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SECT ON 1

Introducti on

This document is a final report prepared by Stow
Computer of Stow, Massachusetts for the Naval Research
Laboratory upon completion of Contract number N00014-87-L-
2018 for the design and construction of Digital Correlators
for the Portable Channel Prober Measurement Instrument.
These Digital Correlators are integrated into the Digital
Pre-processor built previously by Stow Lomputer to form a
Portable Wideband HF Channel Analyzer. The Portable
Wideband HF Channel Analyzer is a subsystem of the Portable
Channel Prober Measurement Instrument being developed by the
Naval Research Laboratory for use in experiments designed to
characterize high frequency radio communications channels.

The Portable Wideband HF Channel Analyzer is a dual
channel data acquisition and processing system comprising
analog to digital converters, three signal processors, and a
microcomputer interface. The first signal processor is the
NRLO1O Integrator built as part of the Digital Pre-
processor. The NRLO1OI Inteqrator controls input sampling

by the NRLuOI3 Analog to Digital Converter and can perform
integration and other signal processing functions on both
data channels simultaneously. The data is then processed by
two NRLO2l Digital Correlators, one for each channel.
Output from the NRLu.u1 Digital Correlators is passed to a
microcomputer for further analysis and recording. The
Portable Wideband HF Channel Analyzer is self-contained, is
slightly larger than a personal computer and is suitable for
use on a table top or may be mounted in a standard rack.

The Pnrtabl e Channel Prober Measurement Instrument is
used to characterize a wideband high frequency radio
channel . A pseudo-nolse sequence (PN. sequence is
transmitted over the channel. At the receiver site the
baseband output of the receiver is processed by the Portable
Wideband HF Channel Analyzer. The in-phase and quadrature
outputs of the receiver are sampled and converted to digital
values. Consecutive sequences of input samples are
integrated and the integrated sequences are correlated with
a stored replica of the transmitted PN sequence to compute
the delay power spectrum of the channel. Correlated values
are passed to a general purpose microcomputer for further
analysis and storage. Timing and control circuitry maintain
synchronization between the transmitting and receivinq sites
and provide a coherent clocT and synchronization signals to
the Portable Wideband HF Channel Analyzer.

The current experiment uses two different PN sequences.
The Sounder mode uses a 25t-; b it sequence and i s used to ma e

. ..... .. h . .. .. . . .



a preliminary characterization of the channel. The
transmitted pulse width is 8 usec with a 25% duty cycle.
The received waveform is sampled at 32 usec intervals. The
sampling can be uniform or delayed by 4 usec between
integrations. Itnegration of 1, 2- 4. or 8 sequences can be
selected.

The Prober mode uses a 2047 bit F'N sequence and is used
to more accurately measure the channel. The transmitted
pulse width is 1 usec with a 25% duty cycle. The received
waveform is sampled at. 4 usec intervals and sampling can be
uniform or delayed by .5 usec between integrations of 1, .,

4, or 8 sequences.

All data collection and processing parameters in the
Portable Wideband HF Channel Analyzer are programmable and
are set by software downloaded from the microcomputer.
Parameters such as sequence length and sampling rate can be
changed as long as they remain within the physical

limitations of the system. The signal processors in the
Portable HF Channel Analyzer are not limited to inteqration
and correlation bUt can be programmed to perform other
signal processinq tasks as digital filt erinq and fas
Fourier transforms (FF*Ts).



SECTION 2

Overview

The NRL0201 Digital Correlator is a digital signal
processor designed by Stow Computer 4nr the- Naval Rk'zs:earcn
Laboratory. The NRLO'20I Digital Correlator was designed
specifically for the Portable Wideband HF Channel Analyzer
built by Stow Computer for NRL but Could be used elsewhere
as a digital correlator, FIR filter, or as, a general purpose
digital signal processor-. The NRLO-.2() Digital Correlator
interfaces to the Portabl e Wideband HF Channel Anal yzer v,,a
the industry standard YMEbus. The VMEbus interfacr allows
the N RL()20 1 Digital Correlator to be used in any
microprocessor using the VMEbu5.

Figure 1. is a block. diagram of the NRLO'-)C-.l Digital
Correl ator.

A lexas Instruments ifMS732O(-C2't dii t al sinnal processor
is the central processing element of the NRL.O2O(-l Digital
Correlator. The actual correlation is performed by an array
of eight Motorola DSF56'2O)( Finite ImpulAse Response digital
filters in cascade. Dual-ported memories provide ar)
efficient means of transferring data to and from the NRLtU.2V.l
D- qital Uorreator. In addition to the 16 : bytes of dul~--
ported memory there is memory internal to the TM.2L~and
the DSFP5(52OO's in the Correlator Array. JMS-2(-2OU25 programs
are qenerally stored internally after being loaded via the
VMEbuS. The IP B is a custom bus utiliZing the User
definable pins on the VMEbtrs J'-* connector. The data memory
ported to t he IF'b is always available to the TS2L5even
if the NRL-O2O"(-l Digital Correlator is installed in a
barJ:plane with no IFEB connections.
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SEC1ION

TMS. 2)C25 and Interface, Input and UL1tpuIt MerMor ,' TMD Fort

A Texas Instruments TMSf2u. C25 digital siqnal processor

is the central processing element of the NRL-2Iu DiQte-i

Correlator. The interface circuitry to the TMSj IL ,'

comprises a clock circuit, address decoders and a cirCUI*

that generates READY. READY indicates to the TM99'LQ'2
that an external read or wr. te cycle is complete. 1h,
TMS.20-C25 stretches an external read or write cycle witt)

wait states until READY is asserted. For maximum speed, th x

TMS.1.2 -.C25 address and data buses connect directly to t c7

Input Memory, Output Memory and Correlator Array Interface

latches, which are all high performance CMLJhi, without
intermediate buffers. Most of the address decoding and tHr
READY logic are combined into two programmable loqic devices

(PLD's) . The clock inpLut of the TMS-121C25 is dr ver!
directly from a 40 mHz oscillator which also drives an octal

flip-flop circuit used to generate iu and 2 mH:, processri,
clocks. These clocks have a fixed phase relationship arc-

edges as close as possible to the internal TMS?_y-.5C2 cloc:'.

Address decoding is simplified by not using the entire
TMS3.2(C25 address space. lhe Correlator ALrray is adaressen
by bit 15 (the MSB) o+ the address. Although this uses 2
bytes of the address space to address 1'V reqistpers, ther(
is no decodinq overhead. Address bits 14 and 1 o the
TMSZt'L~ are not used e;:,terna] J y and are e+4ectively "dor

cares" in the address decoding. These "don t care" bits are

used to avoid some restrictions in the address space. lhL
NPLU2l1 Digital Correlator uses the same physical memory in
program spaC-e to download software and in data space as

outpuIt memory. The proqram memory must start at locati on
uv but data space addresses below u3FF (all addresses arE

shown in he;:adecimal are used internally in the TMS.2uC95.
Addinq an offset of 2.UUU-) to input memory references in the
software mak es the references ex',ternal and, since bit 17, is
not wired, physical memory receives addresses starting at
((1(Y). TMS72 (.2 address decoding is shown in lable 1.

REA4 D'Y to the T M , '-)L _5i is asserted based on 0
combination of address decodinq and feedbac from the device

addressed. A read cycle to the Input Memory qenerates an
immediate RE4De so that the TMS .2o_ C ' can proceed without
wait states. When the NRi 'Il Diital Correl ator is

oper :ted in the Portable Wideband HF Channel Analyzer there
shoLuld be no contention +or access to the InpUt Memory. ihe
EiHSY sqnal from the Input Memory is connected to interrLpt

INi 9 o4 the IMb7i2'U')5. This connection can be used to 4i au

an e; cent ion to an, Input Memorv access if the NRL ,) 1
c nrrelatcr is programmed for a di+4er ent appl icat icr. Write



1 i ft tp r- lemrsr

I I : - + Nemcr

---



cycles to the Correlator Array generate an immediate READe

if ABUSY from the correlator array interface is not

asserted. Software for the Portable HF Channel Analyzer is

synchronized to the array so ABUSY will probably never cause

wait states.

Read cycls accessing the Correlator Array have at least
one wait state. The TMS320C25 cycle continues to stretch

until RDRDY* is received from the Correlator Array

Interface. Write cycles to either the Input or Output
Memory have at least one wait state. This wait state allows
the arbiter of the dual-ported memory to grant access or

assert BUSY. I+ IBUSY or OBUSY is asserted the cycle
stretches until the write can be completed. Read cycles
accessing the Output Memory have at least one wait state in

both data and program space. If OBUSY is asserted due to
access from the VMEbus side, the 1MS32uL25 cycle stretches

until the read can be completed.
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SECTION 4

Correlator Array

The Correlator Array consists of eight Motorola DSF'56-'bxj

Finite Impulse Response (FIR) Diqital Filters in cascade.

Each DSF'562u() is a programmable length FIR filter with
maximLum length of 256 taps. 1he DSF552u0 has an eight bit
parallel interface used for loading data, coeff:cients, and
control parameters and serial inputs and outputs for passrL:
data and partial sums in the cascade. The autocorrelation
function is performed by loading the coefficient memory Co

the FIR filter with a stored replica of the sequence being

processed.

Eight DSF'562'. s in cascade are useo to process a FN
sequence of up to 2047 bits. The serial nutput of the Iast

DS'5bI2Q0 is connected to the serial input o4 the first tr
perform a circular shift of the data durinq the correlation.
For details on the uperatior, of the Motorol Dbb c.... re~r
to the Motorola data sheet.

4.1 Lorrelator Array Inter+ace

The Correlator Arraay Interface inter+aces t ne le a,

Instruments 1MS ,2(C'j diqital siqnai process-"r . tI .
functions as the central processor in the NFL;,-- , I bi'l at
Correlator, with the array of Motcjrola DSFSC-jb diqataI
filters which perform the correlaticin. The Lorrelatoc
Arr ay is addressed as data memor bV tfIe 1 M I-,-J , ' .

Address decodinq is done by the IMS12'!C 2 interface. 1he

heart o+ the Lorrelator Array lnter+ace is an n,- iLl4i 4us5F

programmable controller. This finite state ma sh ne

sequences the interaction o the ir,ter+ace WItr, t t,-
TMS '21C25 and the DSP-562C) s. The t-ur rej at or ArrA,

InterfaRe Is optimiz-ed +nr trans+err irn q data +ron, t e
rMSM?.0C 2 . to the array. or highest performance the arra,
must be loaded as quici iy as possible. Lorreiator OLtpit.
from the array are spaced at the orocessinq deia, which

allows plenty of time for the IMS -L'L toF read the, re 1!.

The TMST2(Z25 writes siteen bit data to the LorrelAtor
Array Interface. 1he D Sb2u', s used to per+ or e t h

correlation have an eight bit inter+ace. Ihe Correlator
Array Interface latches the data from the 1MSZ,-L2Z so that
the TMS3..C?'j can continue with no wait states and then
performs two byte writes to the DS.'b.Wu(- that was addressed.

The TMS32Q-C25 must not try to write to the Lorrelator Arra,
in two consecutive cycles. When the Lorrelatnr Arra, ie,
being loaded the TMS3,)OC2- alternates between readinq trom

the Input Memory and writing to the array. Thus. the

-8-



consecutive cycle restriction is not a problem and the

pipeline is always full.

Data and addresses to the array are double buffered.

Double buffering allows the TMS32-.,C25 to initiate a write

cycle while the previous write cycle is being completed.

Addresses and data are also double buffered by the DSP562.-)uu
at its input port. The internal RAM memory of the DSP62Ou
is not directly accessed by the TMS320C25. The TMS320C25

writes an address to the RAM address reqister of the

DSP56200 and, if it is a write cycle, writes data to the

data register. These external registers are copied

internally at the next START pulse. If a location of the

internal DSF'5620u RAM is being read, the read data is
written to the external dat.a register on the succeeding

STARI pulse. DSF'5620U. cycles are shown in the Motorola data
sheet. The START pulse is from the START Pulse Counter
which is described below.

Output from the Correlator Array is read in bytes
through the eight bit interface. The TMS320C25 must perform
two read cycles and then combine the bytes into a sixteen
bit word. The result. of each correlation is stored in the

Output register of the last DSF'562uu-. in the cascade and may
bp read by the TMST.20C25 by addressing each byte of the
OLtput reqister. Reading data from the DSF562(')'s internal

data RAM, however, is pipelined due to the double buffering.
The data read on one cycle is from an address written into
the address register on a previous cycle. Normal operation
of the NRLtL Il Diital Correlator in the Portable Wideband
HF Channel Analyzer does not require readinq the DSFPj62O0s
internal data RAM.

Wr i te cycles from the IMS!-2CL2 to the array are
performed in a single cycle with no wait states. When the
TMSO 2b reads the array, however, several cycles are

relquired and the cycles accessing the array are stretched by

wait states. The difference in performance between reads
and writes is a result of the optimization of the design.

In the Portable Wideband HF Channel Analyzer the time spent

writing to the array impacts performance. There is ample

tine to read the output of the Correlator Array.

Operations supported by the Correlator Array Interface

are: read even byte, read odd byte, wcrd write, write odd

byte, and write to the modulUs register of the START Pulse

Counter. Read even byte reads the register at the even

address specified and places the data on D07 through D()(-.
Read odd byte reads the register at the odd address

specified and places the data on DOI through D00. Word
write writes the LSb of the data from D07 through DO0 into

the register at the even address specified plus one then
writes the MSb of the data from D15 through Dub into the
register at the address specified. Write odd byte writes

-9-



the LSB of the data from DO7 through DO) into the register

at the odd address specified. Write to START Pulse Counter

modulus register writes the MSR of the data from D15 through
DOB to the modulus register of the START Pulse Counter.

Note that it is the MSB that is transferred. The START

Pulse Counter is described in section 4.2.

These operations are defined to interface the TMS320C25

which does only word transfers with the DSF56200) which does

only byte transfers. The Correlator Array Interface
determines the type of operation from the read/write signal

and the LSB of the address from the TMS320C25. It then
performs one or more operations to complete the desired

transfer. The LSB of the DSP5620C) register address is

generated by the interface. For example, when the TMS72uLC2'
writes to an even location (word write), the interface first

does a write to the odd byte then the even byt.e. Byte
writes to odd bytes were included because the control

registers of the DSP5620o are at odd byte addresses. The

modulus of the START Pulse Counter is set using the most
significant byte of the data because it was easier to
implement in the hardware than if the least significant byte

were used.

4.2 STAR1 Pulse Counter and START Pulse Counter Modulus
Regi ster

The SIARI Pulse Counter generates the synchronous SIARI
pulse required by the DSP5 62CC. The period of the START
pulse is equal to the filter length plus some overhead as
defined in the DSP56200 data sheet. The START pulse is used
to transfer data that is double buffered an the DSP562u .)
into and out of the interface registers. While the

Correlator Array is being loaded with data, the filter
length is set to the minimum value so that START can occur
at the maximum frequency for fastest loading. The period o4
the START pulse is set through the START Pulse Counter
modulus register. The START Pulse Counter circuitry also
generates a gating pulse, SWRN, which inhibits the

initiation of transfers to or from the TMS.2uC25 for a
period around the START pulse. This period was determined

by adding the required dead time from the DSP56Iuu data
sheet to the time for the microcode of the lonqest transfer

to complete.

The START Pulse Counter modulus register is loaded from
the most significant byte of the data bus and determines the

period of the STARi pulse. The START Pulse Counter is a
9-bit counter clocked by the same 10 mHz clock as the

Correlator Array. The value loaded into the register is the
determined by writing the period determined from the

DS3F56200 data sheet as a 9-bit binary number, subtractinq
one, taking the one's complement, and shifting the eight
MSB s to the most significant byte of a 16-bit number.

- 1 0;-



Normal Values for the start Pulse counter modulus are listed
in 'Table 2.
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Total NL.mber SIARI Pulse Modulus Reqister
of Taps Period Value

32 49 x 1uns E.7tu.

2t6 49 x loC-)ns E70)

2u 48 267 "7A-)

Table 2. Typical Values for START Puise
Counter Mndt us Reqi ster

-12-



SE1,l ION t)

IFEB Interface and Input Memory IPF4 Port

The Inter-processor Bus or IF-b is used to tr ansf er dat. a
between the Analoq to Diqital Converter, Integrator, and twc)
NRLO)2O-l Di q it a 1 orrelators in t hE? Por tab)le Wi deband H
Channel Analyzer. The IFB specification is based on the-
VMEbus YMX Subsystem bus. Siqnal ti mi nq, dr iver and
recei ver speci1fi1cati1ons are ta~pn from the VrlXbL"B_
spec ifi1cat 1ons. The IF-b Ia- optimized focr the Por t a c
Wideband HF Channel A~na Iy:--er. I hc IP b h as IY.' non-
mil t ip Iex ed address laines_ , diata l inrecs, an, addressc st r oLte
data strobe and a read/write control line. LiniO csi onala
allow the two corr elIat ors in t h Por t ableC W~dpbandJ Hr
Channel Analyzer to operate as a sinqle? slave device. 'i,
NRLCilul) lntecirator Is always,, the lEE maist er. Ih F -_ data
lines are LUtilized as two l6 bit. channels-. Each coirrelator
operates on one- channel. a n-phasze or gLradr-atuLrE, oat-a. wftiift

is selectrd by installinq thte buL t r-an s(e iver- fo r t h
dpesired channel .

J; I Lnn i q r I igl t h-- I - DF- or~ t

Th~e N KLioiI ~i q i t a I Lir relI at cc) a are _ OFc IC4e'r d +
i r n Rd o p Prat iocn o n t Ine- IF- Lu , ilE s watch D,--, IY1 SWI wre,

cloised boi cociiLrfeh thF.& NkL_'t,l Lu patal L c,r r e~ at r c Ti(,
qpnpratp e lEE AC* 0 14 D -l 1_-.)W1 isz copn oc)tti the ccc relator-
qereratEs, LINt Gi'* whi) V ic a vihrritiCsiciraei to. tfr-

rorrel at n- qonrrat inq *m *. DED 1 S)W.- whel CI cSeJ 01or caLis E
thU C.orrElator toC wa It focr L I N IN.0 het or e q pner at ir q HL *
Ihe rnirmal r nn +i qurati1on frr t he t -) c o rre Ia t ir- ,I n t in?
Po rt ab I e W i dE-ta n c H Lha-r in Fl 6 ria I v.: er- I -cr o rie c so r eR a t cr,

toC "a I t f or L I N IN* and Qerer,AteF WJ * (1),3 -.WI nri. -ui_ or.'

arc! thF. othr- correi ator to- qecerat - L. lI W j i I tI,, i t Wl C,+4,
m_ o f + Ine coinr reI a t nr (IePnera t in AL Mis hU irStr

h i her citimber ed o4 t wc ad j jc ent s I u s iri the F Lia( 1ae
L I Nt 01i )T* and LI Nt IN* LiS P t he -;M"AL' LJLu / ii-jIr
cu( r-meLtiens o4 the V11;i tiaL p1anfe

NkL-i1u'] Imiit,4l Coc-relators are ccon~itireLd 4-or- the anr,-

phase or gu1adr dt Lir E- ( I or U, c hannel, b,, t h c- in s talI I a t o cr c0?
one pair of 74F.'45 bus transrei-vers_. ITranscei ver s ar k
anst a IlIed inr posi t ions U 14 ar i U1St 4 or inri--phase dat a or i r
posit ions U28 and U-19 + or qt.uadr ature data.

5j. in p ut Memory

Transactions ovier the lF-H Qo direct l1v to the crrrla1l
Ti pu it Memnr- v. T he I npkuut Memory is an 6 bvtp e dria I -portfe'I
memor Y. One Port c-onne(-cs to the IF-b inter face. thc ct Li_-

toC t h e TMS L i. Uper at on Of) if the mpmor- pot S 'I

g-l



independent. un1ess both ports try to access the same
location simultaneously. i both ports try to access thec
same location an internal arbiter qrants access to one port
and delays ceLLC tu the other port by assertinq BUbY*. It,

the Portable Wideband HF Channel Analyzer the correlator
input memory is operated as two 2V word buf+ers. One bu{F-r
is used by the NRLOI'1 Inteqrator as data memory as input
samples are collected while the 1MS302C25 unloads the other
buLf+er. The buffers exchanqe roles by mutual aqreement
bet weer the Inteqrator and the IMS,2C usi nq a mai bo>

scheme.
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SECTION 6

VMEbus Interface

The NRL02C01 Digital Correlator is fundamentally a VMEbus
based digital signal processor. The VMEbus_ is an,
international interconnection standard. The NRLu..2COl Digital
Ccurrelator conforms to the VMhbL&5 specification RLY C.1 in
terms of signal definition, timing, dc loading, and drive
capability. The capacitive loading of a several signals may
P> uepd the specification by a few pico-farads. T he N RLZI
DiLgi tal Lorrel ator i s a V.MEbukS SLAVL wi th A16, A24, Dub (ELb),
and D16 capability. This means that the correlator will not
initiate transfers but. will respond to 16-bit tshort) or 2-4-
hit (standard) addressing and can transfer data in bytes.
(both even and odd) or in 16-bit words.

The Uspr-Def ined pins of the YMEbus J2 connector are

used in the Portable Wideband HF Channel Analyzer tu
implement an inter-processor bus (IFB), a control bus, and
for signals that. allow two NRL021 l Digital Lorrelators to be
linked in order t~o Occupy the same YMEbUS address space and
transfer dat a toC theP systemTIT1 mcrocomputer in -Xi-b i t
Iongwnirds (D'2). In the Portable Wideband HF Channel
Analyzer this capability is used to process the in-phasp ann
gutadra4tire channel data from the Digital Pre-processor in
par allIel and mna~e use of the bandwi dth o+ a -3 2-bit data bu-.
in transferring tap) gains to the system microcomputer.

Thc? NRL .2_'uJ Di qital Lor rel at or can b c used wi thout
modification in a -standard YMF-buskF System if no connections
are' made to rows A and L o4 connector J-1. A conf i urat ic.rt
swi tch on the N Ri-( - )I~ Digqital Correlator shif+t s the
a dd r e s s F-s of4 the on-board necmoir y and cont rol regi ster SO
that twn cnrr-elators can) be Used in the same VME backpi ane
withouJ~t modification. Thus, although designed specifically
for the Fortable Widpband HF Channel Analyzer, the NRLou2Cl_
Digital Lorrelator can perform correlation and other signal
processing tasks in a pure QN1E environment.

6. 1 YVF Inter face Lonfiguration Switches P52,-

A dual DIP switch, DS2, configures the Y'Mhbus interface
of the NLt1Digiltal Lorrelator. Switch SWl of U5b.
selects stand-alone or link-ed mode. When SWi is closed (on)
thp VM~bus interface operates in stand-alone mode and
generates the VMEhus acknowledgement signal DTACF* i n
response to being addressed. When SWI i, open (off) the
VMEhus interface operates in co-ooeration with another
NRFI()!I Di qi talI Lorrelator in the bad-.plane. The signals,
ge~nerAted by the interface in lin~pd mode depend on the
set t ing of switch sw2- of 1)52. The correlator having SW_,
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closed (on) generates VLINKOUT* instead of D[ACL* in

response to being addressed. Data transfers from this

correlator are routed over D.31 throuqh D16 on the datt

transfer bus. The correlator with SW2 open (off) waits for

VLINIIN* before generating DTACK* and transfers data over

D15 through DO. VLINKOUT* and VLINK.IN* are connected on

the backplane.

SW2 is used in stand-alone mode to shift the base

addresses of the Correlator Control Register and Output
Memory. If SW2 of DS2 is closed (on) in stand-alone mode

the base address of the correlator Output Memory is shifted

up by 8k bytes and the address of the Correlator Control
Reqister is shifted up by two bytes to allow another

correlator with SW2 off to operate in the same backplane.
Operation of DS2 is shown in Table 3. The VMEbus addresses,

Correlator Control Reqister, and Output Memory are described
in the following sections.

6.2 VMLbus Addresses

The VMEbus addresses used in the Portable Wideband H

Channel Analyzer for the correlator Output Memory are FF4uuy)
throuqh FF.FiFF . The 16k bytes o4 address space arE.
required for the Output Memories of the two lInked NRL.YK ,1
Digital Lorrelators. The linked output memories are used as
two 2" by ?2-bit buffers to transfer I and 0 channel data in
parallel. Addresses FFFFlo - FFFFI 22 on the VMEbus are usF(j

for the Correlator Control Registers. The Correlator Control

Reoisters of the two NRLO2uI Diqital Correlators arr
acc-essed in parallel by 32-bit transfers initiated by the

system microcomputer. The VMLbLs addresses used by t tc:
NRL.(K2hI Diqital Correlator may be chanqed by proqramming new
programmable logic devices (P-LD s). F-or two corre ator

operating in linked mode on the VMEbus 16 kbytes of address
space startinq on a longword boundary are required for thr
Output Memories and four bytes starting on a 1onqword

boundary are required for the Correlator Control Keqisters.

Valid AM (Address Modifier) codes for accessino t.he

Output Memory or Correlator Control Reeqisters are:

3D Standard Supervisory Data Access
39 Standard Non-privileqed Data Access

2D Short Supervisory Data Access

29 Short Non-privileqed Data Access

User definable codes may be proqrammed into the FLD's if
required. Other AM codes are either not supported or do not

make sense.
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SWi SW?' Mode Dt E.'ase Addresses

0 U -i nk Pd , I1 1 L).J F- F 41)(.(. Uutput M1emor y
Generate DTACf.* FFFFIU.. Corr. Control

Q I Lin n ed L) LLI -VD16 FI- 40it- ULtp..It I'2MCir y
Gnctrate VL INMIU-)F* FF I-lI Corr. Controi

1 U St and-04 oric. 1) 1 L)DU F~ f- 4 (-) OUtp(.t Mem-or y
Generate DrAIF* FFI- PIU Corr. Control

I 1 Stand-Alone D1I L c) fF 6C)Uc UuktpL.t Memory
Generate DTAC* FFFI-F12 Corr. Controi

Tabzle 7. YMFhbusn Lon+icjwiratjon Swintch ULS Set t in i
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6.3 Lorrelat-or Control Register

The Correlator Control Register (CCkR is an eight bit
register. The Lorrelator Lontrol Register is written arc,
read over the VMEbt-s. Only three bits of the register arim
used. Reading the Correlator Lont-rol Register over tr'(
VMEbUS IS primarily intended for diagnostic use butt mna be
used by the system microcomputer as required.

The two NRL02CO1 Diqital Correl ators in the Po rt at!P
Wa deband HF Channel Analy~zer operate in linked mode orth
VMEbu.S. The correlator con-Figured as upper by SW-- of[<
has its Correlator Control Reister mapped to VMFhbu(-- dat '
bits D73 througth D124. The correlator not confiqukred as
upper has it. C orrel ator Control Reqa ster connected to dot,
bits D1.5 through OuRH. ihe Correlator Control Reisters, of
both cor re 1.ators are acc-essed with a si nql e Ilnnqwcr C
transfer from the system microcompu.ter. it is- anticiparp'!
that the Lor rel ator Lontrol Reisters of both cor reci tur

will be written with identical data but this is not 3
r equLLir emen t. Also, care must be tak en that there as validl
data for both bytes (.' and 2 before the lonqword transf+er iv--

m'.AddE.. Otherwise', for e>.:ampl e, one correl ator coi nuI be

inadvertently interrupted or reset.

If two correlators arE- 2n the samne VNE back plaric Lit-t arE
not configured as linked, one mus--t be confiire-d as ornptr
anid one not . T he L or reFl ator Lon t rc, Reqi ster ot the. L I

Digital Correl ator configured as- u.(pper is at~ address F - F
anid may be accessed by a word or byte trarlnffr uaricj dat~

1lines 15 ' through [K'8. The Lorrelator Control Reister co-
the corr el ator not configured as uppe'r is at- address. Fr F 1 -
a] Sn uISe- data lines 015 througqh 008-) and may be accessed L,

a word or byte transfer.

Thce contr oi bit s are Ul15 (1 ',l F 1W'~~D5 ~ 1*.
and DOuR (1):4) D~IU* where *" means that the si onal i1 se cti i?
Invi arnd is asserted by writing a "u into the register al
that hit pnsi ti on. Numb ers i n parentheses refe r t r a
cor rel ator operatingi in lI Ike# d mode and czon4 i~ureo as LiPPEr .

RFSFT* causps a hardware reset of the MRT'i5and th P

Lorrelator Array. INi 1* is the MjYuilevel 1 iflterrlpt.

INTI* is both e'dqE- and level sensitive. b1t)* is the

Tr1SZ '-lL)5 branch control input, rhi s signral. may be pol lfen
by the TMS L2C)L2S Lising the bIUZ instruction. Refer- to the?

TMM~L2?5manual -for details on interrutsljt, I8-11* and P102.

6.4 Output Memory YME Fort

The Output Memnr y ser ye's as bot h a dat a memor y f or t he,
output Of the NRLO2O1'') Digital Lorrel at or and as prooraln
meioryv 4 or downloading software' tn t'he c or relat or. I hi
Output Memory is an Rk byte duAl -ported random acce'sn memcirv

(RM) The VME anid 1M~ 5pur ts cj4 the, mremuir u per atf



cnmp 1et e I, ndeperdprit IV ec3: ept When each si de t r i e to
aemthe same address. It both ports try to access the

Same' addr es-- s ml t aneL~I 1,/ an i nternal arbiter grant~s
accesF to one port and delays access to the other port by
asert2m nn ,* A rba tr-ation srhotld not be required dLurirrq
nor malI anal1y:7er operation because the output memory Of each
cnrrelator ilE d vided into tvio J by 16-bit bufers.- with tthE.
correl ator and syst em microcompk-ter swi tchi.nq b~af + mrs by
Ml It LZ I =,reF--mEnt uL~ no A mai I bo:c scheme.

The o-utputt memories of both correl ators in the Fortahi e
Wicletiano H Channe-l Analvyr r are accessed si mul tane-)usl y inr
1 r E-d mod(E- by tr~ s-v st e m mi crocomputer usi nq a commonl-
arld, ecs-. U. t as tr ansf er re iOn I--btI onqwordF:.
C )rreaator_ C Or-ltli or C-Ll as LIppE- b'. SW.' o+ L)SI'- trasf+ers duit
(D F'- L, , thr otcnj We ll : UthF-r correlatoc-r transiers datc,
moer Dlt throuqr- Dy. Sncp Oasta is trAnster-red ony I iV1-
I ',c (_IF- ,s pr- ojqr (jj- miu-+ Or- mo_!l t:,nfnLIm l -V' I oaded a tt c P otf
T Drr r- 't rO wt r t hP et ~ in5 - ~ nn5 + or- thp c Mrr- ,Ia t cn-
cc-,r t ac4- r e a - LLtpiF" '1- t hf- tw Vj ncij'l s 1c~rna14 1 c-arii t bYt P-.

.1 71-- tr- I~n uT p r (I d tjF. I0K d bel Io e 3r~t pol -)I h
i rf-c,>r t' t A t- r ~ e0 re r r rt.

F'71 r-e ; b c m c, q r l PI 0 ic m -

Tc- L ~ tc L,' F2C, t i r t M- Y Et n i r t sa r ,CJ- IC vE
m' r-,v~ 1 :Ae i d s tr :4r-in+ rS are o )n (-.1
r, c'c a t< EAr (:515 tn- F- te t er c, iri -i t

t, ~ .5' Pt -s z c r. iQ~ ren as IuFe r- P , ISw.
t- 1'- , r, + iC'. r ?, F.r cI a t c,r Ir I t 8 ar - a I rF, mcJjfe

rl t,~ CM~ 7- i E-<- rp c I- cm H- j tr-1
A r . !A- r1 'IO-t ' c+ Qn . r- i-r - e i r tM r-: Ti i a r -h

r + .,~c e r u Irt Sr't

IlsIfy oe r-'JA r m P-, +c no' rt 'rt eOct- lh

a: at r C4 t E- I , -T,r 7, r ' r ,l at- Mi- tE--u M r Fr>

n(pv r!i t 4 4c-r Iasl no , 1 aL e cr Oart Ir)r
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