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SECTION 1

Introduction

This document 1s a +inal report prepared by Stow
Computer of Stow, Massachusetts for the Naval Research
Laboratory upon completion of Contract number NOOO14-87-C-
2018 for the design and construction of Digital Correlators
for the FPortable Channel Frober Measurement Instrument.
These Digital Correlators are integrated into the Digital
Fre—-processor built previously by Stow Lomputer to form a
Fortable Wideband HF Channel Analyzer. The Portable
Wideband HF Channel Analyzer is a subsystem of the Fortable
Channel Frober Measurement Instrument being developed by the
Naval Research Laboratory +or use i1n experiments designed to
characterize high frequency radio communications channels.

The Fortable Wideband HF Channel Analyzer 18 & dual
channel data acquasition and processing system comprising
analog to digital converters, three signal processors, and &

microcomputer interface. The +1rst signal processor i1s the
NRLLO1O1 Integrator built as part of the Digital Fre—
processor. The NRLO1O1 Integrator controls 1nput sampling

by the NRLO1OZ Analog to Digirtal Converter and can pertorm
1integration and other signal processing functions on both
data channels simultaneously. The data 1s then processed by
two NRLOZO1 Digital Correlators, one +for each channel.
Output from the NRLOZOL Digital Correlators 1s passed to a
microcomputer far further analysis and recording. The
Fertable Wideband HF Channel Analyzer 18 selt-contained, 1s
slightly larger thamn a personal computer and 1s suitable for
use on a table top or may be mounted i1in a standard rack.

The Fortable Channel Prober Measurement Instrument 15

used to characterize & wideband bigh +requency radio
channel . A pseudo—-noise sequence (FN) sequence 1S
transmitted over the channel. At the receilver si1te the
baseband output of the receiver is processed by the Fortable
Wideband HF Channel Analvyzer. 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 1ntegrated 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 & general purpose microcomputer for further
analysis and storage. Timing and control circultry maintain

synchronization between the transmitting and rezeiving sites
and provide a coherent clock and synchronization signals to
the Fortable Wideband HF Channel Analyzer.

The current experiment uses two different FN sequences.
The Sounder mode uses a 295% bit sequence and 1s used to male



a preliminary characterization of the channel. The
transmitted pulse width is 8 usec with a 254 duty cycle.
The received waveform is sampled at 32 usec intervals. The
sampling can be wuniform or delayed by 4 usec between
integirations. Integration of 1, 2, 4, or B8 sequences can be
selected.

The Frober mode uses a 2047 bit FN sequence and 1s used
to more accurately measure the channel. The transmitted
pulse width is 1 usec with a 25% duty cycle. The receilved
waveform is sampled at 4 usec intervals and sampling can he
uniform or delayed by .5 usec between i1ntegrations of 1, &,
4, or B sequences.

All data collection and processing parameters in  the
FPortable Wideband HF Channel Analyzer are programmable and
are set by software downloaded +rom the microcomputer.
Farameters 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
Fortable HF Channel Analyzer are not limited to i1ntegration
and correlation but can be programmed to perform other
signal processing tasks as digital filtering and fast
Fourier transftforms (FFT s).



SECTION 2

Overview

The NRLO201 Digital Correlator 1s a digital signal
processor desiqned by Stow Computer {ov the dNaoval RKesearch
Laboratory. The NRLO201 Digital Correlator was designed
specifically for the Fortable Wideband HF Channel Analyter
built by Stow Computer for NRL but could be used elsewhere
as a digirtal correlator, FIR +1lter, or as a general purpose

digital signal processor. The NRLO201 Digital Correlator
interfaces to the Fortable Wideband HF Channel Analyzer via
the industry standard VMEbus. The VMEbus intertace allows
the NRLOZ01 Digital Correlator to be used in any

microprocessor using the VMEbus.

Figqure 1. 18 & block diagram o+ the NRLOZOL Digital
Correlator.

A Texas Instruments TMBI20CZY digital siagnal processor
15 the central processing element of the NRLOZO1 Digital
Correlator. The actual correlation is performed by an array
of eight Motorola DSFS6200 Finite Impulse Response digital
filters a1in cascade. Dual-ported memories provide an
efficient means of transferring data to and ftrom the NRLOZOI
Digital Correlator. In addition to the 16k bytes ot dual-
ported memory there 1s memory internal to the TMSI2002% and
the DSFES6Z200's 1n the Correlator Array. TMSIZ20C2S programs
are generally stored internally after being loaded via the
VMEbus. The IFE 15 a custom bus wutilizing the user
definable pi:ns on the VMEbus J2 connector. The data memory
ported to the IFE is always available to the TMSILOULDYS even
1¥  the NRLOZ2O1  Digital Correlator 1s installed 10 a
backplane with no IFR connections.
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SECTIUON =

TMSZ 20025 and Intertace, Input and Uutput Memory TMs Fort:

A Texas Instruments TMS2Z20(C2% digital siqnal processor
1s the central processing element of the NRLOZOL Digitel

Correlator. The 1nterface caircuiltry to the TMSZ_ool™
comprises a Cclock circuirt, address decoders and & circul?
that generates READY. READY indicates to the TMSILoolLlS
that an external read or write cycle 15 complete. P tie
TMSIZIZO0OC2S stretches an external read or write cycle with
wait states until READY 15 asserted. For maximum speed, the

TMSIR20CES address and data buses connect directly to tre
Input Memory, Output Memory and Correlator Array Interface
latches, which are all high pertformance CMUY, without

intermediate buffers. Most of the address decoding and the
READY logic are combimned into two programmable logic devices
(FLD s). The clock input of the TMSIZ20CEES 15 draivern:

directly from a 40 mHz oscillator which also drives am octal
flip—-flop circuit used to generate 10 and “u mH: processing
clocks. These clocks have a +i1xed phase relationship anc
edges as close as possible to the 1nternal TMSIZOULS clocke.

Address decoding is simplitied by not using the entare
TMSIZ20CEE address space. The Lorrelator Array 1o addressen
by bit 15 (the MSB) ot the address. Although this uses .}
bytes of the address space to address 109 reqgisters, there

15 No decoding overhead. Address bits 14 and 1. ot the
TMSZT oLES are not used externally and are ettectively '"don t
cares'" 1n the address decoding. These "“"don t care' bits are
used to avold some restrictions 1n the address space. The

NRLOZOL Digital Correlator uses the same physical memory 1n
program space tou download softtware and 1in data space ac

output memory. The program memory must start at location
DuOL but  data space addresses below WIFF (all addresses are
shown 1n he:adecimal ) are used 1nternally 1n the TMSI 20CUS.
Adding an ot+set of 2000 to 1nput memory references 1n the
software makes the reterences external and, since bit 17 1s
not wired, physical memory recelves addresses starting at

GOOO, TMS220(0 2% address decoding 1s shown 1n Table 1.

READY to the ITMs ool ey 18 asserted based on a
combination ot address decoding and feedback from the device
addressed. A read cycle to the lnput Memory generates an
1immedlate READY s0o that the TMSI20L0 % can proceed without
walt states. Wwhen the NRILLOJSOL Diqgital Correlator 1
oper ated 1n  the Fortable Widebang HF Chamnel Analyzer there
should be nou contentaion +or access to the Input Memory. The
BUSY si1gnal from the Input Memory 1s connected to 1nterrupt
INTO ot the TMST_OLCS. This comnection can be used to fiayg
an e..ception to an Input Memor v access 14 the N&L OO0
caorrelator 1% programmed for a dit+ferent application. Write
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cycles to the Correlator Array generate an i1mmediate READY
it ABUSY trom the correlator array interface 15 not
asserted. Software for the Fortable HF Channel RAnalyzer 13
synchronized to the array so ABUSY wi1ll probably never cause
wait states.

Read cycles accessing the Correlator Array have at least

one wait state. The TMSI20C2S cycle continues to stretch
until RDRDY % 1s recel1ved 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. 14 IBUSY or ORUSY 1s asserted the cycle
stretches until the write can be completed. Read cycles
accessing the Output Memory have at least one wait state 1in
both data and program space. If ORUSY is asserted due to

access from the VMEbus side, the TMSIZ20L:E cycle stretches
until the read camn be completed.
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SECTION 4

Correlator Array

The Correlator Array consists of eight Motorola DSFS&_ 00
Finite Impulse Response (FIR) Digital Filters 1n cascaoe.
Each DSPI&200 1is a programmable length FIK fi1lter with
maximum length of 286 taps. The DSFLeZ00 nhas an eight bt
parallel interface used for loading data, coeff:cients, anad
control parameters and serial 1nputs and cutputs for paseing
data and partial sums 1n the cascade. The autocorrelaticon
function is performed by loading the coefticient menory ot
the FIR filter with a stored replica of the sequence bei1nag
processed.

Erght DSFSE6Z200 s 1N cascade are used to processe a FN
sequence of up to 2047 bits. The seri1al ocutput of the last

DEFS6L00 15 connected to the ser:ial 1nput o+ the ti1ret to
pertorm & circular shitt of the data durinmng the correlation.
For details on the operation of the Motorole DSFOSe v reter

to the Motorola data sheet.
4.1 Lorrelator Array lntertace

The Correlator Array Intertace intertaces the e as
Instruments TMS Joolly digital signail processor, why
functions as the centra) processor 1n the NRLOJwuL Diqirtail
Corretator, with the arravy of Motorola DSFSe_ v digitai
filters which pertorm the correlation. The CLorrelator
Array 15 addressed as data memory by the TMST oo lw.
Address decoding 15 done by the TMS . O0LIT 1ntertace. The
heart ot the Lorrelator Array Intertace 15 an AN 9FL 14 tuse
programmable controller. This finite state machine
sequences the 1nter acti1on ot the 1ntertace wlth ttie-
TMSZ20C25 and the DSFS6.00 g, The Lorreiator Arra,
Intertace 15 optimiced +or transterring data trom  the
TMSZ20C2% to the arravy. For highest performance the arra,
must be loaded as quicily as possible. Lorrelator outputs
from the array are spaced at the processing del ay whichn
allows plenty of time for the TMS_ .ouLlY to read the resultce.,

The TMST20CL2Y writes sisteen bit data to the Lorrelator
Array lnter+t+ace. The DSFSeluL & used to pert+orm  the
correlation have an ei1ght bit i1ntertace. The Correlator
Array Interface latches the data from the IMSI_uCrYS =0 that
the TMSI20C2L can continue with nNno walt states and then
performs two byte writes to the DSHFS6.0L that was addressed.
The TMSZI20C25 must not try to write to the Correlator Arras

1in twno consecutive cycles. When the Correlator Array 15

being loaded the TMSZ20CRS alternates between reading +rom

the lnput Memory and writing to the array. Thus., the
_8_




consecutive cycle restriction 15 not a problem and the
pipeline 1s always full.

Data and addresses to the array are double buffered.
Double buffering allows the TMSIZ0C2ES to initiate a write
cycle while the previous write cycle 1s being completed.
Addresses and data are also double buffered by the DSFS6Z00
at 1ts 1nput port. The 1nternal RAM memory of the DSFS6EZ00
is not directly accessed by the TMSI20C25. The TMSZ20C25
writes an address to the FRKAM address register of the

DSFS6200 and, 1f 1t 1s & write cycle, writes data to the
data register. These external registers are copied
internally at the next START pulse. If a location ot the
internal DSFS6200 RAM 15 being read, the read data 1<
wrlitten to the edxternal data register on the succeeding
START pulse. DEFS6200 cycles are shown in the Motorola data
sheet . The START pulse 1s from the START FPulse Counter

which 1s described below.

Output from the Correlator Array is read in bytes
through the eight bit intertace. The TMSZ2002% must perform
two read cycles and then combine the bytes 1nto a sixteen
b1t ward. The result of each correlation 1s stored in the
output register of the last DSFI6200 1n the cascade and may
be read by the TMST20C2S by addressing each byte of the
output register. Reading data trom the DSFS56200's internal
data KAM, however, 15 pipelined due to the double buffering.
The data read on one cycle 1s from an address written i1nto
the address reqQister on a previouws cycle. Normal operation
of the NRLOZOL Digital Correlator 1n the Fortable Wideband
HF Channel Analyrer does not require reading the DSFES6Z0O0 g
internal data RAPM.

Write cycles +$rom the TMSAZ20CR2Y to the array are
pert+ormed 1n a s1ngle cycle with no wait states. When the

TMSTo0L2Y reads the array, however , several cycles are
required and the cycles accessing the array are stretched by
walt states. The dift+erence 1n performance between reads

and writes 1s a result of the optimization of the design.
In the Fortable Wideband HF Channel Analyzer the time spent
writing to the array 1mpacts performance. There 15 ample
time to read the output of the Correlator Array.

Operations supported by the Correlator Array Interface

are: reac even bvte, read odd bvyte, werd write, write odd
byte, and write ta the modulus register of the START Pulse
Counter. Read even byte reads the register at the even

address specified and places the data on DO7 through Duo.
Read odd byte reads the register at the odd address
speci1fi1ed and places the data on DO/ through DOO. Word
write writes the LSH of the data from DO7 through DOO 1nto
the register at the even address specified plus one then
writes the MSkE o+ the data from DI1%  through DOB 1nto the
register at the address specified. Write odd byte writes
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the LSE of the data from DO7 through DOO 1nto the register
at the odd address specified. Write to START Pulse Counter
modulus register writes the MSEB of the data from D15 through
DOB to the modulus register of the START FPulse 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 TMSI20C2%
which does only word transfters with the DSFS6200 which does
only byte transfers. The Correlator Array Interface
determines the type of operation from the read/write signal
and the LSE of the address from the TMSI20C2%. It then
performs one or more operations to complete the desired

transfer. The LSE of the DSP36200 register address 1s
generated by the intertace. For example, when the TMSIZoCLy
writes to an even location (word write), the interface first
does a write to the odd byte then the even byte. Byte
writes to odd bytes were included because the control
registers ot the DSFELZ00 are at odd byte addresses. The

modulus o+ the START Pulse Counter is set using the most
significant byte of the data because it was easler to
implement 1in the hardware than if the least significant byte
wer e used.

.2 STARYT Fulse Counter and START Fulse Counter Modulus
Register

The STAR Fulse Counter generates the synchronous STAR]
pulse required by the DSF5&200. The period ot the START
pulse 15 equal to the filter length plus some overhead as
defined in the DSFS6200 data sheet. The START pulse 1s used
to transfer data that 1s double butfered 1n  the DSFS6200
into and out of the interface registers. While the
Correlator Array is being loaded with data, the Ffilter
length is set to the minimum value so that START can occur

at the maximum freqguency for fastest loading. The period of
the START pulse is set through the START Fulse Counter
modulus register. The START Fulse Counter circultry also

generates a gating pulse, SWRN, which inhibits the
initiation of transfers to or from the TMSI20C2E for a
period around the START pulse. This period was determined
by adding the reguired dead time +4rom the DSFS&L0L  data
sheet to the time for the microcode of the longest transfer
to complete.

The START Fulse Counter modulus reqgister 1s loaded +rom
the most significant byte of the data bus and determines the
period of the START pulse. The START Fulse Counter 15 &
9-bi1t counter clocked by the same 10 mHz clock as the
Correlator Array. The value loaded into the register 15 the
determined by writing the period determined from the
DSHE6200 data sheet as a 9-brt  binary number, subtracting

one, taking the one’'s complement, and shifting the eight
MSE ' s to the most significant byte of a 16-bit number.

— 1 (:)_
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Normal values for the start pulse counter modulus are liseted
1 in Table 2.
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Total Number START Fulse Modulus kegister

of Taps Feri1od Value
32 49 x 100Nns E700
256 49 » 100ns E700
2048 267 x 100ns 7ALY

Table 2. Typical Values tor START Fuise
Counter Modulus Kegister




SECTION &

IFEB Interface and Input Memory IFB Fort

The Inter-processor Bus or 1IFBE 18 used to tramsfer data
between the Analog to Digital Converter, Integrator, and twu
NRLOZ201 Digital Correlators i1n the Fortable Widetand Ht

Channel Analyrcer. The IFB specitication 15 based on the
VMEbus  VMX subsystem bus. Si1gnal timing, driver and
recelver specil1tications are taken from the VMxbus
specifications. The IFER 19 optimized + ov the Fortable
Wideband HF Channel Analyrer. Ihe IFR  has 17 non-
miltiplexed address lines, 20 data linee«, an address <trote,
data strobe and a read/write control line. Lint signais

allow the two correlators 1N the Fortable Wideband BL
Channel Analyrer to operate as a si1ngle slave device. The
NRL.OIOl Intearator 15 alwave the [FB master. The . dat«
lines are utilized as two 16 b1t channels. Each correlator
operates on one channel Gin—-phase or guadrature gata) whict
15 selected bv 1nstalling the buis transcervers for th@
decared channel.

.1 Configuring the IFR fort

The NRLOZOL Digital Correlator s ar e canti1qured $ cor
linted operation on the [FE by DiIF switonh D, Dol SWY wher
cloused (or: contlaur s the Nbv_oL0 ) Ligatal Correiatar Tt
agenerate [FHE ACH =, 14 D& QWL 15 open (ot+) the correlator
gener ates LINE OLT = whiret 1 a syvnchronitation s1Qral to the

rorrelator generating AL . 191 SW.. whern closed ‘or causes
thier correlator to wart +or LINE IN* Detore generating KLt «.
The mnormal contigquration for the twn correlators in the

Fortable Widebandg HFE Lhannel Analveoer 19 40r one coarrelator
to warlt for LING IN= and aqaenerate AL ® (DS SWL on, nW. on
arict the other correlator to generate LIy ODol® (s sWl o

SW. o+t . Ihe correlator generating ALE * must be 1n the
riaher number ed ot two adyacent sliots 1n the bactplane.
LINE )T = and LINE TN#» use the SMAUE Uit = / SMeLt [N

connections of the VMr bactplane.

NRL O 0Y Digrtal Correlators are conti1qured +or the 1n -
phase or quadrature (1 or 0., channel by the 1nstalliatior o+
one pair of 74F 245 bus transcelvers. Transceivers aroe
1installed 1n positions Ul4 and UlS +or 1n-phase data or 11
positions UJLB and UYY +or quadrature data.

S.. lnput Memory

Transactions over the IFH gqo dire-tly to the correlator

Input Memorv. The Input Memaory 15 an 8B byvte dual portea

memor y. One port connects to the JFR 1ntertace. the othe:

to the TMS 200025, Operation o f the MEMOr v ports 1
_l,‘
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1ndependent unless both ports try to access the Same
locati1on simul taneously. 14 both ports try to access the
same location an 1nternal arbiter grants access to one port
and delays atctess to the other port by asserting BUSYx. In
the Fortable Wideband HF Channel Analy-er the correlator

1nput memory 1s operated as two 2k word bufters. One bu+tfer
15 used by the NRLO1O!I Integrator as data memory as 1nput
samples are collected while the TMSZI02C2YS unloads the other
buffer. The buffers exchange roles by mutual aqreement
betweer the Integrator and the TMST20CYS  uwsing a mallbon
scheme.
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SECTION 6

VMEbus Intertace

The NRLOZ20O1 Digital Correlator is fundamentally a VMEbus
based digital signal processor. The VMEbus 1s an
international interconnection standard. The NRLOZO1 Digital
Correlator conforms to the VMbEbus specification REV C.1 1n
terms of s1qnal defimition, timing, dc loading, and drive
capabilaity. The capacitive loading of a several signals may
exceed the specification by a few pilco-farads. The NRLOZO1
Digital Correlator 18 a VMEbus SLAVE with AléL, ARL4A4, DOG(EWL),

and D16 capability. This means that the correlator will not
1miti1ate transters but will respond to 146-bit (short) or L4-
b1t (standard) addressing and can transfer data 1n bytes

(hoth even and odd) or i1n lé6-bi1t words.

The User-—-Defined pins of the VMEbus J2 connector are
used 1in the Fortable Wideband HF Channel Analy-er to
implement an inter—-processor bus (IFB), a control bus, and
for signals that allow two NRLOZOLI Digital Correlators to be
linked 1N order to occupy the same VMEbus address space and
transfer dat & to the system microcomputer i Ii-bait
longwords (HEDY . In the Fortable Wideband HF Channel
Analyrer this capability 18 used to process the 1n—-phase and
quadrature channel data from the Digital Fre-processor 1n
parallel and makte use 0+ the bandwidth ot a 3Z2-bi1t data bus
1in transtferring tap gains to the system microcomputer.

The NRL.OZO] Digital Correlator can be used wilthout
modification 1n  a standard VMEbus system 1+ no connections
are made 10O rows A and L ot connector Jo. A contiguration
swilitch on the NRLOZOIL Digital Correlator shifts the
addr esses of the on-board memory and control register S0
that two correlators can be used 1n the same VME backplane
without moditication. Thus, althouagh designec specitaicallw
for the Fortable Wideband HF Channel Analyrcer, the NRLOIO1
Digital Correlator can perftorm correlation and other signal
processing tasks 1n a pure VYME environment.

6.1 VME Intertace Lonfiguration Switches DSU

A dual DIF switch, DSZ, configures the ‘'MEbus 1nterface
of the NRLOXO1l Diairtal Correlator. Switch SW1 o+t DS.
selects stand—-alone or linked mode. When SW1 1s closed (on
the VMEbus interface operates 1n stand-alone mode and
generates the VMEbus acknowledgement signal DTACE® 1n
response to beinqg addressed. When SW1 1¢  open (off) the
VMEbus 1nterface operates 1N co-operation with another
NRL 0201 Digital Correlator 1n the backplane. The signals
generated by the 1nterface in linked mode depend an  the
setting of switch SWC  of DSZ. The correlator having SWo




closed (on) generates V0LINEQUT* i1nstead of DIALEx 1n
response to being addressed. Data transt+ers <fram thais
correlator are routed over D31 through Dié on the data
transfer bus. The correlator with SW2 open (off) walts for
VLINEIN®* betore generating DTACk* and transfers data over
DiS through DOO. VLINEQUT* and VLINKEIN* are connected on
the backplane.

SW2 15 used in stand—-alone mode to shift the base
addresses of the Correlator Control Register and Output
Memory. I+ SWZ of DS2 is closed (on) in stand—-alone mode
the base address of the correlator Output Memory is shifted
up by Bk bytes and the address of the Correlator Control
Register 1s shifted up by two bytes to allocw another
correlator with SW2 pff to operate in the same backplane.
Operation of DS2 1s shown in Table 2. The VMEbus addresses,
Correlator Control Register, and Output Memory are descraibed
in the following sections.

6.2 VMEbus Addresses

The VMEbus addresses used 1n the Fortable Wideband Hb
Channel Analyzer for the correlator Qutput Memory are FF4uQ0
through FF7FFF. The 16k bytes o+ address space are
required for the Output Memories of the two linked NRLOIZOL
Digital CLorrelators. The linked output memories are used as
two 2}V bv Z22-bit buffers to transfer I and 0O channel data 1in
parallel. Addresses FFFF1O - FFFF13 on the VMEbus are usedd
tor the Correlator Control Registers. The Correlator Control
Registers o4 the two NRLOZOIL higital Correlators are
accessed in parallel by Z2~-bit tranmsfers 1nitiated by the
system microcomputer. The VMEbus addresses uwused by  the
NRLOZ01 Digital Correlator may be changed by programming new
programmable logic devices (FLD s). For two correlators
operating 1n linked mode on the VMEbus 16 kbytes of address
space starting on a longword boundary are reguired tor the
Output Memories and four bytes starting on a longword
boundary are required +or the Correlator Control KegQisterc.

Valid AM (Address Modifier) codes +for ACCess1nNa the
OQutput Memory or Correlator Control Registers are:

3D Standard Supervisory Data Access

39 Standard Non-privileqged Data Access
2D Short Supervisory Data Access

29 Short Non-privileged Data Access

User definable codes may be programmed i1nto the FLD s 1+

required. Uther AM codes are ei1ther not supported or do not
make sense.
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SW1

O

SWo

Table

Mode

l.anked,

Generate DTACH#*

Linbked,

Generate VLINFOUTx*

Stand-Alone
Generate DTALL*

Stand-Alone
Generate DTACH %

UMEbus

Data Hase Addresses

D1&-Doo  FE4000D Uutput Memory
Contraol

Di1-D1é& FF 4000
FFEFF1O

Conti1ouration Switch

_,}7-

FFFF 1O

DI1%-Dow  FF4000
FFFFL1O

D15-D0O0 FF&6000
FEFF12

(LS

Caorr.

Corr.

Core.

Corr.

Output Memory
Control

Dutput Memor vy
Control

utput Memory
Lontrol

Settings




6.3 LCorrelator Control Reqgister

The Correlator Control Register (CCky 18 an ei1ght bit

register. The Correlator Lontrol Register 1e written and
read over the VMEbus. Only three bits of the register are
used. Reading the Correlator (Contro! Register over  tre

VMEbus 185 primarily 1ntended tor diaqnostic use but may be
used by the system microcomputer as required.

The twao NRLOZ01 Digital Correlators 1n the fFortable
Wideband HF Channel Analyzer operate in linked mode or the

VMEbus. The correl ator contiqured as upper by SWI of LSO
has 1ts Correlator Control Register mapped to VMEDus data
bits D3I} thrrough D24. The correlator not configured as
upper has 1ts Correlator Control Register connected to dete
bits DI1S through boOg. The Correlator Control kegisters of
both correlators are accessed with a s1ngle lonqwor o

transfer from the system microcomputer. It 18 anticipareas
that the Correlator Control Kegisters of both correlaturs
wlll be writtem with 1dentical data but this 15 not a

requirement. Also, care must be taken that there 15 valild
data for both bytes O and 2 before the longword transter 1=
macde, Otherwise, tor example, one correlator caould be

1nadvertently 1nterrupted or reset.

I+ two correlators are 1n the came VME backplane but are
not configured as linked, one must. be contiqgured as upber
and one not. The Correlator Control Register ot the NRLo.
Digital Correlataor confirgured as upper 1s at address FREEFER L
and may be accessed by & word or bvte tranefer using dat.
lines DI1S  through DOG. The Correlator Control Reqgister o«
the correlator not configured as upper 1s at address FFRFE Lo,
also uses data lines DI1S through DOB and may be acceszsed b.
a word or byte transtfer.

The control bite are DI (D21) RESEI#+, Do (D2Y) INYViIa,
and Du8 (DT4) BIO* where "#'" means that the si1anal 1s actilve
low and 15 asserted by writing a "u" 1nto the reqgister at
that bat position., Numbers 1N parentheses refer tao a
correlator operating 1n linted mode and configured as upper.
RESET» causes a hardware reset o+ the TMS 270025 and the
Correlator fArray. INTI#® 15 the TMSHSU0LYS level 1 1nterrupt.
INTi® 15 both edge and level sensitive. Bl 15 the
TMSIZ20LeS branch control i1nput. fhig er1qQrnal mav be polled
by the TMSIQ2OL2H usinmng the HBHIUZ 1nstruction. keter to the
TMETZ20C2ES manual for detalls on i1interrupts, HIO*» and BIUDZ.

6.4 Output Memory VME Port

The Dutput Memory ser ves as both a data memory for the
output o+ the NRLOZOL Digital Correlator and as progr amn

memory for downloading software tn the correlator. Ttie

Output Memory 1s an 8F bvte dual —ported random access memorwv

(RAM) . The VMt and TMSI20LCY  ports of the memory oper ate
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completely 1ndependently ecept when each si1de tries to
acrcess the same address. 1+ both ports try to access the
same  address simultaneously an anternal arbiter grants
access to one port and delays access to the other port by
assert:ng HBHUSYyw, Arbirtration should not be reguired during
normal analyrer operation because the output memory of each
correlator 1e divided 1nto two 2 by lé6-bit buffers with tre
correlator and system microcomputer switching buft+ers by
mituzal eqgreement using & mallboi scheme.

The output memori1es of both correlators i1n the Fortable
Widebandg Ht Chanmmel Analyoer are accessed simultanenusly 1n
lirted mode by the system microcomputer usi1ng a common

addr ess. Data 1 trarsferred 1n Ld-birt longwords. Thie
correlator comtiaured as upper by SW. ot DS transters data
aver L thrount Lis. e other correlator tranctere dat«
over Di% througn Do S1nce gata 15 transterred only 1N
lumgwer as . progr ame must pee camultaneousiy Joaded 1nto both
correlarors 1t the 1Nstructons +or the correlator
Cor+1ogured ac wupipper o1 the T Wil Mmoot signitlcant bytes.
P moag oy toe Same praogram witel d te loaded 1t o [aXeR il
Coarrelatir s ot thrre 1o oY o renolr Emert,

Tre coprr el art vs Ao ot mAve to bhe comtrgoired an i e
TILE booLTrr e, ety Dar operate onoothe VYMEDuo 11 stand-alorne
[ACPR TR Im gsranr-a; e mode all et a transters are on dat o
SorEen LS trornot b el Cata May be transser e 16 exrtt oz
wWor T 4 Dyt en dnlegae 1t e coOnyIQures as upper by bw. of
L.ttt ottt mera O a4 correlator 1rn stand-alnne mMOOE
CrSnIes Ll i VME D~ AR e T SLACe +room Frdoon throogt
[ LI S Twi: Cor eleatnireag ma. Le persted 10 stanad &l one mou
[l AT Same Vilt bachbplare Ty contiQurind One @w UPREr usl ned
S, et Dl The Cutpot memir o 04 & (0 6Lt r TON+Y 100 el ac
St 4y AL 0Ome ar g e 15 Ay paae. ¢ troow [ ST theoogh
i JFRE

Trie [ O T arobiter o s LR Sy tre + st
At yones Tt Or Oar &7 mensr o tar 1nterrant o vect oo, e o T
Lo atione ¢ thiee Commrirn Lr ToQr eart gt Oat s memor -+ rars e
tte mutpot Cut ter = 1% not AvA@l Al + o dat = StOr ane .
Correiator outp:t thiat wooo ]l RS U S Y et edt 1 thees
Tavmary e 1 storer yrter vall, 10 t Fres P, e 5 ar 7} 1=
restr pe L0 whiern re3oeec et by ar. 1nteer e gt +rom b cyety o

m1orol omputer .
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