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Abstract

The requirements for a wirelessLAN in a fadory environment are discussed. A
propcsed solution is given, with the am of adapting existing MAP-based LAN
architeaures for use in controlling a flea of Autonamous Guided Vehicles. The design d
the RF Interface Controller (RIC) using ASIC methoddogy for implementing the
propased solutionis described. The state maciine modue listings, circuit schematics, and
simulation results are dso provided in the gppendix.
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1. Introduction

In the field of automated manufaduring, the need for a communications network
which would satisfy bath the requirements of dynamic adaptability as well as robustness
is criticd. This is espedally true of distributed red time manufaduring processs.
Examples of such needsinclude synchronizing the adions of two or more robds, and the
control of Autonamous Guided Vehicles (AGV) which transport materials from paint to
point in amanufaduring dant.

Currently, no widespread standard exists for inter-roba and inter-device
communicaions in the manufaduring industry. Various options, includng CSMA
(Carrier Sense Multiple Accesg or Ethernet type locd area networks to the token bus
based MAP network are avail able. However, since many o the robas and devices in a
manufaduring environment tend to be mobil e, the use of coaxia cabling a fiber optics as
the physicd medium for transmisgonis not very desirable. As 2uch, most existing LAN
systems are not suitable for such situations. An introductory treament of the issues
involved in deding with networking in afadory environment is given by Rappaport [1].

1.1. OSI Network Reference Model

The Open System Interconnect (OSI) basic reference model for communicaions
as edfied by the International Standards Organizaion lkre&ks down the various
functions for intersystem communicdions into seven layers. In Figure 1, the various
comporents are listed and a brief description o ead layer is given.
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Layer Unit Exchanged Layer
Application Message Application
I '
Presentation Message Presentation
' '
Session Message Session
I 1
Transport Message Transport
I '
Network Packet Network
I '
Data Link Frame Data Link
I I
Physical Bit Physical

T Physical Link T

OSI Basic Reference Model for Layered Communications

Figure 1. OSI Basic Reference Model
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The physical layer is the lowest level in the model, and it spedfies the dedricd
and medhanicd aspeds of the cmmunicaions channel as well as the functional control
of the data drcuits. Its function is to adivate, maintain and deadivate the physicd
conredion.

The data-link layer serves to establish, maintain and release data links and
perform point-to-point error and flow control of data “frames’.

The network layer is used for network routing, switching, segmentation, docking,
error recovery, and flow control of padets. It controls whether data is sent up to the
applicaion processor down to the physicd layer.

The transport layer is resporsible for providing communicaions rvices to the
sesson layer, multiplexing messages over logicd connedions and maintaining end-to-
end reliability control.

The sessions layer establi shes and terminates logicd li nks between processes and
manages dialogue over the links; synchronizing data between applicaion processes.

The presentation layer is resporsible for converting ckta to and from a form that
iS understood by the system, including data encryption and deayption and code
conversion.

The application layer is the highest layer, and it provides management functions
and virtual device services to the programs which use the network services.

From this reference model, we can determine that the physicd layer is the
segment that needs most modificaion for use in a fadory environment. Since mobhility
and adaptability is the main criteria, physicd cabling is not suitable. Alternatives include
inductively couged communications viathe AGV guidancewire [2], Infra-Red (IR) links
and Radio-Frequency (RF) transceivers for inter-device transmissons. The use of
Inductively couged communicaions assumes the existence of guidance wires for AGV
movement. In the cae of AGVs that use opticd navigation techniques, the gproad will
not be feasible.

1.2. Radio Frequency versus Infra Red Links

IR communicaions is a relatively new techndogy, and has the drawbadk of
requiring line-of-sight transmisson a relative immohility for error-free @mmunicaions.
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It isalso na suitable for places where there ae alot of obstructions or partitions. Existing
work in the aeaincludes an IR LAN propcsed by Arthur Lessard [3],[4]. RF, on the
other hand, is a more mature techndogy and is better suited for enclosed spaces where IR
canna penetrate. However, it is susceptible to RF interference (RFI), espeaally in
environments where dedricd madinery and motors are used. Nevertheless it is well
understoodand is therefore preferable.

Ancther problem with RF communicaions is that there is often overcrowding d
the available frequencies. This is espedally aaute for radio and television transmisson,
andis caried owver to the frequencies used for communications purposes. FCC regulations
regarding RF use is also very stringent, and the use of many mobile robas and aher
devices in a large fadory would require many more dannels than which is pradicd
using namal radio communicaions networks.

1.3. Cellular Radio Communications

One of the solutions for bandwidth overcrowding present in RF communicéions
systems s the use of “Cellular” concepts [5],[6],[7]. Thisinvaves dividing upthe aeato
be mvered into small enoughcdls D that frequencies can be reused every few cdls snce
the RF signal does not propagate very much further than the cdl boundxries. Eac cdl
has a transcever station resporsible for establishing, maintaining and terminating
communicaions links with whichever device in its vicinity. It is also resporsible for
coordinating the “handing df” of a cmmunications channel from one cdl site to another
as the device gosses the cdl boundry. Since cdl sizes can be ajusted and rew cdls
added to an existing cdl configuration by subdviding (or “sedorizing’) cdls as nealed;
theload that a célular network can handeislimited ony by the minimum signal strength
required for reliable communicaions (signal strength above any RFI due to madinery)
and theinter-cdl i nterference due to reusing frequencies.

Cellular radio communications is now used mainly in cdlular telephore units.
However, with the advent of digital cdlular telephores, the posshility of integrating
cdlular PBX and dgital computer communicaions in a single system is made more
desirable. The use of a cdlular-type link in the manufaduring environment is therefore
the best solution for the future.
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1.4. Multiple Access Methods for Wireless Communications

The nedl to partition the RF spedrum into various channels for multiple accss
gives rise to threegeneral schemes, Time Division Multiple Access(TDMA), Frequency
Division Multiple Access (FDMA) and Code Division Multiple Access (CDMA),
otherwise known as the “Spread Spedrum” tedchnique. Each system has its advantages
and dsadvantages, and their respedive caabiliti es are given below.

1.4.1. Frequency Division Multiple Access

FDMA works by subdviding the spedrum into various channels or bands with a
spedfied bandwidth. All television kroadcast systems are FDMA in nature. For the
cdlular environment however, it poses the problem of how to increase the number of
simultaneous point-to-point conredions while not utili zing more aad more bandwidth.
This is acieved by making ead channel narrower as the total number of required
channels increases. Two problems arises diredly ou of this s£heme. The RF moduation
unit for eadr nock in the network needs to be changed to reduce their transmisson
bandwidth, and detedion d narrow-band signals require much more sophisticated
equipment. As a result, it is not very flexible nor bandwidth efficient in an environment
where the load varies sgnificantly since unused spedrum space is tied up in eah
allocaed channel.

1.4.2. TimeDivision Multiple Access

TDMA is inherently more bandwidth-efficient for a given bandwidth duwe to its
multiplexing reture. An analysis of the dannel carying cgpadty of a TDMA
multi plexed channdl vs. a FDMA multi plexed channel would lea to the anclusion that
TDMA is more dficient, primarily due to the fad that unused cgpadty in aFDMA point-
to-point link gaes to waste while unused sots can always be reassdgned in TDMA.
Increased load in TDMA is handled by increasing the interval between ead dlot
belongngto a particular point-to-point conredion and interleazing more cnredions per
channel.

1.4.3. Code Division Multiple Access

CDMA or Spread Spedrum techndogy can be cdegorized into two dfferent
approadches — Dired Sequence Spread Spedrum (DSSS and Frequency Hoppng Spread
Spedrum (FHSS [8]. DSSSworks by moduating the data signal at a given baud rate
with a very wide-band signal a a much higher baudrate using a pseudorandam
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sequence. This “spreads’ the original data signa aaoss a much larger spedrum and
enables more than ore signal to owrlay ead aher at the same frequency. The
disadvantage of DSSSis that interference is always present during transmisson dte to
other users. As the number of users incresse, the level of interference increases
propationally. There is the issue of synchronizaion as well. FHSSworks by na using a
singe frequency channel for transmisson; instead, it “hops’ from one frequency to
ancther while transmitting part of the data signal at ead particular frequency. The
advantage of spread spedrum is the much lowered vunerability to tapping and
interference When applied to patable ommunicaions, howvever, it purports to reduce
the susceptibility of the dhannel to fading and nase. It istheoreticdly possble to transmit
in an environment where the Signal to Noise ratio is lessthan ore (ie: the noise level is
stronger than the signal).

The FCC has released frequencies in the 902928 MHz, 24002483.5MHz and
57255850MHz bands [9],[10] for experimental spread-spedrum communicaions using
transcavers of lessthan 1W with a minimum of 20 dB out-band attenuation. However,
thaose frequencies are mnsidered nasy due to interference from microwave ovens and
ham-radio usage. Nevertheless the noise level deaeases rapidly around 1 GHz and
beoomes less of an issue compared to fading and multipath effeds [1]. Commercial
systems utili zing spread-spedrum techndogy for use in the office eavironment include
systems by Agili s Corp. for use with Ethernet Networks, and BICC Tedndogies for use
with Ethernet and Token Ring Networks. The performance of such systems in a mohile
fadory environment is unknown, as they were designed to operate in dffices with
relatively stationary equipment.

1.5. Signal Attenuation in a Factory Environment

Various fading prenomena ae described in [1]. Path lossdue to the presence of
obstades in the transmisson path causes attenuation in the transmitted signal strength.
The measured peth lossis described by

Path loss d", where n = 2 for freespace

Empiricdly, n varies from 1.5 to 2.8, which is much less than in an enclosed
office eavironment. However, over adistance of 50m, it does introducefrom 10to 40 BB
of attenuation to the transmitted signal strength. More importantly, the dfeds of
Rayleigh and Rician fading causes the signdl level to undergo what is cdled fast-fading.
This is typicdly between 3035 BB over very short distances (1.3 m) [11]. Rayleigh
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fading is due to the presence of multiple paths from the transmitter to the recever. It is
also cdled multi path fading. Rician fading, onthe other hand, acurs between stationary
transmitters and recevers having a single transmisson path. The movement of objedsin
and ou of the transmisgon path is what causes the fading. Saleh and Vaenzuela
presented models on the dharaderistics of indoa fading channelsin [12].

2. LAN Protocols and considerations for wireless LANs

The LAN protocol in common use today is based onthe IEEE 802 potocols; the
main contenders being the 802.3 CSMA/CD (Ethernet) protocols and the 802.4 Token
Bus protocol adapted by General Motors cdled Manufaduring Automation Protocol
(MAP). Ethernet is a “non-deterministic” type of protocol. This means that there is a
passhility that a node in the network can be blocked by existing traffic andis nat able to
transmit its padkets indefinitely. The posshility increases dramaticdly as the network
load increases. In contrast, Token Bus networks are “deterministic” since atoken is
passed from node to nock to dencte accasrights and accesscan be prioritized so that a
node can aways obtain the token in a worst case time. The dficiency of the Token Bus
protocol is also much better than that of Ethernet for a heavily used channel [13]. For a
red time fadory environment, Ethernet is nat suitable. The Token Bus protocol therefore
bewmes the preferred standard.

In addition, the question d interfadng the mobile robas to the main LAN (which
uses gandard wiring schemes) runnng Token Bus has to be resolved. Lessard and Gerla
[3] propased a hybrid CSMA/MLMA method wsing “satellites’ for synchronizing the
communicaions between stationary and mobile nodes in the network. However, this
would present a problem with protocol conversion ketween the Token Bus Network and
the CSMA/MLMA network conreding the mobile nodes. Furthermore, the scheme
outlined in [3] allows for communicaions between mobile nodes and the satellit es only.
Diread communicaions between mohile nodes is naot possble. The dternative is therefore
to develop a Token Bus Network for the mobil e units while acourting for the isaues of
spedrum re-use (cdl ular concepts) and data transmisgon rate restrictions.

The nature of a LAN is different from that of cdlular telephores in that only one
channel (the broadcast channel) is required for al the nodes in a particular network, while
cdlular telephores require adedicaed set of channels (two for ead conredion) for eat
noce or user in that cdl. In that resped, the issue of the number of channels required is
lesscriticd for LAN applicaions. FDMA asit isused in cdlular telephore systemsis too
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restrictive due to the problem of avail able bandwidth — ead channel of 25 kHz or less
does not alow data rates greaer than in the tens of kilobits range. TDMA simplifies the
problem of the simultaneous transmisson d data and vdce signals. However, it requires
the use of fixed data block sizes, which istoo restrictive for aLAN environment that can
have variable length messages that are usually larger than the block sizes eafied for
TDMA cdlular telephore systems.

From [1],[5] the aurrent upper limit for data rates em to be in the 100 kbps to
400kbps range. This requires the use of a dhannel with bandwidth much greder than that
spedfied for cdlular telephore systems. However, existing FCC regulations do nd
permit the use of high bandwidth channels that are required for the RF LAN. The neel
for compliance therefore necesgtates the use of spread spedrum techniques. Despite the
increased complexity of CDMA (spreal spedrum), the use of spread spedrum techniques
does provide an advantage in deding with interference and fading [1],[6],[7] that occurs
with RF channels.

The moduation technique used has to be bandwidth efficient and hes to have a
low enough average probability of error in order to suppat the required transmisson
rates. The use of multi-level moduation would increase the bit per baud ratio withou
utili zing additional bandwidth. Such schemes include m-PX, m-QAM tedhniques. The
average Bit Error Rate (BER) for a RF environment is substantialy higher than that
adiieved in a cadle based system. This is due to the problems of Rayleigh and Rician
fading, multi-path dstortion, celay spread, and RFI [1],[6],[7]. However, for effedive
communications, a BER of better than 104 is required. This can be adieved by uilizing
antenna diversity, puse shapingto increase spedral efficiency and making the padets as
short as possble.

In order to ded with the dowe problems, a combination d the various techniques
are used. Eadh “cell” bemmes a subretwork in the LAN, while the RF spedrum is
divided into channels in order to provide for severa channels per defined subretwork.
Saleh and Cimini [14] described the use of Slow Frequency Hopping (SAH) in a TDMA
scheme with Reed-Solomon bust error corredion for a radio channel. However, the use
of SFH requires complex synchronization. Ancther strategy use DSSSand vary the
carier frequency from frame to frame in order to acourt for deep fades. A 5 level QAM
with puse shaping scheme is employed to med the requirements of the Token Bus
standards (using aternative moduation techniques described in the Appendix of Chapter
14 in [15]) and to reduce the transmisson baud rate. DSSSis applied to the signal just
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prior to transmisgon in oder to provide for multiple acces acwording to FCC
regulations. An analysis of the bandwidth efficiency of M-ary DSSSsystems is provided
by Pahlavan and Chase [16].

3. RF LAN Organization

Before the detail s of the network can be spedfied, it is necessary to consider the
environment and requirements for which the wireless communications is neeled. It is
tailored for a manufaduring environment which requires the use of AGVs to transport
materials from one part of the plant to ancther. The scheduling and synchronizaion o the
adivities of eath AGV is centralized, bu ead AGV is smi-autonamous in that they
require only the spedficaion d a starting pant and a destination —the AGV performs
the path panningitself. However, “criticd zones’ exist where there ae interseding paths
and where traffic control is necessary. Each criticd zone is managed by a “Locd
Controller” (LC) which issues messages for the AGV to halt or proceeal, as well as
forward new instructionsto ead1 AGV. The AGVSs, in turn, provides gatus updates to the
LC astoitslocdaion and poblems encourtered (obstades, medhanicd faults, etc). The
various CCs communicate with ead ather and with the larger fadory-wide network via
standard LAN tedindogy (coaxial cables). A logicd way to partition the network
therefore, is to make eab Locd Controller into its own wireless “subretwork” which
linked together througha high speed badkbore. Thisis smilar to the scheme propased by
Lessard and Gerla except that the LC ads as a gateway between the subret and the main
network, while dso exeauting control functions of its own, as oppased to the “satellit es’
which provide networking functions in a single large network ony. Pee to pee
communicaions between AGVsin ead subret isaso pcssble.
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Céllular Subnet Cellular Subnet

Local Controller Local Controller
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Backbone Network (Coax)
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Figure 2. RF LAN organizaion

Figure 2 is a representation d the layout of the network. A further note is that
eath AGV transcaver and eat LC transcever has to be of the same power, since eab
transcever in a particular subnet hasto be aleto read al the other nodesin that subret.

3.1. Frequency Assignments

Eacdh subret containing the LC will utili ze two channels at any gven time — a
communicaions channel for the network itself, and a control channel for broadcasting
control information. Individual mobile units currently assgned to that LC will use the
information transmitted onthe wntrol channel to tune in to the spedfied communications
channel frequency (subnret frequency) and operate & a node in that particular subret. The
frequency of the antrol channel remains gatic or quasi-static, while ¢yclicd frequency
hoppng is used onthe communications channel to counterad the dfeds of deep fades
and interference. Frequency switching is dore on a frame by frame basis 9 as to reduce
the complexity of the transcever. DSSSis applied to the signal just prior to transmisson;
synchronizaion is provided by the Locd Corntroller. The reason for using static

10
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frequency assgnment for the wntrol channel is to fadlitate “handing df” of an AGV
leaving the aiticd zone @ntrolled by ore LC to the subret of ancther LC. The ntrol
channel frequencies are “pulished” so that the AGVs can tune in to the new control
channel withou knowing the new subnret frequency. Interference onthe cntrol channel is
expeded to be less criticd since the only information transmitted is the arrent
frequency/next frequency information as well as frequency switching commands which
constitutes short frames that are transmitted repededly.

The use of very slow frequency hoppng will make the transmisson channel more
robust against deep fades or severe interference For even better performance, the recever
circuitry can be made to sense the onset of afade and force aswitch in frequency to ore
which is not experiencing fading at that point in time. From [14], it is shown that the
separation d two adjacent channels sioud be greaer than 4MHz for a TDMA channel
in order to have abetter than 10 B difference in signal strength for a delay spreal of
25rs.

3.2. Frame Format for Token Bus Packets

In order to speafy the functional behavior of RIC, the Token Bus Protocol needs
to be examined. The followinginformation is obtained from [15]:

The token bus gandard defines a padket generated by the Medium AccessControl
(MAC) sublayer as having the following charaderistics s1own in Figure 3:

Frame Format for Token Bus Protocol

11

Preamble SD FC Dest. Addr. [Source Addr. Data unit Frame Check Sequence

ED

pad_idle symbols NNONNOOO .
0- 8K bits 32 bit CRC

00CCCCCC: MAC control

0IMMMPPP: LLC dataframe

10MM M PPP: Station management data frame
11IMMM PPP: Special purpose data frame

Figure 3. Token Bus Format

When the Token Bus Controller (TBC) is nat transmitting chta, it transmits
“Silence” and the transmitter circuitry is disabled. A Preanble precales eat padket and

NNINNLIE
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contains “Pad idle” symbads which are used for synchronization and for alowing the
Token Bus Cortroller (TBC) to processthe previous frame. These symbals are deteded
by the recaver as out of sequence data symbals. The standard spedfies a minimum
duration d 2 ps for the Preamble. The maximum amourt of Preamble is st by the
“jabber” control in the physicd layer. For the purpose of the RF LAN, longer silence and
preanbles may be necessry in ader for the AGVs to regain synchronizaion after
channel switching has occurred.

The Start Delimiter (SD) indicaes the beginning d the frame. “Non data” (N)
symbals are used to indicate this geadal field. They are distinct from the One and Zero
symbals and are used to indicate the beginning and end d the frame.

The Frame Control (FC) field defines the type of padket that is being sent. The
defined types are MAC control data for station identification and initialization, LL C data
(normal data padets), Station Management data and Spedal purpose data which is
reserved for spedal use. The control channel will utilize avariation d the Station
Management data frame exclusively to broadcast the aurrent and subsequent frequency
channel used for transmisson. This reduces the switching time overhead for the data
channels to a minimum since the synchronization is dore with “out band signaling’
which separates the data transmisson from the @ntrol functions of the physicd layer.

The Destination Address (DA) and Source Address(SA) are defined as either 16
bit or 48 ot addresses, depending onthe size and complexity of the network. This all ows
the partition d addressnginto various sibgoups (or zones).

The Data Unit contains the message to be sent. Thisis followed by a 32 kit Frame
Chedk Sequence (FCS) for the data padkets, defined in [15]. The station management
data utili zes a different FCS. Instead of the normal 32 kit sequence a 16 ht sequence,
CRC16[17] isused. Sincethe frames themselves are very short, transmisgon time for the
station management padets will be reduced bythe use of a shorter FCS.

The transmisgon is ended with an End Delimiter (ED) which contains Non dita
symbals and an Intermediate bit to signify a cmntinuing padket, and an Error bit which is
used to indicate transmisson errors between station repeaers. The End Delimiter used for
the station management data is dightly different from the normal End Delimiter. It uses
the bit pattern NNINNOOOinstead of the normal NN1INN100. This srvesto dfferentiate
the station management frames from normal data frames.

12
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3.2.1. MAC Symbol Encoding

The Token Bus Standard spedfy various methods for encoding MAC symbadls
into Physicd (PHY) symbadls for transmisson. PHY symbadls refer to the entities which
have been made suitable for transmisson onthe physica media.

Four methods are spedfied:
1) The standard One bit per baud 3symbal duo-binary encoding scheme.
2) Two hit per baud 5symbal encoding
3) Two hit per baud quedrature 3 symbal encoding
4) Four bit per baud quedrature 5 symbal encoding.

Method (3) invalves moduating two method (1) moduated hit streans to form a
guadrature output stream. Method (4) is the combination d methods (2) and (3) to gve a
guadrature output consisting d 4 hits per baud. The one chosen for this projed isthe 2 hit
per baud 5symbad encoding scheme (method (2)) as it handles a single hit strean and
achieves the required oljedive of increasing information density per transmitted symbal.
The PHY symbdl rate is therefore half that of the MAC symbadl rate.

The natation wsed to represent MAC to PHY symbal encodingis as follows (Table 1):

MAC symbol pairs PHY symbols
Z€ro, zero {0}
Z€ero, Ore {1}
one, zero {3}
one, ore {4}
Non-data, Non-data {2}
Pad-Idle {4} {0}
Pseudo-Silence {2} {0} {4}

Table 1. Token Bus 5 Symbal Encoding Representation

The PHY symbadls are numbered acarding to a duo-binary scheme described in
[1]. {O} refersto a minimum amplitude signal, while {4} refersto a maximum amplitude
signal. The numbering scheme is arbitrary for QAM moduation since anplitude is not
the sole determinant in dedding which signal represents what symbal. However, the
notation is kept to maintain consistency with [15]. Pseudo-Silence refers to the symbals
that a broadband Token Bus network with a headend remoduator would transmit when it

13
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encourters a Silence symbal. Thisisto ensure that receving stations have a ¢ock signal
to lock orto. Since the RF LAN would na require a headend remoduator, Pseudo
Silenceis not implemented.

The Start and End Delimiter encoding is modified dightly to acourt for the
change in representing Non-data pairs. (A non-data foll owed by a data bit is nat al owed).
For example, the SD is encoded as foll ows:

N,N,O,N,N,0,0,0 lecomes {2} {0} {2} {0}
where the second PHY symbal {0} comprisesthefirst two data bitsin the octet.
3.3. Frame Transmission and Reception

The transmisson d a Token Bus frame involves the following procedure:

The Token Bus Corntroller (TBC) isinitially transmitting silence (no transmisson). When
the TBC is realy to transmit a new frame, it will transmit at least four octets (4 * 8 =
32 lts) of Pad-Idle symbadls to provide the recaver a dock puse for synchronizaion.
The Start Delimiter (SD) is then transmitted, causing the “data scrambler” to reset itself.
The “data scrambler” randomizes the spedral comporents of the output signal as well as
reduces the passhility of alongstream of ones or zeros. This srambled hit stream is then
fed into the Physicd Symbal Conwverter to generate the wrrespondng PHY symbadls. A
“Kicker Inserter” then takes the transmisson PHY symbd stream and inserts a “kicker”
whenever two octets of identicd symbals are present in the output stream. This resultsin
astream of {0} symbals being transformed in the foll owing manner:

{0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0}

beoomes

{0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {0} {2}.

The resulting transmisson stream is then passd to the external RF circuitry for
spreadingand QAM moduation before transmisson.

The oppasite oceurs for frame reception. Upon cetedion d the Pad-l1dle symbadls,
the recever will | ock ornto the signal and wait for the SD octet. The “kicker deleter” then
removes any kickers which were inserted into the data stream. The signal is then fed into
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the Physicd Symbad Conwerter to transform the PHY symbads badk into MAC symbals.
The resultant bit stream is then passed throughthe “descrambler” to retrieve the original
message bits.

3.4. Specifications for RIC

For this projed, a total of five frequency channels will be spedfied for eath
subret. Up to four channels can be used for communications in ead subret, while an
additional control channel is used for the transmisson d channel frequency information
from the Locd Controll er to the mobil e units. The ntrol channel implements a subset of
the Token Bus Protocol, as a modified Token Bus Padket (with a CRG16 FCS) is
continually transmitted by the Locd Controller (master) to all the AGV's (daves) in its
subret. Figure 4 indicates the channel switching undrgore & transmisson pogresses in
the subretwork.

Channel
A

Control | forfl ; f1/f2 | f2f3 . farfo forfl f1/f2 f2ﬁ3§

\J

LC AGV3

Channel 0

\J

AGVO LC

Channel 1

AGV1 AGVO

Channel 2

\/

AGV2
Channel 3

\/

Channel vstime graph of Packet Transmission in Network

Figure 4. Graph o Channel Frequenciesvs. Time

Error-corredion coding will not be dedt with in this projed. However, it can
conceavably be included as afunction Hock in the RF InterfaceControll er or provided by
the RF moduation sedion.

The designwould be rated for amaximum of 500 kb athoughadual throughpu
would probably be much less depending on the avallable techndogy. However, the
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choice of 500 kbps smplifies the integration d Locd Controllers into existing Token
Bus networks, since 1 Mbpsis adefined speed in the 802.4standard.

The projed invalves implementing the physicd layer interfacebetween the Token
Bus Controller (TBC) and the RF moduation sedions. The RF InterfaceController (RIC)
will handle frequency switching and channel synchronization. A block diagram of the
various comporentsin the controller isgiven in Figure 5.

Block Diagram of Communications Controller

L ocal Controller

Control -
gddress N
Datalines | p| MC 68824
Token Bus
* + Controller
Shared ‘ >
Memory
(Tx, Rx & -
Control Buffers)
TX Rx
Serial Serial
Data Data
Frequency Synthesizer
RIC Registers ‘ <>
Data Bus Current A\
Frequency
>
Address Control RF Interface PR RF Mod
Controller (QAM) '
Frequency Synthesizer
Control AVZ
Frequency
<> RF Mod.
(QAM)

Figure 5. Communications Controll er Block Diagram
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4. Functional Blocks for RIC

There ae five functional blocksin RIC:

The Transmitter sedion receves data and RIC commands from the TBC, and
converts the datainto Physicad symbalsto be transmitted by the RF sedion.

The Recaver recaves data from the RF sedion and converts it badk into a binary
bit stream. It also serves as the mmmand ceader and returns gatus information to the
TBC.

The Station Management sedion has two modes. In master mode, it transmits the
frequency channel in use and updites the frequency controls to the RF sedion as the need
arises. In slave mode (used by the AGVs), it receves the frequency channel information
and updites the gpropriate frequency controls. Frequency seledion is done by means of
an 8 bt register which is used by a frequency synthesizer circuit to generate the
appropriate signals.

The Registers dion hdds al the registers necessary for the functioning o the
RIC, including status information, mode seledion as well as channel frequency
information and addressdata for the Station Management sedion.

The BIST Controller sedion performs self testing when the TEST signd is
adivated. When testing is completed, it will i ndicae whether the RIC has passd the
tests.

Figure 6 lists the various modues of the RIC. The figure indicaes primary inter-
modue ontrol signals; clock distribution circuits are not included. In addition, ead
modue except for the BIST controller has its own test circuitry comprising d a Pseudo
Randam Pattern Generator (PRPG) and an Multiple Inpu Serial Register (MISR). The
functions of eath modue ae further explained in the foll owing sedions. Submodues are
partitioned into two perts depending onthe dock rate. Clock signals used in ead part are
indicated in the respedive sedion abowve or below the dashed line separating the modues
with dfferent clock rates. Each “primitive” submodue is then described in the sedions
foll owing the modue descriptions. Detailed modue interconredions can be foundin the
circuit diagramsin the gopendices.

17
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—>
BIST
Controller RIC Modules
> Transmitter >
—
h 4 \
= g i ] Internal
Registers L oopback
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\ 4
L Station >
Management
g

Figure 6. Block Diagram of the various RIC modues
4.1. Control Signals for RIC

The Motorola MC68000 Family Reference [18] describes the use of the MC
68184Broadband InterfaceController (BIC) with the MC 68824 Token Bus Controller in
a waxia broadband environment. Since many of the functions of the RIC would be
similar to that of the BIC, the internal organization d the RIC is therefore derived from
the spedfications of the BIC. The simil arities include the various functional blocks which
handes srambling and descrambling o the inpu bit stream, the @ntrol signals that are
used in interfadng with the TBC as well as the radio frequency moduation sedions.
However, the BIC does nat suppat two bit per baud 5symba encoding. It also requires a
serial command inpu interface accesed throughthe TBC. The RIC employs a parall el
interface in order to simplify the design and speed up the initializaion pocess In
addition, the RF LAN uses a dedicaed control channel, and the RIC generates and
demde station management frames withou any intervention from the Token Bus
Controller. Figure 7, which is derived from the spedfications of the MC 68184, dtails
the oontrol signals for interfadng with the TBC and the radio frequency moduation
stages. Note that IMPULSECLK has a frequency half that of the TXCLK and RXCLK.
This is due to the two bit per baud encoding scheme. The RF sedion generates the
RXCLK, IMPULSECLK, CTRLRXCLK and CTRLTXCLK signals. TXCLK is usualy
derived from RXCLK.

18
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In addition, TXCLK2 and RXCLK2, which have the same dock rate &
IMPULSECLK, are derived from TXCLK and RXCLK respedively. They are fed to
various ssbmodues of RIC which handes the physicd symbads. Binary data is clocked
into and ou of RIC using TXCLK and RXCLK, while physicd symbds are docked
using TXCLK2 and RXCLK2. The station management (frequency control) sedion
transmits and receves data using the same baud rate & the physicd symbadls.

Two types of control signals are defined for RIC. There ae those that ded with
interfaang with the TBC, and those that ded with interfaang with the RF sedion. Since
adive low and adive high signals are bath present in RIC, there is a neal to define
exadly what is meant by an adive or an inadive signa. The @nvention wed for
describing signdl levelsis to indicae an adive high signal as being asserted if its logic
level is 1, whereas an adive low signal is aserted if its logic level is 0. Similarly, an
adive high signd is negated if it has logic level 0, and an adive low signal is negated if
itslogic level is 1. (Thisis consistent with the convention used in [18]. Figure 7 indicaes
the signals used for interfadng between the TBC and RF Sedions.

Block Diagram of RF Interface Controller
Showing I nterface with TBC and RF sections

N
MC 68824 RIC
SVREQ > SVREQ Impulse CLK |« < »| RF
TXSYM2 | TXSYM2 IMPUL SEO |  Encoder | Transmitter
TXSYM1 P TXSYM1 IMPULSE1 >
TXSYMO 1 TXSYMO IMPUL SE2 > 4
__TXDISABLE — »| Enable
TXCLK | | TXCLK EAULT DETECT [
P JABBER TIME OUT [ Jabber
SMTND [* SMTND RESETOUT > Timer
RXSYM?2 |q RXSYM2
RXSYM1 [« RXSYM1
RXSYMO [# RXSYMO | Modem
RXCLK [ #| RXCLK Datect
\J
Power-Up EXTERNAL LOOPBACK >
. »lSE— LEVELO [ < RF ]
Detect »| RESET LEVEL1 [ e @ Receiver
— LEVEL?2 [«
— | TEST CARRIER DETECT |
AGC HOLD # | AGC control
<4— 1 TEST IN PROGRESS
-

TEST PASSED fs v
—»|WR 2fs | pLL
—— | Output Enable Clock Recovery

Address CURR Frequency / Synchronizer
T ks CAGCHOLD 8

CTXDISABLE ;
:::: Data CTRL Frequency v 3 >
Bus CTRL TXCLK [« >
< » QAM »| RF <>
C'gﬁ%&gfﬁ < Encoder/ Transceiver
CLEVEL 01,2 [ »| Decoder |«

Figure 7. Block Diagram of RIC showing Interface ad Control Signals
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4.1.1. The Power-up Reset Signal

RESET :

The RESET line must be asrted (held low) for at least four clock cycles
uponsystem power-up in order to initialize RIC to its Reset state. Thisisa
Hardware Reset, and is distinct from the Reset command which is given
via TXSYM(2:0) and which performs a Software Reset. When RESET is
assrted, the Command/Data Demder, Command/Data Encoder, BIST
Controller, clock division circuitry (for generating TXCLK2 and
RXCLK?2) are reset. All the other modues are reset using the reset
command.

4.1.2. RIC Initialization Sequence

In order for RIC to function poperly, RESET is as®rted for at least two
TXCLKs in order to initialize RIC. The hardware RESET is smilar to the software
Reset command except that the hardware reset is performed upon paver-up and
subsequent resets are dore using the Reset command. Station Management mode is then
entered by as@rting the SMREQ line. In resporse, SMIND will be asrted and ACK
present on RXSYM(2:0) when RIC is realy to accet commands (refer to Recaver
sedion for detalls). Vaid commands are Reset, Loopladk Disable, Enable Transmitter,
and SM mode (register control). The cmmand encodings are given in the Transmitter

sedion.

A Reset will cause RESETOUT to be asserted and the foll owing sequence of
eventsto occur:

@
(b)

(©

(d)

any physicd error that is present will be deaed.

Bits 0,1, and 2in the Status Register will | atch any error condtions that
were present when the reset became dfedive. Other bits are set or reset to
indicae Internal Loopkadk mode with Loophkadk Enabled, and Transmitter
Disabled.

RIC enters the Internal Loopkadk mode and all frequency and address
registers are deaed. Individual bits in Register 1 are set or reset in order
to kring RIC into Interna Loopkack mode, and al submodues are
enabled. 16 bt addressngis t, and RIC is placel into slave mode.

Transmitter is disabled, causing TRANSMIT DISABLE to be as%rted
and Silence present on IMPUL SE(2:0).
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(6) AGCHOLD isnegated.
4.1.3. Internal L oopback

RIC enters the Internal Looplkadk mode dter a Reset, and remains in that mode
until either the Loopladk Disable command is given on TXSYM(2:0) or if the Control
Register is modified. When in Internal Loopladk mode, the Status Register is st

appropriately, and TRANSMIT DISABLE is assrted to dsconred RIC from the RF
stages. IMPULSE(2:0) will also be transmitting Silence The Transmit Clock
Synchronizer is bypassed, and the output from the Kicker Inserter is fed diredly to the
Recaever modue using RXCLK2 (derived from RXCLK). The Kicker Deleter and
Descrambler is enabled irrespedive of the state of Carrier Deted. AGC Hold is not
adivated in Internal Loopkadk mode. In addition, the Station Management modue is

disabled — MAC mode will be adivated immediately when SMREQ is negated.

4.1.4. External L oopback

External Looplad mode is adivated when the Control Register is initialized to
externa loopkadk mode and the Enable Transmitter command has not been passed to
RIC. In External Loopkadk mode, the External Looplkadk signd is asserted, and Carrier

Deted isignared. This means that TRANSMIT DISABLE is not asserted when Carrier
Deted goes low. Station Management is enabled bu RIC will enter MAC mode withou
waiting for the initialization sequence to complete. External Loopkadk mode dl ows the
external RF circuitry to be tested.

Loopkadk mode is nat entered if any ather combinations were present. (Refer to
Registers sdionfor detail s).
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4.2. Transmitter Section
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Figure 8. Block Diagram of Transmitter modue

Figure 8 indicaes the various sibmodues that make up the Transmitter sedion.
The Command/Data Decoder interprets the input as either commands to the RIC or data
to be transmitted to the physicd media. Commands on the inpu lines modify the cntrol

signals going to the various modues in RIC. Commands are indicaed using SMREQ .
When in command (Station Management) mode, the Command Encoder in the Recaver
modue dso gves an indicaion d the airrent command onthe output. The Bad Inpu
Detedor deteds invalid input sequences on the input and generates an error signal if an
error occurs. The Error monitor takes its inpus from the Bad Input Detedor, the Jabber
Timeout inpu and the Fault Deted inpu and forces a Physicd error indicaion on
RXSYM(2:0) if any o the three @rors occur. This will cause RIC to enter an error state
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which is held urtil areset commandisreceved by RIC. The eror status can then be read
from the Status Register (described in the Registers ®dion).

When RIC is in data (MAC) mode, inpu data is first passed through the Data
Scrambler (defined in [15]). It takes the inpu bit stream and randamizes it by dividing it
with the paynomial (1 + X6 + X-7) before passng it to the Physicd Symbad Converter
TX for symba generation. This block takes two hits and encodes it as one symbadl to be
used later for QAM transmisgon. Effedively, the baud rate required and hence the
bandwidth for ead channel is half of the normal bit oriented transmisson technique. The
Kicker Inserter mentioned in the Token Bus Padket format sedion takes care of long
streams of identica symbals andinserts a “kicker” wherever necessary.

The Transmit Clock Synchronizer enables the Transmitter RF circuitry to have an
arbitrary clock phase with resped to the rest of the Transmitter sedion. It has the same
clock rate & TXCLK2 (generated internally by the RIC) but at an arbitrary phase
relationship. This decoupes the propagation delays of TXCLK from the RF circuitry.

The Transmit Clock Synchronizer also generates TRANSMIT DISABLE , which
switches the RF stages on and df depending on the respedive cntrol signals. The
TXCLK Alive monitor ensures that the RF Transmitter does not keep transmitting if the
inpus to RIC are disabled acddentally while in the middle of a message. It relies on
RXCLK to determineif a dock signal is present on TXCLK.

When data is first present on TXSYM(2:0), it takes abou 10 TXCLKs to
propagate throughthe Transmitter and appea at the outputs IMPULSE(2:0). In addition,
RIC takes ome time to enter MAC mode from Station Management mode &ter a reset
becaise the Data Channel Frequency needs to be determined (Frequency Acquisition
phase) before any transmisgon can begin.

4.2.1. Physical DATA Request Channel (TBC to Transmitter)

TXCLK: All signals are docked into RIC with the paositive alge of TXCLK. It
shoud na be greaer than 1 MHz in order for RIC to function properly.

SMREQ:: This sgnal is used to switch RIC to the MAC (data transmisson) mode
when negated or to Station Management (SM) mode when assrted. In
MAC mode, it takes the datainpus on TXSYM(2:0). In SM mode, it takes
TXSYM(2:0) as commands for RIC.

23



RIC: ASIC based Design d the RF InterfaceControll er 24

TXSYM(2:0): The inpus have the foll owing meaning when in SM mode. (SMREQ = 0)
as shown in Table 2. All other combinations are not recognized and RIC
will i gnare them.

State TXSYM?2 TXSYM?2 TXSYMO
Reset 1 1 1
Loopkad Disable 1 0 1
Enable Transmitter 0 1 1
SM mode (Register Control) 0 0 0

Table 2. Transmitter Commands

When in MAC mode (SMREQ = 1), thedatais encoded asindicaed in Table 3.

Symbol TXSYM2 | TXSYM2 | TXSYMO
Zero 0 0 0
One 0 0 1

Non-Data 1 0 -

Pad-ldle 0 1 -

Silence 1 1 -

Table 3. Transmitter Inpu Symbols Encoding
The meaning d the @ove symbals are defined in Table 1.

4.2.2. RIC Transmitter Control Signals (Transmitter to RF stage)

RESETOUT : This sgnd is asserted when a Reset command is recaved by RIC, or if
the RESET pin is assrted. It generates the reset signa for al the
submoduesin RIC except for those reset by the RESET signal.

JABBER TIMEOUT : This sgnal isthe inpu from the Jabber Timer circuitry in the RF
Modue. It is asserted when the transmitter has been transmitting for more

then half aseand. The Jabber Timer isreset whenthe RESETOUT line

isasserted. If JABBER TIMEOUT isnat negated when RESETOUT
is negated, then RIC will again indicae an error.
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FAULT DETECT : This sgnd is asserted when external modem fail ure deted circuitry
deteds a fault and the RIC will stop transmisgon. It is smilar to

JABBER TIMEOUT in operation.

EXTERNALLOOPBACK: This sgnal is as®rted when RIC is in external loophbadk
mode. (Transmit Enable has not been issued by TBC, and LS1 and L S2 set
up for external loophadk).

IMPULSECLK: The Impulse Clock is used to clock out Impulse(2:0) and is half the
frequency of TXCLK. However, it can have an arbitrary phase relationship
with TXCLK.

IMPULSE(2:0): The output from RIC appeas on Impulse(2:0) encoded as 2-bit Physicd
symbals based onthe following table (Table 4):

Physical Symbol | mpulse2 | mpulsel | mpulse0

Silence 1 1 0
Impulse0 {0} 0 0 0
Impulsel {1} 0 0 1
Impulse3 {3} 0 1 0
Impulsed {4} 0 1 1
Impulse2 {2} Non-Data 1 0 0
Error * 1 0 1

Table 4. Transmitter Output Physicd Symbol Encoding

* Error is generated when an invalid sequence is deteded by the Physicd
Symbad Conwerter (to be defined later). It will be asserted urtil Silenceis
receved onTXSYM(2:0).

TRANSMIT DISABLE : It is assrted (forced low) under any o the following
condtions:
(@ After areset command.
(b) When Transmitter is disable (Transmitter Enable coommand nd receved
by RIC yet). Thisisindicaed byBit 4 of Register O.
() When SMREQ isas®rted and RIC isin SM mode.
(d) Wheninternal loopad isin effed.
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()
(f)

(9)

(h)

When (CARRIER DETECT & EXTERNAL LOOPBACK) are negated.
when TXCLK has zeo frequency (caused by TXCLKALIVE nat
deteding atransition onTXCLK for 32 RXCLKsor 16 IMPULSECLKYS).
Thisisto prevent aremotely conneded TBC is disconneded and the RIC
isleft on unntentionally.

After Silenceis transmitted onlmpulse(2:0) for more than 10clock cycles.

TRANSMIT DISABLE isnegated orcedatais presented to the RIC.

When a Physicd Error is reported by the Error Monitor (RXSYM(2:0)
will i ndicae aPhysicd Error to the TBC).

TRANSMIT DISABLE adlows the RF circuitry time to power up and
power down, since it is negated a few clocks before data is presented to
the RF transmitter and asserted a few clocks after a frame has been
transmitted and only silenceis present on IMPUL SE(2:0).

4.3. Receiver

LEVEL (2:0)
RXCLK?2

Receiver
No Transition
Detector
(notrandet1)
Start Delimiter AGCHOLD
- Detector >
(sddetect1)
Symbol
Counter - Kicker
(symentr1) Deleter
(kickdel1)
\ 4
Physical
Symbol
Converter RX
(pscrx1)
v
Data
P | Descrambler —e| M
R (descrambler1) |
P S
G R
v
Command Command/
Control g Encoder/ | e Data
Signals Receiver Output
(rxemd1)

Figure 9. Block Diagram of Recever
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Data coming in on LEVEL(2:0) is monitored urtil a valid Start Delimiter is
deteded by the Start Delimiter Detedor (sddetedl). It then asserts AGCHOLD for the
RF recever circuitry and enables the antrol signal SDFOUND which adivates the
Kickier Deleter (kickdell) and the Data Descrambler (descramblerl). When SDFOUND
islow, the two submodues are disabled as they are used orly when data is present on the
symbad stream. The No Transition Detedor (notrandetl) is used to prevent a “false lock”
from occurring where the same symbad is present for more then 48 RXCLKSs (or 24
symbas on LEVEL(2:0)). This normally occurs when the aitomatic gain control in the
RF circuitry is held at the wrong level. The Start Delimiter is reset when no transition
ocaurs.

The Kicker Deleter is the counterpart of the Kicker Inserter; it removes any
kickers which were inserted into the data stream. The Physicd Symbad Conwerter RX
(pscrx1) converts the symbad stream bad into the bit strean to be passed to the Data
Descrambler. The bit strean then appeas on the Command/Data Encoder and is
transmitted to the TBC. In command mode, the Command Encoder will ACK or NACK
any commands present on the Command Deooder/Transmitter and also indicae earors
reported bythe eror monitor.

4.3.1. Physical DATA Indication Channel (Receiver to TBC)

RXCLK: This sgnal must be the same frequency as TXCLK. Outputs are
synchronized to the positive alge of RXCLK.

SMIND : This sgnal indicaes that RIC isin MAC (data transmisgon) mode when
negated o in Station Management (SM) mode when asserted. In MAC
mode, RXSYM(2:0) outputs data recaved. In SM mode, RXSYM(2:0)
ads as the resporse to the mommands given to RIC.

RXSYM(2:0): The inpus have the following meaning when in SM mode. (W} =0)
as fown in Table 5. All commands given to RIC will be ather ACKed o
NACKed depending on whether they are valid commands. RIC will
respond with Idle in subsequent clock cycles. Acquire Frequency is the
resporse given when Transmit Enable is initially enabled. It will go away
once RIC transmits a a@ntrol frame (in master mode) or recaves a valid
control frame (in slave mode).
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State RXSYM2 | RXSYM2 | RXSYMO
NACK 1 0 0
ACK 0 1 0
Idle Resporse 0 0 1
Acquire Frequency 0 0 0
Physicd Layer Error 1 1 1

Table 5. Recaver Resporse

When in MAC mode (SMREQ = 1), the datais encoded based onTable 6:

Symbol RXSYM2 | RXSYM2 | RXSYMO
Zero 0 0 0
One 0 0 1

Non-Data 1 0 0

Silence 1 1 1

Bad Signal 0 1 1

Table 6. Recaver Output Symba Encoding Bad Signal is the output when nocarier is present
(carier deted is negated).

4.3.2. RIC Receiver Control Signals (Receiver to RF Stage)

CARRIER DETECT: The Carrier Deted (inpu) signal is asserted when the RF circuitry
deteds the presence of a carier signal in the data dhannel. AGC Hold is
negated whenever CARRIER DETECT is negated. When Carrier Deted is
negated and RIC is nat in interna looplkack mode or SM mode,
RXSYM(2:0) is disabled and the Bad Input indicaionis given to the TBC.

In addition, if RIC is not in external loopback TRANSMIT DISABLE is
aserted and IMPUL SE(2:0) transmits slence

AGC HOLD: This sgnal (Automatic Gain Control Hold) (output) is negated whenever
CARRIER DETECT is negated. It is assrted after a Start Delimiter on
LEVEL(2:0) is deteded by the Start Delimiter Detedor. AGC HOLD will
be negated after one of the following accurs:
(@ 24inpuswith the same values are recaved onLEVEL(2:0).
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(b) Non-datas are deteded in the inpu stream after the Start Delimiter is
recaved (usually signifiesthe End Delimiter).
(c) If the kicker deleter has been disabled (with the Descrambler Disable bit
set) and akicker (Non-data) is present in the inpu.
(d) Duringreset.
LEVEL(2:0): Theinpu to RIC appeas on Level(2:0) encoded as 3-bit Physicd symbadls
based onTable 7.
Physical Symbol | mpulse2 | mpulsel | mpulse0
Silence 1 1 0
Impulse0 {0} 0 0 0
Impulsel {1} 0 0 1
Impulse3 {3} 0 1 0
Impulsed {4} 0 1 1
Impulse2 {2} Non-Data 1 0 0
Error 1 0 1
Table 7. Recaver Inpu Physicd Symbal Encoding
4.4. Registers
Registers
Status
Regin > Status Register O ‘ >
Address L Control Register 1 Ctrl Reg out
. Address
Decoder
—>
Write/Read ‘ >
| E—
Curr Freq Reg 2 Curr Freg
Next Freq Reg 3 Ctrl Freq
Ctrl Freq Reg 4 Freqg Pool
Freq pool 5-8 Register out
Source Addr 9-14
= Dest Addr 15-20 M
R [ " >
P S
G R

Figure 10. Block Diagram of RIC Registers
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The Registers ®dion is operated using WRITE /READ, OUTPUT ENABLE ,
ADDR(4:0), and DATA(7:0). In order to read o write data into the registers, RIC must

be in SM mode (TXSYM(2:0) = 000, SMREQ = 0). Register output is avail able on the
bi-dirediona DATA bus whenever WRITE /READ ishighand OUTPUT ENABLE is
aserted. To write datainto the registers, OUTPUT ENABLE must first be negated and

the ADDR and DATA lines dabilized. Then WRITE /READ is held low for one dock
cyclein arder to write the data into the gopropriate register. Note that Registers 0, 2and 3
are read only registers. Addresses that are out of range (greaer than 20 will giveinvalid
results.

4.4.1. RIC Registers Control Signals (external signals)

WRITE /READ: The WRITE /READ lineis used to clock in datainto the RIC Registers,
andis only vaild when the RIC isin SM mode. (TXSYM(2:0) = 000. To

write data into the registers, OUTPUT ENABLE is negated first. The

addressand Datain are first stabili zed and then the WRITE /READ line is
held low for one dock cycle during which bah addressand Datain shoud
be stable. WRITE /READ is then brough high again for one dock cycle
before the signals are released. Writes to the registers therefore takes three
cycles, ore to stabili zethe data and addresslines, ore to latch in the value,
and another for the value to be held when WRITE /READ is high. Reals
from the registers can be acomplished in ore dock cycle. Dataout is

available @& long as WRITE /READ held high and SMREQ and

OUTPUT ENABLE are as%rted. Dataout is valid ore dock cycle dter
the aldress $abili zes and continues to be valid for aslongas the aldressis
stable.

OUTPUT ENABLE : The OUTPUT ENABLE line enables register outputs on

DATA(7:0). OUTPUT ENABLE shoud be negated when detais to be
written into the registers.

DATA(7:0): Thisisthe bidiredional data buswhich isaccesble whenever SMREQ is
aserted. It isused to accessthe RIC Registers.
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ADDR(4:0):

This is the adress control line for accessng the RIC Registers. All
Registers are Real/Write except for Register 0,2 and 3 which are read-
only. The registers are defined as foll ows with the addressin parenthesis:

Status Register (0):  Ead hit in theregister isa status indicaor. Thisisa
read-only register.

7 6 5 4 3 2 1 0
LE EL IL TD | CF IF MF | JTO

JTO — Jabber Time Out. This bit is high when a Reset command is

recaved onTXSYM(2:0) duringwhich JABBER TIMEOUT is assrted.
It has no meaning before the first Reset command is given.

MF — Modem Failure. Thisis smilar to JTO, except that is indicates that

FAULT DETECT is asserted duing the last Reset command. It has no
meaning kefore the first Reset command.

IF— Inpu Failure. This bit indicaes that a bad inpu sequenceis given to
RIC when in MAC mode. It is the output from the Bad Inpu Detedor. If
the Bad Inpu Detedor is disabled, this bit will be low after areset. It has
nomeaning kefore the first Reset command.

CF — Cable Failure. This bit indicaes the inverse of the state of the
Carrier Deted pin (from the RF modue).

TD — Transmit Disable. This bit indicaes that the transmitter has been
disabled (by a Reset) when high. This bit is st (high) after areset .

IL — Internal Loophladk. This bit indicaes that RIC is currently in internal
looplad mode when high. Thisbit is st (high) after areset.

EL — Externa Loophadk. This bit indicaes that RIC is currently in
externa loopladk mode when high. Thisbit is cleaed (low) after areset.

LE — Looplad Enable. This bit indicaes that looplad has been enabled
after areset. If this bit is high and neither Internal Looplad or External
Loophadk is as®rted, then noadion will be taken. This bit is st (high)
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after areset . A reset isthe only way to return the RIC to alooplkad mode
after the Looplkad Disable ommandis given onTXSY M(2:0).

Control Register (1): Ead hit in the register controls a particular function
inRIC.

7 6 5 4 3 2 1 0
MST |SYD | BID | DD | SD | LS2 | LS1 | A48
R

A48 — 1648 Lt Station Addresses. This bit indicates whether 16 a 48 bt
addresses are used for the AddressSedion o eat Token Bus Frame [15].
If it is high, 48 hit addresses are used. This bit is cleaed (low) after a
reset.

LS1 & LS2 — Loopladk Seled 1 and Looplad Seled 2. These two hits
determine which loopkad state is in operation when Loopladk Enable is
aserted. LS1is <t (high) and LS2 iscleaed (low) after areset.

L oopback Select 2 L oopback Select 1 Mode
0 0 None
0 1 Internal Loophacdk
1 0 External Loophadk
1 1 None

Table 8. Looptadk Mode Seledion

SD — Scrambler Disable. When high, this bit disables the scrambler
encoder and the kicker inserter. SD is cleaed (low) after areset.

DD — Descrambler Disable. The kicker deleter and descrambler are
disabled when thisbit ishigh.DD is cleaed (low) after areset.

BID — Bad Inpu Disable. This bit disables the bad inpu detedor (which
deteds a single Silence, a single Non-data, and three ©nseautive Non-
datas) when high. Thishit is cleared (low) after areset.
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SYD — Synchronizer Disable. This bit disables the Impulse Clock
synchronizer when high. It is cleaed (low) after areset.

MSTR — Master mode. This bit is st in order to initialize the Station
Management modue to Master mode. When low, it ads as a Slave and
Station Management only receves transmisson lroadcast on the Control
Channel. This hit is cleaed (low) after a reset. Once the Transmit Enable
command is given, orly a Reset command will return Station Management
to an Idle state for reprogramming into ancther state.

Current Frequency Reqgister (2): This register indicates the aurrent data
channel frequency. It controls the frequency synthesizer for the RF stage.
It isaread-only register.

Next Frequency Register (3): This register indicates the next data dhannel
frequency. It isaread-only register.

Control Frequency Register (4): This register indicaes the antrol channel
frequency for the use of the Station Management modue. It has to be set
to avalid value before the Transmit Enable command is given in order for
the Station Management modue to transmit on avalid frequency.

Frequency Pod (5-8): These four registers dore the frequencies that the
data channel will hop through as data transmisson and reception
progresss. It is accessed in a drcular fashion (hence gsclic frequency
hoppng). Any choice of one, two o four frequencies can be spedfied. If
only ore frequency is needed. All four registers are set to the same value.
For two frequencies, registers 5 and 7 are set to ore frequency, and
registers 6 and 8are set to the other.

Source Address (9-14): The six bytes of the Source Address are arranged
with the low order byte first (9) and hgh ader byte last (14). If 16 bt
addresses were used, orly addresses 9 and 10will be referenced.

Destination Address(15-20): The six bytes of the Destination Addressare
arranged with the low order byte first (9) and high ader byte last (14). If
16 bt addresses were used, oy addresses 9 and 10will be referenced.
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4.5. Station Management

Station Management

VALIDFRAME
> : FREQACQUIRE
Station FREQ CHANGE
Contrpl > Management >
Signal Controller
gnals (smctrll)
v
FRE( CURR Freq
POOL Frequency NEXT Freq
> Selector >
(freqsell)
TXCLK
CTXCLK
) CRXCLK
Station CRC-16
> Management > Encoder >
Transmitter (crcl6encoder) CIMPUL SE(2:0)
(smtx1)
P > > M
R |
P - S
G ' Station CRC-16 R
M anagement > (DBCC{%ST der) —
Receiver crcl6decoder
> (smrx1)
CLEVEL(2:0)

Figure 11. Block Diagram of Station Management modue

The Station Management sedion d the RIC is initialized depending onwhether
the RIC is operating in Master or Slave mode (bit 7 of Register 1) (Master mode is used
for the stationary Locd Controller, while slave mode is used for the mobile robas).
Source and Destination Addresses also need to be stored into the gpropriate registersin
order for the station management modues to function properly. The aldresses are used to
verify that the receved frame is intended for the particular subretwork. When RIC is
used in Master mode, the values for the various frequencies of the data channels must
first be loaded into the transmisson channdl frequency table (Registers 5-8) before
anything else is dore. Oncethe Transmit Enable command is given via TXSYM(2:0) and
RIC is nat in Internal Loopladk mode, the station management modue will be enabled
and undrgo an initiali zation sequence before entering MAC (data transmisson) mode. In
external loopkadk mode, the station management modue will aso be enabled, bu RIC
will be placed in MAC mode immediately withou having to wait for the Station
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Management modue to gothroughits initiai zaion sequence In namal operation, MAC
mode will not be entered urtil the initi ali zation sequence @mpletes.

The initiali zation sequence for master mode involves the transmisson d a control
frame. Otherwise, a valid control frame must be recaved by the station management

recéver before SMIND is negated and RIC enters MAC mode. The Station management
sedion is run asynchronowly with resped to the Recaver and Transmitter sedion d
RIC. The Station Management Controller (smctrll) initiates the Station Management
Transmitter (smtx1) and Recaver (smrx1) based onthe mode setting and al ows them to
run independently of the Transmitter and Recever sedions of RIC. Data Channel
frequency switching is dore when bah the Transmitter and Receaver are silent. (Silence
ispresent on bah TXSYM and RXSY M). In addition, frequency switchingis dore by the
Frequency Seleaor submodue (fregsell) in cyclicd fashion based onthe four frequency
values dored in Registers 5-8. This control frequency is made known to ead mobhile
roba beforehand so that they would know which frequency to tune in to for control
information from ead Locd Controller. Once initialized, the station management
transmitter will broadcast the present Data Channel frequency and the next frequency
continuowsly in a station management frame. The two CRCG-16 Encoders and Decoder
Pairs are used to generate the Frame Chedk Sequence and werify the rredness of
recaeved frames [17],[19]. Since the FCS operates only on dita symbals, bit 2 of
CIMPULSE(2:0) is zero and an error occurs if the bit is st for any data symbal in the
frame. Frame transmisson is aborted if a frequency switch is performed in the middle of
a station management frame transmisson what would invali date the information already
transmitted. Similarly, if the station management recaver determined that the aurrent
frequency for the Data channel is not valid, it will force afrequency change, interrupting
any data transmisgonin progress Once the Station Management modue is adivated, the
mode caana be danged withou first resetting RIC via the RESET command on
TXSYM(2:0).
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4.5.1. RIC Station Management Control Signals
(Station Management to RF stage)

CTRLTXCLK, CTRLRXCLK: These ae the dock signas used by the Station
Management Control Frame transmitter and recever circuitry. It shoud be
the same dock speed as IMPULSECLK, athoughit can operate & the
same dock rate & TXCLK and RXCLK.

CTXDISABLE : This has the same function as TRANSMIT DISABLE in the
Transmitter sedion. It is assrted when no dita is transmitted on
CIMPUL SE(2:0).

CIMPULSE(2:0): The output from the Station Management transmitter. This sgnal goes

high when CTXDISABLE is assrted. It uses the same eicoding as
IMPUL SE(2:0).

CLEVEL(2:0): This is the inpu to the Station Management receaver. It uses the same
signal encoding as LEVEL(2:0).

CCARDET: Thisisthe antrol channel carier deted line. If this line is not asserted
when a start delimiter is deteded by the recaver circuitry, the frame will
beignared.

CAGCHOLD: The AGC hdd line for the @ntrol channel is asserted if CCARDET is
high when the start delimiter is deteded. It will go low again when the
frame is complete (end celimiter isrecaved), or if an error occurs.

CURRFREQ(7:0): This is the Data Channel Frequency Control signal. The externa RF
circuitry takes the 8 hit value and seleds the gpropriate carier frequency
for transmisson.

CTRLFREQ(7:0): The Control Channel Transcaver uses the output from
CTRLFREQ(7:0) to set the gopropriate carier frequency for transmisson.
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4.6. BIST Controller

BIST Controller
Initial
Addr Test D f-f
Counter -\/ ector ——» >
ROM
Signatyre D f-f
—pROM — —»
Comparator
-
TEST L Test in progress
> On Chip Monitor ‘ Test.pa%d
(ocm1l)
Pass | ’
Counter

Figure 12. Block Diagram of BIST Controll er

Uponassertion & TEST , the On Chip Monitor (ocm1) will | oad the initial test
vedor into the PRPG for eady modue. The initial test vedor loaded into the PRPG is
1010101010101010101010101010108nce that is completed, the OCM will then
enable the scan paths for al the submodues in eathh modue and scan the test vedor
generated by the PRPG into the various <an paths. Each submodue takes the first n lines
of the PRPG output asitstest vedor inpu, where nis the bit width of the submodue. The
scan path is preloaded with the test vedor for VECTORLEN clock cycles. The system is
switched badk to namal operation mode for one o/cle, and the output from ead
submodue is clocked into the flip-flops, and then scanned ou into the MISR while the
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next set of test vedors are scanned in. Once dl the test vedor sets have been exeauted,
the resultant signature scanned out serially and compared to the signature stored in ROM
to determine if the tests were passd. The output from the On Chip Monitor,
TESTPASSED will i ndicate the successor fail ure of the tests.

4.6.1. RIC BIST Controller Control Signals (external signals)

TEST : The TEST lineisasserted in order to pu the RIC into a self test mode.

Once initiated, it will require aRESET signdl to return RIC to namal
operations. The signal shoud be asserted for four clock cycles until
TESTINPROGRESS s assrted. If it is gill present at the end d the test
cycle, the TESTPASSED signa will not be assrted. Insteal, the
TESTINPROGRESS signal will go low once the signature is ready to be
read ou throughthe internal SIGNATURE(8:0) net. This mode is used to
colled the signature that is used by the signature ROM. This sgnal is not
used in namal operations, bu is provided for diagnastics purposes.

TESTINPROGRESS This sgnal is asserted when internal self-tests are being exeauted.
(After TEST isassrted).It will be negated orcethe tests are complete.

TESTPASSED: This dgna indicates if the RIC passd the self-tests. It is valid onthe
negative alge of TESTINPROGRESS A logic 1 onthisline indicates that

the RIC passed the self-tests. A logic O indicates failure. If TEST
remains aserted at the end d the testing cycle, then TESTPASSED wiill
not be aswerted. Instea, the signature vedor will be scanned ou from the
MISR for verificaion.

TESTCLK: Thisisthe dock used for testing RIC. It can be run at a higher speed than
the regular system clock. In thisway, testing time will be reduced.

4.7. Brief RIC Submodule Descriptions

4.7.1. Bad Input Detect

This modue deteds invalid inpu sequences on TXSYM(2:0). These sequences
include asingle Non-data, three ©nseautive Non-datas and a single Silence symbadl.
Invalid sequences cause the bad inpu detedor to generate an error signal that is fed to the
Error Monitor.
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4.7.2. Error Monitor

This modue monitors the Fault Deted, Jabber Timeout and Bad Inpu Deted
lines for any errors that may occur. Whenever any ore of the three erors occur, the Error
Monitor will flag an error and remain in the aror state until the next reset. The error
signal isreported by the Command Encoder to the TBC.

4.7.3. Frequency Select

The frequency seled modue is used by the station management modue to selea
the two conseautive frequency channels given by the four registers in the frequency pod.
It starts with frequency 0 and frequency 1, then switches to frequency 1 and frequency 2
when advance is asserted, and so on.The modue is enabled by enablefreqsel, otherwise
it will j ust seled thefirst two frequencies.

4.7.4. Kicker Deleter

The kicker deleter looks at the inpu from level (2:0) and removes any kickers that
are present. Kickers in the inpu stream are ignaed when the ignaekicker line
(descrambler disable bit) is asserted. Otherwise, the kicker deleter is enabled when
enablekicker is asserted using sdfound.

4.75. Kicker Inserter

The kicker inserter accepts inpu from the Physicd Symbad Converter TX and
inserts kickers where gpropriate. It is g/nchronized to the octet boundiries using the
firstsym line from Symcounter modue. No kickers are inserted when nokcker is
aserted. The kicker inserter is disabled when enablekicker is negated.

4.7.6. No Transition Detector

The No Transition Detedor cheds level(2:0) to see if there ae 22 identicd
inpus. If that inpu sequence is deteded, then it will assert notrans, which reset the
AGCHOLD signal. This prevents the RF sedion from halding the signal at the wrong
level which can cause the notransition condtion.
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4.7.7. On Chip Monitor

The On Chip Monitor automates the testing processby setting upthe initial test
vedor for the PRPGs and scans it into the scan path of ead submodue, as well as
latching the output into the MISR to generate the signature. TESTINPROGRESS is
aserted whil e the tests are being exeauted. The length of theinitial test vedor loaded into
the PRPG is given by VECTORLEN. The number of cycles required to load the test
vedor into the scan peth is given by TESTLEN. The PRPG parall el |oads the test vedor
into the mmbinational 1ogic while scanning the test vedor into the scan path. This means
that the valid test vedor is only present at the last iteration gven by TESTLEN. The tests
are run for NOPASS number of passs. After the required number of passes were
exeauted, the On Chip Monitor will clock the test vedor out into the MISR and generate
the final signature. The final signature is then compared to the value stored in ROM and
the TESTPASSED signal is asserted if the values match, aherwise it will be negated. IF
the inpu signal TEST is asserted till the end d the test cycle, the TESTPASSED signal
will naot be aserted. Insteal, the signature will smply be docked ou in order to colled
the adual signature (for storage in ROM).

4.7.8. Physical Symbol Converter TX

The Physicd Symba Converter state macdine (psctxl) is the submodue which
handes the bit stream to symbd strean (MAC to PHY) conversion. The transmitter
block operates at the TXCLK frequency, and the output changes every two clock cycles
to synchronize it with the Impulse CLK. Conwersely, the recever block takes PHY
symbals and generates two hits per symbad at the RXCLK frequency (which is equal to
TXCLK). The State Transition Graphs are given in Figures 13, 14,and 15.
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PSC Transmitter State M achine
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Figure 13. State Diagram of PSC Transmitter
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(Continued)
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Figure 14. State Machine of PSC Transmitter (continued)

4.7.8.1.PSCTX Block: Reordering the Delimiter Byte Output Symbols

Since the order of the transmitted bits at the output stream is switched for
Delimiter bytes, the output from psctx1 is fed througha four bit Shift Register Chain.
When the state macdine reades one of the boxed states (Figure 13), new values will be
shifted into the flip-flops. This ensures that the symbals are in order (Figure 15). In order
for synchronization to be preserved for the silencemode indicator and the enable kicker
signals, ead signal is fed througha threebit shift register before being passed onto the
output.
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21 MUX D f-f 2:1MUX D f-f 2.1 MUX D f-f
PSCout
—> > - — — - ——
{2 {n {n
—_— —_— —

Parallel
L oad**

1:0,1,34

Shift Register Chain at Output

Figure 15. Block Diagram of Shift Register Chain

4.7.9. Physical Symbol Converter RX

Figure 16 dagrams the state transitions for the Physicd Symbal Converter RX
(pscrx1), which takes the PHY inpu stream and convert it badk into the MAC data

stream.
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PSC Receiver State Machine

Error O

{1} {3

{
Foor O FDOa O o Fpla O Fp10 O
0}
Tt D> P
Error % Error
Nod O Nid O
2}

{3 {4

{3t {4 ; {3 {4

{3t {4

{0 {1

Figure 16. State Diagram of PSC Recaver

4.7.10. Command/Data Encoder (Receiver)

Figures 17 and 18 indicae the ontrol signals and the state diagram for the
Command Encoder/Recaver (Rxcmdl). There ae only two modes, Station Management
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mode and Receve mode. SMindmode is entered whenever Station Management mode is
adivated or if RIC is aqquiring the Data Channel frequencies, or if an error is present in
the Physicd Error line. Otherwise, it is in the Rxenablemode, waiting for data inpu.

Figure 18 gves a brief diagram of the two modes, and the state SMIND isin for ead of
them.

RxClk _—
RxSYMin2 ——————
RxSYMinl ——————®
RxSYMin0 >

i — SMIND
|
RESETIn _— Block
PhyErrin —_— | 000 g RXSYM2
Ackcmdin B ————— —— - RXSYM1
Nakcmdin ——————— - RXSYMO

IntLooppback ——————————#»

Fregacquire — g
CarrierDetect ————#»

Figure 17. Block Diagram of Command/Data Encoder

SMindmode O © SMIND =0
Rxenablemode O -
SMIND =1

Figure 18. State Diagram of Command/Data Encoder
4.7.11. Command/Data Decoder (Transmitter)

The Command Decwder/Transmitter (txcmdl) submodue takes inpus from the
TBC and handles commands and data gpropriately. Figure 19 lists the control signals

handed bythe txemd1 modue a well as the generation o the TRANSMIT DISABLE

signal by Txsyncblock. The state diagram for txemdl is given in Figure 20. No state
transition information is given for the states (except for HResetmode) becaise dl the
states are interconreded and any transition is possble given the cmmand on
TXSYM(2:0). An ACK is generated every time astate transition accurs, after which Idle
is generated for as long as the same command is present. When in MAC mode, data from
the TBC is passd orto the scrambler stage dter a one dock delay. Figure 19 also
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includes the logic diagram for generating the Transmit Disable signal. This sgnd is
generated within the Txsyncblock submodue.

TxClk —————— —» ExtLoopback
TXSYM2 — ] —  » IntlLoopback
TXSYM1 ———» T _CARDet & ExtLoopbackOut
IXSYMO — ¥ 1 » RESETout
SMREQ —————® TX-CMD ——% SMREQout
RESET ——————» Block ———— ActivatePSCTX

PhyERRINd — | t—— » Ackemd
LoopbackSell ———— ¥ ——» Nakemd
LoopbackSel2 — g % Loopbackenable

L oopbackEnabled > ——» TxEnable
CARDet —
TxClk AliveMonitor —— |
I ntL oopbackOut ———
CARDet & ExtLoopbackOut ————
RESETout Tx Disable
SMREQout ——~
TxEnableOut
ErrorMonitor
SilenceDetect
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Figure 19. Block Diagram of Command/Data Decder and Transmit Disable signal

The State diagram indicaes the adions taken onthe Status and Control registers
when RIC isin a particular state. Reset will cause bath the Status (R0O) and Control (R1)
registersto be set to Internal Looplkadk mode with Transmit Disabled. This was described
in the Registers sdion.
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States for the TX-CMD State M achine

HResetmode O 76 5 43210
Command Registers R0| 1| °| 1| 1| | | | |
Signal Definitions 765 43210

SResetmodeO© Restoui=0
(read only) o= R1|0|0|0|0|0|0|1|0|

7 6 54 3 2 10
R0| LE| EL| IL| TD| CF| IF |MF|JTO|

+ * + * SMmode O ©
Loopbck| Int Cable | Modem

Enable |Loopbck | Failure| Failure

76 5 43210

EnableTxmode O RO| | | |o| | | | |

TXEnable=0

Ext X Input Jabber
Loopbck Disable Failure Timeout

R1 |MSTR|SYD|BID| DD| SD|L82|L81|A48|

A

Master Bad [Scramblg L oopbck
Mode | Input | Disable| Select 1
Disable

Transmitmode O

ActivatePSCtxout = 1

Errormode O

Clock Descramble Loopbck 48 bit Nakcmd =1
SynchronizerDisable ~ Select 2 Addr

Disable

(readiwrite) L oopbackDisablemode O © L oopbackenable = 0 765 432 10
76543210 RO[olofol [ | | [ ]

ExtL oopbackout (L S1=0,L S2=1,L E=1) IntL oopbackout (L S1=1, L S2=0, L E=1)
76 543210 76 543210

ROLafafof [T ][] ROLafofof [ I ][]

Figure 20. State Diagram of Command/Data Deder
4.7.12. Start Delimiter Detector

The Start Delimiter Detedor monitors LEVEL(2:0) and asserts SDFOUND if a
start delimiter is deteded. SDFOUND is negated when no transition occurs on
LEVEL(2:0) (indicaed by No Transition Detedor), a Non-data is present in the
descrambler output (from the End Delimiter), if CARRIER DETECT goes low when na
in internal loopkadk, and duing reset. SDFOUND is asserted when Carrier Deted is
adive and a Start Delimiter is deteded, and regated when an End Delimiter is deteded in
normal operation. However in internal looplad, Carrier Deted isignared.
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4.7.13. Station M anagement Controller

The Station Management Controller coordinates the functions of the Station
management Transmitter and Recever based on the Master Mode bit in the Control
Register. If RIC isnat in Internal Loophkad, it will assert freqaaquire when RIC tries to
enter MAC mode, and will nat enable MAC mode until a valid Control Frame is either
transmitted o receved by the Station Management Modue. It also coordinates the
frequency switching for the data channel by waiting for silence on bdh the transmitter
and recaver before setting the new data channel frequency. If Silence occurs in bah the
transmitter and receaver during the transmisgon d a Control Frame, it will be dorted if
part of the frequency information hes aready been broadcast. Similarly, if the Station
Management Recaver recaves a valid Control Frame which indicaes a Current
Frequency different from that stored in the Registers, the data channel frequency will be
updated immediately.

4.7.14. Station Management Transmitter

The station management transmitter transmits control frames from the Locd
Controll er operating in Master mode. The control frames have the following format:

* One symbad of Silence (minimum).

* An octet of Preanble

* The Start Delimiter

 The Frame Control indicaing that it is a station management frame.

* The Destination Addresstransmitted least significant dibit (two bit pair) first.

» The Source Addresstransmitted least significant dibit first.

» The Data Unit, which consists of the Current Frequency and Next Frequency

transmitted least significant dibit first.

e The 16 bt FCS (CRGC-16) transmitted most significant bit first. The FCS is

formed by passng CIMPULSE(0) and CIMPULSE(1) individualy through a

CRC encoding circuit. The FCS is transmitted as a cmbinational symbad with

CIMPULSE(2) being zero and CIMPULSE(1) and CIMPUL SE(2) coming from

their individual encoders.

» The End Delimiter, which has the pattern NNINNOOO or {2} {1} {2} {0}.

At the end d the frame, the SM Transmitter asserts the txendofframe signal to
indicate that the data channel frequency initiaizaion haes completed.
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4.7.15. Station Management Receiver

The station management recever on the AGCs operating in slave mode receves
control frames from the Locd Controller. The frames are awumed to be in error if
CLEVEL(2) is nonzero for any hit in the FCS. The validframe signal is asserted upon
the recept of avalid station management frame.

4.7.16. Symbol Counter

This sabmodue is a 3 hit courter (moduo 8 counter) with a firstsym output that
indicaes the first symbad in an octet. The Kicker Inserter and Deleter both use the
firstsym signal to determineif asymbal isthe first symbad in an octet.

4.7.17. Transmit Clock Alive Detector

The TXCIk Alive Monitor monitors TXCIk2 and dsables IMPULSE(2:0) if there
is no transition for twenty four clocks. Thisisto prevent afaulty conredion between the
TBC and the RF sedion from causing the transmitter to be stuck in the transmit mode
indefinitely. It is powered using RXCLK2 and wses Symcounter to register any
transitions. TXCIk2 isthe dock signal for Symcourter. If TXCIk2 fails, the murter will
stop courting and the TXCIk Alive Monitor will deted the aror.

4.7.18. Transmit Disable Silence Detector

Thismodue is used bythe Txsyncblock to determine when to assert the Transmit
Disable signal. It is negated when Silence is deteded on the inpus to the RIC, and
aserted10 TXCLK cycles after Silence gpeas at the output after atransmisson.

4.7.19. Scrambler and Descrambler Circuits

Figure 21 gves the basic drcuitry used for the scrambler and descrambler
circuitry. Whenever a Non-data symbal is encourtered, al the fli p-flops are preset to ore.
This initializes the scrambler and descrambler to hande the data portion d the inpu bit
strean. Both the scrambler and descrambler have disable lines for control which are not
shown in the figure. In addition, the descrambler has a sdfound line which enables the
descrambler when a start delimiter is deteded.
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MAC Data Scrambler and Descrambler Circuitry

SCRAMBLER

Shift Register

Data Output bl b2 b3 b4 b5 b6 b7

Data Input { ((

G(x) =1+ X°®+ X’

DESCRAMBLER
Shift Register
Data Output bl b2 b3 b4 b5 b6 b7

Data I nput {

Figure 21. Block Diagram of Scrambler and Descrambler circuits

5. Logic Simulation using QUICKSIM

The foll owing simulation runs were performed onthe design:

Rsetup sim:
The RIC Registers were initialized and the values dored in the registers read
bad viaDATA(7:0).

REsetupsim:
Various error condtions during initi ali zetion and the resporses from RIC.

Rirunsim:
RIC registers were initialized and exeauted in internal looplkadk mode. The
output comes from RXSY M (2:0)

Rxrunsim:
RIC registers were initi ali zed and exeauted in external |oopladk mode.
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Rorunsim:

Various options for controlling the Scrambler and Descrambler were
deadivated to indicate their functionin the transmisgon pocess

Rmrunsim:
RIC isinitidized in master mode and a padket was transmitted and receved.

Rsrunsim:
RIC isinitiaized in slave mode and a padket was transmitted and recaved.

Rerunsim:

RIC is initidized in slave mode and various errors are smulated for the
transmisson and reception d padkets.

Rtrunsim:

RIC isreset and dacel into test mode. If the test input islow at the end d the
tests, then the signature will be shifted ou for observation. Otherwise, the
TESTPASSED flag will i ndicate whether RIC passed the self-tests.

By means of the @ove simulations, the logica function d RIC could be verified.
Various problems were encourtered duing the process of integrating the submodues.
Withou the help of alogic simulator, some of these problems would nd be deteded,
sincethey ded with bufer sizing and timing constraints.

6. RIC Design Tradeoffs and Conclusions

Most of the moduesin RIC were defined as FINESSE modues as they consist of
state madines which can be spedfied clealy and concisely while being easily
modifiable. The outputs from ead state madiine ae latched to minimize the dfeds of
spikes and hazads in the outputs. However, the use of D flip-flops to latch the output
signals introduces delays into the output stream, and this delay adds up to abou ten clock
cycles in the Transmitter modue. In addition, the use of D flip-flops for the Registers
means that the load onthe data bus as well as the dock distribution circuitry is increased
tremendowsly. As aresult, all signals going to and from the registers have to be buffered.
This introduces delays into the design and lowers the maximum acdhievable dock speed.
The alvantage of using D flip-flops is that the individual registers can be accesd
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simultaneously. This is necessary for implementing the status, control and frequency
registers.

Testability is implemented with PRPGs and MISRs using Randam Test Vedor
Generation. All i npus to ead submodue ae multiplexed between namal inpus and test
vedor inpus to allow for simultaneous testing d al submodues. The BIST circuitry
consumes considerable aeaoverheal, bt the percentage of fault coverage is unknown at
present due to a ladk of suitable tods to do fault detedion evauation. However, the
ability to doautomatic testing will provide for increased reliability if the fault coverage
can be acwrately determined to be satisfadory.

The use of ASIC design methods grealy simplified the transition from state
madchine definitions to adual physicd layout of the device Automated circuit synthesis
tods (FINESSE) alow for the astradion d required function from the details of
implementation at the expense of computer time. However, the present state of the at still
does nat provide for complete aitomation d the design process The computer tods were
not able to perform thorough consistency cheding at eat step o the design and
compilation process Some errors which were not trapped by the schematic cature tods
caused the compil ationtoadls to abort with errors.

Nevertheless ASIC methoddogy is definitely an improvement over full-custom
logic design at the transistor level. Designs which would take yeas to finish can now be
completed in months. The gproad for designing a spedfic drcuit is to first define the
top level blocks which perform the required functions. Once that is dore, the individual
modu es which makes up the high level blocks can be designed and compil ed into maaos
or “Superblocks” which is then pu together into the final design. The simultaneous top-
down and bdtom-up approach alows for quick prototyping and changes can be
incorporated quickly as the need arises. Once the bottom level modues are defined, they
are integrated together in a hierarchicd manner to arrive a the top level blocks. The
processof integration is currently awkward and the todls avail able ae rather primitive in
that no thorough consistency chedks are performed at the initial stages of the integration
process Errors would surface due to misnamed nets and invalid pin conredions which
would abort the sili con compil ation.

The compilation pocess is a tradeoff between required compilation time and
efficiency of siliconlayout. In order to achieve quick prototypingtime, compilation d the
individual lower level modues hasto be dorefirst. A flag isthen set to designate them as

52



RIC: ASIC based Design d the RF InterfaceControll er

primitive comporents o that compilation d the top level design daes not re-expand those
modues. Thiswill save mmpilationtime & the expense of much greaer silicon area

It can be said that the use of ASIC methoddogy for chip design has improved the
turn-aroundtime invalved. The aility to do quck prototyping and smulation d the dip
aso improves the odds that the fabricaed design will function acording to
spedficaions.
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Appendix A: Finesse Listingsand QUICKSIM Simulation Files

A.l:
A2
A.3
A4,
A.b:
A.G:
A.7:
A8
A.9:

A.10:
A.11:
A.12:
A.13:
A.l14.
A.15:
A.16:
A.l7:
A.18:
A.19:
A.20:
A.21:
A.22:
A.23:
A.24.
A.25:
A.26:
A.27.
A.28:
A.29:
A.30:
A.31:
A.32
A.33:
A.34.
A.35:
A.36:
A.37.
A.38:
A.39:
A .40:
A .41
A.42:

Badinput Detect

Error Monitor

Frequency Select

Kicker Deleter

Kicker Inserter

No Transition Detector

On Chip Monitor

Receiver Physical Symbol Converter
Transmitter Physical Symbol Converter
Command/Data Encoder (Receiver)
Start Delimiter Detector

Station Management Controller
Station M anagement Receiver
Station Management Transmitter
Symbol Counter

Transmit Clock Alive Detector
Command/Data Decoder (Transmitter)
Transmit Disable Silence Detector
Rsetup.sim

Rmaster.sim

Rslave.sim

Rmactx.sim

Rmacrx.sim

Rsetuperr.sim

Rregsetup.sim

Rsd.sim

Rdd.sm

Rddsd.sim

Rintloopback.sim
Rextloopback.sim

Rtest.sim

REsetup.sim

REslave.sim

REmacrx.sim

REmactx.sim

Rirun.sim

Rxrun.sim

Rorun.sim

Rmrun.sim

Rsrun.sim

Rerun.sim

Rtrun.sim



Appendix A: Finesse Listings and QUICKSIM Simulation Files

A.1 Badinput Detect

#define Nondata ((badinputdetectenable) & (smreq
#define Padidle ((badinputdetectenable) & (smreq
#define Silence ((badinputdetectenable) & (smreq
#define Data0 ((badinputdetectenable) & (smreq
#define Datal ((badinputdetectenable) & (smreq == 0) & (txsym ==

FINESSE badipdetl

INPUT ~resetbadipdet, ~smreq, ~badinputdetectenable, txsym[2:0];
OUTPUT DFF badinput;
INTERNAL DFF state;

SYMBOLIC state { Idle, Nondatal, Nondata2, Silencel, Silence2, Error };

FSM
{

DEFAULT
{ state := Idle;
badinput := 0;

WHEN resetbadipdet RESET

state = Idle;
badinput = 0;

Idle: { IF Nondata
/* Non data symbol detected */
{ state := Nondatal; }
ELSE IF Silence
{ state := Silencel; }
E

LOOP;

Nondatal: { IF Nondata
{ state := Nondata2; }
SE

{ badinput := 1;
state := Error; }
}
Nondata2: { IF Nondata

{ badinput := 1;

state := Error; }
ELSE IF Silence

{ state := Silencel; }

ELSI
{ state := Idle; }

Silencel: { IF Silence
{ state := Silence2; }
LSE

{ badinput := 1;
state := Error; }

}

Silence2: { IF Nondata
/* Non data symbol detected */
{ state := Nondatal; }
ELSE IF Silence
LOOP;
ELSE
{ state := Idle; }

Error: { badinput := 1;
LOOP; }

FINESSE
Status Report

File Name : badipdet.fin
Module Name: badipdetl

I=** Parsing/Synthesis messages x|
/ARNING) ~ No exit out of state Error
/=** End Parsing/Synthesis messages ***/

/=** Optimization messages ~ ***/
/#** End Optimization messages k]

/#** Structure Generation messages x|
/= Testability Information ***/

INSTANCE : gO#badipdetl
SCANIN NET : f#scanin
OUTPUT NET : state(1)

INSTANCE : gl#badipdetl
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE : g2#badipdetl
SCANIN NET : state(2)
OUTPUT NET : state(3)

INSTANCE : g3#badipdetl
SCANIN NET : state(3)
OUTPUT NET : badinput

/+** End Testability Information k]
PORT txsym(0) IS NOT REQUIRED.
OUTPUT f#scanout MERGED WITH badinput.
/#** End Structure Generation messages x|
/+** Component Summary messages x|
Component Summary
Finesse Name
Module Name  Count Size Information
Control Block

g?fbladipdetl 1  12rows, 7 inputs, 4 outputs (PLA)
clr

External values used for symbolic variables:

A-1

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 000

Nondatal 101
Nondata2 010
Silencel 011
Silence2 001
Error 111

/#* End Component Summary messages ***/

A.2 Error Monitor

FINESSE errmonl

INPUT ~faultdetected, ~jabbertimedout, badinput, ~reseterrmon;
OUTPUT DFF phyerr;

INTERNAL DFF state;

SYMBOLIC state { Idle, Error };

FSM
{
DEFAULT
{ state := Idle;
phyerr := 0;

WHEN reseterrmon RESET

state = Idle;
phyerr = 0;

Idle: { IF ((faulr:detected ==1) | (jabbertimedout == 1) | (badinput == 1))
err =
state := Error; }
ELSE
LOOP;

Error: { phyerr := 1;
LOOP; }

}

FINESSE
Status Report

File Name : errormonitor.fin
Module Name: errmonl

/= Parsing/Synthesis messages x|
RNING)  No exit out of state Error
/=** End Parsing/Synthesis messages ***/

/=** Optimization messages ~ ***/
/=** End Optimization messages k]

/#** Structure Generation messages x|
Removing unneeded DFF phyerr.

/= Testability Information ***/
INSTANCE : gO#errmonl
SCANIN NET : f#scanin
OUTPUT NET : state(1)
/+** End Testability Information k]
OUTPUT f#scanout COLLAPSED TO INTERNAL NET state(1).
OUTPUT phyerr COLLAPSED TO INTERNAL NET state(1).
/#** End Structure Generation messages x|
/** Component Summary messages x|
Component Summary
Finesse Name
Module Name  Count Size Information
Control Block

c#errmonl 1  4rows, 4inputs, 1 outputs (PLA)
dffclr 1

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 0

Error 1

/=** End Component Summary messages ***/

A.3 Frequency Select

#define WAIT (advance == 0)

FINESSE fregsell
/* 2 bit frequency select with advance control */

INPUT freq0[7:0], freq1[7:0], freq2[7:0], freq3[7:0];
INPUT enablefregsel, advance, ~resetfregsel;
OUTPUT DFF cfreq([7:0], nfreq[7:0], state;
SYMBOLIC state { Idle, one, two, three, four };
FSM
{
DEFAULT

LOOP;

WHEN resetfreqsel RESET
{cfreq=0;
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nfreq = 0;
state = Idle; }

Idle: { cfreq := freqO;
nfreq := freql;
state := one; }

one: IF (enablefreqsel ==1)
{IF W,

( cfreq = frer

nfreq := freql }
three: IF (enablefregsel == 1)
{IF WAIT
{ cfreq := freq2;

nfreq := ;
state := three; }

{ cfreq := freq3;
nfreq := freqO;
state := four; }

nfreq = freql }

four: IF (enablefreqsel 1)
{IFW;

( cfreq = freq3
nfreq

nfreq := freql }

FINESSE
Status Report

File Name : fregsel.fin
Module Name: fregsell

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k]

/¥** Structure Generation messages x|
[¥** Testability Information ***/

INSTANCE : gO#freqgsell
SCANIN NET : f#scanin
OUTPUT NET : cfreq(0)

INSTANCE : glifreqgsell
SCANIN NET : cfreq(0)
OUTPUT NET : cfreq(l)

INSTANCE : g2#freqgsell
SCANIN NET : cfreq(1)
OUTPUT NET : cfreq(2)

INSTANCE : g3#freqgsell
SCANIN NET : cfreq(2)
OUTPUT NET : cfreq(3)

INSTANCE : gd4#freqgsell
SCANIN NET : cfreq(3)
OUTPUT NET : cfreq(4)

INSTANCE : g5#freqgsell
SCANIN NET : cfreq(4)
OUTPUT NET : cfreq(5)

INSTANCE : g6#freqgsell
SCANIN NET : cfreq(5)
OUTPUT NET : cfreq(6)

INSTANCE : g7#freqgsell
SCANIN NET : cfreq(6)
OUTPUT NET : cfreq(7)

INSTANCE : g8ffreqgsell
SCANIN NET : cfreq(7)
OUTPUT NET : nfreq(0)

INSTANCE : g9#fregsell
SCANIN NET : nfreq(0)
OUTPUT NET : nfreq(1)

INSTANCE : glO#fregsell
SCANIN NET : nfreq(1)

OUTPUT NET : nfreq(2)

INSTANCE : gll#fregsell
SCANIN NET : nfreq(2)
OUTPUT NET : nfreq(3)

INSTANCE : gl2i#fregsell
SCANIN NET : nfreq(3)
OUTPUT NET : nfreq(4)

INSTANCE : gl3#fregsell
SCANIN NET : nfreq(4)
OUTPUT NET : nfreq(5)

INSTANCE : gl4#fregsell
SCANIN NET : nfreq(5)
OUTPUT NET : nfreq(6)

INSTANCE : gl5#fregsell
SCANIN NET : nfreq(6)
OUTPUT NET : nfreq(7)

INSTANCE : gl6#fregsell
SCANIN NET : nfreq(7)
OUTPUT NET : state(1)

INSTANCE : gl7#fregsell
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE : gl8i#fregsell
SCANIN NET : state(2)
OUTPUT NET : state(3)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH state(3)
/#* End Structure Generation messages k|

/** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
cifreqsell 1 150 rows, 37 inputs, 19 outputs (PLA)
dffpre 1
dffclr 18

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 100
one 000
two 010
three 111
four 110

/#* End Component Summary messages ***/

A.4 Kicker Deleter

#define VIS ~b110
#define IvI0 *b000
#define IvI1 ~b001
#define VI3 *b010
#define Ivl4 "b011
#define IvI2 "b100
#define IVIE 7b101

#define ENABLED ((Ivlin == prevsym) & (enablekicker == 1) & (ignorekicker == 0))
FINESSE kickdell

INPUT ~resetkickdel, firstsym, enablekicker, ignorekicker, Ivlin[2:0];

OUTPUT DFF Ivlout[2:0];

OUTPUT DFF prevsym[2:0];

OUTPUT DFF state;

SYMBOLIC state { Idle, Sym2, Sym3, Sym4, Sym5, Sym6, Sym7, Sym8, Sym9, \
SymA, SymB, SymC, SymD, SymE, SymF, SymN };

FSM
{

DEFAULT

prevsym |v||n

WHEN resetkickdel RESET

state = Idle;
Iviout = vl
prevsym = vIS

1) & (ignorekicker == 0) & (firstsym

Idle: { IF ((enablekicker
{ Vout := vl
state 1= Sym2 }

ELSE

{ Ivlout := Ivlin;
state :=Idle; }

Sym2: { IF ENABLED
{ state := Sym3;}
L.
{ state := Idle; }
Sym3: { IF ENABLED
{ state := Sym4; }
{ state := Idle; }

Sym4: { IF ENABLED
{ state := Sym5; }
SE

A-2
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{ state := Idle; }

Syms: { IF ENABLED
{ state := Syme6; }
E

{ state := Idle; }

Symé: { IF ENABLED
{ state := Sym7; }
E

{ state := Idle; }

Sym7: { IF ENABLED
{ state := Syms; }
ELSE
{ state := Idle; }

Sym8: { IF ENABLED
{ state := Sym9; }
E

{ state := Idle; }

Sym9: { IF ENABLED
{ state := SymA; }
ELSE
{ state := Idle; }

SymA: { IF ENABLED
{ state := SymB; }
ELSE
{ state := Idle; }

SymB: { IF ENABLED
{ state := SymC; }
ELSE
{ state := Idle; }

SymC: { IF ENABLED
{ state := SymD; }
ELSE
{ state := Idle; }

SymD: { IF ENABLED
{ state := SymE; }
ELSE
{ state := Idle; }

SymE: { IF ENABLED
{ state := SymF; }
ELSE
{ state := Idle; }

SymF: { IF ENABLED
{ state := SymN; }

LSE
{ state := Idle; }

SymN: { IF ((Ivlm == IvI2) & (enablekicker == 1) & (ignorekicker ==
{1

vlout := prevsym;
dle; }

{ Ivlout := Ivlin;
state := Idle; }

FINESSE
Status Report

File Name : kickdel.fin
Module Name: kickdell

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages b}

/¥** Structure Generation messages x|
[** Testability Information ***/

INSTANCE : gO#kickdell
SCANIN NET : f#scanin
OUTPUT NET : Iviout(0)

INSTANCE : g3#kickdell
SCANIN NET : lviout(0)
OUTPUT NET : prevsym(0)

INSTANCE : g6i#kickdell
SCANIN NET : prevsym(0)
OUTPUT NET : state(1)

INSTANCE _: gT7#kickdell
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE _: g8#kickdell
SCANIN NET : state(2)
OUTPUT NET : state(3)

INSTANCE _: g9#kickdell
SCANIN NET : state(3)
OUTPUT NET : state(d)

INSTANCE _: gl#kickdell
SCANIN NET : state(4)
OUTPUT NET : Iviout(1)

INSTANCE : g2#kickdell
SCANIN NET : Ivlout(1)
OUTPUT NET : Ivlout(2)

INSTANCE : gd4#kickdell

0)

SCANIN NET : Ivlout(2)
OUTPUT NET : prevsym(1)

INSTANCE : g5t#kickdell
SCANIN NET : prevsym(1)
OUTPUT NET : prevsym(2)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH prevsym(Z)
/#* End Structure Generation messages

/*** Component Summary messages wxf

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
cikickdell 1 118 rows, 13 inputs, 7 outputs (PLA)
dffpre 4
dffclr 6

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Idle 0000
Sym2 0001
Sym3 1001
Sym4 0111
Sym5 1011
Symé 0011
Sym7 1111
Syms 1101
Sym9 1110
SymA 0010
SymB 1010
SymC 0110
SymD 1000
SymE 0101
SymF 0100
SymN 1100

/#* End Component Summary messages ***/

A.5Kicker Inserter

#define impS ~b110
#define imp0 ~b000
#define imp1 ~b001
#define imp3 ~b010
#define imp4 ~b011
#define imp2 ~b100
#define impE ~b101

#define ENABLED ((impin == prevsym) & (enablekicker == 1) & (nokicker == 0))
FINESSE kickins1

INPUT ~resetkickins, firstsym, silencemodein, enablekicker, nokicker, impin[2:0];
OUTPUT DFF impout[2:0];

OUTPUT DFF prevsym([2:0];

OUTPUT DFF silencemodeout, state;

SYMBOLIC state { Idle, Sym2, Sym3, Sym4, Sym5, Sym6, Sym7, Sym8, Sym9, \
SymA, SymB, SymC, SymD, SymE, SymF, SymN };

FSM
{

DEFAULT
{ state := Idle;
impout := impin;
prevsym := impin;
silencemodeout := silencemodein;

WHEN resetkickins RESET

state = Idle;

impout mpS,
prevsym = impS;
silencemodeout = 1;

Idle: { IF ((enableklcker = l) & (nokicker == 0) & (firstsym == 1))
{i

{imp
state := Idle; )

Sym2: { IF ENABLED
{ state := Sym3; }

L.
{ state := Idle; }
Sym3: { IF ENABLED
{ state := Sym4; }
{ state := Idle; }
Symd: { IF ENABLED
{ state := Sym5; }
{ state := Idle; }
Syms: { IF ENABLED
{ state := Syme6; }
{ state := Idle; }
Symé: { IF ENABLED
{ state := Sym7; }

{ state := Idle; }
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Sym7: { IF ENABLED
{ state := Syms; }

{ state := Idle; }

Sym8: { IF ENABLED
{ state := Sym9; }
ELSE
{ state := Idle; }

Symo: { IF ENABLED
{ state := SymA; }

{ state := Idle; }

SymA: { IF ENABLED
{ state := SymB; }
ELSE
{ state := Idle; }

SymB: { IF ENABLED
{ state := SymC; }
ELSE
{ state := Idle; }

SymC: { IF ENABLED
{ state := SymD; }
ELSE
{ state := Idle; }

SymD: { IF ENABLED
{ state := SymE; }
ELSE
{ state := Idle; }

SymE: { IF ENABLED
{ state := SymF; }
ELSE
{ state := Idle; }

SymF: { IF ENABLED
{ state := SymN; }

{ state := Idle; }

SymN: { IF ENABLED
{impout :
state :
ELSE
{ impout := impin;
state := Idle; }

FINESSE
Status Report

File Name : kickins.fin
Module Name: kickins1

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k]

/¥** Structure Generation messages x|
[¥** Testability Information ***/

INSTANCE : gO#kickins1
SCANIN NET : f#scanin
OUTPUT NET : impout(0)

INSTANCE : g3#kickinsl
SCANIN NET : impout(0)
OUTPUT NET : prevsym(0)

INSTANCE : g7#kickinsl
SCANIN NET : prevsym(0)
OUTPUT NET : state(1)

INSTANCE _: g8#kickins1
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE _: g9#kickins1
SCANIN NET : state(2)
OUTPUT NET : state(3)

INSTANCE _: g10#kickins1
SCANIN NET : state(3)
OUTPUT NET : state(d)

INSTANCE _: gl#kickins1
SCANIN NET : state(4)
OUTPUT NET : impout(1)

INSTANCE _: g2#kickins1
SCANIN NET : impout(1)
OUTPUT NET : impout(2)

INSTANCE : g4#kickins1
SCANIN NET : impout(2)
OUTPUT NET : prevsym(1)

INSTANCE : g5#kickinsl

SCANIN NET : prevsym(1)

OUTPUT NET : prevsym(2)
INSTANCE : g6#kickinsl

SCANIN NET : prevsym(2)

OUTPUT NET : silencemodeout

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH silencemodeout.

/#* End Structure Generation messages wxf
/*** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#kickinsl 1 126 rows, 13 inputs, 7 outputs (PLA)
dffpre 5
dffclr 6

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Idle 0000
Sym2 0001
Sym3 1001
Sym4 0111
Sym5 1011
Symé 0011
Sym7 1111
Sym8 1101
Sym9 1110
SymA 0010
SymB 1010
SymC 0110
SymD 1000
SymE 0101
SymF 0100
SymN 1100

/#* End Component Summary messages ***/

A.6 No Transition Detector

#define IvIS *b110
#define Ivi0 ~b000
#define Iv1 ~b001
#define Ivi3 ~b010
#define Ivi4 ~b011
#define IvI2 *b100
#define IVIE ~b101

#define IDENTICAL (lvlin == prevsym)

FINESSE notrandetl

INPUT ~resetnotrandet, Ivlin[2:0];

OUTPUT DFF notrans, prevsym([2:0];

OUTPUT DFF state;

SYMBOLIC state { Sym1, Sym2, Sym3, Sym4, Sym5, Sym6, Sym7, Sym8, Sym9, \

SymA, SymB, SymC, SymD, SymE, SymF, Sym10, Sym11, Sym12, Sym13, Sym14, Sym15, \
Sym16, Sym17, Sym18};

FSM
{
DEFAULT
{ state := Sym1;
notrans := 0;

WHEN resetnotrandet RESET

state = Sym1;
prevsym = IvIS;
notrans = 0;

Sym1: { IF IDENTICAL
{ state := Sym2; }
LSE

{ state := Sym1;
prevsym := Ivlin; }

Sym2: { IF IDENTICAL
{ state := Sym3;}
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym3: { IF IDENTICAL
{ state := Sym4; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

Symé4: { IF IDENTICAL
{ state := Sym5; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

Sym5: { IF IDENTICAL
{ state := Sym6; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

Symé: { IF IDENTICAL
{ state := Sym7;}
ELSE

{ state := Sym1;
prevsym := Ivlin; }

Sym7: { IF IDENTICAL
{ state := Syms; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }
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Sym8: { IF IDENTICAL
{ state := Sym9; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym9: { IF IDENTICAL
{ state := SymA; }

ELSE
{ state := Sym:
prevsym := Ivlin; }

}

SymA: { IF IDENTICAL
{ state := SymB; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

}

SymB: { IF IDENTICAL
{ state := SymC; }
ELSE

{ state := Sym:
prevsym := Ivlin; }

}
SymC: { IF IDENTICAL
{ state := SymD; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

}

SymD: { IF IDENTICAL
{ state := SymE; }
ELSE

{ state := Sym:
prevsym := Ivlin; }

}

SymE: { IF IDENTICAL
{ state := SymF; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

SymF: { IF IDENTICAL
{ state := Sym10; }
ELSE

{ state := Sym1;
prevsym := Ivlin; }

}

Sym10: { IF IDENTICAL
{ state := Sym11; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym11: { IF IDENTICAL
{ state := Sym12; }

ELSE
{ state := Sym:
prevsym =

}

Sym12: { IF IDENTICAL
{ state := Sym13; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym13: { IF IDENTICAL
{ state := Sym14; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym14: { IF IDENTICAL
{ state := Sym15; }
ELSE
{ state := Sym1;
prevsym := Ivlin; }

}

Sym15: { IF IDENTICAL
{ state := Sym16; }

ELSE
{ state := Sym:
prevsym =

}

Sym16: { IF IDENTICAL
{ state := Sym17; }

ELSE
{ state := Sym:
prevsym := Ivlin; }

}

Sym17: { IF IDENTICAL
{ state := Sym18; }

ELSE
{ state := Sym:
prevsym =

}

Sym18: { IF IDENTICAL
{notrans :=1;
state := Sym1;
prevsym := Ivlin; }

LSE

{ state := Sym1;
prevsym := Ivlin; }

File Name : notrandet.fin
Module Name: notrandet2

FINESSE
Status Report

/** Parsing/Synthesis messages i)
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k|

/¥** Structure Generation messages x|
[=** Testability Information ***/

INSTANCE : gO#notrandet2
SCANIN NET : f#scanin
OUTPUT NET : notrans

INSTANCE : gl#notrandet2
SCANIN NET : notrans
OUTPUT NET : prevsym(0)

INSTANCE : g5#notrandet2
SCANIN NET : prevsym(0)
OUTPUT NET : state(2)

INSTANCE : g2#notrandet2
SCANIN NET : state(2)
OUTPUT NET : prevsym(1)

INSTANCE : g3#notrandet2
SCANIN NET : prevsym(1)
OUTPUT NET : prevsym(2)

INSTANCE : g4#notrandet2
SCANIN NET : prevsym(2)
OUTPUT NET : state(1)

INSTANCE : g6#notrandet2
SCANIN NET : state(1)
OUTPUT NET : state(3)

INSTANCE : g7#notrandet2
SCANIN NET : state(3)
OUTPUT NET : state(4)

INSTANCE : g8#notrandet2
SCANIN NET : state(4)
OUTPUT NET : state(5)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH state(5).
/#* End Structure Generation messages wx|

/** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#notrandet2 1 65 rows, 11 inputs, 9 outputs (PLA)
dffpre
dffclr 3

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Syml 11101
Sym2 01101
Sym3 10101
Symé4 00101
Sym5 11001
Sym6 01001
Sym7 10001
Sym8 00001
Sym9 11111
SymA 01111
SymB 10111
SymC 00111
SymD 11011
SymE 01011
SymF 10011
Sym10 00011
Sym1l 11100
Sym12 01100
Sym13 10100
Sym14 00100
Sym15 11000
Sym16 01000
Sym17 10000
Sym18 00000

/#* End Component Summary messages ***/

A.7 On Chip Monitor

#define VECTORLEN 31
#define TESTLEN 50
#define TESTLEN1 49
#define NOPASS 5
#define FINALSIGLEN 31
FINESSE ocm1

INPUT ~resetocm, testmode, count[7:0], sigverified, testpassno[7:0];
OUTPUT JKFF misren, prpgen, testmodeout, ~passctrclr;

OUTPUT JKFF testpass, testinprogress;

OUTPUT DFF testmoduleout, enablectr, advancepasscnt;

OUTPUT DFF state;

SYMBOLIC state { Idle, Setup, Test1, Collectsig, Clearctr,
Finalsig, Checkpass, Diagnose, Exit };

FSM
{

DEFAULT
{ state := Idle;
testmoduleout := 0;

WHEN resetocm RESET

state = Idle;
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testmodeout = 0;
advancepasscnt = 0;

passctrelr = 1;
misren =

testpass = 0;
testinprogress = 0;
prpgen =0;
enablectr = 0;
testmoduleout = 0;

}

Idle: { IF (testmode == 1)

{ enablectr :=1;
testmoduleout := 0;
testmodeout :
testpass :=
testinprogres:

passctrelr

Setup: { IF (count != VECTORLEN)
{ enablectr :=1;

ELSE
{ enablectr :=
testmodeout
state := Test!

Testl: { IF (count != TESTLEN)

{ enablectr :=1;
testmoduleout
state := Testl; }

ELSE

{ enablectr := 0;
advancepasscnt
testmoduleout :=
misren = 1;
state := Checkpass; }

}

Checkpass: { IF (testpassno
{ passctrclr
enablectr :=1;

testmoduleout
state := Collectsig;
ELSE
{ state := Test1;
testmoduleou
enablectr :=
advancepasscnt := 0; }

}

Collectsig: { IF (count != TESTLEN)
{ enablectr :=1;
testmoduleout :=

LOOP; }
ELSE
{ enablectr := 0;
testmoduleout := 1;
state := Clearctr; }

OPASS)
1

Clearctr: { IF (testmode ==

/* to activate test passed signal, test line should be negated before this stage
*

/

{ enablectr := 1;
testmoduleout := 0;
testmodeout y
state := Finalsig; }

ELSE IF (testmode == 1)

{ testinprogress :
testmoduleout
testmodeout
enablectr == 1;
state := Diagnose; }

}

Finalsig: { IF ((count != FINALSIGLEN) & (sigverified == 1))
{ enablectr := 1;
LOOP; }
ELSE IF (sigverified == 1)
Xit;

1estinprogres§ :=0;
testpass :=1;}
ELSE

testinprogress := 0; }

Diagnose: { IF (count != FINALSIGLEN)
{ enablectr :=1;
ELSE
{ state := Exit;
enablectr := 0; }

Exit: { misren ::

FINESSE
Status Report

File Name : ocm.fin
Module Name: ocm2

/¥* Parsing/Synthesis messages ke
(WARNING) No exit out of state Exit
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/

/#* End Optimization messages b}
/*** Structure Generation messages wxf
/#* End Structure Generation messages wxf

/*** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#ocm2 1  45rows, 22 inputs, 15 outputs (PLA)

dffpre 1
dffclr 6
jkelr 6

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 0001
Setup 1001
Testl 0101

Collectsig 1101
Clearctr 0011
Finalsig 1011
Checkpass 0111
Diagnose 1111
Exit 0000

/#* End Component Summary messages ***/

A.8 Receiver Physical Symbol Converter

#define LVIIE (I

#define Nondata "b100
#define Badsignal ~b011
#define Silence "b111
#define Data0  ~b000
#define Datal ~ "b001

FINESSE pscrx1
INPUT  IVI[2:0], ~resetline;
OUTPUT DFF rxsym[2:0], silencemode;
INTERNAL DFF state;
SYMBOLIC state {Sil, Error, Pa, Pb, Pc, Pd, Na, Nb, FDOa, FD1a, NOc, N1c, NOd,
N1d, \
FDOb, FD1b, FDO1, FD10, DOa, D1a, DOb, D1b} ;
FSM
{
DEFAULT
{
rxsym := Silence;

silencemode
state := Error;

}
WHEN resetline RESET

state = Sil;
rxsym = Silence;
silencemode = 1;

Sil: { rxsym := Silence;
silencemode :
IF Lvli4
state := Pa;
ELSE LOOP; }

Error: { rxsym := Silence;
Lvlis
state := Sil;
ELSE LOOP; }
Pa: { rxsym := Datal;
IF Lvli4
state := Pb;
LSE
state := Error; }
Pb: { rxsym := Datal;
IF Lvlio
state := Pc;
SE
state := Error; }
Pc: { rxsym := Data0;
IF Lvlio
state := Pd;
LSE
state := Error; }
Pd: { rxsym := Data0;
IF Lvli4
state := Pa;
ELSE IF Lvli2
state := Na;
ELSE IF Lvli0
state := FDOa;
ELSE IF Lviil
state := FD01;
ELSE IF Lvli3
state := FD10;
ELSE
state := Error; }
Na: { rxsym := Nondata;
IF Lvli2
state := Nb;
LSE
state := Error; }
Nb: { rxsym := Nondata;
IF Lvlio
state := FDOa;
ELSE IF Lvlil
state := FDO1;
ELSE IF Lvli3

state := FD10;
ELSE IF Lvli4

A-6
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state := FD1a;
ELSE [** Optimization messages ~ ***/
state := Error; } /** End Optimization messages k]
FDOa: { rxsym := Data0; [¥** Structure Generation messages wxf
IF Lvli0
state := NOc; [¥** Testability Information ***/
LSE
state := Error; } INSTANCE : gl#pscrxl
SCANIN NET : f#scanin
FD1a: { rxsym := Datal; OUTPUT NET : state(2)
IF Lvli4
state := N1c; INSTANCE : g2#pscrxl
ELSE SCANIN NET : state(2)
state := Error; } OUTPUT NET : state(3)
NOc: { rxsym := Nondata; INSTANCE : g3#pscrxl
IF Lvli2 SCANIN NET : state(3)
state := NOd; OUTPUT NET : state(4)
ELSE
state := Error; } INSTANCE : g4#pscrxl
SCANIN NET : state(4)
NOd: { rxsym := Nondata; OUTPUT NET : state(5)
IF Lvli2
state := FDOb; INSTANCE : gO#pscrx1
ELSE SCANIN NET : state(5)
state := Error; } OUTPUT NET : state(1)
Nlc: {rxsym := Nondata; INSTANCE : g5#pscrxl
IF Lvli2 SCANIN NET : state(1)
state := N1d; OUTPUT NET : rxsym(0)
ELSE
state := Error; } INSTANCE : g6#pscrxl
SCANIN NET : rxsym(0)
N1d: {rxsym := Nondata; OUTPUT NET : rxsym(1)
IF Lvli2
state := FD1b; INSTANCE : g7#pscrxl
ELSE SCANIN NET : rxsym(1)
state := Error; } OUTPUT NET : rxsym(2)
FDO1: { rxsym := Datal; INSTANCE : g8#pscrxl
state := Error; } SCANIN NET : rxsym(2)
OUTPUT NET : silencemode
FD10: { rxsym := Data0;
state := Error; } /#* End Testability Information k|
FDOb: { rxsym := Data0; OUTPUT f#scanout MERGED WITH silencemode.
IF Lvli0 /#* End Structure Generation messages wx|
state := D0a;
ELSE IF Lvli1 /*** Component Summary messages wx|
state := DOa;
ELSE IF Lvli3 Component Summary
state := Dla; Finesse Name
ELSE IF Lvli4 Module Name  Count Size Information
state := Dla;
ELSE Control Block
state := Error; } c#pscrxl 1  31rows, 8inputs, 9 outputs (PLA)
dffpre 5
FD1b: { rxsym := Datal; dffclr 4
F Lvlio
stale := DO0a;
ELSE IF Lvli1 External values used for symbolic variables:
state := DOa;
ELSE IF Lvli3 Symbolic Symbolic External
state := Dla; Variable Value Boolean Value
ELSE IF Lvli4
state := Dla;
ELSE state Sil 00001
state := Error; } Error 00000
Pa 10000
Doa: { rxsym := Data0; Pb 10001
IF Lvli0 Pc 01111
state := DOb; Pd 10010
ELSE IF Lvlil Na 11110
state := D1b; Nb 11010
FDOa 10011
state := Error; } FDla 01011
NOc 11000
D1la: { rxsym := Datal; Nlc 11100
IF Lvli NOd 11101
state := DOb; N1d 11011
ELSE IF Lvli4 FDOb 01110
state := D1b; FD1b 01010
FDO1 00011
state := Error; } FD10 01100
DOa 01001
DOb: { rxsym := Data0; Dla 10100
IF Lvli0 DOb 00110
state := DOa; Di1b 00010
ELSE IF Lvlil
state := DOa; /#* End Component Summary messages ***/
ELSE IF Lvli3
state := Dla;
ELSE IF Lvli4 H -
state = Dla; A.9 Transmitter Physical Symbol Converter
ELSE IF Lvli2
state := Na; "
#define Nondata (txsym == ~b10-)
EL‘SF IF '-S":'S #define Padidle (txsym
ESLSE =l #define Silence (txsym
tate := Error; } #define Data0  (txsy
state = ' #define Datal (txsy
Dib: { rst)lI:mL::[l)Datal; #define impoS Ab110
tat DO: #define impo0 ~b000
EngEe |'F_L I? #define impo1 Ab00L
o D"O' #define impo3 ~b010
EngEe |'F_L Ig #define impo4 Ab011
Sate - D"l'a #define impo2 ~b100
= nel A
ELSE IF Lvli4 #define impoE ~b101
state := Dla;
ELSE IF Lvli2
state 1= Na: FINESSE psctx1
ELSE IF LV|IS B
ek NeUT bemizo)
tate := Error: OUTPUT DFF enablekicker, load, silencemode;
state := Error; } OUTPUT DFF imp[2:0];
} INTERNAL DFF state;
SYMBOLIC state {Sil, Error, SDO, SD3, Pa, Pb, Pc, Pd, Pe, \
EINESSE Na, Nb, FDOa, FD1a, NOc, Nlc NOd Nld FDOb Fle FDOl FD10, FDNO, FDN1,\
Status R + DOO D01 D10, D11, DOOO DODl DOlO D011 DlOO D101 DllO Dlll \
atus Repor NOO, NO1, N10, N11, PDO, PD3} ;
File Name : pscrx.fin
Module Name: pscrx1 FSM
/> Parsing/Synthesis messages i) DEFAULT
/#* End Parsing/Synthesis messages ***/ enablekicker :=
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imp
state :=
silencemode

}
WHEN resetline RESET
{

state = Sil;
enablekicker = 0;
load = 0;

imp = impoS;
silencemode = 1;

}

Sil: { imp := impoS;
silencemode :=
IF Padidle
state := Pa;
ELSE LOOP; }

Error: {imp := impoE;
Silence
state := Sil;
ELSE LOOP; }

SDO: { imp := impo0;
enablekicker :=1;
state := Sil; }

SD3: {imp := impo3;
enablekicker :=1;
state := Sil; }

PDO: { imp := impo0;

enablekicker :=1;
state := Pb; }
PD3: {imp := impo3;
5

enablekicker :=
state := Pb; }

Pa: {imp :=impoS;
IF Padidle
state := Pb;
LSE

state := Error; }

Pb: {imp :=impo4;
IF Padidle
state := Pc;
ELSE
state := Error; }

Pc: {imp :=impo4;
IF Padidle
state := Pd;
ELSE
state := Error; }

Pd: {imp :=impo0;
IF Padidle
state := Pe;
ELSE IF Nondata
state := Na;
ELSE
state := Error; }

Pe: {imp := impo0;
IF Padidle
state := Pb;
SE

state := Error; }

Na: { imp := impo0;
IF Nondata
state := Nb;
SE

state := Error; }

Nb: { imp := impo2;
enablekicker :=
IF Data0
state := FDOa;
ELSE IF Datal
state := FD1a;
SE

state := Error; }

FDOa: { imp := impo2;
enablekicke
IF Nondata
state := NOc;
ELSE
state := Error; }

FD1a: { imp := impo2;
enablekicke
IF Nondata
state := Nic;
ELSE
state := Error; }

NOc: {imp :=impoS;
enablekicker :=1;
IF Nondata
state := NOd;
ELSE

state := Error; }

NOd: {imp :=impoS;
enablekicker :
IF Data0
state := FDOb;
ELSE IF Datal
state := FDO1;
ELSE
state := Error; }

Nic: {imp :=impoS;
enablekicker :
IF Nondata
state := N1d;
ELSE

state := Error; }

N1d: {imp :=impoS;
enablekicker :

IF Data0

state := FD10;
ELSE IF Datal

state := FD1b;
ELSE

state := Error; }

FDO1: { imp := impo1;

enablekicker := 1;
load ; [* parallel load {1} */
state := Error; }

FD10: { imp := impo3;

enablekicker := 1;
load := 1; /* parallel load {3} */
state := Error; }

FDOb: { imp := impo0;

enablekicker :=1;
load := 1; /* parallel load {0} */
IF Data0

state := FDNO;
ELSE IF Datal

state := FDN1;
ELSE

state := Error; }

FD1b: { imp := impo4;

enablekicker :=1;
load := 1; /* parallel load {4} */
IF Data0

state := FDNO;
ELSE IF Datal

state := FDN1;
ELSE

state := Error; }

FDNO: { imp := impo2;

enablekicker :
IF Data0
state := DOO;
ELSE IF Datal
state := DO1;
ELSE
state := Error; }

FDN1: { imp := impo2;

enablekicker :=1;
IF Data0

state := D10;
ELSE IF Datal

state := D11;
ELSE

state := Error; }

DO0O0: {imp :=impo0;

enablekicker :=1;
IF Data0
state := DO0O;
ELSE IF Datal
state := D001;
ELSE IF Nondata
state := NOO;
ELSE IF Silence
state := SDO;
ELSE IF Padidle
state := PDO; }

DO1: {imp :=impol;

enablekicker :=

IF Data0
state := D010;
ELSE IF Datal
state := DO11;
ELSE IF Nondata
state := NO1;
ELSE

state := Error; }

D10: {imp :=impo3;

enablekicker :=

IF Data0
state := D100;
ELSE IF Datal
state := D101;
ELSE IF Nondata
state := N10;
ELSE IF Silence
state := SD3;
ELSE IF Padidle
state := PD3; }

D11: {imp :=impo4;

enablekicker :=1;

IF Data0
state := D110;
ELSE IF Datal
state := D111;
ELSE IF Nondata
state := N11;
ELSE

state := Error; }

DO000: { imp := impo0;

enablekicker :=1;
IF Data0

state := DOO;
ELSE IF Datal

state := DO1;
ELSE

state := Error; }

DO001: { imp := impo0;

enablekicker :=1;
IF Data0

state := D10;
ELSE IF Datal

state := D11;
ELSE

state := Error; }

DO010: { imp := impol;

enablekicker :=1;
IF DataO
state := DOO;
ELSE IF Datal
state := DO1;
ELSE

A-8
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state := Error; }

DO11: {imp := impol;

enablekicker :

IF Data0
state := D1

o

ELSE IF Datal

state := D1
ELSE

1

state := Error; }

D100: { imp := impo3;

enablekicker :

IF Data0
state := DO

0:

ELSE IF Datal

state := DO.
ELSE
state := Er

D101: { imp := impo3;
enablekicke

1;

ror; }

state := Error; }

D110: {imp := impo4;

enablekicke
IF DataO
state := DOO;
ELSE IF Datal
state := DO1;
ELSE
state := Error; }

D111: {imp := impo4;

enablekicker :

IF Data0

state := D10;
ELSE IF Datal

state := D11;
ELSE

state := Error; }

NOO: {imp :=impo0;

enablekicker :

IF Nondata
state := Nb.
ELSE
state := Erre

NO1: {imp :=impol;

or; }

enablekicker := 1;

IF Nondata
state := Nb.
ELSE
state := Erre

N10: {imp :=impo3;

enablekicker :

or; }

IF Nondata
state := Nb;
ELSE

state := Error; }

N11: {imp :=impo4;
enablekicker

IF Nondata
state := Nb;
ELSE

state := Error; }

File Name : psctx.fin
Module Name: psctx1

/** Parsing/Synthesis messages
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/

/#* End Optimization m

/¥** Structure Generation messages

essages

[¥** Testability Information

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

INSTANCE
SCANIN NET :

OUTPUT NET :

: gl#psctxl

f#scanin
state(2)

: g6#psctxl

state(2)

: g7#psctxl

FINESSE
Status Report

k|

k]
ok

ok

enablekicker

enablekicker

load

: g9#psctxl
d

loa
imp(0)

: gO#psctxl

imp(0)
state(1)

: g2#psctxl

state(1)
state(3)

: g3#psctxl

state(3)
state(4)

: gé#psctxl

state(4)
state(5)

: g5#psctxl

state(5)
state(6)

INSTANCE : g8#psctxl
SCANIN NET : state(6)
OUTPUT NET : silencemode

INSTANCE : gl0#psctxl

SCANIN NET : silencemode
OUTPUT NET : imp(1)

INSTANCE : gll#psctxl

SCANIN NET : imp(1)

OUTPUT NET : imp(2)

/#* End Testability Information k]

OUTPUT f#scanout MERGED WITH imp(2).
/#* End Structure Generation messages wxf

/*** Component Summary messages wx|
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block

c#psctxl 1  8lrows, 9inputs, 12 outputs (PLA)
dffpre 8
dffclr 4

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Sil 111101
Error 000000
SDO 111001
SD3 110000
Pa 100000
Pb 101010
Pc 101011
Pd 011010
Pe 011101
Na 110010
Nb 110101
FDOa 010101
FDla 000101
NOc 101001
Nlc 001110
NOd 010111
N1d 101101
FDOb 001001
FD1b 010000
FDO1 001000
FD10 011100
FDNO 100100
FDN1 000011
D00 100111
D01 010001
D10 110111
D11 110001
D000 001111
D001 011111
D010 100110
D011 001010
D100 110110
D101 111100
D110 101000
D111 111000
NOO 110011
NO1 101100
N10 000111
N11 000100
PDO 101111
PD3 010100

/#* End Component Summary messages ***/

A.10 Command/Data Encoder (Receiver)

#define NACK ~b100
#define ACK “b010
#define ACQUIRE  "b000
#define IDLERESP  "b001
#define PHYERR ~ "b111

#define Nondata ”b100
#define Badsignal ~b011
#define Silence "b111
#define Data0  "b000
#define Datal ~ "b001

#define SMREQ  (smreqin == 1)

#define ACQUIREFREQ (freqacquire == 1)

FINESSE rxcmdl

INPUT rxsymin[2:0], phyerrin, nakcmdin, intloopback, ackcmdin, freqacquire;
INPUT ~resetrxcmd, ~carrierlost, ~resetin, smreqin;

OUTPUT DFF ~smind, rxsym([2:0], state;

SYMBOLIC state { SMindmode, Rxenablemode };
FSM
{

DEFAULT
{LOOP;

IDLERESP;

WHEN resetrxemd RESET

state = SMindmode;
rxsym = IDLERESP;
smind = 1;

}

SMindmode: { IF (SMREQ | ACQUIREFREQ | (phyerrin == 1) | (resetin == 1))
{LOOP:

smind :
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IF (phyerrin == 1)
rxsym := PHYERR;

ELSE IF (nakecmdin == 1)
rxsym := NACK;

ELSE IF ((phyemn = 0) & (ackemdin == 1))
rxsym := ACK;

Y|
ELSEIF ((resetln 0) & (smreqin == 0) & ACQUIREFREQ)
rxsym := ACQUIRE;
LSE
rxsym := IDLERESP;

ELSE IF ((smreqin == 0) & (fregacquire == 0) & (phyerrin
(resetin == 0))
{ IF ((carrierlost == 1) & (intloopback == 0))
rxsym := Badsignal;
LSE

rXsym := rxsymin;
smind
state := Rxenablemode; }

}

Rxenablemode: { IF (SMREQ | ACQUIREFREQ | (phyerrin == 1) | (resetin == 1))
{smind := 1;

IF (phyerrin

ELSE IF (ACQUIREFREQ & (resetin == 0) & (smreqin == 0))

rxsym := ACQUIRE;
ELSE
rxsym := IDLERESP;
state := SMindmode; }
SE

{smind := 0;
IF ((carrierlost == 1) & (intloopback == 0))
rxsym := Badsignal;
ELSE
XSym := rxsymin;
LOOP;

FINESSE
Status Report

File Name : rxcmd.fin
Module Name: rxemd2

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

/** Optimization messages ~ ***/
/#* End Optimization messages k]

/*** Structure Generation messages x|
Removing unneeded DFF smind.

[¥** Testability Information ***/

INSTANCE g2#rxemd2
SCANIN NET : fé#scanin
OUTPUT NET : rxsym(1)

INSTANCE : g3#rxcmd2
SCANIN NET : rxsym(1)
OUTPUT NET : rxsym(2)

INSTANCE : gd#rxcmd2
SCANIN NET : rxsym(2)
OUTPUT NET : state(1)

INSTANCE : gl#rxcmd2
SCANINNET :  state(1)
OUTPUT NET : rxsym(0)
/#* End Testability Information i)
OUTPUT smind MERGED WITH state(1).
OUTPUT f#scanout MERGED WITH rxsym(O).
/#* End Structure Generation messages
/*** Component Summary messages wx|
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block

c#rxemd2 1  15rows, 11 inputs, 4 outputs (PLA)
dffpre 1
dffclr 3

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state SMindmode 0

Rxenablemode 1

/#* End Component Summary messages ***/

A.11 Start Delimiter Detector

#define VIS *b110
#define VIO ~b000
#define Ivi1 ~b001
#define IvI3 *b010
#define Iv4 *b011
#define IvI2 *b100
#define IVIE ~b101

FINESSE sddetectl

INPUT ~resetsddetect |nternal|oopback carrierdetect, notrandetect,
nondatain[2:0], Ivlin[2:0]

OUTPUT DFF agchold

OUTPUT DFF sdfound;

OUTPUT DFF state;

SYMBOLIC state { Idle, SDfound1, SDfound2, SDfound3, SDfound4, SDwait };

FSM
{

DEFAULT

{ state := Idle;
agchold
sdfound :=

0;
WHEN resetsddetect RESET
state = Idle;

agchold
sdfound = 0

Idle: { IF (((mtemalloopback = 1) | (carrierdetect == 1)) & (Ivlin == IvI2))
* Non data symbol detected */
{ state := SDfound1; }

E
LOOP;

SDfound1: { IF (((internalloopback == 1) | (carrierdetect == 1)) & (Ivlin ==
Iv0))

/* {0} found */
{ state := SDfound2; }
ELSE

state := Idle;

}
SDfound2: { IF (((internalloopback == 1) | (carrierdetect == 1)) & (Ivlin ==
vi2))

/* Non data symbol detected */
{ state := SDfound3; }
ELSE

state := Idle;

}
SDfound3: { IF (((internalloopback == 1) | (carrierdetect == 1)) & (Ivlin ==
vI0))
1 {0} found */

agchold :=1; }
ELSE

state := Idle;

}

SDfound4: { IF ((internalloopback == 1) | (carrierdetect == 1))
/* skip the Nondata from the descrambler stage */
{ state := SDwait;
sdfound :=1;
IF (camerdelect =1)
agchold :=
ELSE
state := Idle;

SDwait: { IF ((nondatain == Ivl2) /* Non data symbol found
| ((internalloopback
| ((internalloopback ==
{ state := Idle;

sdfound = O
agehold := 0; }
ELSE IF ((lnternalloophack ==0) & (carrierdetect ==

agchold :=1; }

ELSE IF (internalloopback == 1)
/* ignore notrandetect */
{LOOP;
sdfound :
agchold := camerdetect }

FINESSE
Status Report

File Name : sddetect.fin
Module Name: sddetectl

/** Parsing/Synthesis messages i)
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k|

/¥** Structure Generation messages x|
Removing unneeded DFF sdfound.

[¥** Testability Information ***/

INSTANCE : gO#sddetectl
SCANIN NET : f#scanin
OUTPUT NET : agchold

INSTANCE : g2#sddetectl
SCANIN NET : agchold
OUTPUT NET : state(1)

INSTANCE : g3#sddetectl
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE : g4#sddetectl
SCANIN NET : state(2)
OUTPUT NET : state(3)

/#* End Testability Information k|
OUTPUT f#scanout MERGED WITH state(3).
OUTPUT sdfound MERGED WITH state(1).
/#* End Structure Generation messages vl
/*** Component Summary messages wxf
Component Summary
Finesse Name
Module Name  Count Size Information
Control Block

cisddetectl 1 19 rows, 12 inputs, 4 outputs (PLA)
dffclr

External values used for symbolic variables:

1) & (notrandetect
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Symbolic Symbolic External
Variable Value Boolean Value
state Idle 000

SDfound1 100
SDfound2 010
SDfound3 110
SDfound4 001
SDwait 101

/#* End Component Summary messages ***/

A.12 Station Management Controller

#define NOCHANGE 0

#define CHANGECURR 1

#define CHANGENEXT 2

#define CHANGEBOTH 3

#define ALLSILENT ((rxsilence == 1) & (txsilence == 1))

FINESSE smctrl1
/* station management control unit */

INPUT master, ~smindin, intloopbackin, extloopbackin;
INPUT txsilence, rxsilence, rxnextfreqin[7:0];

INPUT rxvalidframe, txendofframe, ~startsmtx, ~resetsmctrl;
/* startsmtx is the txen input */

INPUT rxcurrfregmatch;

OUTPUT JKFF fregacquire;

OUTPUT JKFF enablesmtx, enablesmrx, enablefregsel;
OUTPUT DFF advancefreq, state, ~freqchange[1:0];

SYMBOLIC state { Idle, Initmasterl, Initmaster2,
Msilwaitl, Msilwait2, Mcfreql, Mcfreq2,
Initslavel, Initslave2, Ssilwaitl, Ssilwait2, Scfreq
FSM

{

DEFAULT

advancefreq := 0;
freqchange NOCHANGE
freqacquire := 0;

}
WHEN resetsmctrl RESET
{

freqacquire =
enablesmtx
enablesmrx ;
enablefreqsel = 0;
advancefreq = 0;
freqchange = NOCHANGE
state = Idle; }

Idle: { IF ((intloopbackin == 1) | (startsmtx == 0))

/* enable station management only if not in internal loopback mode */
{ advancefreq
enablesmtx :

enablesmrx :
freqacquire :=

/* disable station management */

state := Idle; }

ELSE IF ((|ntloopbackln = 0) & (extloopbackin == 1) & (master ==
{ advancefreq
freqacquire
enablesmtx
enablefregsel ::
state := Innmasterl }

ELSE IF ((|ntloopbackln = 0) & (extloopbackin == 1) & (master ==
{ advancefreq :
freqacquire
enablesmrx
state := Innslavel }

ELSE IF ((intloopbackin == 0) & (extloopbackin == 0) & (master ==

/* wait for freq acqulsmon only if in operation mode */

{ advancefreq :=
freqacquire
enablesmtx
enablefregsel :=
state := Innmasterl }

ELSE IF ((intloopbackin == 0) & (extloopbackin == 0) & (master ==

/* wait for freq acqulsmon only if in operation mode */

{ advancefreq
freqacquire
enablesmrx :=
state := Innslavel }

}

Initmaster1: { advancefreq :
fregacquire ;
freqchange HANGEBOTH;
state := Initmaster2; }

Initmaster2: { advancefreq := 0;
freqchange := NOCHANGE;
IF (txendofframe == 1)
{ freqacquire ;
state := Msllwanl; }
ELSE
{ fregacquire := 1;
LOOP;

{ state := Msilwait2; }

Msilwait2: { IF (smindin == 0)
{ IF ALLSILENT
/* a frame has been transmitted: switch channel frequency */
{ state := Mcfreql;

freqchange := CHANGEBOTH;

advancefreq := 1;

enablesmtx := 0; /* abort current sm transmission */ }
ELSE

{ state := Msilwait2; }
}
ELSE

1)

0)

1)

0)
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{ state := Idle;
freqacquire
enablesmtx
enablefregsel := 0; }

}

Mcfreql: { advancefreq := 0;
state := Mcfreq2; }

Mcfreg2: { advancefreq
enablesmtx

state := Msilwait2; }

/* wait till silence goes away, then wait for silence
to change freq, and loop */

Initslavel: { IF (rxvalidframe == 1)
{ state := InnslaveZ
freqacquire :=
freqchange := CHANGEBOTH }
LSE

{ fregacquire := 1;
LOf

Initslave2: { freqchange
state =

Ssilwaitl: { IF ((smlndln =1) | ALLSILENT)
{Lo

IF (rxvalldframe =1)
{ IF (rxcurrfregmatch == 1)
{ freqchange := CHANGENEXT; }
ELSE

{ freqchange := CHANGEBOTH; }

}
ELSE
{ state := Ssilwait2;
IF (rxvalidframe == 1)
{ IF (rxcurrfregmatch == 1)
{ freqchange := CHANGENEXT; }
ELSE

{ freqchange := CHANGEBOTH; }

}
}

Ssilwait2: IF (smindin == 0)
{IF (ALLSILENT & (rxnextfreqin 1=0))
{ state := Scfreq;
freqchange := CHANGEBOTH; }

{LOOP;
IF (rxvalldframe =1)
{ IF (rxcurrfregmatch == 1)
{ freqchange := CHANGENEXT; }
ELSE

{ freqchange := CHANGEBOTH,; }
}
}
ELSE
{ state := Idle;

fregacquire
enablesmrx :=

i}
Scfreq: { IF (ALLSILENT & (smindin == 0))
{LO

IF (rxvalldframe =1)
{ IF (rxcurrfreqmatch == 1)
{ freqchange :: CHANGENEXT }
ELSE

{ freqchange := CHANGEBOTH; }

ELSE
freqchange := NOCHANGE;

ELSE
state := Ssilwait2; }

FINESSE
Status Report

File Name : smctrl.fin
Module Name: smctrl2

/*** Parsing/Synthesis messages k]
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k|

/¥** Structure Generation messages wxf
[¥** Testability Information ***/

INSTANCE : gl#smctrl2#dff
SCANIN NET : f#scanin
OUTPUT NET : enablesmtx

INSTANCE : g2#smctrl2#dff
SCANIN NET : enablesmtx
OUTPUT NET : enablesmrx

INSTANCE : g3#smctrl2#dff
SCANIN NET : enablesmrx
OUTPUT NET : enablefregsel

INSTANCE : gd#tsmctrl2
SCANIN NET : enablefregsel
OUTPUTNET : advancefreq

INSTANCE : g7#smctrl2
SCANIN NET : advancefreq
OUTPUT NET : state(3)

INSTANCE : gO#smctrl2#dff
SCANIN NET : state(3)
OUTPUT NET : fregacquire

INSTANCE : g5#smctrl2
SCANIN NET : freqacquire

OUTPUT NET : state(1)
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INSTANCE : g6#smctrl2
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE : g8#tsmctrl2
SCANIN NET : state(2)
OUTPUT NET : state(4)

INSTANCE : g9#smctrl2
SCANIN NET : state(4)
OUTPUT NET : fregchange(0)

INSTANCE : glO#smctrl2

SCANIN NET : fregchange(0)
OUTPUT NET : fregchange(1)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH freqchange(l)
/** End Structure Generation messages

/*** Component Summary messages wx|
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#smctrl2 1 37 rows, 22 inputs, 15 outputs (PLA)

dffpre 5
dffclr 2
jkpre 1
jkelr 3

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 1011

Initmasterl 1111
Initmaster2 0111
Msilwaitl 0100
Msilwait2 0110
Mcfreql 0001
Mcfreq2 0000
Initslavel 1001
Initslave2 0101
Ssilwaitl 1000
Ssilwait2 1110
Scfreq 1100

/#* End Component Summary messages ***/

A.13 Station Management Receiver

#define IvIS *b110
#define Ivi0 ~b000
#define Ivi1 ~b001
#define Ivi3 ~b010
#define Iv4 *b011
#define IvI2 *b100
#define IVIE "b101

0) & (enablesmrx == 1))
[7:6))

#define CLVL10 (clvI[1:0] == addr[1:0])

FINESSE smrx1

INPUT ~resetsmrx, enablesmrx, adr160r48bit;

INPUT clIvi[2:0], addr[7:0], ccardet, parityin;

OUTPUT JKFF currfreq[7:0], nextfreq[7 0];

OUTPUT JKFF addroffset[4:0], cagchold, fcsenable, ~parity;
OUTPUT DFF validframe, state;

SYMBOLIC state { Idle, Pad1, Pad2, Pad3, Pad4, SD1, SD2, SD3, SD4,

FC1, FC2, FC3, FC4,

DAL, DAZ DA3 DA4 DAS, DA6, DA7, DA8, DA9, DA10, DA11, DA12,
DA13 DA14 DA15 DAlG DA17 DA18 DA19 DA20 DA21 DA22 DA23 DA24,
SA1L, SA2 SA3 SA4 SAS5, SA6, SA7 SA8 SA9 SAlO SAll SAlZ
SA13 SA14 SA15 SA16 SA17 SA].S SA19 SAZO SA21 SA22 SA23 SA24,

CF1, CFZ CF3 CF4 NFl NF2, NF3, NF4

FCSl FCSZ FCSS FCS4 FCSS FCSG FCS7 FCS8,

FCS9, FCSlO FCSll FCSlZ FCSl3 FC514 FCS].S FCS16,
ED1, EDZ ED3 ED4)

FSM
{
DEFAULT

{ state := Idle;
validframe := 0;

WHEN resetsmrx RESET

state = Idle;

fcsenable
validframe
}
Idle: { IF ((enablesmrx == 1) & (clvl == Ivl4))
{ state := Pad1;
cagchold ;

fcsenable
parity := 0;
LSE
{ cagchold := 0;
LOOP; }
Pad1: { IF (clvl == IvIO)
{ state := Pad2; }
LSE

state := Idle;

=SD3;
fcsenable =1;}

ELSE
state := Idle; }

ELSE
state := Idle; }

SD4: { IF ((clvl == IvI3) & (ccardet ==
/* carrier detect must be high before frame is recognized */
{ cagchold := 1;
state := FC1; }

L.
state := Idle; }

state := Idle; }

FC3: {IF (clvl Ivi4)
{ addroffset := 15; /* low addr bits first */
state := FC4; }
ELSE
state := Idle;

FC4: {IF (CLVL10 & ZCLVL)
state := DAL,
LSE

state := Idle;
DAL: {IF (CLVL32 & ZCLVL)
state := DA
ELSE
state := Idle; }

DA2: {IF (CLVLSA & ZCLVL)
state := DA

ELSE
state := Idle; }
DA3: {IF (CLVL76 & ZCLVL)
{ addroffset := 16;
state := DA4; }
L.
state := Idle; }

DA4: {IF (CLVLlO & ZCLVL)
state := DA

LSE
state := Idle; }

DAS: {IF (CLVL32 & ZCLVL)
state := DA

LSE
state := Idle; }

DA6: {IF (CLVLSA & ZCLVL)
state := DA

LSE
state := Idle; }
DA7: {IF (CLVL76 & ZCLVL)
IF (adr160r48bit == 0) /* 16 bit addr */

{ state := DA24;
addroffset := 9;
E

S|
{ state := DAS;
addroffset := 17; }

ELSE
state := Idle;
DA8: {IF (CLVLlO & ZCLVL)
state := DA
LSE
state := Idle; }

DA9: {IF (CLVL32 & ZCLVL)
state := DA10;

LSE
state := Idle; }

DA10: { IF (CLVL54 & ZCLVL)
state := DA11;

SE
state := Idle; }
DA11: { IF (CLVL76 & ZCLVL)
{ addroffset := 18;
state := DA12; }
L.
state := Idle; }

DAL12: { IF (CLVL10 & ZCLVL)
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state := DA13;
ELSE
state := Idle; }

DA13: { IF (CLVL32 & ZCLVL)
state := DA14;

LSE
state := Idle; }

DA14: { IF (CLVL54 & ZCLVL)
state := DA15;

LSE
state := Idle; }
DAI15: { IF (CLVL76 & ZCLVL)
{ addroffset := 19;
state := DA16; }
ELSE
state := Idle; }

DA16: { IF (CLVL10 & ZCLVL)
state := AL7;

LSE
state := Idle; }

DA17:{IF (CLVL32 & ZCLVL)
state := DA18;

ELSE
state := Idle; }

DA18: { IF (CLVL54 & ZCLVL)
state := DA19;

LSE
state := Idle; }
DA19: { IF (CLVL76 & ZCLVL)
{ addroffset := 20;
state := DA20; }
LSE
state := Idle; }

DA20: { IF (CLVL10 & ZCLVL)
state := DA21;
SE

state := Idle; }

DA21: { IF (CLVL32 & ZCLVL)
state := DA22;
SE

state := Idle; }

DA22: { IF (CLVL54 & ZCLVL)
state := DA23;
LSE

state := Idle; }
DA23: { IF (CLVL76 & ZCLVL)

{ addroffset := 9; /* high addr bits first */
state := DA24 }
ELSE
state := Idle;

DA24: { IF (CLVL10 & ZCLVL)
state := SAL;

LSE
state := Idle; }

SAL: {IF (CLVL32 & ZCLVL)
state := SA2;

LSE
state := Idle; }

SA2: {IF (CLVL54 & ZCLVL)
state := SA3;

LSE
state := Idle; }
SA3: {IF (CLVL76 & ZCLVL)
{ addroffset := 10;
state := SA4; }
L.
state := Idle; }
SA4: {IF (CLVL10 & ZCLVL)
state := SA5;
LSE
state := Idle; }

SAS5: {IF (CLVL32 & ZCLVL)
state := SA6;

LSE
state := Idle; }
SA6: {IF (CLVL54 & ZCLVL)
state := SA7;
LSE
state := Idle; }

SA7: {IF (CLVL76 & ZCLVL)
{ IF (adr160r48bit == 0) /* 16 bit addr */
{ state := SA24; }
ELSE

{ state := SA8;
addroffset :=

LSE
state := Idle; }

SA8: {IF (CLVL10 & ZCLVL)
state := SA9;

LSE
state := Idle; }

SA9: {IF (CLVL32 & ZCLVL)
state := 0;

LSE
state := Idle; }
SA10: { IF (CLVL54 & ZCLVL)
state := SA11;
LSE
state := Idle; }

SA11: {IF (CLVL76 & ZCLVL)
{ addroffset := 12;
state := SA12; }

LSE
state := Idle; }

SA12: {IF (CLVL10 & ZCLVL)
state := SA13;

LSE
state := Idle; }

SA13: {IF (CLVL32 & ZCLVL)
state := SA14;

LSE
state := Idle; }

SA14: {IF (CLVL54 & ZCLVL)
state := SA15;

LSE
state := Idle; }
SA15: {IF (CLVL76 & ZCLVL)
{ addroffset := 13;
state := SA16; }
LS|
state := Idle; }

SA16: {IF (CLVL10 & ZCLVL)
state := SA17;
SE

state := Idle; }

SA17: {IF (CLVL32 & ZCLVL)
state := SA18;

LSE
state := Idle; }

SA18: {IF (CLVL54 & ZCLVL)
state := SA19;

LSE
state := Idle; }
SA19: {IF (CLVL76 & ZCLVL)
{ addroffset := 14;
state := SA20; }
LS|
state := Idle; }

SA20: {IF (CLVL10 & ZCLVL)
state := SA21;

LSE
state := Idle; }

SA21: {IF (CLVL32 & ZCLVL)
state := SA22;

ELSE
state := Idle; }

SA22: {IF (CLVL54 & ZCLVL)
state := SA23;

ELSE
state := Idle; }

SA23: {IF (CLVL76 & ZCLVL)
state := SA24;

LSE
state := Idle; }
SA24: { IF ZCLVL
{ currfreq[1:0] := clvI[1:0];
state := CF1; }
LSE
state := Idle; }
CF1: {IF ZCLVL
{ currfreq([3:2] := clvI[1:0];
state := CF2; }
L.
state := Idle; }
CF2: {IF ZCLVL
{ currfreq([5:4] := clvI[1:0];
state := CF3; }
L.
state := Idle; }
CF3: {IF ZCLVL
{ currfreq[7:6] := clvI[1:0];
state := CF4; }
L.
state := Idle; }
CF4: {IF ZCLVL
{ nextfreq[1:0] := clvI[1:0];
state := NF1; }
L.
state := Idle; }
NF1: {IF ZCLVL
{ nextfreq[3:2] := clvI[1:0];
state := NF2; }
L.
state := Idle; }
NF2: {IF ZCLVL
{ nextfreq[5:4] := clvI[1:0];
state := NF3; }
L.
state := Idle; }
NF3: {IF ZCLVL
{ nextfreq[7:6] := clvI[1:0];
state := NF4; }
L.
state := Idle; }

NF4: {IF ZCLVL
state := FCS1;
ELSE

state := Idle; }
FCS1: {IF ZCLVL
state := FCS2;

state := Idle; }

FCS2: {IF ZCLVL
state := FCS3;

state := Idle; }
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FCS3: {IF ZCLVL INSTANCE : gO#smrx1#dff
state := FCS4; SCANIN NET : f#scanin
ELSE OUTPUT NET : currfreq(0)
state := Idle; }
INSTANCE  : gl#smrx1#dff

FCS4: {IF ZCLVL SCANIN NET : currfreq(0)
state := FCS5; OUTPUT NET : currfreq(1)
El
state := Idle; } INSTANCE : g2#smrx1#dff
SCANIN NET : currfreq(1)
FCS5: {IF ZCLVL OUTPUT NET : currfreq(2)
state := FCS6;

El INSTANCE : g3#smrx1#dff
state := Idle; } SCANIN NET : currfreq(2)
OUTPUT NET : currfreq(3)
FCS6: {IF ZCLVL

{ state := FCS7; } INSTANCE : gd#smrx1#dff
ELSE SCANIN NET : currfreq(3)
state := Idle; } OUTPUT NET : currfreq(4)
FCS7: {IF ZCLVL INSTANCE  : g5#smrx1#dif
{ state := FCS8; } SCANIN NET : currfreq(4)
SE OUTPUT NET : currfreq(5)

state := Idle; }
INSTANCE : g6#smrx1#dff

FCS8: {IF ZCLVL SCANIN NET : currfreq(5)
{ state := FCS9; } OUTPUT NET : currfreq(6)
ELSE
state := Idle; } INSTANCE : g7#smrx1#dff
SCANIN NET : currfreq(6)
FCS9: {IF ZCLVL OUTPUT NET : currfreq(7)

{ state := FCS10; }
SE INSTANCE : g8#smrx1#dff
state := Idle; } SCANIN NET : currfreq(7)
OUTPUT NET : nextfreq(0)
FCS10: {IF ZCLVL

{ state := FCS11; } INSTANCE : g9#smrx1#dff
SE SCANIN NET : nextfreq(0)
state := Idle; } OUTPUT NET : nextfreq(l)
FCS11: {IF ZCLVL INSTANCE  : g10#smrx1#dff
{ state := FCS12; } SCANIN NET : nextfreq(l)
SE OUTPUT NET : nextfreq(2)

state := Idle; }
INSTANCE  : glil#smrx1#dff

FCS12: {IF ZCLVL SCANIN NET : nextfreq(2)
{ state := FCS13; } OUTPUT NET : nextfreq(3)
SE
state := Idle; } INSTANCE : gl2#smrx1#dff
SCANIN NET : nextfreq(3)
FCS13: {IF ZCLVL OUTPUT NET : nextfreq(4)

{ state := FCS14; }
ELSE INSTANCE : g13#smrx1#dff
state := Idle; } SCANIN NET : nextfreq(4)

OUTPUT NET : nextfreq(5)
FCS14: {IF ZCLVL

{ state := FCS15; } INSTANCE : gl4#smrx1#dff
ELSE SCANIN NET : nextfreq(5)
state := Idle; } OUTPUT NET : nextfreq(6)
FCS15: {IF ZCLVL INSTANCE  : g15#smrx1#dff
{ parity := 1; /* is it done here? */ SCANIN NET : nextfreq(6)
state := FCS16; } OUTPUT NET : nextfreq(7)
ELSE
state := Idle; } INSTANCE : gl6#smrx1#dff

SCANIN NET : nextfreq(7)
FCS16: OUTPUT NET : addroffset(0)
INSTANCE  : g17#smrx1#dff
SCANIN NET : addroffset(0)
OUTPUT NET : addroffset(1)

INSTANCE  : g18#smrx1#dff
ED1: {IF (civl SCANIN NET : addroffset(1)
H OUTPUT NET : addroffset(2)

INSTANCE  : g19#smrx1#dff
SCANIN NET : addroffset(2)
ED2: {IF (civl OUTPUT NET : addroffset(3)

INSTANCE : g20#smrx1#dff
SCANIN NET : addroffset(3)
OUTPUT NET : addroffset(4)

INSTANCE  : g21#smrx1#dff
SCANIN NET : addroffset(4)
OUTPUT NET : cagchold

ED4: {IF (civl==
{ state :=

INSTANCE  : g22#smrx1#dff
SCANIN NET : cagchold
OUTPUT NET : fcsenable

ELSE

state := Idle; } INSTANCE  : g24#smrx1
SCANIN NET : fcsenable
} OUTPUT NET : validframe

FINESSE INSTANCE  : g25#smrx1
Status Report SCANIN NET : validframe
OUTPUT NET : state(1)
File Name : smrx.fin

Module Name: smrx1 INSTANCE : g26#smrx1
SCANIN NET : state(1)
/** Parsing/Synthesis messages b} OUTPUT NET : state(2)

/#* End Parsing/Synthesis messages ***/
INSTANCE  : g27#smrx1

[** Optimization messages ~ ***/ SCANIN NET : state(2)
/#* End Optimization messages k] OUTPUT NET : state(3)
/¥** Structure Generation messages x| INSTANCE : g28#smrx1
K of JKFF currfreq(0) is GND. SCANIN NET : state(3)
K of JKFF currfreq(1) is GND. OUTPUT NET : state(4)
K of JKFF currfreq(2) is GND.
K of JKFF currfreq(3) is GND. INSTANCE : g29#smrx1
K of JKFF currfreq(4) is GND. SCANIN NET : state(4)
K of JKFF currfreq(5) is GND. OUTPUT NET : state(5)
K of JKFF currfreq(6) is GND.
K of JKFF currfreq(7) is GND. INSTANCE : g30#smrx1
K of JKFF nextfreq(0) is GND. SCANIN NET : state(5)
K of JKFF nextfreq(1) is GND. OUTPUT NET : state(6)
K of JKFF nextfreq(2) is GND.
K of JKFF nextfreq(3) is GND. INSTANCE : g31#smrx1
K of JKFF nextfreq(4) is GND. SCANIN NET : state(6)
K of JKFF nextfreq(5) is GND. OUTPUT NET : state(7)
K of JKFF nextfreq(6) is GND.
K of JKFF nextfreq(7) is GND. INSTANCE : g23#smrx1#dff

SCANIN NET : state(7)
[¥** Testability Information ***/ OUTPUT NET : parity
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/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH pamy
/#* End Structure Generation messages

/*** Component Summary messages wx|
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
cismrx1 1 189 rows, 22 inputs, 37 outputs (PLA)

dffclr 8
jkpre 1
jkelr 23

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Idle 0000000
Padl 1000000
Pad2 0100000
Pad3 1100000
Pad4 0010000
SD1 1010000
SD2 0110000
SD3 1110000
Sbh4 0001000
FC1 1001000
FC2 0101000
FC3 1101000
FC4 0011000
DAl 1011000
DA2 0111000
DA3 1111000
DA4 0000100
DA5 1000100
DA6 0100100
DA7 1100100
DA8 0010100
DA9 1010100
DA10 0110100
DA11 1110100
DA12 0001100
DA13 1001100
DA14 0101100
DA15 1101100
DA16 0011100
DA17 1011100
DA18 0111100
DA19 1111100
DA20 0000010
DA21 1000010
DA22 0100010
DA23 1100010
DA24 0010010
SA1 1010010
SA2 0110010
SA3 1110010
SA4 0001010
SA5 1001010
SA6 0101010
SA7 1101010
SA8 0011010
SA9 1011010
SA10 0111010
SA11l 1111010
SA12 0000110
SA13 1000110
SA14 0100110
SA15 1100110
SA16 0010110
SA17 1010110
SA18 0110110
SA19 1110110
SA20 0001110
SA21 1001110
SA22 0101110
SA23 1101110
SA24 0011110
CF1 1011110
CF2 0111110
CF3 1111110
CF4 0000001
NF1 1000001
NF2 0100001
NF3 1100001
NF4 0010001
FCS1 1010001
FCS2 0110001
FCS3 1110001
FCs4 0001001
FCS5 1001001
FCS6 0101001
FCS7 1101001
FCS8 0011001
FCS9 1011001
FCS10 0111001
FCS11 1111001
FCS12 0000101
FCS13 1000101
FCS14 0100101
FCS15 1100101
FCS16 0010101
ED1 1010101
ED2 0110101
ED3 1110101
ED4 0001101

/#* End Component Summary messages ***/

A.14 Station Management Transmitter

#define impS ~b110
#define imp0 ~b000
#define imp1 ~b001
#define imp3 ~b010
#define imp4 ~b011
#define imp2 ~b100
#define impE ~b101
#define ZCIMP cimp[2] := 0

#define CIMP76 cimpl[1

#define CIMP10 cimp[1:0] := addr[1:f O]

FINESSE smitx1

INPUT ~resetsmtx, enablesmtx, adr160r48bit;

INPUT currfreq[7: 0] nextfreq[7: 0] addr[7:0];

OUTPUT DFF cimp[2:0];

OUTPUT JKFF addroffset[4:0], txendofframe, fcsenable, ~parity;
OUTPUT DFF state;

SYMBOLIC state { Idle, Padl, Pad2, Pad3, Pad4, SD1, SD2, SD3, SD4,

FC1, FC2, FC3, FC4,

DAL, DAZ DA3 DA4 DAS, DA6, DA7, DA8, DA9, DA10, DA11, DA12,

DA13 DA14 DA15 DAlG DA17 DA18 DA19 DA20 DA21 DA22 DA23 DA24,
SAL, SA2 SA3 SA4 SAS5, SA6, SA7 SA8 SA9 SAlO SAll SA12,

SA13 SA14 SA15 SA16 SA17 SAlS SA19 SAZO SA21 SA22 SA23 SA24,
CF1, CFZ CF3 CF4 NF1, NF2, NF3, NF4,

FCSl FCSZ FCSS FCS4 FCSS FCSG FCS7 FCS8,

FCS9, FCSlO FCSll FCS].Z FC513 FC514 FCS].S FCS16,

ED1, EDZ ED3 EDA)

FSM
{

DEFAULT
{ state := Idle;
txendofframe :=
cimp :=impS;

WHEN resetsmtx RESET

state = Idle;

cimp =impS;
addroffset = 0;
txendofframe = 0;
parity = 0;
fcsenable = 0;

}

Idle: { IF (enablesmtx == 1)
{ state := Pad1;
fcsenable 8

{ cimp :=impS;
LOOP; }

Pad1: { cimp
state

Pad2: { cimp
state :

Pad3: { cimp
state :

Pad4: { cimp
state

SD1: { cimp :=imp0;
state := SD2; }

Sb2:

state := SD3Y; }

SD3: { cimp :=imp0;
fcsenable := 1; /* or is it in next stage? */
state := SD4; }

SD4: {cimp = |mp3
state :

FC1: {cimp :=imp0;

state := FC2; }
FC2: {cimp :=impl
state := FC3 }

FC3: {cimp :=imp4;
addroffset := 15; /* low addr bits first */
state := FC4;

FC4: { CIMP10;
ZCIMP;
state := DAL, }

DA

P

{ CIMP32;
ZCIMP;
state := DA2; }

DA2: { CIMP54;
ZCIMP;
state := DA3; }

DA3: { CIMP76;
ZCIMP;
addroffset := 16;
state := DA4; }

DA4: { CIMP10;
ZCIMP;
state := DAS5; }

DAS: { CIMP32;
ZCIMP;
state := DAG; }

DA6: { CIMP54;
ZCIMP;
state := DA7; }

DA7: { CIMP76;
ZCIMP;
IF (adr160r48blt = 0) /* 16 bit addr */
{ state := DA24;
addroffset := 9; }
SE

{ state := DAS;
addroffset := 17; }
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DA8:

DA9:

DA10:

DA1l:

DA12:

DA13:

DA14:

DA15:

DA16:

DA17:

DA18:

DA19:

DA20:

DA21:

DA22:

DA23:

DA24:

SAL:

SA2:

SA3:

SA4:

SAS5:

SA6:

SAT:

SA8:

SA9:

SA10:

SA1L:

SA12:

{CIMP10;
ZCIMP:
state := DA9 }

{CIMP32;
ZCIMP;
state := DA10; }

{ CIMP54;
ZCIMP;
state := DA11; }

{ CIMP76;
ZCIMP;
addroffset := 18;
state := DA12; }

{ CIMP10;
ZCIMP;
state := DA13; }

{ CIMP32;
ZCIMP;
state := DA14; }

{ CIMP54;
ZCIMP;
state := DA15; }

{ CIMP76;
ZCIMP;
addroffset := 19;
state := DA16; }

{ CIMP10;
ZCIMP;
state := DA17; }

{ CIMP32;
ZCIMP;
state := DA18; }

{ CIMP54;
ZCIMP;
state := DA19; }

{ CIMP76;
ZCIMP;
addroffset := 20;
state := DA20; }

{ CIMP10;
ZCIMP;
state := DA21; }

{ CIMP32;
ZCIMP;
state := DA22; }

{ CIMP54;
ZCIMP;
state := DA23; }

{ CIMP76;
ZCIMP;
addroffset := 9; /* high addr bits first */
state := DA24;
}

{ CIMP10;
ZCIMP;
state := SAL; }

{ CIMP32;
ZCIMP;
state := SA2; }

{ CIMP54;
ZCIMP;
state := SA3; }

{ CIMP76;
ZCIMP;
addroffset := 10;
state := SA4;

{ CIMP10;
ZCIMP;
state := SA5; }

{ CIMP32;
ZCIMP;
state := SA6; }

{ CIMP54;
ZCIMP;
state := SA7; }

{ CIMP76;
ZCIMP;
IF (adr160r48blt = 0) /* 16 bit addr */
{slate = SA24;}
ELSI

{ slate = SA
addroffset :=

{ CIMP10;
ZCIMP;
state := SA9; }

{ CIMP32;
ZCIMP;
state := SA10; }
{CIMP54

CIMP;
stale = SAl1;}
{CIMP?G

addroffset =12;
state := SA12; }

{CIMPlO
CIMP;
stale 1= SA13;}

SA13:

SAl4:

SA15:

SA1l6:

SA17:

SA18:

SA19:

SA20:

SA21:

SA22:

SA23:

SA24:

CF1:

state := SA14; }

{ CIMP54;
ZCIMP;
state := SA15; }

{ CIMP76;
ZCIMP;
addroffset :=
state := SA16 }

{ CIMP10;
ZCIMP;
state := SA17; }

state := SA18; }

{ CIMP54;
ZCIMP;
state := SA19; }

{ CIMP76;
ZCIMP;
addroffset := 14;
state := SA20; }

{ CIMP10;
ZCIMP;
state := SA21; }

state := SA22; }
{ CIMP54;
ZCIMP:

state := SA23; }
{ CIMP76;

ZCIMP;
state := SA24;
}

{ cimp[1:0] := currfreq[1:0];
ZCIMP;
state := CF1; }
{ clmp[l 0] := currfreq([3:2];

IF (enablesmtx =1)
state := CF2;

LSE
state := Idle; }

CF2: { clmp[l 0] := currfreq[5:4];
ZCIMI
IF (enablesmtx =1)
state := CF3;
LSE
state := Idle; }
CF3: (clmp[l 0] := currfreq[7:6];
IF (enablesmtx =1)
state := CF4;
ELSE
state := Idle; }
CF4: { clmp[l 0] := nextfreq[1:0];
IF (enablesmtx =1)
state := NF1;
LSE
state := Idle; }
NF1: { clmp[l 0] := nextfreq[3:2];
IF (enablesmtx =1)
state := NF2;
LSE
state := Idle; }
NF2: { clmp[l 0] := nextfreq[5:4];
IF (enablesmtx =1)
state := NF3;
LSE
state := Idle; }
NF3: { clmp[l 0] := nextfreq[7:6];
IF (enablesmtx =1)
state := NF4;
LSE
state := Idle; }
NF4: (ZCIMP
paril
IF (enablesmtx ==1)
state := FCS1;
LSE
state := Idle; }
FCS1: { ZCIMP;
IF (enablesmtx == 1)
state := FCS2;
LSE
state := Idle; }
FCS2: { ZCIMP;
IF (enablesmtx == 1)
state := FCS3;
LSE
state := Idle; }
FCS3: { ZCIMP;
IF (enablesmtx == 1)
state := FCS4;
LSE
state := Idle; }
FCS4: { ZCIMP;

IF (enablesmtx == 1)
state := FCS5;
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ELSE
state := Idle; }

FCS5: { ZCIMP;
IF (enablesmtx == 1)
state := FCS6;

LSE
state := Idle; }

FCS6: { ZCIMP;
IF (enablesmtx == 1)
state := FCS7;

LSE
state := Idle; }

FCS7: { ZCIMP;
IF (enablesmtx == 1)
state := FCSS;
ELSE

state := Idle; }
FCS8: { ZCIMP;
IF (enablesmtx == 1)
state := FCS9;

ELSE
state := Idle; }
FCS9: { ZCIMP;
IF (enablesmtx == 1)
state := FCS10;
LSE
state := Idle; }
FCS10: { ZCIMP;
IF (enablesmtx == 1)
state := FCS11;
LSE
state := Idle; }
FCS11: { ZCIMP;
IF (enablesmtx == 1)
state := FCS12;
LSE
state := Idle; }
FCS12: { ZCIMP;
IF (enablesmtx == 1)
state := FCS13;
ELSE
state := Idle; }
FCS13: { ZCIMP;
IF (enablesmtx == 1)
state := FCS14;
ELSE
state := Idle; }
FCS14: { ZCIMP;
IF (enablesmtx == 1)
state := FCS15;
LSE
state := Idle; }
FCS15: { ZCIMP;
IF (enablesmtx == 1)
state := FCS16;

LSE
state := Idle; }

FCS16:

fcsenabl ;
IF (enablesmtx == 1)
state := ED1;

LSE
state := Idle; }

ED2: {cimp :=imp2;
state := ED3; }

ED4: {cimp :=impS;
txendofframe
state := Idle; }

FINESSE
Status Report

File Name : smtx.fin
Module Name: smtx1

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages b}

/¥** Structure Generation messages x|
[¥** Testability Information ***/

INSTANCE : gO#smtx1
SCANIN NET : f#scanin
OUTPUT NET : cimp(0)

INSTANCE  : g3#smix1#dff
SCANIN NET : cimp(0)
OUTPUT NET : addroffset(0)

INSTANCE  : gd#smix1#dff
SCANIN NET : addroffset(0)
OUTPUT NET : addroffset(1)

INSTANCE : g5#smix1#dff
SCANIN NET : addroffset(1)
OUTPUT NET : addroffset(2)

INSTANCE : g6#smix1#dff
SCANIN NET : addroffset(2)
OUTPUT NET : addroffset(3)

INSTANCE : g7#smix1#dff
SCANIN NET : addroffset(3)
OUTPUT NET : addroffset(4)

INSTANCE : g8#smix1#dff
SCANIN NET : addroffset(4)
OUTPUT NET : txendofframe

INSTANCE  : g9#smix1#dff
SCANIN NET : txendofframe
OUTPUT NET : fcsenable

INSTANCE  : gll#smixl
SCANIN NET : fcsenable
OUTPUT NET : state(1)

INSTANCE  : gl2#smix1
SCANIN NET : state(1)
OUTPUT NET : state(2)

INSTANCE _: g13#smixl
SCANIN NET : state(2)
OUTPUT NET : state(3)

INSTANCE : gla#smixl
SCANIN NET : state(3)
OUTPUT NET : state(4)

INSTANCE  : g15#smix1
SCANIN NET : state(4)
OUTPUT NET : state(5)

INSTANCE : gl#fsmtxl
SCANIN NET : state(5)
OUTPUT NET : cimp(1)

INSTANCE : g2#smtxl
SCANIN NET - cimp(1)
OUTPUT NET : cimp(2)

INSTANCE  : g10#smix1#dff
SCANIN NET : cimp(2)
OUTPUT NET : parity

INSTANCE : gl6#smtxl
SCANIN NET : parity
OUTPUT NET : state(6)

INSTANCE  : g17#smtx1

SCANIN NET : state(6)

OUTPUT NET :  state(7)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH state(7).
/#* End Structure Generation messages wxf

/*** Component Summary messages wx|
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#smtx1 1 107 rows, 33 inputs, 23 outputs

dffpre 4
dffclr 6
jkpre 1
jkelr 7

External values used for symbolic variables:

Symbolic Symbolic External

Variable Value Boolean Value

state Idle 1100000
Padl 1100100
Pad2 1101100
Pad3 0010100
Pad4 1110000
SD1 1110100
SD2 1111101
SD3 0011101
SDh4 0101011
FC1 0111001
FC2 1111001
FC3 0011001
FC4 0000111
DAl 1100011
DA2 0110100
DA3 1001111
DA4 0010011
DA5 1101011
DA6 0101101
DA7 1001001
DA8 0010111
DA9 1101110
DA10 0111100
DA11 1000101
DA12 0001011
DA13 1111110
DA14 0111111
DA15 1000001
DA16 0001111
DA17 1110111
DA18 0100100
DA19 1000010
DA20 0000011
DA21 1110110
DA22 0110111
DA23 1001000
DA24 0001110
SA1 1101111
SA2 0101110
SA3 1000011
SA4 0011111
SA5 1100111
SA6 0111110
SA7 1000110
SA8 0010110
SA9 1100110
SA10 0100111
SA11l 1001110
SA12 0011011
SA13 1110011

SA14 0101111

(PLA)
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SA15 1001010
SA16 0011110
SA17 1111111
SA18 0100110
SA19 1000111
SA20 0000110
SA21 1111011
SA22 0110110
SA23 1001011
SA24 0011100
CF1 0010000
CF2 0110000
CF3 0001000
CF4 0011000
NF1 0111000
NF2 0101010
NF3 0101000
NF4 0111010
FCS1 1011101
FCS2 1011111
FCS3 1011110
FCS4 1010010
FCS5 1011010
FCS6 1011100
FCS7 1010000
FCS8 1010111
FCS9 1011000
FCS10 1010100
FCS11 1010101
FCS12 1011001
FCS13 1010001
FCS14 1010011
FCS15 1011011
FCS16 0000000
ED1 0110001
ED2 1110001
ED3 0010001
ED4 0000100

/#* End Component Summary messages ***/

A.15 Symbol Counter

FINESSE symcntrl
/* 3 bit counter with RCO output */

INPUT enablecntr;
OUTPUT DFF state; /*rco = 1 when count = 0 (first symbol) */
OUTPUT COMB rco;

SYMBOLIC state { zero, one, two, three, four, five, six, seven }\
{”b000, *b001, ~b010, *b011, ~b100, *b101, ~b110, *b11l };

FSM

{

DEFAULT
NEXT;

WHEN ~enablecntr RESET
{ state = seven; }

zero: {rco=1;}
one: {rco=0;
two: {rco=
three: { rco
four: {rco=
five: {rco=0;}
six: {rco=0;}
seven: {rco=0

FINESSE
Status Report

File Name : symcntr.fin
Module Name: symcntrl

/¥* Parsing/Synthesis messages b’}
(WARNING) INPUT variables were only referenced in RESET section
/#* End Parsing/Synthesis messages ***/

[¥* Optimization messages ~ ***/
/#* End Optimization messages k]

/¥** Structure Generation messages x|
[¥** Testability Information ***/
INSTANCE : gO#symcntrl
SCANIN NET : f#scanin
OUTPUT NET : state(1)

INSTANCE : gl#symcntrl

SCANIN NET : state(1)

OUTPUT NET : state(2)

INSTANCE : g2#symcntrl

SCANIN NET : state(2)

OUTPUT NET : state(3)

/#* End Testability Information i)

OUTPUT f#scanout MERGED WITH state(3).
/** End Structure Generation messages wxf

/*** Component Summary messages wx|
Component Summary
Finesse Name

Module Name  Count Size Information
Control Block

c#symentrl 1 6 rows, 3 inputs, 4 outputs (PLA)
dffpre 3

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state zero 000

one 001

two 010
three 011
four 100
five 101
six 110
seven 111

/#* End Component Summary messages ***/

A.16 Transmit Clock Alive Detector

#define SAMECNT (prevsym == Clkin)
#define CLKO ~b000

FINESSE txclkalivl

INPUT ~resettxclkalive, Clkin[2:0];
OUTPUT DFF txclkdead;
INTERNAL DFF prevsym[2:0];
INTERNAL DFF state;

SYMBOLIC state { CIk1, CIk2, CIk3, Clk4, CIk5, Clk6, CIk7, CIk8, CIk9, \
CIkA, CIkB, CIkC, CIkD, CIKE, CIKF } ;

FSM
{

DEFAULT
{ state := CIk1;
txclkdead
prevsym := Clkin;

WHEN resettxclkalive RESET
state = Clk1;

txclkdead = 0;
prevsym = CLKO;

Clk1: { IF SAMECNT
{ state := Clk2; }
E
LOOP;
Clk2: { IF SAMECNT
{ state := CIk3; }
{ state := CIk1; }
Clk3: { IF SAMECNT
{ state := Clk4; }
{ state := CIk1; }
Clk4: { IF SAMECNT
{ state := CIk5; }
{ state := CIk1; }
CIK5: { IF SAMECNT
{ state := CIk6; }

ELSE
{ state := CIk1; }

CIk6: { IF SAMECNT
{ state := CIk7; }
{ state := CIk1; }
CIk7: { IF SAMECNT
{ state := CIk8; }
{ state := CIk1; }
CIk8: { IF SAMECNT
{ state := CIk9; }
{ state := CIk1; }
CIk9: { IF SAMECNT
{ state := CIKA; }
{ state := CIk1; }
CIKA: { IF SAMECNT
{ state := CIkB; }
{ state := CIk1; }
CIkB: { IF SAMECNT
{ state := CIkC; }
{ state := CIk1; }
CIkC: { IF SAMECNT
{ state := CIkD; }
{ state := CIk1; }
CIkD: { IF SAMECNT
{ state := CIKE; }
{ state := CIk1; }
CIKE: { IF SAMECNT
{ state := CIkF; }
{ state := CIk1; }

CIkF: { IF SAMECNT

{ txclkdead := 1;
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LOOP; }
ELSE
{ state := CIk1; }

FINESSE
Status Report

File Name : txclkalive.fin
Module Name: txclkalivl

/** Parsing/Synthesis messages i)
/#* End Parsing/Synthesis messages ***/

/** Optimization messages ~ ***/
/#* End Optimization messages k]

/¥** Structure Generation messages x|
[¥** Testability Information ***/

INSTANCE : gOf#txclkalivl
SCANIN NET : f#scanin
OUTPUT NET : prevsym(0)

INSTANCE : gl#txclkalivl
SCANIN NET : prevsym(0)
OUTPUT NET : prevsym(1)

INSTANCE : g2#txclkalivl
SCANIN NET : prevsym(1)
OUTPUT NET : prevsym(2)

INSTANCE : g6#txclkalivl
SCANIN NET : prevsym(2)
OUTPUT NET : state(4)

INSTANCE : g7#txclkalivl
SCANIN NET : state(4)
OUTPUT NET : txclkdead

INSTANCE : g3ftxclkalivl
SCANIN NET : txclkdead
OUTPUT NET : state(1)

INSTANCE : gd#ftxclkalivl
SCANIN NET : state(l)
OUTPUT NET : state(2)

INSTANCE : g5#txclkalivl
SCANIN NET : state(2)
OUTPUT NET : state(3)

/#* End Testability Information i)

OUTPUT f#scanout COLLAPSED TO INTERNAL NET state(3).
/#* End Structure Generation messages wxf

/*** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
citxclkalivl 1 43rows, 10 inputs, 5 outputs (PLA)
dffpre 3
dffclr 5

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Clk1 0111
Clk2 1111
Clk3 0011
Clk4 1011
CIk5 0101
Clk6 1101
Clk7 0001
Clk8 1001
Clk9 0110
CIkA 1110
ClkB 0010
CIkC 1010
CIkD 0100
CIkKE 1100
CIkF 0000

/#* End Component Summary messages ***/

A.17 Command/Data Decoder (Transmitter)

#define RESETCMD "b111
#define LOOPBCKDIS *b101
#define ENABLETX “"b011
#define SM “b00-
#define ERRO ~b010
#define ERR1 ~b100
#define ERR2 "b110

#define TXReset  (txsym == RESETCMD;

#define TXSM

#define TXEr0
#define TXErrl
#define TXEr2

#define Silence  "b111
#define TXErr  (TXEr0 | TXErrl | TXEr2)

#define INTLBK loopbackenable := 1; extloopbck
#define EXTLBK { loopbackenable := 1; extloopbck
#define LBKDIS loopbackenable := 0; extloopbck =
#define TXEN  txenable = 1;

; intloopbck =

FINESSE txcmd1
INPUT txsym[2:0], loopbcksell, loopbcksel2, loopbckenabled;

INPUT cardet, ~resetin, ~smreq, silencemodein;

OUTPUT COMB extloopbck, intloopbck, cardetNextloopbck;
OUTPUT DFF smregout, activatepsctx, ackemd, nakemd, ~resetout;
OUTPUT JKFF loopbackenable, ~txenable;

OUTPUT DFF txsymout[2:0], state;

SYMBOLIC state { HResetmode, SResetmode, Loopbckdisablemode, Enabletxmode, \
SMmode, Transmitmode, CMDErrormode };

FSM
{

DEFAULT
{LOOP;
txsymout := txsy!
extloopbck = ((Ioopbcksell = 0) & (loopbcksel2 == 1) & (loopbckenabled ==

|mloopbck = ((loopbcksell == 1) & (loopbcksel2 == 0) & (loopbckenabled ==

cardetNextIoopbck = (((Ioophcksell =1) | (loopbcksel2 == 0) |
(loopbckenabled == 0)) & (cardet == 0));
smreqout :=
activatepsctx := 0;
nakemd :
resetout :

}
WHEN resetin RESET
{

state = HResetmode;
txsymout = Sllence
txenable =
smreqout = 1;
actlvatepsctx =
loopbackenable = 1;
nakecmd = 0;

ackemi ;
resetout = 1

}

HResetmode: { /* clear reset signal input lines */
resetout := 0;
state := SResetmode;

SResetmode: {

IF ((smreq == 1) & TXReset)
{INTLBK
resetout
ackemd
txenable
state := SResetmode }
ELSE IF ((smreq == 1) & TXLoopbckdis)
{LBKDIS
smreqout := 1;
ackemd :=1;
state := Loopbckdisablemode;
ELSE IF ((smreq == 1) & TXEnabletx)
TXEN

smreqout ::
ackemd
state := Enabletxmode; }
ELSE IF ((smreq == 1) & TXSM)
{ smreqout := 1;
ackemd :=1;
state := SMmode; }
ELSE IF smreq == = 1) & TXErr)

smreqout :=
state := CMDErrormode }
0)

SMmode: {

state := SResetmode }
ELSE IF ((smreq == 1) & TXLoopbckdis)
{LBKDIS
ackemd =
smreqgou
state := Loopbckdlsablemode }
ELSE IF ((smreq == 1) & TXEnabletx)
TXEN

smreqout := 1;
ackemd :=1;
state := Enabletxmode; }
ELSE IF ((smreq == 1) & TXSM)
{ smreqout := 1;
state := SMmode )
ELSE IF ((smreq 1) & TXErr)
{ nakemd :=
smreqou
state := CMDErrormode }
ELSE IF (smreq == 0)
{ activatepsctx ::

0;
state := Transmnmode }

}
Enabletxmode: {
1) & TXReset)

state := SResetmode }
ELSE IF ((smreq == 1) & TXLoopbckdis)
{LBKDIS
smreqout ::
ackemd :
state := Loopbckdlsablemode }
ELSE IF ((smreq == 1) & TXEnabletx)
{TXEN
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smreqout := 1;

state := Enabletxmode; }
ELSE IF ((smreq == 1) & TXSM)
{ smreqout := 1;

ackemd :=1;

state := SMmode; }
ELSE IF ((smreq == 1) & TXErr)
{nakemd :=1;

smreqout :=

state := CMDErrormode; }
ELSE IF (smreq == 0)

txsymout := tx sym;
state := Transmitmode; }

Loopbckdisablemode: {

}

IF ((smreq == 1) & TXReset)
{ resetout ::
INTLBK
ackemd
txenable := 0;
state := SResetmode }
ELSE IF ((smreq == 1) & TXLoopbckdis)
{LBKDIS
smreqout := 1;
state := Loopbckdlsablemode }
ELSE IF ((smreq == 1) & TXEnabletx)
TXEN

smreqout :=
ackemd :=1;
state := Enahletxmode }

ELSE IF ((smreq==1) & TXSM)

{ smregout
ackemd ;
state := SMmode; }

ELSE IF ((smreq == 1) & TXErr)

{nakemd :=1;
smreqout := 1;
state := CMDErrormode; }

ELSE IF (smreq == 0)

{ activatepsctx
smreqout
txsymout := txsym;
state := Transmitmode; }

Transmitmode: {

IF ((smreq == 1) & (silencemodein == 1) & TXReset)
{ resetout ::
INTLBK
ackemd
txenable := 0;
state := SResetmode }
ELSE IF ((smreq == 1) & (silencemodein == 1) & TXLoopbckdis)
{LBKDIS

state := Loopbckdlsablemode }
ELSE IF ((smreq == 1) & (silencemodein == 1) & TXEnabletx)
TXEN

state := Enabletxmode;

ELSE IF ((smreq =1) & (silencemodein == 1) & TXSM)

{ smreqout :=
ackemd :=1;
state := SMmo e; }

ELSE IF ((smreq == 1) & (silencemodein == 1) & TXErr)

{nakemd :
smreqout
state := CMDErrormode; }

ELSE IF ((smreq == 1) & (silencemodein == 0))

{ activatepsctx := 1;
smreqout
txsymout := Silence;
state := Transmitmode; }

ELSE IF (smreq == 0;

{ activatepsctx
smreqout
txsymout := txsym;
state := Transmitmode; }

CMDErrormode: {

IF ((smreq == 1) & TXReset)
{ resetout ::
INTLBK
ackemd
txenable := 0;
state := SResetmode }
ELSE IF ((smreq == 1) & TXLoopbckdis)
{LBKDIS

state := Loopbckdlsablemode
ELSE IF ((smreq == 1) & TXEnabletx)
TXEN

state := Enabletxmode; }

ELSE IF (smreq == 1) & TXSM)

{ smreqout :=
ackemd =
state := SMmode; }

ELSE IF ((smreq == 1) & TXErr)

{nakemd :=1;
smreqout := 1;
state := CMDErrormode; }

ELSE IF (smreq == 0)

{ activatepsctx
smreqout )
txsymout := txsym;
state := Transmitmode; }

FINESSE
Status Report

File Name : txcmd.fin
Module Name: txcmd1

/** Parsing/Synthesis messages i)
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k|

/¥** Structure Generation messages x|
[=** Testability Information ***/

INSTANCE : gl#txcmdl
SCANIN NET : f#scanin
OUTPUT NET : activatepsctx

INSTANCE : g2#txcmdl
SCANIN NET : activatepsctx
OUTPUT NET : ackemd

INSTANCE : g3#txcmdl
SCANIN NET : ackemd
OUTPUT NET : nakecmd

INSTANCE : gd#txcmdl
SCANIN NET : nakemd
OUTPUT NET : resetout

INSTANCE : gll#txcmdl
SCANIN NET : resetout
OUTPUT NET : state(2)

INSTANCE : gO#txcmdl
SCANIN NET : state(2)
OUTPUT NET : smreqout

INSTANCE  : g5#txcmd1#dff
SCANIN NET : smreqout
OUTPUT NET : loopbackenable

INSTANCE : g6#txcmd1#dff
SCANIN NET : loopbackenable
OUTPUT NET : txenable

INSTANCE : g7#txcmdl
SCANIN NET : txenable
OUTPUT NET : txsymout(0)

INSTANCE : g8ftxcmdl
SCANIN NET : txsymout(0)
OUTPUT NET : txsymout(1)

INSTANCE : g9#txcmdl
SCANIN NET : txsymout(1)
OUTPUT NET : txsymout(2)

INSTANCE : glO0#txemdl
SCANIN NET : txsymout(2)
OUTPUT NET : state(1)

INSTANCE : gl2#txcmdl

SCANIN NET : state(1)

OUTPUT NET : state(3)

/#* End Testability Information k|

OUTPUT f#scanout MERGED WITH slate(3)
/#* End Structure Generation messages k|

/*** Component Summary messages wxf
Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
c#txemdl 1  42rows, 12 inputs, 17 outputs

dffpre 6
dffclr 5
jkpre 2

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state HResetmode 101

SResetmode 100
Loopbckdisablemode 000
Enabletxmode 110
SMmode 011
Transmitmode 001
CMDErrormode 111

/#* End Component Summary messages ***/

(PLA)

A.18 Transmit Disable Silence Detector

#define Txsymsil (txsymin b11-)
#define Impulsesil (impulsein == ~b110)

FINESSE txdissd1
INPUT ~resettxdissd, txsymin[2:0], impulsein[2:0];

OUTPUT DFF silencedetect;
OUTPUT DFF state;

SYMBOLIC state { Idle, disablesildet, waitforsil, delayl, delay2, delay3,

delay4, delay5 };
FSM

{

DEFAULT

{ state := Idle;
silencedetect :=

WHEN resettxdissd RESET

state = Idle;
silencedetect = 1;
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Idle: { IF Txsymsil
{ silencedetect :
LOOP; }
ELSE
{ silencedetect := 0;
state := disablesildet; }

}

disablesildet: { IF Impulsesil
{ silencedetect := 0;
LOOP;

{ silencedetect := 0;
state := waitforsil; }

}

waitforsil: { IF Impulsesil
{ silencedetect := 0;
state := delay1; }
ELSE
{ silencedetect := 0;
LOOP;

delayl: state := delay2;
delay2: state := delay3;
delay3: state := delay4;
delay4: state := delay5;

delay5: { IF Txsymsil
{ silencedetect :
state := Idle; }
ELSE
{ silencedetect := 0;
state := disablesildet; }

FINESSE
Status Report

File Name : txdissd.fin
Module Name: txdissd1

/** Parsing/Synthesis messages b}
/#* End Parsing/Synthesis messages ***/

[** Optimization messages ~ ***/
/#* End Optimization messages k]

/¥** Structure Generation messages x|
[¥** Testability Information ***/

INSTANCE : g2#txdissdl
SCANIN NET : f#scanin
OUTPUT NET : state(2)

INSTANCE _: g3#txdissdl
SCANIN NET : state(2)
OUTPUT NET : state(3)

INSTANCE  : gO#txdissdl
SCANIN NET : state(3)
OUTPUT NET : silencedetect

INSTANCE : gl#txdissdl
SCANIN NET : silencedetect
OUTPUT NET : state(1)

/#* End Testability Information i)

PORT txsymin(0) IS NOT REQUIRED.
OUTPUT f#scanout MERGED WITH state(1).
/#* End Structure Generation messages wxf

/*** Component Summary messages wx|

Component Summary
Finesse Name
Module Name  Count Size Information

Control Block
citxdissdl 1 9rows, 8 inputs, 4 outputs (PLA)
dffpre 2
dffclr 2

External values used for symbolic variables:

Symbolic Symbolic External
Variable Value Boolean Value
state Idle 001
disablesildet 111
waitforsil 000

delayl 100
delay2 010
delay3 110
delay4 011
delay5 101

/#* End Component Summary messages ***/

A.19 Rsetup.sim

VIEw Sheet
history 50000
period trace 100000

# setup clocks

SCAle TRace Time 1000
CLOck Period 1000

FORCe txclk 1 0 -Repeat
FORCe txclk 0 500 -Repeat
FORCe rxclk 1 0 -Repeat
FORCe rxclk 0 500 -Repeat
CLOck Period 500

FORCe testclk 1 0 -Repeat
FORCe testclk 0 250 -Repeat

CLOck Period 2000

FORCe impulseclk 1 0 -Repeat
FORCe impulseclk 0 1000 -Repeat
FORCe ctrltxclk 1 0 -Repeat
FORCe ctrltxclk 0 1000 -Repeat
FORCe ctrirxclk 1 0 -Repeat
FORCe ctrirxclk 0 1000 -Repeat

#initial input signal levels

FORCe clevel 6
FORCe write#read 1
FORCe txsym 6
FORCe smreq 1
FORCe reset 1
FORCe level 6
FORCe test 1

FORCe jabbertimeout 1
FORCe faultdetect 1
FORCe datain 0
FORCe carrierdetect 1
FORCe ccardet 1
FORCe addr 0

# trace signals

TRACce txclk rxclk impulseclk reset resetout write#read addr datain dataout
TRAce smreq txsym smind rxsym transmitdisable

TRAce impulse externalloopback level agchold

TRACce currfreq ctrifreq

TRACce ctxdisable cimpulse cagchold clevel

TRAce signature

#monitor signals

mon b txsym smreq impulse rxsym smind level
SAVe STAte state0 -Replace
template run 2000

#hard reset

forc reset 0
run
forc reset 1
run

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run

#setup registers

forc txsym O

run; run

template run 1000
forc addr 4

forc datain 44

run

forc write#read 0
run

forc write#read 1
run

#setup freq pool

forc addr 5

forc datain aa
run

forc write#read 0
run

forc write#tread 1
run

forc addr 6

forc datain bb
run

forc write#read 0
run

forc write#tread 1
run

forc addr 7

forc datain cc
run

forc write#read 0
run

forc write#tread 1
run

forc addr 8

forc datain dd
run

forc write#read 0
run

forc write#tread 1

run
forc addr 9
#setup source addr

forc datain 01
run

forc write#read 0
run

forc write#tread 1
run

forc addr a

forc datain 23
run

forc write#read 0
run

forc write#tread 1
run

forc addr b

forc datain 45
run

forc write#read 0
run

forc write#tread 1
run

forc addr ¢

forc datain 67
run

forc write#read 0
run

forc write#read 1
run

forc addr d

forc datain 89
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run
forc write#read 0
run

forc write#read 1
run

forc addr e

forc datain ab
run

forc write#read 0
run

forc write#read 1
run

#setup dest. addr

forc addr f

forc datain fe
run

forc write#read 0
run

forc write#read 1
run

forc addr 10

forc datain dc
run

forc write#read 0
run

forc write#read 1
run

forc addr 11

forc datain ba
run

forc write#read 0
run

forc write#read 1
run

forc addr 12

forc datain 98
run

forc write#read 0
run

forc write#read 1
run

forc addr 13

forc datain 76
run

forc write#read 0
run

forc write#read 1
run

forc addr 14

forc datain 54
run

forc write#read 0
run

forc write#read 1
run

#read data back

forc addr 0
run

forc addr 1
run

forc addr 2
run

forc addr 3
run

forc addr 4
run

forc addr 5
run

forc addr 6
run

forc addr 7
run

forc addr 8
run

forc addr 9
run

forc addr a
run

forc addr b
run

forc addr ¢
run

forc addr d
run

forc addr e
run

forc addr f
run

forc addr 10
run

forc addr 11
run

forc addr 12
run

forc addr 13
run

forc addr 14
run

template run 1000

A.20 Rmaster.sm

#scale trace time
scale trace time 8000

#set up master mode
forc addr 1

forc datain 80
run

forc write#read 0
run

forc write#read 1
run

forc txsym 5

run; run; run
forc txsym 3

run; run; run
forc smreq 1
forc txsym 6

run 208000

A.21 Rdave.sm

#scale trace time
scale trace time 8000

#set up slave mode
forc clevel 6

forc addr 1

forc datain 00
run

forc write#read 0
run

forc write#read 1
run

forc txsym 5

run; run; run
forc txsym 3

run; run; run
forc smreq 1
forc txsym 6

run; run

#channel frequency received

template run 2000
forc clevel 3

run
forc clevel 0
run

forc clevel 3
run

forc clevel 0
run

forc clevel 4
run

forc clevel 0
run

forc clevel 4
run

forc clevel 0
run

forc clevel 2
run

forc clevel 0
run

forc clevel 1
run

forc clevel 3
run

forc clevel 2
run

forc clevel 3
run; run; run
forc clevel 0
run

forc clevel 3
run

forc clevel 1
run

forc clevel 3
run

forc clevel 1
run

forc clevel 0
run; run; run
forc clevel 3
run

forc clevel 0
run

forc clevel 2
run

forc clevel 0
run

forc clevel 2
Tun; run; run; run
forc clevel 3
run

forc clevel 2
run

forc clevel 3
run

forc clevel 2
run; run
forc clevel 0
run; run; run
forc clevel 1
run

forc clevel 2
run

forc clevel 3
run

forc clevel 0
run

forc clevel 3
run

forc clevel 0
run; run
forc clevel 1
run; run
forc clevel 2
run

forc clevel 3
run

forc clevel 0

run
forc clevel 4
run
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forc clevel 1
run
forc clevel 4
run
forc clevel 0

run
forc clevel 6
run

A.22 Rmactx.sim

#silence (one octet)
template run 1000

forc txsym 6

run 8000

#pad idle symbols (one octet)
forc txsym 2

run 8000

#start delimiter (one octet)
forc txsym 4

run 2000

forc txsym O

run

forc txsym 4

run 2000

forc txsym O

run 3000

#mac 'data’ -- frame control, addresses, and data
forc txsym 1

run 4000

forc txsym O

run 4000

forc txsym 1

run 64000

#end delimiter (one octet)
forc txsym 4

run 2000

forc txsym 1

run

forc txsym 4

run 2000

forc txsym 1

run

forc txsym O

run 2000

#silence (one octet)

forc txsym 6

run 8000

A.23 Rmacrx.sm

#silence (one octet)

template run 2000

forc level 6

run 8000

#pad idle symbols (one octet)
forc level 3

run
forc level 0
run
forc level 3
run
forc level 0

run
#start delimiter (one octet)
forc level 4

run
forc level 0
run
forc level 4
run
forc level 0
run

#mac 'data’ -- frame control, addresses, and data
forc level 3
run

forc level 2
run

forc level 0
run

forc level 2
run 4000
forc level 3
run

forc level 0
run 4000
forc level 1
run 4000
forc level 3

run
forc level 2
run

forc level 0
run

forc level 3
run

forc level 2
run

forc level 3
run

forc level 1
run

forc level 2
run

forc level 1
run

forc level 0
run

forc level 2
run 4000
forc level 1
run

forc level 0
run 4000
forc level 2
run

forc level 1
run

forc level 3
run

forc level 0
run

forc level 2

run
forc level 3
run
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forc level 1
run
forc level 0
run
forc level 1
run
forc level 0

run
forc level 1

run

#end delimiter (one octet)
forc level 4

run
forc level 3
run

forc level 4

run
forc level 0

run

#silence (one octet)
forc level 6

run 8000

A.24 Rsetuperr.sim

VIEw Sheet
#history 50000
period trace 100000

# setup clocks

SCAle TRace Time 1000
CLOck Period 1000

FORCe txclk 1 0 -Repeat
FORCe txclk 0 500 -Repeat
FORCe rxclk 1 0 -Repeat
FORCe rxclk 0 500 -Repeat
CLOck Period 500

FORCe testclk 1 0 -Repeat
FORCe testclk 0 250 -Repeat
CLOck Period 2000

FORCe impulseclk 1 0 -Repeat
FORCe impulseclk 0 1000 -Repeat
FORCe ctrltxclk 1 0 -Repeat
FORCe ctrltxclk 0 1000 -Repeat
FORCe ctrirxclk 1 0 -Repeat
FORCe ctrirxclk 0 1000 -Repeat

#initial input signal levels

FORCe clevel 6
FORCe write#read 1
FORCe txsym 6
FORCe smreq 1
FORCe reset 1
FORCe level 6
FORCe test 1

FORCe jabbertimeout 1
FORCe faultdetect 1
FORCe datain 0
FORCe carrierdetect 1
FORCe ccardet 1
FORCe addr 0

# trace signals

TRACce txclk rxclk impulseclk reset resetout write#read addr datain dataout
TRAce smreq txsym smind rxsym transmitdisable

TRAce impulse externalloopback level agchold

trace carrierdetect

TRACce currfreq ctrifreq

TRACce ctxdisable cimpulse cagchold clevel

#monitor signals

mon b txsym smreq impulse rxsym smind level
#SAVe STAte state0 -Replace
template run 2000

#hard reset

forc reset 0
run
forc reset 1
run

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run

#setup registers

forc txsym O

run; run

template run 1000
forc addr 4

forc datain 44

run

forc write#read 0
run

forc write#tread 1
run

#setup freq pool

forc addr 5

forc datain aa
run

forc write#read 0
run

forc write#tread 1
run

forc addr 6

forc datain bb
run

forc write#read 0
run

forc write#tread 1
run

forc addr 7

forc datain cc
run

forc write#read 0
run

forc write#read 1
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run
forc addr 8

forc datain dd
run

forc write#read 0
run

forc write#read 1

run
forc addr 9
#setup source addr

forc datain 01
run

forc write#read 0
run

forc write#read 1
run

forc addr a

forc datain 23
run

forc write#read 0
run

forc write#read 1
run

forc addr b

forc datain 45
run

forc write#read 0
run

forc write#read 1
run

forc addr ¢

forc datain 67
run

forc write#read 0
run

forc write#read 1
run

forc addr d

forc datain 89
run

forc write#read 0
run

forc write#read 1
run

forc addr e

forc datain ab
run

forc write#read 0
run

forc write#read 1
run

#setup dest. addr

forc addr f

forc datain fe

run

forc write#read 0
run

forc write#read 1
run

forc addr 10

forc datain dc
run

forc write#read 0
run

forc write#read 1
run

forc addr 11

forc datain ba
run

forc write#read 0
run

forc write#read 1
run

forc addr 12

forc datain 98
run

forc write#read 0
run

forc write#read 1
run

forc addr 13

forc datain 76
run

forc write#read 0
run

forc write#read 1
run

forc addr 14

forc datain 54
run

forc write#read 0
run

forc write#read 1
run

#read data back

forc addr 0
run

forc addr 1
run

forc addr 2
run

forc addr 3
run

forc addr 4
run

forc addr 5
run

forc addr 6
run

forc addr 7
run

forc addr 8
run

forc addr 9
run

forc addr a
run

forc addr b
run

forc addr ¢
run

forc addr d
run

forc addr e
run

forc addr f
run

forc addr 10
run

forc addr 11
run

forc addr 12
run

forc addr 13
run

forc addr 14
run

template run 1000
scale trace time 8000

A.25 Rregsetup.sim

template run 2000
#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run 4000

#setup registers

forc txsym O

run; run

template run 1000
forc addr 4

forc datain 44

run

forc write#read 0
run

forc write#read 1
run

#setup freq pool

forc addr 5

forc datain aa
run

forc write#read 0
run

forc write#tread 1
run

forc addr 6

forc datain bb
run

forc write#read 0
run

forc write#tread 1
run

forc addr 7

forc datain cc
run

forc write#read 0
run

forc write#tread 1
run

forc addr 8

forc datain dd
run

forc write#read 0
run

forc write#tread 1
run

forc addr 9

#setup source addr

forc datain 01
run

forc write#read 0
run

forc write#tread 1
run

forc addr a

forc datain 23
run

forc write#read 0
run

forc write#tread 1
run

forc addr b

forc datain 45
run

forc write#read 0
run

forc write#tread 1
run

forc addr ¢

forc datain 67
run

forc write#read 0
run

forc write#read 1
run

forc addr d

forc datain 89
run
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forc write#read 0
run

forc write#read 1
run

forc addr e

forc datain ab
run

forc write#read 0
run

forc write#read 1
run

#setup dest. addr

forc addr f

forc datain fe

run

forc write#read 0
run

forc write#read 1
run

forc addr 10

forc datain dc
run

forc write#read 0
run

forc write#read 1
run

forc addr 11

forc datain ba
run

forc write#read 0
run

forc write#read 1
run

forc addr 12

forc datain 98
run

forc write#read 0
run

forc write#read 1
run

forc addr 13

forc datain 76
run

forc write#read 0
run

forc write#read 1
run

forc addr 14

forc datain 54
run

forc write#read 0
run

forc write#read 1
run

#read data back

forc addr 0
run

forc addr 1
run

forc addr 2
run

forc addr 3
run

forc addr 4
run

forc addr 5
run

forc addr 6
run

forc addr 7
run

forc addr 8
run

forc addr 9
run

forc addr a
run

forc addr b
run

forc addr ¢
run

forc addr d
run

forc addr e
run

forc addr f
run

forc addr 10
run

forc addr 11
run

forc addr 12
run

forc addr 13
run

forc addr 14
run

template run 1000

A.26 Rsd.sim

#set up internal loopback with scrambler disabled

A-25

forc txsym O

forc smreq 0

run 4000

forc addr 1

forc datain 8A
run

forc write#read 0
run

forc write#read 1
run

forc txsym 3

run; run; run
forc smreq 1

A.27 Rdd.sim

#set up internal loopback with descrambler disabled
forc smreq 0
forc txsym O

run 4000

forc addr 1

forc datain 92
run

forc write#read 0
run

forc write#read 1
run

forc txsym 3

run; run; run
forc smreq 1

A.28 Rddsd.sim

#set up internal loopback with scrambler disabled
forc txsym O

forc smreq 0

run 4000

forc addr 1

forc datain 9A
run

forc write#read 0
run

forc write#tread 1
run

forc txsym 3

run; run; run
forc smreq 1

A.29 Rintloopback.sim

#set up internal loopback mode
forc txsym 3
run; run; run
forc smreq 1

A.30 Rextloopback.sim

#set up external looopback mode and 48 bit addresses (master mode)
forc addr 1

forc datain 85
run

forc write#read 0
run

forc write#tread 1
run

forc txsym 3

run; run; run
forc smreq 1

A.31 Rtest.sim

view sheet
SCAle TRace Time 1000
check -nos

#setup clocks

CLOck Period 1000
FORCe txclk 1 0 -Repeat
FORCe txclk 0 500 -Repeat
FORCe rxclk 1 0 -Repeat
FORCe rxclk 0 500 -Repeat

#use high speed clocks
CLOck Period 500

FORCe testclk 1 0 -Repeat
FORCe testclk 0 250 -Repeat

CLOck Period 2000

FORCe impulseclk 1 0 -Repeat
FORCe impulseclk 0 1000 -Repeat
FORCe ctrltxclk 1 0 -Repeat
FORCe ctrltxclk 0 1000 -Repeat
FORCe ctrirxclk 1 0 -Repeat
FORCe ctrlrxclk 0 1000 -Repeat

#force input signals to known levels

FORCe clevel 6
FORCe write#read 1
FORCe txsym 6
FORCe smreq 1
FORCe level 6
FORCe test 1

FORCe jabbertimeout 1
FORCe faultdetect 1
FORCe datain 0
FORCe carrierdetect 1
FORCe ccardet 1
FORCe addr 0

#setup probes

DO /idea/sys/hi/macro/analysis/view_down 1$841
MARK -Rectangle -0.3,2.1,View

VIEw ARea 1.7,0.4,View

VIEw ALL

MARK -Rectangle -1.2,1.7, View

VIEw ARea 3.2,0.0,View

PROBe romout 1.4,1.1,View

PROBe cksigout 1.4,0.7,View

PROBe addr -0.8,1.5,View
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PROBe compare 3.0,0.9,View

PROBe state 2.6,-0.5,View

TRAce addr romout cksigout compare state
DO /idea/sys/hi/macro/analysis/view_up

#setup traces
trace testclk test testinprogress testpassed signature
trace misrreg misrsm misrtx misrrx

template run 4000
#reset ric
#-- and clear the error flags in the status reg

FORCe reset 0
RU

N
FORCe reset 1
RUN

#execute test to obtain signature

forc test 0
run 10000

#enable testpassed signal

#forc test 1
run 376000

A.32 REsetup.sim

VIEw Sheet
#history 50000
save state stateO -r
period trace 100000

# setup clocks

SCAle TRace Time 1000
CLOck Period 1000

FORCe txclk 1 0 -Repeat
FORCe txclk 0 500 -Repeat
FORCe rxclk 1 0 -Repeat
FORCe rxclk 0 500 -Repeat
CLOck Period 500

FORCe testclk 1 0 -Repeat
FORCe testclk 0 250 -Repeat
CLOck Period 2000

FORCe impulseclk 1 0 -Repeat
FORCe impulseclk 0 1000 -Repeat
FORCe ctrltxclk 1 0 -Repeat
FORCe ctrltxclk 0 1000 -Repeat
FORCe ctrirxclk 1 0 -Repeat
FORCe ctrlrxclk 0 1000 -Repeat

#initial input signal levels

FORCe clevel 6
FORCe write#read 1
FORCe txsym 6
FORCe smreq 1
FORCe reset 1
FORCe level 6
FORCe test 1

FORCe jabbertimeout 1
FORCe faultdetect 1
FORCe datain 0
FORCe carrierdetect 1
FORCe ccardet 1
FORCe addr 0

# trace signals

TRACce txclk rxclk impulseclk reset resetout write#read addr datain dataout
TRAce jabbertimeout faultdetect

TRAce smreq txsym smind rxsym transmitdisable

TRAce impulse level agchold

TRAce currfreq ctrifreq

TRACce ctxdisable cimpulse cagchold clevel

#monitor signals

mon b txsym smreq impulse rxsym smind level
template run 2000

#hard reset

forc reset 0
run
forc reset 1
run

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run

forc txsym O
run 4000

#single silence

forc txsym 6
forc smreq 1
run 1000
forc txsym 2
run 2000
forc txsym 6
run 8000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run

forc txsym O
run 4000

#odd number of non-data's

forc txsym 6
forc smreq 1
run 2000
forc txsym 2
run 8000
forc txsym 4
run 3000
forc txsym O
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run 1000
forc txsym 6
run 8000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run 8000
forc txsym O
run 4000

#disable bad input detector
forc txsym O

forc addr 1

forc datain 20

run 1000

forc write#read 0

run 1000

forc write#read 1

forc addr 0

run 1000

#single silence (ignored)

forc txsym 6
forc smreq 1
run 1000
forc txsym 2
run 4000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run 8000
forc txsym O
run 4000

#disable bad input detector
forc txsym O

forc addr 1

forc datain 20

run 1000

forc write#read 0

run 1000

forc write#tread 1

forc addr 0

run 1000

#odd number of non-data's (ignored)

forc txsym 6
forc smreq 1
run 2000
forc txsym 2
run 8000
forc txsym 4
run 3000
forc txsym O
run 2000
forc txsym 4
run 2000
forc txsym O
run 3000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
run 8000
forc txsym O
run 4000

#physical error -- jabber timeout
forc txsym O

run 4000

forc jabbertimeout 0

run 3000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7

forc smreq 0

run 8000

forc jabbertimeout 1
run

forc txsym O

run 4000

#physical error -- fault detect
forc txsym O

run 4000

forc faultdetect 0

run 3000

#soft reset (to clear error flags in reg. 0 bits 0-2)

forc txsym 7
forc smreq 0
forc faultdetect 1
run

forc txsym O

run 4000

A.33 REdave.sm

#scale trace time
scale trace time 8000

#set up slave mode
forc clevel 6

forc addr 1

forc datain 00
run

forc write#read 0
run

forc write#tread 1
run

forc txsym 5

run; run; run
forc txsym 3

run; run; run
forc smreq 1
forc txsym 6

run; run




Appendix A: Finesse Listings and QUICKSIM Simulation Files

#channel frequency received (crc error)

template run 2000
forc clevel 3

run
forc clevel 0
run

forc clevel 3
run

forc clevel 0
run

forc clevel 4
run

forc clevel 0
run

forc clevel 4
run

forc clevel 0
run

forc clevel 2
run

forc clevel 0
run

forc clevel 1
run

forc clevel 3
run

forc clevel 2
run

forc clevel 3
run; run; run
forc clevel 0
run

forc clevel 3
run

forc clevel 1
run

forc clevel 3
run

forc clevel 1
run

forc clevel 0
run; run; run
forc clevel 3
run

forc clevel 0
run

forc clevel 2
run

forc clevel 0
run

forc clevel 2
Tun; run; run; run
forc clevel 3
run

forc clevel 2
run

forc clevel 3
run

forc clevel 2
run; run
forc clevel 0
run; run; run
forc clevel 1
run

forc clevel 2
run

forc clevel 3
run

forc clevel 0
run

forc clevel 3

run
forc clevel 0
run; run

#error in reception
forc clevel 3
run; run
forc clevel 2
run

forc clevel 3
run

forc clevel 0
run

forc clevel 4
run

forc clevel 1
run

forc clevel 4
run

forc clevel 0

run
forc clevel 6
run

# used to account for Rslave.sim setup
# commands are ignored by station management module

forc smreq 0
forc txsym O

A.34 REmacrx.sm

template run 2000

#irst frame -- start delimiter error
#silence (one octet)

forc level 6

run 8000

#pad idle symbols (one octet)
forc level 3

run

forc level 0

run

forc level 3

run

forc level 0

run
#start delimiter (one octet)
forc level 4

run
forc level 0

run
forc level 4
run

forc level 1
run

#second frame -- odd number of pad-idle
#silence (one octet)

forc level 6

run 8000

#pad idle symbols (one octet)

forc level 3

run
forc level 0
run

forc level 3

run
forc level 4
run

#third frame -- invalid end delimiter
#silence (one octet)

forc level 6

run 8000

#pad idle symbols (one octet)

forc level 3

run
forc level 0
run
forc level 3
run
forc level 0

run
#start delimiter (one octet)
forc level 4

run
forc level 0
run

forc level 4

run
forc level 0

run

#mac 'data’ -- frame control, addresses, and data
forc level 1

run 8000

forc level 0

run 8000

forc level 1

run 8000

#end delimiter (one octet)

forc level 4

run
forc level 2
run

forc level 4

run
forc level 0

run

#silence (one octet)
forc level 6

run 8000

#fourth frame -- carrierdetect error
#silence (one octet)

forc level 6

run 8000

#pad idle symbols (one octet)

forc level 3

run
forc level 0
run
forc level 3
run
forc level 0

run
#start delimiter (one octet)
forc level 4

run
forc level 0
run

forc level 4

run
forc level 1

run

#mac 'data’ -- frame control, addresses, and data
forc level 1

run 8000

forc carrierdetect 0

run 8000

forc level 6

forc carrierdetect 1

run 8000

#fifth frame -- too many identical symbols
#silence (one octet)

forc level 6

run 8000

#pad idle symbols (one octet)

forc level 3

run
forc level 0
run
forc level 3
run
forc level 0

run
#start delimiter (one octet)
forc level 4

run
forc level 0

run

forc level 4

run

forc level 0

run

#mac 'data’ -- frame control, addresses, and data
forc level 1

run 55000

forc level 4

run

forc level 3

run

forc level 4

run

forc level 0

run

forc level 6
run 8000

A.35 REmactx.sm
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template run 1000

#first frame -- start delimiter error
#silence (one octet)

forc txsym 6

run 8000

#pad idle symbols (one octet)
forc txsym 2

run 8000

#start delimiter (one octet)
forc txsym 4

run 2000

forc txsym O

run

forc txsym 4

run 2000

forc txsym 1

run 3000

#second frame -- odd number of pad-idle symbols
forc txsym 6

run 8000

#pad idle symbols (one octet)
forc txsym 2

run 5000

#start delimiter (one octet)
forc txsym 4

run 2000

forc txsym O

run

forc txsym 4

run 2000

forc txsym O

run 3000

#third frame -- invalid end delimiter
forc txsym 6

run 8000

#pad idle symbols (one octet)
forc txsym 2

run 8000

#start delimiter (one octet)
forc txsym 4

run 2000

forc txsym O

run

forc txsym 4

run 2000

forc txsym O

run 3000

#mac 'data’ -- shortened version of data frame
forc txsym 1

run 4000

forc txsym O

run 4000

forc txsym 1

run 8000

#end delimiter -- 1 extra bit (third bit)
forc txsym 4

run 2000

forc txsym 1

run 2000

forc txsym 4

run 2000

forc txsym 1

run

forc txsym O

run 2000

#silence (one octet)

forc txsym 6

run 8000

A.36 Rirun.sim

check -nos

do ~/asic/ric/chip_files/Rsetup.sim

do ~/asic/ric/chip_files/Rintlpbk.sim
do ~/asic/ric/chip_files/Rmactx.sim
run 10000

A.37 Rxrun.sm

check -nos

do ~/asic/ric/chip_files/Rsetup.sim
do ~/asic/ric/chip_files/Rextlpbk.sim
do ~/asic/ric/chip_files/Rmactx.sim
run 73000

A.38 Rorun.sim

check -nos

do ~/asic/ric/chip_files/Rsetup.sim
do ~/asic/ric/chip_files/Rsd.sim

do ~/asic/ric/chip_files/Rmactx.sim
run 10000

do ~/asic/ric/chip_files/Rdd.sim

do ~/asic/ric/chip_files/Rmactx.sim
run 10000

do ~/asic/ric/chip_files/Rddsd.sim
do ~/asic/ric/chip_files/Rmactx.sim
run 10000

A.39 Rmrun.sim

check -nos

do ~/asic/ric/chip_files/Rsetup.sim
do ~/asic/ric/chip_files/Rmaster.sim
do ~/asic/ric/chip_files/Rmactx.sim
do ~/asic/ric/chip_files/Rmacrx.sim

A.40 Rsrun.sim

check -nos

do ~/asic/ric/chip_files/Rsetup.sim

do ~/asic/ric/chip_files/Rslave.sim

do ~/asic/ric/chip_files/Rmactx.sim
do ~/asic/ric/chip_files/Rmacrx.sim

A.41 Rerun.sm

check -nos

do ~/asic/ric/chip_files/Rsetuperr.sim
do ~/asic/ric/chip_files/REslave.sim
do ~/asic/ric/chi les/Rslave.sim

do ~/asic/ric/chi les/REmactx.sim
do ~/asic/ric/chi les/Rregsetup.sim
do ~/asic/ric/chip_files/Rslave.sim

do ~/asic/ric/chip_files/REmacrx.sim

A.42 Rtrun.sm

do ~/asic/ric/chip_files/Rtest.sim

A-28



Appendix B: ChipCrafter Schematics

B.1:
B.2:
B.3:
B.4:
B.5:
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B.9:

B.10:
B.11:
B.12:
B.13:
B.14:

RIC Chip (Chip schematic with pads)
RIC (Top level schematic)

BIST Controller

RIC Registers

Station Management Module
Transmitter Module

Receiver Module

RIC Command RegistersR0 & R1
PSC Transmit Block

Transmit Clock Synchronizer

Bit Descrambler

Bit Scrambler

CRC-16 Encoder

CRC-16 Decoder



