendix C. Also, in some embodiments of
the iﬁvention, the US TIU interface 1130 is designed and manufactured by using a
hardware design langh‘age. For such embodiments, one possible design of the US TIU
interface is set forth in Appendix D. 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 logi'c in this code to gates, and thereby qbtain 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 1 15 couples to the 19.44 MHz
i)orts of these RAMs... As shown in Figure 11, the merﬁoﬁy 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 ﬁinely output these bytes in a

signal stream for transmission.
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Specifically, the early counter 1155 cause meniory interface unit to read out the

telephony signals from the RAMs and to store them in thé 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
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
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

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
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 RAM:s 1120 and 1125 is hard
coded. This hard code;l relationship allows the memory interface unit to use the
matched pointer’s row address plus the retrieved two control bits to extract one to four
bytes from the RAMsi 1120 and 1125. In some embodiments of the invention, the
memory interface umt ll 15 is designed and manufactured by using a hardware design
language. For such embodxments, one possrble de51gn of the memory interface unit is
set forth in Appendlx E. Thls des1gn uses the Venlog hardware design language.
Numerous manufacturers of logic synthesxzers (such as Synopsys Viewlogic,
Synplicity, ACEO, Cascade Design Automatron Bxemplar, and Altera) can transform

the logic in this code to gates, and thereby obtain the gate level 1mp1ementat10n for the

memory interface unit 1 1 15.

The memory interface unit stores the extracteri telephony data bytes in the
delay FIFO 1150, whlle it stores some of the extracted telephony control bytes in a
circular buffer. As mentroned 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 telephons( 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
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) cath store a telephony data byte in the FIFO. Also, each time the
early counter generat%'s 4 new count value, the contents in each nine bit register in the

FIFO are advanced one stage.

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

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

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
generétéd by the frame counter (not shown) to selectively store in the circular buffer
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
gates receive the output of the memory interface unit or anothtler signal stream, but not
both simuftaneously. 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

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
embodimeﬁts 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 paﬂicular communication
applications. Some embédiments‘ of the invention also efficiently perform the
multiplexing opergﬁon by ﬁsing a CAM to quickly identify appropriate locations in a

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.fo.nns 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
limited by the foregoing illustrative details, but rather is to be defined by the appended

claims.
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; Y7 synth:sls constraints
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i 7 s ClkList s (CIK19
- /1 s¢ create_clock CIK19 -period 40 -waveform (0 203
Y71 sc set_clock skew -uncertainty 3 clkiist
11 se set_fix_hold Clktist
_nlf sc  set_false_path -from C(IRESEY)
177 sc  set_dont_touch hetwork clkList
24/ s¢  set_load 2 DsCTKISL

tRXSOH
trxCet{Type,
RxD,

Rxsfent,
RxGrplnt,
KxD50Cnt,
RxPenitit,
stBlks20,
sthlkszi,
=~ DnPbln,
DrPUAGd,

bnSigle,
onsigurBlk,
CAMErT

¥

input $RESET_;

input clkt9;”

foput  [7:00 RxD; //boun-stream SONET frame data

input v .tuxcdﬂype; ... {/boun-stream cetl type

nput © tRXSOH; - //Doun-strean SONET overhead enable

fnput  (2:0]  RxaSFCnt; Z7/0oun-stream super frame count

input  [2:0)  RxGeplnt; 1/P0TS group nuaber within the current
//doun-stream TOM cell

input (3300 RxDSOCat; 77080 number within the current
7/doun-strean POIS gr

input  (31:0) RxPemiit; J/doun-stresm hit signels from CAM

input  [31:0) StBlkS20; 7781t 0 of sll stored CAM block size counts

input  131:0) StBlkszi; //Bft 1 of all stored CAM block size counts

frpue onslguratk-

output pscikisb; /

1
output {31:0} ©OnPDIN; I/Dwn stream PCH RAH Dato-In i
output 15:0)  DrPUAdd; J/Down-strean PCN RAM Address-
autput OnPles //Down-stresm PCH RAM Urite Enable
output (7:01 Onstigdin; //boun-strenn Signalling RAN Date-in
output  [6:0)  DnSiguadd; //Dcvn-strean Signaliing RAN Ur Address

output DnSigue; f/0ounsstresm Signelling RAN Wr Enable
output CAMEPF; )
/4 tocal declarations

wire §1:01  Blksz; I
wire £31:0) Rr.PclMlt, I
wire tkCntr0; I
wire lkszo- 7
uire gv i
uire Err rlp; I
reg Ue0DNPDIN; 1"
reg HWelonbDin; /"
reg HeZDnPDlR; V4
reg Ue3DpPOLA; 17
reg (51:01 OnPOIn; 17
reg f6:0)  Hitadd; "
reg Hit; 1]
reg Erruthitf to; 4
reg . ErcHulBit; 1"
reg (6:0)  StBitAdd; I
reg {5:0]  OnPUAdd; "
reg (130} - sesiksz; I
reg dtRXSOH; /"
reg {7:0] drxD; 17
reg . {1:0) BlkCotr; " .
reg (1:0)  nelkCntr; r/
reg DnPie; "
reg validGrp; I
reg SigFlg; 17
integer i 17
reg £3:0) duosocm, 1"
reg {7:0) Sligbyte; 17
reg {r:0) DnsI!Dln, 14
reg (620  OnSigvAdd; 1"
reg CAMETT; "
wire Tdntell; 1"
wire pVolidGrp; I
wire Sighit; 1"
wire Sigave; /)
wire OnSigWe; "
wire DsCtk19b; 14
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7/ tlock inversion for down-stresm signalling and PCN
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assign OsClkigd = ~CLk19;

IIIIIIIIIIIIIIIII/III/IIIIIIIIIIIIIIIIIII//lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/IIII
74 Prierity encoder with error signa n one location hit
/III/II/I/IIIII//I//l////////llllllll/l///I//llIII//IIIIIIIIIIIIIIlII/lIlIIlllII

atways @ ( Rxpemiit )
begin

Hit = 17b0;

HitAdd s S'MOODO'
ErrMuliit = 1'00;
ErrMulBitFlg = 17b0;
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for (1 #31; i 0;i=1-1)
begin
it (RxPentiit(i))
i begm '
. Hit = 1°b1;
iad it (ErrMulliitFlg) ErrHutHit = 1°0Y;
i1 ErrHulBitFlg = 1/b1;
11 Hitadd = i;
T end
: end
end
'oaslgn Errovrlp = Busy & Hit;
Mu @ (posedge CLk1P or negedge RESEY )
in
-+ if (HiRESEY )
. egin
CAMErr <= 1700;
end
else
begi
[ c:ndsrr <= ErvMuliiit | Errovrip;
end
I T / /I/l I/ll///////llIlI/Ill///IIIII////III//////I/I///II
1/ Wit address lsteh tches address on
IlIlllIIIIII///III/I//IIIIIII/II/I/I/II//IIIII/III/IIIIIIIII////I/I////II/IIII/I
almays 3 (posedge CLk19 or negedge IRESET )
in
if C1iRESET)
in
stHitAdd <= 5b00000;
end
elge if um & ~Busy)
scum\dd <= Hitadd;
erd
end
IIII/I/I////III//lI//I/lllII/////I///l//ll/III///III/IIII/IIII////I//IllI/l/l/l/
I/l/////I//II//IIIIIIIIII//lI/I/IIlIl/IlIII///I/I//IIIIII//II/I//Il//l///ll/llll
‘lwa 8 @ (posedge Clk19 or negedge JRESEY))
in
if (llRESET )
begi

Dr@UAdd <= §/b000000;
StBlksz <= 2+600;

end
else if (UeODRPDIN)
begin
DrPWAdd <= (RXSFCnt (0}, StHitAdd);
sthlkse <= atksz;
end
end

I/I/IIIIIIIIII/I///IIIIIIIIIIII//II/II/I/III///I//IIIII/IIIII/I//////lII/IIlII/I
l/ loct size multiplexer to retrive the stored block size of the h hit

7 loc
l/////ll/l////l/ll/l/IIII/II//III/II/II/III//IIII/I/IIIIIIII/IIII/////llI/II/II/
assign Blksz = (StBIkSTTIStHi tAdd),StBIKSZO(STHItA));

i s
IIIII/II//IIIIIIII/IIIIIII /IIII//II/II/I/I//I/II//lll/ll////ll/ll/lllll/ll//lll
il P address and dara control

IIII//////II/I//I/llll//l/l//ll//ll///I////III//IIIII//IIIIII/IIIIIII/l/l/l/l/ll
o naiiiua

II/II/IIIIII/I/I/IIIIIIIIIIIIIII//I//I/III//llllIlIl//lIlIlIIIIIlIIIIIlI/I/IIlII
1" Belayed 133 svgnal used 2s byte 0 write ensble, counter start signal

/1 2 &tol
II/I//IIIIIII//I/lI/lII/IIIII//I/I/I////fIII//I///IIIIIIIII/I//II//IIIIIII//I/I/

always @ (posedge Clki9 o negedge RESET)
begin
if C1IiRESET )
begin
UelOrPDIn <= 1/b0;

dtRxSOH <= 17b0;
dRxD <= B’h00;
end

else
begin
WelprPPin <= Hit & ~Busy;
dtRuSOH <= tRXSOM;
drxh <= RxD;
end
end

ll//l{//l/l/IIIII/I///////ll/////I/I////Il//ll////II//IIIII//I//IIIIIII//I//IIIl
& counter

/
/I//III///II/IIII/I/I/IIII/II//II/I/////I/lI//IIII/III//I/I/IIIIIIIIIIII//IIIIII

assign BlkCntr0 = (Blk(:ntr == 2/600);
assign BLkSz0 = (Blksy == 2/b00);

aluat): 3 (posedge CLKI9 or negedge iRESET_ )
in

9
if (1IRESET )
Blkintr <= 27b00;

lse
BlkCntr <= nBlkCntr;

always 9 (HAOOnPDln or StBlkSz or BLkSZ0 or dtRxsoM or BlkCntr0 or BlkCnte)
it (\leODnPoln & -Blksz0)
nglkcntr = 2:001;
else if gldtlxs

H)
f ctBlktntr >+ StBlksz) || BlkCntr0)
nall: ntr = 27b00;

n!lkcmr * BlkOntr + 1/bl;

lse
naLkCntr = BLKCnXr;
end

assign Busy = nBlkCntr iz 2/600;
ahuys 5 (posedge ¢ik19 or negedge iRESET )
ii (hRESEI )
begin
DnPHe <= 1/b0;
\eDrPOIn <= 1160;

We2Dre0in <= 1/b0;
We3onPhin <= 1'bﬂ,
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end
else
begin :
. OnPle <= ~JtRxsOH & (BIKCntr == StBikSz) & -BtkCntr0 |
BLksz0 & We0OrPDin;
ulb elOnPDIn <= ~tRxSOH & (rBlkCntr == 2/b01);
Iy We20nPDin <= -tRxSOH & (nBlkCntr == 2'b10);

i We3DnPDIn <= ~tRxSOR & (nBlkCntr == 2'b11);
e end

end

I III//IIIIIII//III//IIIIIIIIII/IIIIII/III/IIIIIIIIIIIIIIIIII/III/IIII/I//III/II
CH RAM data holding register with individual byte write e
4[////////IIIII/II/III/IIIIl/ll//llll/III//I////IIIIII/Il/I////I//I/I/III/II//II

aluays @ (posedge Clk19 or negedge RESET_)
if (1iRESET ) .

i
LI

. begin
g . DrPDIN[31:24) <= 87h00;
end
etse if (WeODNPDIN)
-begin
I D::Dln[Sl:ZAJ <s dRXD;

it

alua¥s @ (posedge CLk19 or negedge FRESET))
§ (1ERESEY_)

begin
DnPDlan! 16} <= 8'h00;
else if (ernPDln)
DrPDln[ZS 16) <= 8’h00;
end
. else if (VelDnPDIN)
gin
DnPDINE23:16) <= dRXD;
erd
always @ (posedge Clk19 or negedge FRESET )
if C1IRESET.)
begin
onPDIn{15:8} <= 8'h00;
else if (WeOOnPDIN)
.. .begin
DAPDINt15:8) <= 8/h00;
end
else if (We2DnPDIn)
begin
pnPDIN{15:8) <= dRxD;
end
aluays @ (posedge Clk19 or negedge {RESET_)
if (LIRESET.)
begin
dnPDIn{7:01 <= B’h00;
end :
etse if (WeODRPOIN)
begin
OnPDIN{7:0) <= B’hUO;
end
else if (We3onPDin)
begin
DAPDIN{7:03 <= dRxD;
end -

./1 Signalling byte and address capture upon detection ¢

III/I/IIII/I/IIIIIIII//IIlIII/IIIIIII/IIIII/lIIIIIIIIII//IIIIIIII/I/IIIIIII/IIII
III///II/IIIIIIIIII/IIIIIIIIIIIIIIIIIIIII/IIIIIIIIIIIIIIII/IIIIIIIIIIIIIIIIIIII/
77 Signalling RAM address and data control

ll/IIIIIII/I///IIIIII/IIIIIIIII//I/IIII//I//IIIIIIIIIIIIIIII/III/II/IIIIIIIIIIII
g

/lII///I//l//II/I/I/II///IIIIIIII/I/I//l/II////IIII/I/III////ll/l//l/l///l//llll
71 Common stuff -- various decoded control signsls and delayed s
II////I//III/IIIIIIII/I///IllIIIIII/IIII//II/l/I/I//I/IIIIIIII/III/IIIIII/I/IIII

assign TdmCell = lkxulllype
assign pValidGrp = TdnCetl & (RxGrpCnt |= 3'b111);

aluays @ (posedge Clk19 or negedg iRESET_)
gin
|f (llREsEI’ )

deDSOCnt <= ﬁ‘bODUU'
ValidGrp <= 1/b0
end

else
begin
dnxosocm <= RxDSOCNt;
validGrp <= pValldGrp,
end

end

assign SigbWe = -dtRxSOH & validGrp & (dRxDSOCAt == 6'b1000)'
assign Sighit = -dtRxSON & ValidGrp & ({1'b0,RxSFCnL) = = dRADSOCNt) &
. “(elDnPDIn | WeldnPDIn | We2DnPDIn | Ve30nPDIn);

I/I//IIIII/II/I/II/III//IIII//II//IIII/II//ll//l//{III/4/////“/////lII{IIIIII/I

17 flag set_on hit, held off by write blocking signe cleared if no block.
II/II/III/I/I//I/I/III//III/IIII/IIIIIIII/II/I/llIIIIlII/III//IIIIIIII/I//I//III

aluays @ (posedge cik19 or negedge FRESET )
¥f (}IRESET )
SigByte <= 87h00;
etse f (SigBie)
SigByte <= dRxD;

aluﬁ ? (posedge CLk19 or negedge iRESEI)
(l 1)

Dn!igllldd <= 7'h00;
DnSigbin <= 3'h00;

end
else ifl(siguit)

onsiyuAdd <a (((HeDDNPDINn) 7 StHitAdd : DnPWAdd[4:0}),
(We2DnPDIn | We3bnPDIN), (UelDnPDIn | We3DAPOIM);

pnSigDIn <= $igByte;
end

atways @ (posedge Clk19 or negedge iRESET )
ff (1IRESET )
SigFlg <= 1'00;
else if (sisﬂg & onswue)
Flg <= 17b0;
else |f (~SigFlg & Sighit)
SfgFty <= 1/bY;

assign DnSigue = SigFlg & -DnSighrBlk;
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i

vEsign pPtraRendS = BitCnr(3:0) #= 4760110 |
Bitent[3:0) == 4/b1000

4 BitCnt(3:0) == 4/bioH}

. BItCnt(3:0) == &'b110Y;

Mn s @ (pos:dge Clké or negedge RESET4M }
3 lf CIRESETSN )
i e PLrRRenDE <= 14b0;
Ptrukews <a pPLrRRENDS]
aésign PrPRAdd = (FrmEnt (0}, DePRAGdLUr(6:2));
‘assﬁgn PrPRen = Bittnt(3:0] == 4’b1000
BitCnr(3:01 == 4:b1010
sittnr{3:0) == 4/b1101
gitcne(3:00 == 4/bi11;
ssign DnSigRAdd = PnPRAdALWE;
-'aisign bDrgigRen = DrPRen;
II///III//Il///l//IIIIlI////l////II/I/I//////IIIIIIII////l//Il//lll/l/l//////ll/
71 Stored info from pointer
I///Illl//ll///l//l/l//II//III/III//I/I/III//IIII/IIIIIIII/III///////I//II/II//I

aluays ? (posedge Clké or negedge RESETLM )

if ¢! RESEMH )

DnFlMdLur <= T7'h00;
SigEn <= 1/b0;
PCHEn <= 1'b0;

end
else if (PtrRRerDS)
begin
DAPRAGILMT <= PLrRPOULDUS [8:2);
SigEn <= PLrROQUEDUS{T];
PLHER <= PErRDOULDUSIO) ;

1 end

end
II/I//I/IIfI/l////I///II///////III/IIII/I/IIIIIIII/II/IIIl////III////I/Il/I//ll/
7/ bats read muxes for PCH and sign

alling RANg
'IIIIIIIIIII///II/I/I/IlII/I/I/IIIII//I//I////IIII//II///lI/I/l///I//IIl/I/I///l

25sign DnPOCULB = (~PCMEN) 7 PCMSIgOffR @ (
(onPDOut (31.241 & (B‘{anRMdLurﬂ Q1 == 2/B00)})
(OnPDOut (232961 & (S(bnPRADALMr [1:0) == 2°L013))
(OnPDOUL [15:8) & (BCONPRADILUC(1:0) == 2°B10YY) |
(OnPDOUR (7208 & (BONPRAddLur(t:0] == 2:b11)))
)I

assign DnSigoutB = (~SigEn) ? PCHSigOffS : Dnsigbout;

/Illl/////llII/IIlIIIIII//I/l//III//I////II/IIII/III/IIIII///III//llll//l/l///ll
/1 toad enables for holding regis
/I//I/III///III/I//I/I////I///l////IIIII/III///I///ll/lll//IIII/I///I///I/III/II

sgsign LAIDOA = BitCnt(3:0] == 4$'b1101;
apsign LdIDOE = Bitcnt [3:0) == unmo»
a5sign LATODC = BitCnt(3:0] == "Ml”v
sssign LdTDOD * Bitlnt(3:0) == ubiooo;

i

// Holding registers for PCM and signalling

// PCH holding rog for interfoce T is not needed because the PCH buffer
" rcad occurs just as the shift byte is needed thus no hotding reg is
1/
l/l//l/l!/l/lf!l/lN///IIIIII////f//ll/ll/////l//IIIIII/IIIIII////II///III//I/I/
aluays ® (posudge Clké or negedge RESET4M )

begin

if (!RE§E1£H_)

in
PCHHIdRega <+ B7h00;
Sj‘gﬁldkegk <= 8h00;

e
else if (LJTODA)
beai

gin
PCMELdRegA <= DnPDOULB;
s'i‘smdnegu <= DnsigOutB;
e

end

aluays @ (posedge Clké or negedge RESET4M )
begin
if (IRESETAM)

begin
PCHHIdRegB <¥ B’h00;
Sighldreyd <= 8/h00;

[
else if (LdTODB)
begin
PCMHLdRegB < DnPPOULS;
SighldRegh <= DnSigOuth;
end
end
atuays a (poscdge Clké or negedge RESET4M)
if (IRESETI-M )
begi
S|gllldkcsc <= B’h0D;
end
else if {(LJTDDC)
begin
SighldRegC <= DnSigOuts;
end
end
always @ (poscdge Clké or negedge RESET4H_)
gin
if (IRE?E'MM_)

begin
PCHRIdRegD <= B/hOD;
smildlego <= 8'h00‘

else |f (LerDD)

begi
PcNHldneg! <= bnpbOUTE;
SigHtdRegh <= DnSigOuth;
end

end

l;/ll/“////lll/‘lll!/rI‘/’II/lI//I/III//lll/IlI////I/IIIIIIIIIIIIIIII/II//II/I/III
arity generation and &
II/I////II/III//lIIII//I/III/lIII/I/I/ll/l/////////ll///I///II/II//I/II/IIII/I/I

assign LdPrey = Rervasel & LdShftRegs;
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assign RervByte = 8'd0;

,llllIIIIIIIIIIIIIIIIIIIIIIIII/IIIIIII//IIIII/II/IIIIIII//IIIIII///l/l//IIIIII/II
i 4] Clock fnversion for doun-stream signa RAMS
ll/l/////l///lll/lll/ll/l///I/l/II/IIl/I//IIIII/I/IIII/IIIl/l///l///l/llll/IlllI

.'asswn 0sClkéb = -Clké;

I//I/I/IIIIIIIIIIIIIII/IIIII/III/IIII/II/I/lIl/ll/l//I/II//II/////IIIII/III/////
/1 Processor address deco
IIIl/I//IIIII/IIIIIII/III/I//IIIIIIIIIIIIIII/I/IIII/IIIIIII/IIIIIIIII/IIIII/IIII

usi dany = UpReqiH & (iUPAUo'é] = 5/b000_09);
assign dBitoffSet = dany & (fUPA(S:1) wn_ooo);
assign dPCMSIgOffB = dAny & (fUPA[5:1] == §'b00_001);
_§psion dPOMAISByte = dany § (IUPACS:1] <= 5'bD0_010);
. assign dSighlSByte = dAny & (iUPA(5:1) == s'mo_on
wsign dAutoAls + dany & (IUPA[5¢1] == 57b00_100);
assign AJpAlS = dany & C(iUPA[5:1) == 57b00_101);
-agsign disgXmtEn - = dany § (TUPA[S:1] se 5:b01_000);
assign disgPend s dAny & (iUPA[S:1] == 5°b01_001);
{atsign dsgCmd = dany & (iUPA[S:1] == 5'b01_010);
qsslgn dMsgAdd s dany & (iUPA[5:1) #= 5'B01 011).
'lsslgn disgurd . s diny (NPAIS 1) == 5/b01 100),

;Ilé‘élI/It/,{l///ll//lll///l//lIIIl/lIIIIlIIIIII/I/IIIIIIIIIIIIIIII/I/////I/IIIII
7 set bit-count
' //llIIIIIIII//l//l/ll/IlII/Il///l/IlII/IIIIIII//I//II/II//III/III/II/II///I//I/I
aluays 2 (posedge ¢lké or negedge RESET4N_)
lf (IRESEILH )
begi
BltDﬂSet <= 9'd0;
else lf (UsoffSetRef)
. brgin
BitoffSet <= BitCnt;
end
end
alua‘y,es ? (posedge Clké or negedge RESET4M))
if (IRESET4M_)

begin )
pitoffSetS <= 9¢d0;
BitoftSetChg <= 1°b0;
end

else

begin
BitoffsetS <= BitoffSet
muffSe!Chs <= Htoffs:ts 1= Bitoffset;

end
//lII/IIIIIII/IIIIIII//II/III/lIIII/lIIIIIIIIIIIIII/IIIIIIII/IIII//IIII/I//I/lll
71 Porcessor interface control logic, and £
II/I/I/II/II/IIIIl/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/II//IIIIIIIII//IIII
aluays a (posedge clkL or negedge RESET4M_)

if (IRE?EI’I.H )

beg
pUpRdyDsTIntél <= 17b0;
end

else -
begin
pUPRAyDSTINt4N <= UpReqiM;
end .

end

assign UpRdyDSTINnt4M = dAny & UpReqéH & -pUpRdyDsTINtéM;
assign Upkr = UpRdyDsTInt4H & -1UPRNY;

assign MsgmdWr = uplir & ddsgl:nd;
alualy’s ? (posedge Clk4 or negedge RESET4M_)
if CIRESEVAM )
begin
MsgCmd <= 87h00;
end
else if (Msglmdir)
begin
MsgCamd <= {UPD {7:0]1;
erd
end
aluaty’: 2 (posedge Clké or nesedse RESET4M_)
if (IRESETLH )
beg
Hsgldd <= 16°h0000;
end
. else {f (Upr & dMsgAdd)
begin
MsgAdd <= iUPD;
end
end

2ssign MsgHAdd = .HsgAdd!‘IS:B).'
assign MsglAdd = MsgAdd(7:0);

always ? (posedge ‘Clké or negedge RESET4M_)
if (‘RE?EMH )
" Msgurd <= B'h0O;
end
else if (UpWr & dMsgurD)
-begin
HsgurD <= {UPD([7:03;
end
end
always ? (posedge Clké or negedge RESEY4M )
H (1RESET4N_)
begin
MsgXmtEn <= 4’h0;
end
else b: f (Uphr & csgXmtEn)
Hsg)(m!En <= jUPD[3:01;
end
end
always @ (p dge Clké or negedge RESET4M_)

gin
if CIRESET4M_)
begin
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PtHSIuOffB < 8/h02;
else H (Uptlr & dPCMs!guffB)

i PolsToottB <= UPD (72015
1.} end

1]

talunys @ (posedge ClLKG or negedg

begin
if C(IRESET4M )
begin
) PCMAISByte <= B'hW7f;
! end
U relge if (upWe & dPCMAISByte)
begin
PCMATSByte <= iUPD{7:0);
end
erdd
aluays @ (posedge Glké or neged

¢ begin
if (VRESET4M )
begin
i SigalsByte <= 87h02;
else if (Uplir & dSigAlsSByte)
begin
SigAlSByte <= jUPDIT:0);
end
end

RESET4M_}

RESET4N_)

:lualy’: @ (posedge Clké or negedge RESEVAM )

gin
if (IRESET4M)

begin

AutoAlS <= 1/b0;

end
etse if (Updr & dAutoAlS)

n
AutcAlS <= iupD(0];

end
end

always @ (posedge Clké or hegedge RESETAM_ )

n
if (IRESET4M)

3:3;2 4040

<= [

end )
else if (UpWr & cUpAIS)

begin -

UpAlS <= iUPD133:03;

end !
end

assign UpRODsTInt = ((B’h00,HsgCmd)
( Hsghdd

%9
({8/h00Q, MsgkrD)
((12:d0 ,HngmtEn)

((15'&,‘!.":0“5)
(C121d0,UpALS)

& (16(dMsgCnd)))
b (16(cHegaddyyy
§ (16(cMsgird)))
[ (16(6‘85)(!“5!\;;)

({150, M § (16(dMsgPend)

((S'MO,PCHSIQONI) § {16¢dPCHSIgOfIE)))
((8/h00, PCHAISByte) & (16{dPCHAISEyte)))
((8°h00,SigAlSHyte) & (16(65[9“53;;;)))

(16
& (16(dpAlS)))

((77g0,01tdtfSct) & CisldintOtiSet}});

/Ill/!//llllll//llllllIIIIIIIIIIIII/IIIIIIl/IIIIIIIIIIIIIIIIIIIIIIIII/III/I/Il/l
// Waster bit counter, reference fra frame count regist
III/II/IIIII/I///IIl////llll/ll/l/llllll/l/IIII//I///IIIIIIII/II/I//I/I/IIIIIIII

aluag: @ (posedge Clké or negedye RESET4R )
gin
if ¢ !nE?ETAH_)

n
gittnt <= 9/h00;
prfrimftef <= 1760;
end

else

Bitcm <= pBitCnt;
onFrakef <= mrcm = §/b11101_0000);
end

end

aluays @ (BitCnt or PnCntrRst)
begin

9
if (DnCntrRst)
naitcnt = 9/h00;
else
naftCnt = BitCnt + 17b1;
end

aluazg ? (potedge Clké or hegedge RESETAH )

if (IRESENN )
fratnt <= $/b0000D;
else if (DntntrRst | (Bittnt == 97d511))
. Fracat <= DAFraCHt;
e

a\uaz: 9 (posedge Clké or negedge RESETEM)

if ( IRESEMM )
OnMsgFC <« 27
else if (Bitcm == cUsHsgfcnef)
5 DrMsgFC <= FraCnt{1:0);
en

Z/l{k/’Il//////lI%I///é//l‘/////{//l/l/'Ié//I/IIIli//I/IIIl/ll//l//ll//l/////ll/
III//I///I/I//I/Il//l/ll/lI/IIII/III/I///II///I/IIIIIIIIII/II/I/IIIIII/IIIIIIIII
assign FsSel = p@itcnt(8:3) == &/d1;

alvays ? (posedge Clké or negedge RESETAM )

if (1RESETGM)
oTFS <= 17b1;
else

oTFS <= (FsSel) ?
C(FrmCnt =u5'600000)
s Mcsrsrr-nmmuz.on 1 cFS(7-nBitCnt(2:01)) 3
end
/I//IIIIIII/II/IIIII////IIl/Illl/Il///I/llIII//IIII/I/I/III/IIIIIIIII/II/I/IIIII
7/ Address and read enable for pointer CN RAMS
Il/ll/llllll/l////II/I///I/IIIIIIIIIIIIlII/I/IIIIIll/lll//lll//l//llll/IIIIIIIII

assign PtrRAGIDS = (BitCnt(1:0),BitCnt[B:4));
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assign pPtragends = BitCnt{3:0] == 4760110 |
8itCnt[3:0) == 4°b1000

o gitCnt{3:0) == 4'b1011

. BitCnt{3:0) == 4'b110%;

il

{#lvays  (posedge Clk4 or negedge RESEF4M )

v if C(IRESETAM )
t PLrRRerDS <= 1/60;

se
PtrRRenDS <= pPtrRRerDS;
Apsign DnPRAGD = (FrmCnt [0) ,DrPRAddLWr[6:2));

‘Sssign DnPRen = BitCnt[3:0) == 4’bI00D
gitcnt(3:0) == 4/b1010
aitcnt(3:0] == 4°b1101
BitCnt[3:0] == 4’b1111;

.ssign DnSTgRAJD = DnPRAddLwr;
assxgn OnSigRen = DnPRen;

ﬁllIIIIIIIIIIIIII//I/I/IIIIIII/I///I//I/l/IIIII/IIII//III/IIII/I//I/II//I//I/I/
/4 Stored:info from point:
IIIII/lIIlI/Il/IIIIII/IIIIIIIIIIIIIIIIII/IIIIIII/IIIIIIII/I/IIlIlI/lI/////lIII/I

always @ (posedge Clké or negedge RESET4M_)
- begin
if (IRESET4H)
be:

gin
DRPRAddLKr <= 77h00;
SigEn <= 1/b0;
PCMEn <= 1'00;

end
elge if (PtrRRendS)
begi

n .
OnPRADALMr <= PtrRDOULDUS(8:2);
SigEn <= PtrROOUTDUS[Y);
. PCMEn <= PLrRDOUtDUS{0) ;
L end
end

: II/IIIIIII//I/II/llIIIIII//l/l/II/I/II///IIIII/IIIIII/IIII/IIIIII///I///IIIIIIII
/ Dats read muxes for PCN and s ing RAMs
'IIIIII///II//IIIIIIIII//I/ll/II/IIIIIIIIIIIIIIIIIII//IIIIII/IIIIIIIIII/III/IIII

assign DnPPOUB = (-PCMEn) ? PCHMSigoffB :
_ (bnPDOUL{31:24) ( (G(DnPRAddLHrh :0) == 2:b00)))
(onPDOUt{23:16) & (8(DnPRAddLur[1:0) == 2'D012))
(onPDOUL (15:8) & (B{DNPRAALWr[1:0) == 2'b10))) |
(OnPDOUL (7:0) & (B(OnPRAddLWr{1:0) == 2'b11))}

’1
assign DnSigOutB = (~SigEn) ? PCHSigOffB : DnSigbout;
III/I/II/IIIIIIIIIII//I/I/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII//IIII/IIII/////II

1/ Load enables for holding regist
/IIlIIIIIIIIIII/IIII////IIIII/III/I/IIIIIIIIIIIII/III/I/II/I/I//IIIIIIIIIIIIIIII

assign LATODA = BitCnt(3:00 == 4/b1101;
assign LATPDB = BitCnt(3:0) == 4/b1010;
assign LAIDDC = BitCnt{3:0) == &’bINN1;
assign LAIDDD = BitCnt{3:0) == 4/b1000;

IIIII/I//IIIIII/IIII//// pniinounadgaauaaiin

7/ Rolding registers for PCM and signalling
"
/7 PCH holding reg for interfece C is not needed because the PCH buffer
" read occurs just as the shift byte is needed thus no holding reg is
/1 requir
IIII/IIIII////////l//l////l//lIIIIIIII/IIII/III/IIIIIIIIIIIIIIII/lIl///l/Ill/IIl
always @ (poscdge Clké or negedg RESEMH_)
begin ’
if (IRESET4M)
begin
PCMHIdRegA <= 87h00;
SigHldRegA <= B/h00;
[
else if (LJTODA)
begi

gin
PCMHLdRegA <= DnPDOULSB;
SigHtdRegh <= DnSigoutB;
end

end

always @ (posedge Clké or negedge RESET4M )
begin
if (IRESET4M )

begin
PCHHidRegB <= 87h00;
StghidRegB <= 87h00;

end
else if (LDIDDB)
begin
PCMH{dRegB <= DnPOOUtB;
SigHldRegB <= DnSigbuts;
end
end
always @ (posedge Clké or negedge RESET4M.)
gin . .
if (IRESETLM )
begin :
SighidRegC <= 8’h00;
end
else if (LdToDC)
begin
- SigHldRegC <= DnSigOuth;
end
end
alu:g: 9 (posedge Clké or negedge RESET4M )
gin
if (IRESETAM_)
begin

gin
PCMHtdRegD <= 8’h00;
SighldRegd <= 87h00;

end
else if (LdToDD)
begin
PCMHIdRegD <= DNPDOULB;
srilgllldkegn <z DnSigOutB;
- e

end
II/I//IIIIIIIl/lII//II//III)/II///I///III/I/I/I/IIIIIIIII//IIIIIIIIII/II/II/IIII
/7 Parity generation and s
I/IIII/IIII/IIIIIIIIIIII/IIIIIIIIIIII/II/lIIIIIIIIIIIIIIIIIIIIIIIII////I//IIIIII

assfgn LdPrty = RervBSel & LdShftReys;
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alvays @ (useilne tiké or negedge RESET4H_)
n
{f (IRESETEH_) ,

begin .
PriyByred <= B7hi0;
priyfiyted < G7hI0;
Preyfiytet <= 8/h00;
Priybyred < 87h00;
PreyAceA <= Behid;
PriyAce8 <¢ B7h00;
PriyaceC <= 8'h0d;
PreyAcch <= 8/ho0;

else {f (LdPriy)
begin

egl

PreyByteA <= PriyAccA;
PreyByteB <= PriyAee8;
PrtyByteC <= PriyAecC;
PreyByted <= PriyfccD;
PreyAceh <= ~ShftOByteA;
PretyAced <= -$hftOByte8;
PrtyAceC <= —ShftOByteC;
PriyAccd <= ~ShftOByted;

end
elsebi f_(LdshftRegs)
-begin

egi

PriyAcch <= PriyAccA ~ ShftoByteA;
PrtyAccll <= PrtyAccl * ShftOByteB;
PrtyAcel <= PrtyAccC ~ ShftOByteC;
szltccb <= PriyAced * ShftoByted;
el

erd
II/'I.IIIIIIIIIII/////_III////II/IIIIIII{QIIIIIIIIII/IIII/(II/I/I/III/I/III/I/I//I/
5

// Hessage cpu holding reg, output holding reg, ond control logic
IIII/l/I//l//I////I/IIII//NIII/IIIIIIII//IIIII/IIIIIIIIIllIl/ll/////II/I/////l/

f (TRESET4M )
bagin
MsgPend <= 1/b0;
else if (Msglmivr)
begin
KegPend <= 11b1;
el
else if (MsghldiLd)
gin
HsgPend <= 1700;
end

always @ (posedge Clkk or r dge RESET4M.)
i

aluays 9 {posedge Clké or negedge RESETEM )
T (IRESETGH)

begin

HsgEnA <= 17B0;
MegEnE <= 17b0;
hsgEnC <= 1¢b0;
MsgEnD <= 1/b0;

end
else if (MsgHldiroClr)
begin
HSQENA <= NsgimtEn(0);

HsgEnB <= MsgXmtenfl);
HsgEnl <= HsgXmtEnf2);

MsgEnD <= MsgXmténi3)}
end

assign Msgldid = MsgPend & HsghldwrdClr;
assign Hssuldcnd' clr = LdShftReas & MsgBCmdSel:
assign HsgHldNAddClr » LdShftRegs & MsgBHAddSel;
assign MsgHldiaddClr = LdshftRegs & MsgBLAddSel;
assign MsgHldwrdClr = LdShftRegs & MsgBWrDSel;

always & (posedge CLké or negedge RESEIGM,)
W CIRESETAH )}

begin
Msghidtmd <= 8'h00;
[
else if (Msgkldid)
begin
HsghidCmd <= MegCmd;
end
else if (MsghldtmdClir)
begin
HsghidCmd <= §'h00;
end
always ® (posedge CLh& or negedge RESETLM))
if CIRESETAM )
begin
HeghldHAdd <= 8'h0U;
end
else if (Msghldid)
begin
MsghlidHAdd <= HsgHAdd;
end
else if (MsghldiAddClr)
gin
Hsghlditadd <= 87h00;
end
aluays @ (posedge Clké or negedge RESETAM)
if (IRESET4H)
begin
MsghidLAdd <= B*h0O;
. end
else if (MsgHldid)
begin
MsgHidLAdd <+ Hsgladd;
end
else if l(,lelsgli,lcl!.M.k!Clr)

9in
MsgHidLAdd <= B*h00;
end

always @ (posédge Clké4 or negedge RESET4M )
if (JRESET4H)

begin
Nsghldwrd <+ 87ho0;
else if (Hsghldid)
begin
Hsgldird <= MsqurD;
end
else if (HsgtdirdCle)
gin
MsghldWrd <= 87h00;
end

S
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iy
17 Alerms
Y g

8s5ign AISA = AutoAlS & RxAISt4M | UpAISOl;
bssign AISB = AutoAlS & RXAISL4M | upals{l);
pssign AISC = AutoAlS & RxAISL4N | UpAlSI2);
‘assfon AISD = AutcAlS & RXAISLGH UpAIST3);

3ssign AlrmByteA = (UsPrtyErr(0),AISA,CritPurAimiM,5/b00000);
assign AlcnByte8 = (UsPrtyErr (11,A1S8,CritPurAlmiM,5/b00000);
sssign AlrmByteC = (UsPrtyErr[2],AISC,CritPurAlmiM, 5/000000);
:a8sfgn AlraByted = (UsPrty€Err (3] L, AISD,CritPurAlméN, 5/000000);

oo
/1 Output byte select signals and byte muxes

11
1] interface C is different than the others -- see holding reg comment above

g

e

assign RsrvBSel
adsign PreyBSel -
.assign NsgBSel
fissign AlrmBSel

;;siyn PCMsigbSel
assign PCMBSel
assign Sighsel

assign HsgBCadSel

ssign MsgBHAddSel

.assign MsgBLAddSel
.. assign MsgBWrDSel

assign PCMBSelNrmA
assign PCHBSelAISA
assign SigBSellraA
assign SigESelAISA

assign MsgBCmdSelA .

= BitCnt[B:3) == 6'dl;
= BitCnt(8:3) == 6'd2;
= BitCnt{B:3) =c §'ds3;
= BitCnt{8:3) == 6'd0;

= <RsrvBSel & -PrtyBSel & -MsgBSel & ~AlrmBsel;
= PCHSigBSet & BitCnt(3);
= pcMsigBSet & ~BitCnt(3);

= MsgBsel & FrmCnt[120) == 2'b00;
= MsgBSel § FrmCnt[1:0) s= 2'b01;
= HsgBSel & FrmCnt[1:0) == 2'b10;
= HsgBSel & FrmCnt(1:0} == 2'b11;

= peMBSel & -AISA;
= PCMBSel & AISA;
‘= SigBSel § ~AISA;
= SigBSel & AISA;
= MsgEmA & MsgBCmdSel:

assign HsgBHAddSelA = MsgEnA & HsgBHAddSel;
assign HsgBLAGASelA = NsgEnA & MsgBLAddSel;
assign MsgBWrDSelA = MsgEnA & MsgBWr0Sel;

assign PCMBSelNrmB - = PCMBSel & -A1SB;
assign PCMBSelAISB = PCMBSel & AISB;
sssfgn SigBSelNraB - = SighSel & ~AISB;
ssign SigBSelAls8 = SigBSel & A1SB;
assign NsgBCmdSel8 = MsgEnB & MsgBCmdSel;
assign HsgBHAdASelB = MsgEnB & HsgBHAddSel;
assign MsgBLAddSel® = MsgEnB & MsgBLAdSEL;
assign NsgBUrDSelB = MsgEnB & MsgBurDSel;

assign PCHBSelNrmC = PUMBSel & -AISC;
assign PCMBSelAISC = PCMBSel & AISC;
assign SigSellraC = SigBSel & -AISC;
assign SigBSelAlSC = SigBsel & AISC;
assign MsgBCuiSelC = MsgEnC & MsgBCwdSel:
assign HsgBHAddSelC = NsgEnC & MsgBHAddSel;
assign MsqBLAddSelC = MsgEnC & MsgBLAddSel;
assign Msgbir0SelC = MsgENC & MsgBurDSel;

3ssign PCMBSelNraD * PCMBSel & -AISD;
assign PCHBSelAISD = PCHBSel & ALSD;
sssign SigBSelNrnD = SigBSel & ~AlSD;
assign SigBSelAISD = SigBSel & AISD;
assipn KsgBCmdiSelD = MsgEND & MsgBCmdSel;

assign. MsgBHAddSeld = MsgErD & MsgBtikddsel;
assign MsgBLAddSelD = MsgErD & HsgBLAddSel;
assign MsgBirDSelD = MsgErD & MsgBUrDSel;

assign ShftOByteA = (RsrvByte & (8(RsrvBSel)))
(PrtyByteA B (B(PrtyBSel}))
(PCMHLdRegA & (B(PCMBSelNrmA)))
(PCMAISByte & (B(PCMBSelAl5A)})
(SightdRegh & (B(SighSelNrmr)})
(SigAlISByte § (B(SigBSelAlSA)))
(Msgildcmd & (B(MsgBCmdSelA)))
(MsgHldHAdd 8 (B(MsgBHAddSetA)))
(MsgHldLAdd & (B(MsgBLAdASelA)))
(MsgHidWrD & (B(MsgBWrDSelA)))
(AlraBytcA & (B(alrmBsel}));

assign ShftOByteB = (RsrvByte & (B8(RsrvBSel)))

(PrtyByteB & (B(PrtyBSel)))
- (PCHHLGRegB & (B{PCMBSelNTmB)))
(PCHAISByte § (B(PCMBSelAlSE)))
(SigHldReg8 § (B(SigBSelNrnd)))
(SigAISByte § (8(S5igBSelAlss)})
(MsgHldCnd & (B(MsgBCmdSelB)))
(HsgHLdHAdd & (8(MsgBlAddSelB)))
(MsgHldLAdd & (B8{(MsgBLAJISelB)))
(MsgRldirD £ (8(MsgBlrDSelB)))

(Alrm8yte8 & (B(AlrmBSel)));

assign ShftOByteC = (RsrvByte & (8(Rsrv8Sel}))

-(PreyByteC & (8(PrtybSei}))
(OnPDOUtB & (B(PCMBSelNraC)))
(PCMAISByte & (B(PCHBSelA1SC)))
{SigHldRegC & (B(SigBSelNrmC)})
(sigAlsByte & (B(SigBSetAlSC)))
.(MsgHldcmd & (B{MsgBCmdSelC)))
(MsgHldHAdd & (8(MsgBHAddSelC}))
(MsgHldLAdd & (B(MsgBLAddSel)))
(MsgHldurD & (B(MsgBWrDSelC)))

" (AlrmByteC B (B{AlrmBSel)));

assign ShftOByted = (RsrvByte & (B(RsrvBSel)))
(PrtyByted & (B(Prty8Sel)))

. (PCMHlcdRegD & (B(PCHBSelNraD)))
(PCMALISByte & (B(PCHBSelAISD)))
(SightdRegd & (8(SigBSelNrmD)))
(sigalspyte & (B(SigBSelAISD)))
(NsghildCmd L (B(MsgBCmdSelD)))
(HsgHlidHAdd & (B(MsgBHAddSelD)))
(MsgtdLAdd § (B(MsgBLAddSelD)))
(HsghtcirD & (B{MsgBurDSelD)))
(AlrmByted & (B(AlrmBSel}));

iy
11 Byte load signal for cutput shift registers

Y oo
assign LdshftRegs = BitCnt(2:0) == 3'bi111;
g
/7 Output shift registers

JIIIIL PRI LT TR E T T 1L 1L TR LI L1 01EE T 1
always iil (posedge Clké or negedge RESET4M )

gin
it CIRESET4H )

14
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begin
TOEARey <= 8/h00;
end
else if (LdShftRegs) |
begin
" TDDAReg <= ShftOByteA;
end
i1 else
i, begin
o YDDAReg <= (TDDARegié:0),1b0);
end
end
]
‘;gssisn oTDDA = TDDAReQf7);
always @ (posedge Clké or negedge RESETSM )
n
A6 (JRESETAM))
agin
ThoBReg <= B7h00;
end
j. else if (Ld?hﬂkeas)
. n
¢ YDDBReg <= ShftObyteB;
end
else
begin
TO0BReg <= {TODBReg($:0],1/60);
end
end
assign oTDDY = TODBRey(7);
_ slways @ (posedge Clké or negedge RESET4M )
in
T3¢ GreseTon_)
begin
TDDCReg <= 87h00;
end
else if (LdShftRegs)
begin
T0DCReg <= ShftOByteC;
end
else
begin
YDDCReg <= {IDDCRegl8:03,1700};
end
end
as§ign oTDDC = TPDCReg(7):
olways ? (posedge Clké or negedge RESETAM)
n
if (IRESET4H)
begin
TDDOReg <= B’h0D;
end
else if (LdShftRegs)
begin
T0DDReg <= Shfr0SyteD;
erd
else
begin
:ﬁbkeg <= (TDDDReg16:0) ,1700);

assign oIDDD = TDODRegIT);

endmodule 7/ tdstint

Ly
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" L
77 tdstint.y : Doun-stream telephony interface
"

e
“{

Y )

.‘I functional desription:
(974

14

7/
// synthesis constraints
i1/

input  (3:0]  UsPrtyErr;
input UsOf {SetRef;
input  [31:0) DnPOOut;
input  [7:0) DnSigdout;

input  (8:0)  PTrRDOULDUS;
input UpReqéN;
frput  [10:1]  fUPA;

input fUPRRW;
input  (15:01 iUPD;

output DsCLkéb;

output t1.:lll DnMsgFC;
output [5:01  DnPRAdd;

I
/"

" 7/Down-stream PCH RAM Data-Out

//Down-stream Signatling RAN Data-Out
Y, b

"
/H
//0oun-stream PCH RAM Read Address-In

Y71 se  CliList = (Clk&) output DnPRen; //bown-stream PCH RAK Read Enable
177 'sc  create_clock Ciké ~pericd 220 -waveform (0 110} output DnfraRef; //Down-stream frame reference pulse
/1 sc  set_clock_skew -uncertainty 3 clkiist . output £6:0)  DnSigRAdd; //boun-stream Signalling RAM Reed Address-In
47 s¢  set_fix_hold Clklist output bnsigRen; 7/0oun-stream SignatlLing RAN Read Enable
‘11 sc¢ set_false_path -from (RESET4M ) output [6:0)  PtrRAddDS; /"
7/ sc  set_dont_touch_network Clktist output PtriRerDS; 1"
/ 5e  set_dont_touch_network RESET4M_ -output ol CLX; //Tetephony clock
/1 s set_load 32 * Toad_of (m5c/CHOFO0/D) DsCkib output oTFS; //Telephony frame sync
17/ sc -set_input_delay 1 (Dnfracnt) output olDDA; #/Seriat output data for telephony interface A
i : ) output ofbec; /75ecial output data- for telephony interface B
iodule tdstint output oTD0B; //Secial output data for telephony interface C
RE ¢ output oTDDD; 71Serial output deta for telephony interface D
RESET4M_, output UpRayDsTintéM; //
Clké, output {15:0] UpRODSTInt; 1"
DsClkéb, output BitoffSetChg; //
DnCntrist,
‘DnFraRef, /1 \ocal declarations
© 7 DnFralnt,
RXAISL4N, reg (8:0 Bitcnt; 1"
. CritPurAlmiM, reg [8:0] nBitCnt; 11
UsPrtyEer, reg [4:0) Friknt; /7
UsoffSetRef, reg oTFS; "
bnPOOUt, reg - DnFroRef; 1"
DnPRAdd, reg {7:0)  PCHildRegA; 1/
DnPRen, reg [7:0} PCHRIdRegB; 17
onSighOut, reg {7:01  PCMHLdRegD; 17"
OnSigRAd, reg (6:01  OnPRAddLwr; 17
OnSigRen, reg Sigkn; 1
PtrRAdDS, feg PCHEN; 17"
PErROOULDUS, reg PtrRRerDS; Vi
PtrRRenDS, reg {7:0] SigHldRegA; 1"
DriMsgFC, reg {7:0] SighldRegB; 1"
oTCLK, reg {7:0) SigBldRegC; Vi
ofFs, reg f7:01  SighldRegd; Vi
oTODA, reg {7:03 TDDAReg; 1
otbos, reg {7:0)  TDDBReg; 1
olobL, reg {7:0)  10DCReg; i
otbby, reg {7:03  TDDDReg; "
UpReqll, reg 17:0] PrtyBytea; 1"
UpRdyDSTIntéM, reg {7:01 PrtyByte8; "
ilPA, reg {7:0)  PrtyByteC; 1"
iUPRNW, reg [7:0) PrtyByteD; VZi
fjuro, reg £7:0] PrtyAccA; V7
UpRDDSTINt, reg [7:01  PrtyAecB; "
gitoffSetChg reg {7:0)  PrtyAccC; 1
H reg [7:0)  PrtyAccd; I
reg pUpRdyDsTIntéM; 7/
input RESET4M_; reg (7:0)  MsgCmd; Vi
input clké; reg [15:01 MHsgAdd; 1H
input . DnCntrRst; 74 reg [7:0)  Msgurd; "
input  (4:0)  DnFralnt; " reg [3:0] MsgXmtEn; "
input RXAISLGN; /" reg £7:0] PCNSigoffe; Y/
input CritburAlmid; /7 reg (7:01 PCMAISByte; "

8y
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reg [7:0)  SigAl§Byte; " wire Heguhaaaseid 2/
reg AutoAlS; 1n” wire MegBLAddSeld; 7/
reg (3:0)  UpAIS; 7" wire MsgBUrDSelD; /7
reg MsgPend; | I wire peMESEINTRA; /7
ofreg MsgEnA; /" uire pCMBSelNtaS; /7
i feg MsaEnB; 1" uijre PCHBSelNrmCy V74
"Feg HeaEnC; " wire pcHBSelNrad: /7
lreg MsgERD; /" wire peMBSElAISA; /7
ileg (7:0)  MsghldCmd; 124 dire PCMBSeIAlSE; /"
Teg {7:0)  MsghldHadd; 17 wire pCHBSeIALSe; 7/
Teg (7:0)  MsgHldLAdd; Vi wire PCMBSelAISD; I
reg tr:0)  MsgHlodrD; 1 wire SigBSellNrmA; 1
{rey (1:0]  DrisgFC; 1A wire SigHSelNrng; 1
ifeg [8:0) @itoffser; i wire sigpSellira; 7/
‘reg {8:0) B8itoffSetS; /"t wire SigBSelNrmD; 77
reg gitoffSetChg; // wire SigBSetAISAY 1
. wire SighSelAlSB; I
wire disgtmd; " wire SigBSelAlSC; "
vire dMsgAdd; I wire SigBSelAISD; 1/
ire sgird; 1" wire pnSigRen; Y7
wire dMsgXmtEn; 7/ wire Fssel; 1
iwire dMggPend; 1/ Wire RsrvBSel; 17
wire dpreMSigofes; /7 wire PreyBSel; "
wire dPCHAlSByte; 17 wire AlrmBsel ; 17
yire dSigalstyte} /1 wire PCMSigBSel; 7
Wire dAUtoAlS; /7 Wire pCMBSel ; 11
wire dUpALS; " wire sigesel; Iz
wire dBiroffset; 1" wire LdshftRegs; 12
uire dany; 11 wire {5:0) DnPRAdd; 1
wire ! UphdyDsTIntéM; // uire 16:01 DnSigRAdd; Y/
wire UpNr; " wire [7:01 DnSigoutd; 1"
wire HsgCmar; 1" uire [7:01  ShftObyteA; 1/
wire [7:0)  MsghAdd; Vi Wire [7:0]  shftOByted; I
wire  {7:0]  MsolAdd; 1/ vire (7:0)  $hftO8yteC; It
wire  (15:0) UpRDOsTInt; VA wire [7:0)  ShftOByted; 1
wire MsgHldLd; Y4 Wire [7:0]1  RsrvByte; 77
wire MsgHidesdCir; /7 wire pPtrRRendS; 1
wire Hsglildiaddclir; // wire (6:01  PtrRAMDS; "
wire HsghidLAdgdClr; 7/ wire bntntrRst; Vi
wire NsgHldwrbClr;  // wire bnPRen; "
wire AlSA; IZi wire {7:01 OnPDOLLD; 11
Wire AISB; H wire LdTDDA; Y
wire AISC; /" Kire LdpDs; Y2
wire AtSD; 17 wire LdIb0C; 17
wire (7:0)  AlrmByter; // Wire Ldiboo; Vi
sirg {7:0) Alre8yteg; 1/ Wire os1CLK; "
fel  (7:0)  AlrmBytet; 1" wire oYDDA; 1"
wire 17:0]  AlraByted; 17 wire o1008; 1
wire HsgRSel 17 Nire o1bDC; V7]
wire MsgBCmdSel; /" wire oDbO; '/
wire MsgBHAddSel ; " wire Laprty; 174
vire MsgBLAddSel ; Iz wire osclkl-‘a; 14
wire MsgBWrDSel; 14
wire MsgeCadSelA; 7/ /////II/III///I/I//I//IIIIIIII/I////I//////I//IIIl/IIIIlII/IIII/IIIII//I/Il/IIII
wire NsgBHAddSeld; 7/ /1 tonstants
wire HsgBLAddSelA; /7 /l//lII/IIIIIII//II///II//II/////IIIIIl///l//I/IIIIII/IIII/III//III///IIIIII//I/
wire MsgBurdSelA; 174
wire MsgBtmdSelB; V4 porameter  ¢SFS = f'hce,
wire MsgbHaddselB; // cf§ = B'hes,
wire MsgBLAddSelBs 7/ cUsMsgFCRef =  97d24;
wire MsgBlrpSeld; I
wire MsgBCadSelC;  // II/I//IIIII{IIIIII/II/IIIIIII//I/I/////I//IIII////Il/ll/lll/l//IIIIl/IIIIIII/I/I
wice MsgBNAddselC; 7/ /7 Mist assigns
vire MegBLAdSELC; /7 III/I/IIIII/I/III/Il/l////llIl///lIIIIIIlI//I/III/I/II/IIII/Il/IIIIIIIIlIIIIIIII
uire HspBuroselt; /7
vire MsgBCmdSeld; 1/ pssign oTCLK = Clké;
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"
/7 tpti~actl.v ¢ Pointer RAM control
"

I/
m; “

¢

{t/7 Functional desription:

1
V]

I
/7 synthesis constraints

i s

ClkList = (CLk&)
177 s¢  create_clock Clké -period 220 -waveform (0 110)
“"11 se  set_clock_skew -uncertainty 3 ClkList
11 se  ser_fix | hold CikList
- /1 s set_false path ~from (RESET4N )
7/ s¢  set_dont_touch_network Nkust
/1 s¢  set “dont_touch_hetwork RESETA
/7 s¢  set_toad 32 * Toad oumSc/CMDFODID) Ptretkéb
; module tptrractl
I
“y RESETLN_,
clké,
perélkeh,
PLrRAJZDS,
PtriRends,
PreRADAUS,
PtrRRecUS,
PtrRACKUS,
PtrRAdd,
PLrRbOut,
.Ptrﬁbﬁutnus,
PtrRCeb,
PtrRHRh
!i:padyptrxnx:tuu
lUPRNu
m:lmrtrnmctl
input RESETAM_; //
input ctké; Vi
output Precikib; 1
input  [6:0]  PYrRAdDS; 177
inptst Ptrkkenos; I
input  [6:0]  PYrRAJAUS; 11
input PtriReqUs; 1/
ouEpUT PLrRACKUS; I
output [6:01  PtrRAdd; /!
frput  (B:00  PTrRDOUt; /7
output [8:0)  PtrEOULDUS; /!
output PtrrCeb; 174
output PLrRURb; 1
input UpRexiéM; 7/
sutput UpkdyPetrRaCti4M; 7/
input  [10:11  iUPA; "
frput umm- "
frput  [15:0) UPD H
outpur  (15:0) u;:kbnramm. 14

1/ lotol declarations

reg dupReqd; H
reg upPtrReReqlt; /7
reg DataEn; 1
wire PteRmiit; I
wire UpPtrRaReqst; //
wire UpPCrReReq; A
wire UpkdyPtarCt LaM; 77
wire PUrRACKUS; 7

Nire PtrRCeb; {/
Nire PtriWRb; 17
wire {6:0)  PtrRAdd; "

wire 18:0)  PtrROOUTDUS; V4
Wire (15:0) UpROPtrRmCti; /7

wire ctrinit; "
wire ctrirdy; 17
wire UpPLrRmidy; "
wire Ctrivr; 1
Wire PLrelkél; 1/
guiindaudauadadaqqoaaaadaaadiy
/7 Cloek inversion for pointer RAM |

/////l////l////////lll/////l‘l/ll/ll///Il//l//I///Illll//l//II/II//I/IIIII/II///.
assign PErlikéb = ~Clk4;
ynniigiunnnnan
// Address decode

Y I

assign Perkmiit = UpReqiM & IUPA(10:8] == 3/bDD1;
assign CertHit = UpRegdM & UPA(10:1) == 10'b000 1000_000;

///II///II//I////////!//I//II/III//I////I//lllIl/l//lll///lll/llII/I//IIIIII///I
pu request for pointer RAM signa
/I///I///IIIII///I///Il//IlllI/l//I///II//I/Il///IIIIII/I//IIII/II/I/II//I/I////

aluays @ (poscdge Clké or negedge RESET4M)
if (IRESET4M)
deRequ <= 17603

deReqloH <= UpReqdM;

assign UtharReqst = ~dipReGiM & PtrRmiit;
assign CtrlRdy —ddpReqét & Criiie;

always 9 (posedge Clké4 or negedge RESETLM )
1§ (JRESETLM )
UpPLrRaReqLE <= 1/b0;
else if (UpPtrRmRdy)
UpPtrRrReqlt <= 17002
else if (UpPteRmReqSt)
upPrrRmieqlt <= VibY;

assign UpPtrRmReq = UpPtrRmieqSt | UpPtrRmRkeqlt;

JINEHTI L L LE LR F T TR TSI L T LT T
/7 Arbitration between Cpu and Up-stream

1/ Uprstream has prierity over the
/I/l/ll/I//lll/////l/lI/I//ll//II//I/I//I/II//fIIIII///lIIII///I//I/IIIIIIII/II/
assign UpPtrRmRdy = ~PtrRRerDS & ~PtrRRecqUS & UpPtrRaReqy

assign UpRdyPtrinCtl4H = UpPtrRmidy | CtriRdy;

83

LB1L0/66 OM

69€91/86S11/ LOd




1

assign OtrRACkUS = -PtrRRerDS & PtrRReqUs;

IIII///IIIIIIIIIIIIIIII/IIIW//III/IIIIIIlll///l//ll/llll”//III/II/III////I/II/

177 vointer RAM Add mux and control signa
i 'r///l//////////I////l///////////l///l/////II///////I//////I///”////l///ll////ll/

{assign PtrRadd =  (PtrRAJDS & (7(PtrRRerDS)))
1 (PLrRADUS & (7PtrRACKUS)))
(iUPALT:1) & (7(UpPtrRaRdy)));

assign PtrRCeb = ~(PtrRRerDS | PtrRAkUS | UpPtrRmRdy);

- assign PtrRWRb = -iUPRNW & UpPtrRaRdy;

' /IIIIII/II/IIIII/IIIIIIIIIl/IIll/lI/II/IIIIIIIIl///IIIIIIIIIIIIIII///III///III//
/ Pointer RAM data disable functi
' YI/IIII/lI//IIIIIII/II/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII//II/II/II//I/IIIII///Il/l

asslgn PLrROOULDUS = (PtrRDOut & (9(Datatn}});

f III/lIIIIIIII//I///II////I//IIIIII/I/I////IIIIIIIIIIIIIIIIIIIIII/I//lIlIlll/IIII

! 4/ Control register
#IIIIIIIIIIIIII/IIIIIIIIIl/IIIlIIII////I/IIIIIIllIIll/IIl//IllIl//IllIIIIIII//II

lssign ‘Ctrivr = -iUPRNW & CtriRdy;

:luars @ (posedge Clké or negedge RESET4M_)
£ (IRESETSM_)
pataEn <= 17b0;
else if (Ctrivr)
Datakn <= {UPD{0];

: ;,I&Il!ﬁlé‘lﬂlﬂ///l!IIIIl//II/l/lI/l/IllIl/I/IIIIII/II/I/I/III/II///IIIIIII
riiuuiguauuniuiiaaaiigiggaaiaadids

assign UpRDPEsRCTL = ({7'd0,PtrROOUL) & (16(PtrRalit))) |
(€15'd0,DataEn) & CI6CCErINitIN);

endmodule /7 tptrrmeel

*/
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"

11 tustint.v ;  Up-stream tetephony interface
/"
"/ )
thy '
Lt

i';fll functional desription:

%7
i

"
/7 synthesis eonstraints
U
-74 s¢  ClkList = (CLké UsClkeb)
“J1 s¢  create_clock Clké -period 220 -waveform € 110)
11 s¢  set_clock_skew -uncertainty 3 Clktist
.11 sc¢ set_fix_hold GlkList
17 sc  set_false_path -from (RESET4N.)
¢/ sc  set_dont_touch_network Clklist
.7 sc  set_dont_touch_network RESET4N
77 sc  set_load 32 ¢ load_of(uSc/CNDFGO/D) UsCLkéb

fnput (130}  DritsgFC;

input 8itoffSetChy;
input  [8:0)  PtrROOUtDUS;
input PtrRAckUS;
input TTUDA;

input f1uoc;

fnput i TUDB;

input iTU00;

fnput UpReqkM;
Input  (10:1) iUPA;

{nput fUPRNW;

fnput  [15:0) iUPD;

output UsCLkéb;
output (7:0]  UsPDIn;
output [7:0)  UsPURdd;
output UsPuen;
output UsFraRef;
output UsOf tSetRef;
output {7:0) UsSigDln;
output 6:0] UsSigWAdd;

7iSerial input data for telephony interface A
7/Serial input data for telephony interface 8
J/serisl input date for telephony Interface C

 J1serfal input date for telephony interface d

"

//Up-stream PCH RAK Dats-In
//Up-strean PCH RAH Write Address-in
/1Up-stream PCH RAN Urite Ensble
/{Vp-strean frame reference pulse

"
//Vp-stream Signalling RAH Data-In
//Up-stream Signalling RAN Urite Address-in

1 #H s¢c set_input_delay 1 (UsfrmCnt) output UsSigilen; //Up-stream Signalling RAM Urite Enable
.- : output ([6:0)  PtrRAdAUS; 173
! podule tustint output PtrRReqUS; "
ot output  {3:00  UsPrtyErr; "
RESETGM_, output UsSigRaBLkes; 7/
clké, output UpRdyUsTIntéM; //
UsClkéb, output [15:0) UpROUSTINt: "
UsCntrRst, output UpintusTint; 17
© UsFrmRef,
UsFrmCnt, /7 \ocal declarations
brisgfC,
.BitoffSetChg, reg (8:0) nBitne; "
UsOffSetRef, reg [8:0) @BitCnt; "
- UsPDIn, reg {2:0) Fralnt} 1
UsPUAdd, reg UsFroRef; 'z
UsPVen, reg TUDR; 1
UsSigdIn, reg TUDB; "
UsSiguadd, reg tubc; "
UsSiguen, reg JUDD; 1
PErRAGUS, reg {7:0)  TuDARey; 1"
PLrROOUTDUS, reg {7:0]  TUDBReg; Y/}
PtrRRequs, reg {7:03 TUDCReg; "
PtrRAckUS, reg {7:0]  TUDDReg; /"
UsSigRABLKSN, reg 17:01  PCHHldRegA; 41
§TUDA, reg {7:0]  PCHHldRegB; "
ifue, reg [7:0)  pCMHldRegC; 1"
e, reg {7:00 PCMHIdRegD; 1"
iTuoD, reg t7:01 SigHldrRegB; - //
usPrty€rr, reg (7:0}  SighldRegC; "
UpReqéN, reg 17:0)  SiglldregDd; /7
UpRdyUsTIntdN, reg [7:0]  PrtylitdRegA; 174
iUPA, reg {7:01 PrtyMldRegB; "
TUPRNW, reg [7:0) PrtyHldRegC; //
iurD, reg [7:0]  PrtylildRegD; "
UpROUsY Int, reg 16:0]1  UsPUAddLwr; "
UpIntUsTint reg 11:01  IntAdd;" "
); reg {1:08  PtrRAddLwr; "
reg PtrRReck!Sa; "
reg PtrRReclSh; I
reg UsSigRdBtkéM; 7/
reg SigeEn; 1"
input RESET4M_; reg PCMEN; I/
input Clké; reg Ushen; "
fnput UsCntritst; " reg {7:0)  PriyByteA; "
frput  {2:0) UsFemCnt; rZ4 reg [7:00 PrtyByteB; "
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reg [7:00  PriyByteC; " wire tdael; YZi
reg 17:0) Prtyfyted; H wire EdgeD; "
reg {7:0}  PriyAcch; 1 wire Hsgslot; 17
. g [7:0] PrtyRccB; ! /i wire PreyErrA; 1t
sireg (7:0)  PrtyAcct; VA Wire PreyErell; 1
1189 {7:0} PrtyAcud; 17" wire PreyErre; /7
reg PUpRDYUSTINtSN; // wire Priyérrd; H
i reg {1:0]  MsgInthum; H wite DsPriyAlmi; '
tiveg (3:00 Activity§; H wire OsPreyAlnB; Y73
reg {9:0]  LavAlm0; 1" wire psPrtyAtmCs 173
reg [15:01 LatAlml; /" wire DeprtyAtnd; 174
reg [9:00  IntAlmO; 1" wire UsHisCALmIA; H
.-fe9 [15:00 IntAlmt; /" wire UsMiseAtmiB; 7/
1-reg :0)  IntHsko; Y4 wite usHiscAtmiC; 7/
tireg . [1530§  InmMskiy 1/ wire UsMiscAlmid;  //
reg . [1:0)  MsgFreCnt; Vi wire UsMischinPA; I
ey UsOftSetRef; 1/ wire UsMiscAlm28; 17
Feg t10:0)  Actimr} " wire UsMiscAlm2C; 7/
‘reg [10:0] nActimr; 1 wire UsMiscAln2D; 17
eg GotEdgeA; YZi wite (3:0)  Prtyéer; Y74
reg ' GotEdgeB; /! wire RcwMsgYick; H
i red GotEdgeC; /i wire ErlyldMsg; H
ey GotEdged; I wire LdMsglathum; 4
i feg ActivityA; 1/ wire {7:01 HsgByte; /"
.reg ActivityB; 17 wire tLddsgCady YZi
reg ActivityC} 7/ wire LdMsgHAdd; 1/
reg Activityd; 7 wire Ld¥sglAdd; /7
tey taPrtyErr; 1 wire LdisoRdD; I
reg (7:0) PCMAISByte; /! wire Ldiid; 17
reg (7:01 SigAlSByte; I wire LdRsrv; 1
reg {3:01  UpAIS; 1 wire Ldprty; 174
reg [3:01  UsPreyEer; " wire Lebiey; 14
reg {1:01  MsgintNuns; 1" wire LdAlrm; /1
reg {7:0} MWsghldCmd; A wire LdPCHSig; /"
reg (7:01  MsgHldHAdd; 1 wire LdPCM; Vi
reg (7:00  MsghldLAdd; Y wire Ldsig; i
reg [7:0] MsgCnd; IZi wire PtrRRequ$; 1
reg {7:0]  MHsaHAdd; H wire UsSigWen; /1
reg (7:0]  MsglAdd; 1 wire UsPWen; 174
reg (7:0)  MWsakd; 1/ wire 16:0)  PLrRAdAS; 77
wire dMsaCmed; 1 wire (7201  UsPUAdd; 1/
wire dMsgAdd; H wire [6:0)  UsSigAdd; 1
wire dHegReD} Vi vire (7:0) UsSigbing V7
wire di4ssintium; H wire {7:0) UsPbin; Vi
uire dactivity; H dire LdPetyAce; 1
vire diLatAlm0; 7 wire usCLkéb; 7
wire diatAlmly " wire SelIntA; "
wire dintAlmO; " wire SelintS; "
wire dintAlei; ¥ wire SelintC; 1
wire dintisk; I wire SelimD; 17
wire dinthsk1; 1 wire SelSigh; "
vire dAny; 17" vire SeiSigs; 1
wire UpRdyUsYInedN; // wite sel$iol; 1"
wire Upkles 1 wire Selsigd; /7
wire {3:01 Activity; /i wire se(PCMR; 173
wire [3:01 Riseact; " wire Selpchg; 1
wire 13:0) Fallact; 17 wire selpPChC; '
Nire LatAlmOWr; 174 wire SelPCHD; 17
wire LatAlmiWrs 1 Wire selAls; 12
wire IntAlmQur; 11 wire dPCNALSBYte; 7/
wire IntAlmiur; 174 wire dSigAlshyte; rA
wire UpIntustint;  // wire dupAlS; 124
wire LastBit; 1
wire ActTick;y /" LT TR EEEE LT DAL L LT LT T T
wire Edgel; 1/ // Constants
wire EdgeB: 1/ il
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paraneter cOffSetRef = 9de85;

III//lIII/I/III/IIII///IIIIIIIIIIIIIII/l////IIIIII/IIIIIIIIIIIII/IIIIIIII/I/II/I
147 clock inversion for up-stream signalling
'/I/I/llIII/I/IIIIIIIIII//Ill/II/IIIIII//II/II/IIIII/III/III/IIII/IIII/I/l//IIIlI

‘ bssmn usClkéb = ~Clké;
"”/'I’I//II/I/II//II/I/éII:éil///IIIIIIIlII//I/I///IIIIII/II//I/I///IIII//IIIIIIII
roc
II/IIIII/I/l//l//IIIlIII///IIIIIIII/lII/Ill/ll/l//l////I//I/IIII////////IIIIIII/

psnsn dAny © UpRegiM & (iUPA[‘IO 6] -= $7b000_01);

N else if (UpUr L dSigAiSbyte)

SigAlS!yte
end
end

<= IUPM? 0);

always a (posedge Clké or negedge RESET4M )

if (lRESEN-H )

begin
UpMs < 4*hf;
else lf (Upur & dupals)

-assign dactivity = diny & (fUPA(5:1) b00_000);
assign dLatAlaG = dAny & (iUPA(5:1) == s'wo 001),
assign dlatAlml = dAny & (IUPA(S:1) == 5°D00_| -010);
dssign dintAlm0 e dAny & (UPA{S:1] == 5'b00 011),
wssign dintAlml & dAny & (IUPALS: 1) = = $7b00_100);
ssign dintNsk0 = dany & (iUPA[S:1) == 5+b00_101);
assign dintMski - - =.dAny & (JUPA[S:1) == 5¢b00_110);

i assign disslntuun = dany & ({UPALS:1) == 5'001 -000);

t pssign cMsglmd e dany & (JUPAL5:1) == 5¢BO01 001),

L.assign d¥sgAdd = dany & (iUPA{S:1) == §7501-010);

i-gsstgn disgRdd = diny & (fUPA{S:1) == 5:b01_011);
usign dPCMASSByte - = dAny & (TUPA(5:1) == S'p01_100);
assign dSigAlsByte ~ = dAny B (fUPA[S:1} == S7b01_101);
assign dUpAIS “x dany & (IUPAIS:1]) == $7b01_110);

1 Il//ll/ll/ll///ll/III/IIII/III/II/II/llIIIIIIIIIIIIll/IIIIIIIIIIIII/III//II///lI
-} Porcessor interface control logic, storage regs,
EII/I//II/Il//I///”/II/I////I//IIII/I/////III////////I//////I////I/////////I///I
-(uays a (posedge Clké or negedge RESET4M_)

begi
if (lRESE"N )

pUdeWantloH <= 1/b0;
else
begin
pUPRGUSTINt4M <= UpReqiM;
end
end '
ssign UpRdyusTIntéH = dAny & UpReqid & -pUpRdyUsTIntéM;
essign Upr = UpRdyUsTIntéM l. ~{UPRNI;
always @ (posedge Clké or dge RESET4M_)
begin
if (VRESET4M.)
begl

n

PCMALSByte <= B’h7f;

else if (Uplr & dPCMAISByte)
begin
PCHAISByte <= fUPD{7:0};
end '

“end

alvﬁ 2 (posedge Clké or negedge RESET4M )
gin

if (IRESET4N_)
begin
SigAfsayte <= 87h02;
end

begi
UpAls <= juPD(3:0];
end .

_end

aluays: 3 (posedg

Clké or neg

begin

§f C(IRESET4M_) -
begin o
MsgInthum <= 2'b00;

end .

else if (Upir & disgintRum)
begin
Msginthum <= fUPD(1:0);
end

end

ge. RESET4M_)

assign LatAlmOur = Uplr & dlatAlmd;

always @ (posedge Clké or negedge RESET4M_)

n

if (IRESET4M_)
gin

tatAlmd <=

10°d0;
end
else
begin )
LatAlmO(0} <= LatAlaO(0]) ? 7 ~{-BitoffSetChad utAllWr & iUPD{0)) : BitoffSetC
LatAlmO{1] <= LatAlmO{1) ? ~(-RcwMsgTick LatAtmOMr & JUPD(1)) 2 RewMsgTi
LatAlm0[2] <= LatAlm0{2) ? ~(-UsMiscAlmiA l LatAlmOMr & {UPDE2]) : UsNiscAt
LatAtrO (3] <= LatAlmD{3) 2 ~(-UsHiscAlmiB -~ & LatAlnOlr & fUPDI3)) & UsMiscAl
- LatAlmOT4] <= LatAlmO(4] 7 ~(-UsMiscAimiC & LatAimOWr & §UPDE4)) = UsMiscAl
= LatAlmO(S] -<=:LatAlmO(5] 7 -(-UsHiscAlmiD - & LatAimOir & iUPDIS) 2 UsMiscAl
LatAlmO[6) <= LatAlai0(6) ? ~(-UsMiscAlm2A & LotAlwlir & UPD(6)) ¢ UsHiscAl
LatAlmOLT) <= LatAlmO[7) 7 ~(-UsMiscAlm2B & LotAlnOMr & {UPD(7]) : UsMiscAl
tatAlm0{B] <= LatAlmO{B] 7 ~(~UsMiscAlm2C & LatAlmOlir & {uPD (8} ) : UsMiscAt
h;AlmOt?l <= LatAlmOL9) 7 ~(~UsMiscAlm2d & LatAlmOur & UPD{9]) : UsMiscAt
end- .

end

assign Activity = {Activityd, ActivityC,ActivityB,ActivityA);

alusys ? (posedge Clké or negedge RESET4N )

n
lf (IRESET4M)

gin
Activ| tyS <= 4'h0;

end
else

begin
ActivityS <= Activity;
end )

end
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assign RiseAct = Activity & -Activity$;
sﬁun Falthct = ~Activity l Actlvity$;

iﬂl‘sslgﬂ LatAlmir = Uphr L dLatAlm'

Tlusys 3 Cpasedge Clké or negedge RESETAH )

1 n

§ Tf (IRESETGH))
begin
LatAiml <= 16'd0;
end
else

begin

LetAlmT Q) <= LatAlml [0F ? ~{~FallAct(0)
LéeAlmi[1) <= LatAlmi[1] 7 ~(~RiseAct{0]
LatAlmi[2] <= LatAlm) (2] ? ~(~DsPriyAlmA
LatAlul [3) <= LatAlmI[3) 7 -(—Prtrirrm)
LatAlnd (6) <= LatAlml{4] 7 ~(-FallA
LatAlml [5) <= LatAlm{5] ¥ —(-RiseAct[1]
LatAlml[6) <z LatAlmiié) 7 —(-DsPriyAlnd
LatAlml (7] <= LatAlmi {73 ? =(-PriyEre(l)
LatAlm1{8] <= LatAlm][8) 7 ~(-FallAcr(2)
Latalmi (§3 <= LatAlmi{9] 7 ~(~RiseAct(2)

& LatAtmivr & iUPRIOY)
& LarAlmiur & {UPD(1))
& Latalmilr & {UPD(2})
& Latalmilir & JUPDI3))
et (1) & LatAlmilr & fUPDL4))
3§ LatAlmiur 8 jUPD(S])
& LatAlmiur & iUPDL6))
§ LatAlmivr & fUPDL7])
§ LatAtmivr &
& Latalmiur & iUPDIR)

LatAlmi110] <= LatAlmi (10} ? ~(-DsPrtyAlsC & LatAlmiWr & fUPDI10))
LatAlml 1111 <= Latatmt($11 2 ~(~Prty€rr(2) & LatAlmivr & TUPD(11))
Latalmi (121 <= LatAlm1[12) 7 ~(-FatiAct(3) & LatAimibe & UPDIRR])
LatAlmi [13) <= LatAlmi[13] 7 ~(-RiseAct(3] & LotAlmiwr & iUPDL13))
tatAtm {143 <= LatAlmI[34) 7 =(~DsPrtyAlsD & LotAlmidr & {UPDI14))
LatAlm) [15) <= LatAlmI[15) 7 —(-PrtyEre(3] & LatAlmiur & iUPDI15))

end
end

‘assigh InTALmOUr = UpWr & dintatmO;
sluays i (pos:dse Clké or negedge RESET4M)
if (!RESENH )

lntAluo <= 10d0;
end
else
begin
IntALmOE0) <= IntAlmD{0) 7 ~(IntAleWr & TUPDI0))
IntAls0 (3] <= IntAlaG(l) 7 -(IntAlwlde & fUPDI1))
IntAlaf([2) <= IntAl nom 9 ~CIntAlmiie & TUPDIZ))
IntAlsO[3] <= IntAlEDL3] 7 ~CIntAlelie & §UPD(33)
IntAlsDT4) <= IntAln0té] 7 ~(IntAlmOir 8 UPLI4Y)
IntAlma{5) <= IntAlmd(5) 7 ~(intAleOdr & TUPDI5])
IntAlmd(6) <= IntAlaDt6) 7 ~(IntAlaiMr & §UPDIE])
i IntAta{?) <= IntALsOL7] T ~(IntAluir & JLPDIT])
IntAlmD{8) <= IntAlr0{8) 7 ~CIntAlrOUr & iUPDIB])
lnnshlnﬂl” <= [ntAlmOT9) 7 ~(IntAlmOMr & JUPR(9))
el

ervd
assign IntAlmivr = Upr & dintAlmi;
alusys & (posedge Clké or negedge RESETGH )
begin
if CIRESET4N.)
begin
IntAtm) <= 16'd0;
end

else

begin
IAtALMIT0] <= IntAlm1 (0] 2 ~(IntAlmivr & jUPDID)) ¢

BitnffSetChg;
RevMeglick;

DsMiscAlmIA;
UsHiseAtmiB;
UsH3 s:Almic,
UsHiscAlmiD}
tisMiscAlmeA;
UsMiscAlm2B;
UsHiscAlmlC;
UsMiscAlmZD;

fallAce(0);

-
H

H

s
:

»
s

t
H

fallAct(
RiseAct{
DsPriyAl
PreyEert
FallAct?
Risehct{
bsPrryal
Priy€ee(
FallAct{
RiseAct{
DsPrtyA
PrLyErr
FallAct
RiseAct
DsPriyA
PreyErr

IntAlmi 1) <= IntAlmi{l) ¢

~

=(IntALMINr & WPVEIL) & KiseALtivi;

~{IntAlmiNer & JUPDLB)) : FallAct(2);
~(IntAlmibr & IUPDIY) 5 RiseAct(2);
pepriyAlec;

IntAlmT[B) <= IntAlm](6)
IntAlm1§9) <= IntAlml(9)
IntALm1[10) <= IntAlmi (10} 2 <CIntAlmidr & fUPOLIDY)
IntAlmt{11] <= IntAtmi(11]) ? 3 Preyerri(2l;
IntAlm1(12] <= IntAlml1(12) ? s Fallace(3);
IntAlmiL13] <= IntAlml [13) ; ~(IntAlmiWe & fUPOLIZY) ¢ RiseAct[3);

IntAlmt[2) <= IntAln1{2) 7 ~ClntAlmitie & TUPD(2}) = DsPriyAlm;
IntAlmIf3) <= IntAlmi(3) 7 -C(IntAlmibe & fUPDE31) & PreyErel0):
tntAlmi(4) <= IntAlRI[6) 7 ~CIntAlmiur & TUPDIAY) : FallAct{l):
IntALMT(5) <= IntAlm1([5) ? «(IntAlmiWr & fUPD(S]) : RiseAct{l);
IntAtm1(6) <= IntAlm1[6] ? ~(intAlmiWr & JUPD(6]) : DsbriyAlmd;
IntAlm (7] <= IntAlml(7) 2 ~(intAlmilr & SUPDI7)) : Prey€rell);

1

7

IntAlmI[14) <= IntAlmI[34) 2 ~(IntAlmie & fUPD(143) & DsPreyAlnd;
lnn;MmluSl <= fatAlm (15) ? -(IntAlmiNr & TUPD{151) & PreyErr(3);
e

end

sluays 8 (posedde Clké or negedge RESETEM )
gin

if CIRESET4M )
begin
IntMsk0 <= 107d0;
end

else if (Uplir & dlnthsko)
begi

gin
IntMskD <= jUPD (9:0);
end

end

alvays 3 (pusedge Clké or negedge RESETLM )
gin
if C(IRESET4M_)
begin
Inthsk! <= 167d0;
end
else bl fi(Upur & dintksk))

gin
IntMek) <= iUPD(15:0);
end

end

assign UpRbUsTInt = ((A/h00,HsgCmd) & {16(dMsgCnd)))
((Hsghadd NsohAdd) & (16(cHagadd)))
(<a'huo,usgw> & {16{dNegRdDI))
((14°d0, Msginthum) & (16(Msgintium)))
((3'W.P¢Mlsayte) & (16{dPCRAISBYte)))
({87h00, SigAlSByte) & (15(dsigAlsByte)))
(1270, UpMS) & (16(dipAISI))
({12:d0,Activity) & (16{dActivity)))
({600, Ln:MmO) & {(16{dLatAlmD)))

(LatAlm1 & (16¢dtatalml)))
({6740, IntAlmD) a. (15(dintAls0)))
(IntAlml & (16(dIntAln1)))
(640, Inthsk0) & {16(dinthsk0}})
(IntHskl & (16{dintHsk13});

assign UpintUsTint = (| (IntAtmd & IntMsk0)) | ] C(IntAlm1 & IntMsk1));
;//'/‘ﬁC/e{_/g{/é/l////////////////4///////////%////I//I/Illl//l/l//lll////////l
//I//////ll///ll////lll//l/l//lIIIIII/I/IIl/I///IIIIIIIIIIIIIIII/I////IIIIIIIIII
aluag i‘! (posedge Clké or negedge RESET4M_)

gin
if CIRESET4M )
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begin
gitlnt <= 9'h00;
UsFrmief <= 17b0;
end '
else
begin
BitCnt <= nBitCnt;
U:;rm!ef <= (lnCnt =a 9'611101_0000);
e
end

aluays @ (8itCnt or UsCntrRst)
£ n
.y if CUsCntrRst)
nBittnt = 9'h00;
else
nBitcnt = BitCnt + 17b1;
end

issign LastBit = (BitCnt == 9/d511);
ululys ? (posedse tlk4 or ncgedge RESET4N_)

it (!RESET&H )
FraCnt <= 3/b000;

else {f (UsCntrRst | LastBit)
FrmCnt <= UsFraCnt;

end

salwdys @ (posedge Clké or negedge RESEY4M_)

begin
“§f (IRESETAM_)
HsgFracnt <= 2'b00;
else if (LastBit)
MsgfrmCnt <= DniMsgFC;
end

IIIII/IIIIIIIIIIII/II/IIIIIII/I/III/IIIIIIlIIIIIIIIII//III//IIIIIIIII/IIIII//II/
11 Reference pulse used by down-stresm om module to capture bit offset for Tl
/I/lI/Il/lIIIII/III/II///IIIII//llIIII/IIIIIIIIIII//IIIIIII/IIII/II/II/IIIl//IlI

aluays ? (posedge Ctké or negedge RESET4M )

H (IRESETGH )
Usoffsnnef <= 1'b0;

UsoffSetllef <= Bittnt == cOffSetRef;
end

II/I/lI/IIIIIIIIIIIIIIIIIIIIIIII/IllIIIIIIIII/IIIIIIIIIIIIIIIIIIII/II/IIIIII/III
1/ Input shift registers with data clocked in on the fallin: the
IIIIIl/I/IIl////IIIII/IIII/I/IlIIIIIIIIIIIII/IIIIIIII/I/IIIIIII/I/IIIIIIIIIIIIII

always 3 (posedge Clké4 or negedge RESETVAM_)

begin

if (IRESET4M_)
begin
TUDA <= 1°b0;
108 <= 1/b0;
e <= 1'b0;
TUDD <= 1b0;
erd

else
begin
TUDA <= §TUDA;
T8 <= {TUDB;

e <= iTUDC;
1UpD <= {TUDD;
end

end
nluaz:ga (posedge Clké or negedge RESETAM_)
if C(IRESETLM )
begin
TUDAReg <= 8'h00;
end
else
begin
TUDAReg <= (TuDARegl6:0) ,TUDA);
end
end
aluays @ (posedge Clké or negedge RESET4M_)
begin :
if (IRESET4M )
begin
-TUDBReg <=.8'h00;
end
else
begin
JUDBReg <= {TUDBReg([6:0],TUDB);
end
end
aluays @ (posedge Ciké or ncgedge RESET4M)
begin
if C(IRESET4M )
begin
TUDCReg <= B/h00;
end
else
begin
TUDCReg <= (TUDCRegl6:0),TUDC);
end
end '
nluag: 9 (posedge Clké or negedge RESETGM.)
|f (!RESE!AH b)
begin
" TUDDReg <= 8°h00;
end
else -
begin
I:gDReg <= (TUDDReg[6:0),TUDD);
end
ll//IIlllllll/IIIIIIIl/IIIIIIII/I///IIIIII/I/I/I/IIIIIIIIIIIIIIIIIIII/II/II/IIIl
1/ Activity detectors -- at least one edge rames
I/III//lI//IIIIII/IIIIIIIIIII/IIIIIIIl/lIIII/IIIIIIIIIIIIIIIII/IIIIIIIIIII/I/III
aluaz: 3 (poscdge Clk4 or negedge RESETGM_)
gin
if (IRESET4M_)
begin
Actlar <= 11/d0;
end
else

begin
Actimr <= nActimr;
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end
end

aluaL s @ (ActTmr)

in nActTmr = ActTme + 17b1;

; t end

‘absign ActTick = ~nActTmr(10) & ActTmr(i0);
assign EdgeA = TUDAReg{1} J= TUDAReglO};
scsign Edge8 = TUDBReg(1) 1= TUDBReg(0};

;zigh Edget = TUDCReg[1) I+ TUDCReg[0];
afsign Edged = TUDDReg(1) 1= TUDDRegO);

ways @ (, dge Clk4 or negedge RESET4M )
¥¢ ( 1RESET4M_)
eA < 1700;

otEdg
'else " (EdgeA)
GotEdgeA <= 17b1;
. else if (AceTick)
H GotEdgeA <= 1'b0;

‘s(wa¥s E) (posedge Clké or hegedge RESETLM)
f (IRESETLH
GotEdgel ¢ 17b0;
else if (Edged)
GotEdged <= 17bt;
else if (ActYick)
GotEdgeR <= 17b0;

aluag: ] (pg:edge Clké or negedge RESET4H )
(R )
GotEdgeC <= 1/bl;
else if (EdgeC)
GotEdgel <= 1’b1;
else §f (ActTick)
GotEdget <= 17b0;

always @ (posedge ctké or negedge RESETLN )
T4M_

if¢
Gu:EdgaD <= 1'b0;
else {f (Edpeb
otEdged <= 1'b1;
else if (Acnick)
GotEdged <= 11b0;

always @ (posedge Clké or negedge RESETAM))
it (JRESETAM.)

n

ActivityA <= 1/b0;
ActivityR <= 17h0;
ActivityC <= b0
Activityd <= 1'bﬂ-

end
else if (ActTick)

begin

ActivityA <= GotEdgeA;

Activityd <= Gotdgel;

ActivityC <= GotEdpeC;

Activityd <= GotEdgeb;

et

II////I/I{III{/IIIII/I////I/III///IIIIIIIII//I/III//II//IIII////I/I//IIII//IIIII

77 Load
I/IIIIIIIIIIIII/I//lIII/IIII/l/IIIIIIIIIIIIIIIIIIII/IIIII//IIII/II////II////IIII

assigh Ldild = @itgnt[2:0) == 3/b111;

sssign LdRstv = LaWld & BitEnt(B:Y) == &d63;

assign LdPrty = Ldid & BitCnt18:3) == 67d0;

assign MsgStot = Bitlnt{B:3] == &'d61;

assign LdAlrm = Ldild & Bitcnt[8.3] z= 6¢d62;

assign LdPCHSig = -ldRsry & ~LdPrty & —LdMsg l ~Ldalrm;
assigh LdPCH = LdHld B LdPCHSig & BitCnt(3);

assign Ldgig = LdBld 8 LdPEMsig & -BitCnti3);

//////l/lll/I/IIIIIIIIIII//lIIII/II/I//////I////III///I//////IIIIIII/II/IIIIIIII
7/ Holding registers for PCM and signalling

I
/1 sig hotding reg for interface A is not needed because the Sig buffer
/1 write occurs just as the shift byte arrives thus no holding reg is

/!
I/////III///IlI/lII/I//II/III/I/I///IlIf/III/IIIIII///IIII/I///l//l/l//ll///llll
aluays 8 (posedge Clké or negedge RESETGM )
begin
it CIRESEY4M))
bedi

gin

PCHHIORegA <= 87h00;
PCHHIdRegE <= B'h00;
PCHHLdRegt <= 8'h00;
PCHHLdRegd <= B/h00;

end
else if (LdPCH)

gin
PCHMidRegh <= TUDAReg;
PCHii{dRegB <= TUDBReg;
pCHi(dRegC <= TUDCReg;
PCHH\dReglh <= TUDDReo;
end

end

aluag: @ (posedge Clké or negedge RESET4N)
gin
it (IRESETI.N )

Sunldkegs <= §/h00;
SighidRegC <= l'hﬂﬂ,
s;gllldnegu <= B7h0;

else if (LdSiQ)
begin
SighldRegd <= TUDBReg;
sighldRegt <= TUDCReg;
s'i‘:mmw <z TUPDReg;
[

end
aluays ? (posedse Clké or negedge RESET4N)
1f (lKESETAH )
be

gin
priyidRegh <» 8'hQ0;
PriyfldRegd <« 8/h00;
PriyfldRegC <= s'hoo,
Prtwldtego <= B'hU0;

else \1 {LdPrey)
begin
Priylidregh <= TUDARes;
PriyildRegB <= TUDBReg;
Priyildiegt <= TUDCReg;
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PrtylildRegd <= TUDDReg;
end

o ————

end

. '
‘ iy

t{/ Parity generation and storage
{ A_//IIIIIII//IIIIIIII/IIIIIIIIIIIIII////l/l_IIIIIIIIIIIIIIIIIIIIIIIIIIII/IIII/IIII

'-;'ssign tdPrtyAce = LdRsrv & Ldild;
“alua 3 (posedge CIKG or negedge RESETH_)
. n
if (1RESETAN_)
begi

gin
PreyByteA <= 87h00;
PrtyByteB <= 87h00;
PrtyByteC <= 8'h00;
PrtyByted <= 87h00;
PrtyAccA <= B'h00;
PriyAceB <= 8/h00;
PretyAceC <= 87h00;
szlceb_a 8h00;

[
else if (LdPrtyAcc)
begin

g
PrtyByteA <= PrtyAcch;
PrtyByte8 <= PrtyAcch;
PrtyByteC <= PrtyAccC;
PreyByted <= PrtyAccd;
PrtyAccA <= ~TUDAReg;
PrtyAccB <= ~TUDBRey;
PrtyAccC <= ~TUDCReg;
PrtyAccD <= ~TUDDReg;

end

elge if (Lolild)
begin
PriyAccA <= PrtyAccA “ TUDAReg;
PriyAccB <= PrtyAccB * TUDBReg;
PreyAecC <= PriyAccC * TUDCReg;
P:ylcco <= PrtyAced * TUDDReg;
el

end
aluays @ cposedge Clk4 or negedge RESET4K )
"ﬁ ('!:::?Etm )

n .
LdPretyErr <= 1'b0;
end

else
begin
LdPrtyErr <= LdPrty;
end

assign PrtyErrA s LdPrtyErr & PriyByteA 1= PriyildRegA;
atsign PrtyErrd = LaPreyErr & PreyByteB 1= PrtylildRegs;
assign PreyErrC = LdPrtyErr § PriyByteC 1= PreyNldResC;
sssign PreyEerd = LaPreyEer & PreyByted |= PriylldRegd;

assign PrtyErr = (PrtyErr0, PriyEreC, Prtykred, PrtykrrA);

aluays @ (posedge Clké or negedge RESET4M )
if (LRE?EMH_)

egin
UsPreyEre <= 4’h0;
end

etse if (LdPrtyErr)

begin
UsPrtykErr <= PrtyErr;
end

g e

7/ Message control and storage
Y dunaa

assign RcvMsglick = LdPrty 8 MsgFrmCnt == 2/b00;
assign Erlyldisg = MsgSlot & BitCnt(2:0) == 3'b110;
assign LdMsginthum = Erlylddsg & MsgFrmCnt(1:0) == 2600;

always 9 (posedge Clké or negedge RESET4M )
if (IRESETAM ) -
begin
MsgIntunS <= 27b00;

end
else if (LdMsgintum)

gin
MsglnthNumS <= Msglnthum;
end

assign MsgByte >  (TUDAReg & (B(MsglntNumS == 2/600)))
(TUDBReg ¢ (8{Msgintiums == 2/b01)))
(TUDCReg & (B(NsgintumS == 2'b10)))
(TUODReg & (B{MsgintRums == 2'b11)));

assign LdMsg = MsgSlot & LdHld;

assign LdMsgCmd = Ldisg & MsgFrmCnt == 27b00;
assign LMsghAdd - = LdMsg & HsgFraCnt == 2/b0Y;
assign LdMsglAdd = LdMsg & MsgFraCnt == 2'b10;
sssign LdMsgRdD s Ld¥sg & MsgFralnt s= 2/b11;

always @ (posedge Clké or negedge RESETAM )
if CIRESETGM )
begin
Msghidcmd <= 84h00;
MsghidHAdd <= 87h00;
Iel's‘gllldudd <z 87h00;

else
begin
MsghldCmd <= (LcMsgmd) 27 MsgByte : MsghldOmd;
© MsgHldHAdd <= ' (LcMsglihdd) 7 MsgByte = NsgHidiAdd;
' H's‘gllldudd < (LdMsglAdd) 7 MsgByte : MsgHldLAdd;
e

RESETGH_)

begin

MsgCmd <= 8%h00; -
HsgHAdd <= 8/h00;

HsglAdd <= 8'h00;
HsgRdD <= 87h00;

always @ dge Ctké or dge RESET4M_)
if (!

end
else if (LoMsgRdD)
begin
Msgtmd <= MsghldCmd;
HsgHAdd <= MsghldiAdd;
MsglAdd <= MsghldLAdd;
mﬁd: <= MsgByte; .
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1/ bown-streem parity alorm
lIIIIIII/III//////I///II/III/III//I/I/l///l/l////lllll/l/lIIIIII//IIIIl//lIIIIII

liksign DspriyAlad = LdALrm ¢ TUoARegl7);
ssign psPreyAlnB = LdAlrm & TUDBReg(?);
fs'!ﬂ DsPreyAlaC = Ldalrm § TUDCReg(7];
assign DsPreyAlmd = LdAlrm & TUDDReg(7);

R;sign UsHiscAlmiA = LdAlrm & TUDAReyI6);
assign UsHiscAlmif = Ldalrm & TUDBReg (6]
assign UsMiscAlmiC = LdAlrm 8 TUDCReg(6);
assiagn UsHiscAlmiDd = LdAlrm & TUDDReg(6)}

agsign UsMiscAlm2A = LdAlrm & YUDAReg(5);
assign UsHiscAln@B = Ldalrm & TADBReg(S):
assigh UsHiscAlnZC v LdAirm & TUDCReg(5);
asslgn UsMiscAlmzD = LdAlrm & TUDDRegl5);

i/‘//u///‘//////;/'/‘/////////////////%/////%//////////1/1//////////////////
W//////////////////////////////////////////////1//////////1////////////////////
‘g(uays @ (Bittnt)
Rt (gngmmm =z S/d31 | BitChT(Bs4) == 5:40)

gin
PtrRAddLUr = 27b00;
PtrRReqUSa = 1/00;
end

else
ease (Bi(cntﬂ [U}]
b010T : beginn
PtrRAeuLur = 2'b00;
PtrRReqUsa = 1/bl;
end
4/b0110 1 begin
PtrRAddiur = 2/b00;
PtrRReqUsa = 17b0;
end
4760111 & begin
PtrRAddLur = 27b01;
PtrRReqlisa = 1/b1;

erd
451000 7 begin
PtrRAddLWF = 2/b0%;
mP’tNIquUsn = 17b0;

&
4/b1010 : begin
PtrRAddLur = 2'010;
PtrRReqlisa = 1/b1;
end
&7b1011 ¢ begin
PLrRAILEr = 270105
nztrnueqUSa = 'b0;

[

47p1108 ; begin
PtrRAddiur = 2/b1);
PtrRRequsa = 17b1;

[
&1 : begin
PtrRAgdLur = 2/b11;
PtrRReqUSs = 1/b0;
end
default : begin
PtrRAddLur = 2/b00;

Ptritkequsa = 17py;
end
endease
end

iy e
7/ Generate pointer RAN signals using synchronous delays

/7 Also generate read blocking signal for other side of signalling
Il//II/I/I/////I//IIl////IIl//III///IIllIl/lI/I/I/III////I/I/I/II/II///I/I//III/

alvays 3 (posedae Clké or negedge RESET4M)
if (IRESETLM ) .

begin
PtriReqUsh <= 1¢b0;
U::!sldalkéu <= 1'b0'

else
begin
PtrRReqUSh <= ~PtrRAckUS & PtrRReqUSa;
l:'s“s’ign LkéH <= PtrRReqUsa;

assign PtrRAGIUS = (PtrRAddLur, BitCnt(B:141);
assign PtrRReqUs = PtrRReqUiSa | PtrRReqush;

I/Ill/l/l//l//l/Il/lIl////Ill////l////l/II///II//IIIIIII/I///I//Il//l////ll/l//l
/7 Stored info from pointer RAM
III/I/II//I//////IIII/I///I/I/I///II///I/I//l//lIIIIIIIIII/II/I//II///IIII//I//I

aluags @ (posedge Clk4 or negedde RESET4M_)
if (IRESENN )
beg

UsWAdder <= 7'h00;
SigEn <= 1/b0;
PCHEN <= 11b0;

end
else if (PtrRAckUS)
begin
UsPuAddLur <= PtrRDOutDUS (8:2) ;
SigEn <= PLrROOUIOUS(1);
PCHEN <= PtrROOCUtDUS(0);
end
end

l////ll//l/////III////l///lll//l/////lIlII///llI/III/IIIII/II/IIlllll/l//l/lll/l
// Generate PCH and signalli renous dels
I/IIIIIIIIII/II/I/lIIlIIIII/IIlI//llI////l/I///IlIIIII/IIIIIIIII/IIIII/I/II///II

assign UsPWAdD = (FrmCnt[0) ,UsPHAddLWr);

always 9 (posedne ¢tké or negedge RESET4M )
if (IRESETAM )

gin
lnudd <= 2/b00;
UsWen <= 1'h0;
end
else
begin
IntAdd <= PtrRAGdLNr;
B's:en <= UsSTgRdBli4M;

assign UsSTgladd = UsPWAddLNe;
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assign UsPilen = Usien & PCMEN;
.assign UsSigien = Usken f sigEﬁ;

I
:'ZII/IIIII/III/IIIIIIIIII:{'I’///III{“IIIIIIIIIIIIIIIII//II/IIIIIIIII/III/IIIIII//I
gna

lay/ {nput Ruxes for PCN si ng RANs
147 Input A of Sig mux is different than the others -~ see holding

1ifl  reg comment above
'_"[IIIIIIIIIIIIIIIIIII/IIIIIII/I/I/IIII/IIII//IIIIIIII/IIIIII///I/l/l//IIII/I//I/I

. assign SellntA- = IntAdd == 27b00;
'_,'psyign selintB = IntAdd == 2'b01;
{-assign SelintC = IntAdd == 2’b10;
“ggign Selintd s IntAdd == 2'b11;

assign SeiSigA = SetintA ¢ -UpAIS[01;
“hssign selSigh = SelIntB & -UpAIS(1);
assign SelSigC = SelintC & -UpAIS{2);
sssign SelSigd = Selintd & -UpAIS3];

i assign selPCMA = SelintA & =UpAIS(Ol;
: gssign SelPcuB = selint8 & -UpAlS(1];
{.3ssign SelPCHC = SellntC & -UpAISIel;
(ypssion Selpoid = Sellntd & ~UpAIS(S);

assign SelAlS = SellntA & UpAIS(O]
- SeltntB. & UpAISIN]

SelintC- £ LUpAIS{2)

.SelIntD- 8 .UpAISI3);

. .-assign-UsSigdln - = (SigAlsByte & (8(SelAlS)))
(TUDAReg - & (B(SelSigA)))
(SighldRegd & (8(SelSigh)))
.- (SighidRegt & (8(SelSigCd))
(SigHldRegh & (B(SelSigh)));

assign UsPDIn = (PCHAISByte & (B(SelAlS)))
(PCMHLdRegA & (B(SetPCMAYY)
(pcHilidRegl & (8(SelPCHE}))
(PCMHLdRegt & (B{SelPCHC)})
(PCHHIdRegD & (B(SelPCHDIN);

endmodule // tustint
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Addst <= nAddSt;
GETXSOH <= ETXSOR;
end

., end : '

4
?//II//I/////l/I/I/////l/////////f/////////l///”I//I/I////l///IIII///I//’”/”I
5/ Byte ccunter and contr
////////I////I///////f/l//////I/III//////////III////I////I/////////I/ll//l/////

assign BLkEntrD = (BikCntr == 2/b00);
assign BLkS20 = (BlkSz == 2'b0D);

,g;uaz:sﬂ (posedge Clk19 or negedge iRESET.)

:

ras

O {f (ViRESET)
Blkentr <= 2/b00;

ise
BlkCntr <= pBlkCntr;

lluag:g ? (AddSt or StBlksz or BLkSz0 or dETxSOM or BIkCntr0 or BikCntr)

if (Addst & -81ksz0)
nBLkCntr = 27001;
etse if (IdETXSOK)
it tealkente »= StBlksz) || Blkentr0)
nllktntr = 2'b00;

nBIkCntr = BlkCntr + 1/bl;

!I
!.}

ise
nBlkCntr = BtkCntr;

end
- agsign Busy = nBlkCntr [= 2/b00;
: ZIIIIIIIII'I_Z‘I{%:IIIII/IIIII/IIII{IlIIIIII/I/IIIIIIIIII/II/I/IIIIII/IIII/III
enabl
iy
-luaz:g ? (posedge Cik1? or negedge iRESET_ )
if ¢} FRESET_)
begin
UsPRAdLNT <= 2:000;
nUsPRen <= 1°b0;
UsPRen <= 17b0;
end
else
begin
UsPRALur <= BlkCntr;
nusPRen <= nAddSt | -ETxS0H & «~(nBlkCntr == z-bnor
UsPRen <= nUsPRen;
end
end N
assigh UsPRAAD = (StPRAdd,UsPRAddLWr);
IIIIIIIII/II//IIIIII//I/IIIIIIIII//II/IIII//I/II/IIII/I/II//IIIII///////II/I/III
77 Signatling RAM address and dats control
uuuuguuuuuuaaainuiniigiiaiidis
assign pvatidGrp = tETxCellType & (ETxGrpCnt I= 3'b111);

llulz:’?ntposedse CLk19 or negedge RESET )

it C(4{RESET )
begin

gin
dETxGepCnt <= 3'b000;
dETXDS0Cne <= "bOOOD'
Validerp <= 1/b0;.
end

dETxGrplnt <= EYxGrpCnt;
dETXDSOCNt <= ETxDSOCNE;
anidcrp <= pvalidGrp;

end

assign Sighit = ~dETXSOH § ValidGrp & ((1/B0,ETXSFCnC) == dETADSOCRL) &
(PUsPRen);

aluays @ (posedge CLk19 or negedge TRESET_)
|f CYIRESET )
SigWAdd <= 27b00;
else if (sigum

if (dEl'xGranl ==
if (dETXGrpCnt =
if (dETxGrpCnt =
end

alvays @ (posedge Clk19 or negedge IRESET )
£ (1iRESET )
begin
UssigRAdd < ?'hﬂo~
else lf_(sigllit)

begin
U’s‘gigndd <= (((AddSt) ? StHitAdd ; StPRAdA(4:0]),BlkCntr);
el

3'd0 | dE¥xGrpCnt == 3/d3) SigiAdd <= 2/b00;
S'dl dEtxGrplnt == 3'dd) SigiiAdd <= Z’HH‘
3'd2 | dETxGrpint == 37d5) SiguAdd <= Z‘b‘lﬂ-

always @ (posedge Clk19 or negedge FRESET_)
if (1iRESET )
SigFly <= 1700;
else if (SigFig & UssigRen)
SigFlg <= 17b0;
else if (-slsﬂs Y Sighit)
: - SigFlg <= 17bY;

assign UsSigRen = SigFlg & ~UsSigRdBlk;

assign WeSigReg0 = UsSigRen & SigWAdd == 2'b0D;
assign UeSigRegl = UsSigRen § $igAdd == 2/b01;
assign UeSigReyg? = UsSigRen ¢ Sighindd == z'mo,

assign SigFlgRALLCLr = ~(ETdmCellDly(0) | DlyRen);

always @ (posedge Ctk19 or negedge FRESET )
if (HIRESET )
si ngnﬁ <= 1'b0
else if (SigFlgr0 & (sigflgkoclr | sigFigRALLCLFY)
SigF(gRO <= 17b0;
else if (~5igFIgRO & WeSigReg0)
SigFlgr0 <= 1761;

atways (posedse Clk19 or negedge iRESET_)
it (HIRESE
SigFlg RI <= 11b0;
else if (slgrlm B {SigFigRICIr | sigFlgratiCie))
SigFlgRY <= 17b0;
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else i (-sign;ni i iu;s%mm
“ SigFtgR1 <= 17b1;
at sedsc ctk19 or edge iRE!E!
'ﬁ ‘“’Y’ u;”is nee -
;;{ etse If (f!gflnizw I %S{gﬂnk!t:lr | SigFigrallCLr))
it else 1f (~SiaFIgR & WeSigReg?)
of SigFlgR2 <= 1/b1;

sludys @ {posesge C1K19 or neged!e {RESET )
i i1 C1IRESET )
e ${gRegd <= 8hOO;
B etse if (WeSigreg0)
$igRegd <= UsSigbout;

aiuuys a (posedge €lk19 or negedge JRESET )
RESET_)

if ¢
sigkegi <= B¢h00;
. else 1f (MeStgReg!)
;-' $igRegl <= UsSTgoout;

‘?Iuays? (posedse clk19 or negedge iRESET)

‘sﬁ gz <= §'h00;
else {f (WesigRes?)
SigReg2 <= UsSigbout;

I/III/I/h’l/II/l////l/l///l/ll///lll/////IIIIII/IIIIIIIIII/III//IIIII/IIIIIII//I
/ Delay and ead address snd control signals and final Tx) data

mx! na
I//l/IIIII//IIII I///I///III//II/I//IIIII/I/IIII//IIIIIIII/I//IIIIIl///llllll////

aluays 8 {posedge Clk19 or negedge iRESET )
it (H SE )

D(yDln <= 91d0;

else

begin

ozloln < (UsPRen, ((UsPRen) 7 UsPDOUt ¢ 87h00));

& or .

lvays @ %posedse__ je- CLk1Y or negedge JRESET.)
if (I1RESET.) .

begin

EjdicCeliDly <= 27b00;
Dl en <= 1'60;
diyllen <= 1'b0;
DlykAdd <= 5/b0000O;
DiyRAdd <= s'wmom
DlyRen <= 17b0;
1xSighsel <= 1'b0;
end

elseb
ErdrCellDly <= (El‘chtellnlyloi tETxCel L Type);
DlyWen <= ETdmCel(Dlyl
d)ly\un <= D 3
Olysiadd 1/b1;

<= DlylAdd +
DiyRAdd <= DlWldd + Dlyoffset.
DlyRen <= tTxCel(Type
rxsigusd <= nl’xSlnDSel,

assign nTxSighSel = tTxCellType & ~tTxSOH & (TxDSUCNnt »= 4*H1000);

TxGrpCne == 3/d5;
TxGrptnt == 3'&6'
TxGrpCnt == S'd'i;

assign STgFlgROCIr = ¥xsighSel & SigRegOHit;
assion SigfFloR1CIr = Tx$ighSel & Sighegiit;
assign SigFloRRCLr = TxSighSel & SigRegeHit;

ossign TxSigh = (Siglego & (8((Sigregllit & SigFlgh0))))
SipRey! B (8((SfoRegiiit & SigFlaR1)}))
(anResZ B (B((SigReg2Nit & SigFlgR2))));

assign nTxbVid = olyocm 8
sigFtgR0 & SigFlgroCir
SigFigR1 & sfgFlgricir
sighloR2 & SigFlgrecir;

alua¥s ] (pﬁsed!e CLk19 or negedge RESET )
1)

assign SigReg0Rit = YxGrptnt == 3¢d0
assign SigRegthit = YxGrpCnt == ¥/di
asxign SigReg2Hit = TxGrplnt == 3/d2

txDEn <= 17b0;
end
else if (~Dlyslen & ddlyWen)
begin
TXDEn <= 1/61;
end

assign TxSighSela = TxSighsel & ~Diypout(B);
aluar ® (posedae CLk19 or negedge IRESET )
f (1{RESET )
begin
TxOVId <= 1/b0;
1xD <= 87h00;
end
else
beg

TxDVld <= (DlyRen & TxDEN) ? nTxDVid ¢ 1'B0;
T:‘D’ <= (DlyRen & TxDEn) ? ((TxSigdSelq) ? sziw' DLyoout(7:01) : 8/h00;

;I/IIIIIII{/IIII/I//{II‘/Illl/II/IIIIII//l////II/IIII//IIIIIIII//I/I/llI///lIl/I
eneration o
I/III//II/I/I//IIIIII/IIIIl/III/IllII/IIIIIIIIII/Illll/l/IIIII/I/I/I/IIIII/IIIII
alua{: @ (posedge CLk19 or negedge JRESEY))
if (IIRESET )
begin
EYXFS <= 1'b0;
end
else
begin
ETXFS <= TxCellfnt == TXFSCeliNun &
TxGrplnt = TxFSGrphiun &
TADSOCHt == TxFSDSONum;
end

endmodule // tusrmict!

n-
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" .
/7 tusrmictl.y ¢ Upestresn RAN output controt

I; ]

if7 !

W

r/J

"/J Functional desription:

1
A1 .

/) .

/{ synthesis constraints

oA .
‘;’ s CliList = (CIK19)
7 s¢  create_clock Ctk19 -period 40 -waveform {0 20)
. 1 sc  set_clock_skew -uncertainty 3 clkiList
. Jf sc set_fix hold ClkList
77 sc  set_false_path -from (iRESET))
s sc  set_dont_touch_network ClkList
7 sc  set_dont_touch_network UsClkish
/1 sc  set_load 32 * Toad_of(R5c/CHDFOO/D) UsCikisH

;mgdule tusrmictl

i o

£y, RESET,
ciki9,

UsCikish,’

T,

Ta0vid
tE!:Cei \Type,
 TxCelliType,

EIXSOH,

fnput  (3:0)  ETXDSOCnt;

fnput  [5:00 TxCetlCnt;
fnput  [2:0]  TxGrpCnt;

input  13:00  TxDSOCnt;

input  {31:0) TaPenity
input  [31:0) StBLkSz0;
input  [31:0) steikszi;
input UsSighaBlk;
input  [7:0)  UsPDOUt;
foput  [8:00  DlyDOUt;
jnput  [7:0] UsSigbout;

output UsCLk19b;
output {7:0} TxD;
output Txbvid;

output DlyRen;

output DlyMen;

output (8:03  Diydin;

cutput UsPRen;

output (6:0)  UsS{gRAdd;

output UsSigRen;
- output ETXFS;

/7 \ocal declarations

J/up-stream 1M cell

J/Early DSO nunber within the current
//up-stream POTS group

//Up-stream SPE cell nunber

7/p01S group number within the current
//up-stream TOM cell

77080 number within the current

//up-stream POTS gro

//up-stream hit signals from CAM

//Bit 0 of all stored CAN block size counts
7/Bit 1 of all stored CAM block size counts

e
Y

//Up-stream PCH RAM data-out
//belay RAN data-out
//Vp-stream signalling RAN data-out

'
//Up-stream SONET frame data
//Up-stream SONET valid frame dats signat

- //dp-stream PCH RAN address-In

7/0elay RAM read &

1/Delay RAM write acdress

//0elay RAN read enable

//belay RAM write enable

1/0elay RAM data-in :

//Up-stream PCH RAM read enable
//Up-stream Signatling RAN read address
/fUp-stresm Signatling RAN resd enable

. //Early transmitt frame sync output

EIxSFCnt, integer i 1

- FETRGrpent, .
ETxDSOCnt, reg Rity 1l
tIxSOH, reg [4:0) HitAdd; 1"
TxCellCnt, reg AddSt; I
TxGrplnt, reg dETXSOH; 1
TxD50Cnt, reg nlisPRen; /1
TxPemlit, reg UsPRen; 1
sthlksz0, reg ValidGrp; 17
stolksz1, reg . SigFlg; Vi
UsPDOut, reg Dlymen; 1"
UsPRAGd, reg . DlyRen; 1"
LsPRen, reg TxSighSel; 1
. UsSighOut, reg ETxFS; "
UsSigRAdd, reg [4:0]  StHitAdd; 1
UsSigRen, reg {5:01 StPRAdd; V74
plydout, reg [1:0)  stelksz; -1l
DLyWAdd, reg [1:01  BlkCner; "
Dlylen, reg t1:01  n8lkentr; 1/
piydin, reg {1:01  UsPRAddLwr; "
OlyRAdd, reg {2:0)  dETxGrplnt; 1
DiyRen, reg [3:0] dETxDSOCRE; I
UsSigRaBlk, reg {1:0}  SigWAdd; 7"
ETXFS reg {6:01 UsSigRAdd; 1"
] reg [7:0} sislegw V74
reg [7:0) s!gnegh Vi
input §RESEY_; ) reg [7:0} SigReg2; 1/
{nput clk19; reg [8:0) Diydln; "
input tETxCellType; //Early transmit cetl type reg 11:0) Eldn!:ehotv: 1
input tixCeliType;  //Transmit cell type reg [4:0)  DlywAdd; 1
input LTxSOH; 7/Up-strean SONEV overhead enable reg 16301  OlyRAdd; "
input ETxSOH; J/Esrly up-stream SONET overhead enable reg 7:01  TxD; "
{ [2:0) ETxSFCnt; //Early up-stresm super frame count reg Txbvid; Y
frput  [2:0)  ETXGepCnt; //Esrly POTS group number within the current reg SigFlgR0; Y7}
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reg SigFigRl; 7
reg SigFlar2; Y
rey TXDEN; "
L diwen; | //
i
i ire nAddSt; Y
_girc BLKENLFO; 1"
iMire mszo- "
tliire { I
“Hire pVa idGrp; Y/
“Hire Sighiit; 14
‘wire UsSigRen; '
!uirc VeSigRegls "
Yire Uesiskeyl: "
f¥ire WesigReg2; /"
wirg nTxSighSel; 1/
vire StgRegOMit; I
Hfre SigReglnit: '
“sire SigReg2nit; IZi

ire (1:0] etksz; Vi
wire 7:0 UsPnAdd' I
juire {r:0 519D, /"
wjre swﬂskkllclr' Vi
luire $igfFlgROCLr; 1
l}gh-e SigFlgrRICIr; 1

Wire sigFlgr2ttr; 7/
wire uUsClk19b; o
wire nTxbVid; 1"
wire Tx$igbselo; 17

;Ilé//l//l//lll/lll g i
iy (TTIH T TTI R EN 11 il it

parameter  DlyOffset = 5d8,
TaFSCet iNum = §0d40,
TxFSGrpium = 3/d3,
TxFSOSONun = 4rdl;

LTI 0L 11T EET LT IT 1L 1111001807100
/I//lIII/III/IIII/IlI/I/III/I///II/III/I//IIII///IlI/I/Il/ TN

/111 Common ¢
Il/III/II/I/I//IIIIII/I/IIIIII///I/I////III//IIII///I/I/l////IIII//IIII//I/l/l/l
pniiioiauauaaa

'/Iélll{/{“él/{a/gﬁlI/{“ll':II/IIII//II{"/IIII/II/I“II/I/IIII/I///IIIIII////I
Il//I///I//lIll/III/II///II/I///III////I//IIII/III/III/II//IIIII/III/I/III///II/
assign UsCLki9h = ~Clk19;

;IIII//l/gl:/l////I/IlI/l///l/lIg‘//‘II/II/III/II/I/I/é/MI/I////{III“III///III
nuiiinuninauy

sluays & { TxPeadlit )
begi)

end
end

///IIIIIl/lIIII{/////I/IIIII/II/////Il//éé‘l_iI//I//IIIII/II/IIIIII/IIIl////II/IIl
7niiiuiiuuuuuupoiananaa
olways D (posedge Clk19 or negedge iRESEY )
begin
if (1iRESET )
begin
$tHitadd <= 5/b00000;
end
else if (Hit & ~Busy)
begin
StHitAdd <= HitAdd;
end
end
lll///ll‘/’él/l///l/l/ll/lll///lll/l//lIl///IIIII/I//IIIIII/IIIIIIII/IIIIIIIIIIIII
I/I//I/I/llIlI//IIlIIIII//IIII/Il///I//IIII//IIIIIII/IIIIIIIIIIII/IIIII/IIIII/I/
alwoys ? (posedge Clk19 or negedge iRESET.)
n
it (ViRESET_)
in

beg
StPRAdd <= £/bOU000D;
StBlksz <= 2/b00

end
else if (AddSt)
begin
StPRAdd <= (ETxSFCnt(0) ,StHitadd);
StBlkSz <= BlkSz;
end
end

//III/II/III////I//I/II/I//lll//l/lI//l//III//IIIIIIII/II/III/III/I/////I/I//I/I
17 Block size multiplexer to retrive the stored block size of the hit

/7 tocation
I/IIIII/I/l/////////I//I//II//I/IIIIIIII//IIIIIIII/I/III//////I/l/////l/l/////l/
assign BtkSz = (StBLkSz1(StHitAdd) ,StBIkSZ0IStHI tAdd) )y

LHLHTHTI LTI LT L1000 T HLET T T L T
ﬁ’///él‘lllll/ ///II//%IIIII/I/IIIII/IIIIIII/I////I//II uuas

contr
Vi
l//I/ll////I/////IIIII/II/III//III/II/I//IIIIlII/III///III///IIIIIII//IIII//I///

l/lllllIl///l//lII/I/I/IIIlIlll//l//III//IIIIIIIIIIIIIIIIII/IIIIIIIIIIIIIIIIIIII
/1 belayed Hit sig | used s- e the addr
7/ signal for the Blkintr, nab 1 Mﬂ

III/l/IIIll/l//IIIIIIIIIIIIII/I//I///I/I/II//////II//II/IIIIIIIIII/II/I/I/I////I

assign nAddst = Hit & ~Busy;

Wit = 17b0; nluag: 2 (posedge CLk19 or negedge iRESET )
HitAdd = 5/b00000; gin
for gﬂ: 3; im0 i=1 1 it (!iR§SET )
if (Tx?cmilittll) AddSt <= 1/b0;
ETXSOH <= 1/B0;

Hit = 101; end

Hitadd = §; eise

end begin
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CLAIMS
I claim:
\
) A o
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:

(@) 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 alocation of a first set of signals matches the stored

1ocation of the set of signals for the first set of communication devices, extracting the

15 first set of signals from the signal stream.

Thxs Sheet Has Been R laced .

2. ©  The method of claim 1 further comprising the steps of

(2)  generating routing signals;



R
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(b)  routing said extracted first set of signals to the first set of

communication devices based on the routing signals.

OO

3. The method of claim 2,

5 (@)  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.

This Sheet Has Beenn R eplaced

.

5. In a communication system that transmits a signal stream having

15  signals for 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;



WO 99/07107 20 ' . PCT/US98/16369

(b) - generating a position identifying signal for each received set of

signals in the received signal stream;

()  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 poéition identifying 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.

—
H!llﬂj MY

10 6. In a communication system that transmits a signal stream having |
signals for a number of sets of communication devices, é;txi_ethod 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

signal stream;

()  simultaneously comparing each generated pointer with a

20  number of the stored pointers; is Sheet Has Been: Rep‘(aced

T ‘.l‘!&! L \!“
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10

15

(d)  when a generated pointer matches a stored pointer, inserting into

the signal stream a set of signals corresponding to the thatéhed stored pointer.

[

7. 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:

(@)  for each set of signals for transmission from the first set of
communication devices, storing a pointer that identifies the time period for

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;

(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.

This Sheet Has Been Replaced
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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 stream.

* [ L M s . *

9. A time_'-'division multiplexing method, saidirgi_ethod comprising the step
of using a content add#essable memory to identify time :per:';ods for inserting sets of

signals into a signal stream

10.  Ina fiber optic telecommunication nétwi(_)rl'c,. an optical network unit
receiving a signal stream having signals for a telephon;? épplication and signals for a
non-telephony applic@ﬁqn, said optical network unit h@Ving a content addressable

memory, said memory .stbring locations of signals for the telephony application in the

received signal stream.
N .. This Sheet Has Been Repl

- MR i

11. Ina cbm;’nuniéation system that transmxts a s1gnal stream having

signals for a number of sets of communication deviceé? an apparatus for extracting

signals for a first set 'Qf communication devices from the signal stream, the apparatus

comprising:

(a) a memory storing position identifying signals identifying the

locations, in the signal stream, of sets.of signals for the first set of communication

~ devices;
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) a' comparator coupled to the memory, wherein, for each re;:eived
set of signals, the cofhipdtator receives a position identifyifig signal identifying the
location of the received set of signals, the comparator simu}taneohsly comparing each

received position identifying signal with a number of the stored position identifying

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.

A

12. Ina 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
locations, in the signal stream, for sets of signals from the first set of communication

devices;

(b)  acomparator coupled to the memory, wherein, while
transmitting the signal stream, the comparator receives position identifying signals
identifying the locations of the set of signals in the signal stream, the comparator

simultaneously comparing each received position identifying signal with a number of

the stored position identifying signals
? This Sheet Has Been Replaced
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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.

* c L N 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 content addressable memory

to identify time periods for inserting sets of signals into a signal stream.

ThlS Sheet Has Been R eplac
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