STEL-2040B
Data Sheet

STEL-2040B

Convolutional Encoder
Viterbi Decoder
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FEATURES

B Constraint Length 7 B Coding Gain of 5.2 dB (@ 10° BER, Rate 1/2)
B Rates /3, /2, ?/3* and 3/a* (*Punctured) B Industry Standard Polynomials
B Built in BER Monitor G1=171g, G2=1335, G3=145,
B Programmable Scrambler: B Microprocessor Interface
V.35 (CCITT or IESS) B Low Power Consumption
B Di i .
Differential Encoder and Decoder B 68-pin PLCC and CLDCC Packages
:’/Ihree_ B'; Softzl?e((::lsmnllnputs IFn Signed B Commercial and Military Temperature
agnltu e or s comp ement Formats Ranges Available
B Up to 256 Kbps Data Rate (0° to 70° C)
DATACLK - o OSYMB
CONVOLUTIONAL 1D QF—
ENCODER 3:1 MUX
DIFFERENTIAL
e - LATCH
DATAIN ENCODER D> -
AND V.35 AN
SCRAMBLERS ENCODER SECTION A
’ 2
SELA, B 2/ - —4—= SELECT
MODE ™| MICROPROCESSOR \
ERATE - INTERFACE,
ENLATCH | MODE SELECT
», | ANDcONTROL
READ, WRITE " 7 g DATA
ADDR - - - y2 -
uPDIS o
RESET ——# (TO ALL REGS.)
2, DECODER SECTION
SCRAM ¢ ~
OCLK ~t
ICLK - ;
- ADDRESS STATERAMMETRIC TRELLIS BERR
DRDY ™| SEQUENCER AND RAM 1
ACK = CONTROL LOGIC G1ERR
DRATE o A A A | I
o A A BER | G2ERR
SYNCO — ADDR MONITOR |
SYNC1 p bo |b! - G3ERR
YY | 7 . - | I
y Y oata Ty \ ]
G1D,.—~W|DESCRAM - [ |
3 BLER, BRANCH METRIC DIFFERENTIAL
G2D2_0+> BUFFER [ AND ADD-COM PARE- PATH HISTORYAND DECODER DOUT
3 REG. SELECT LOGIC - P AUTO NODE-SYNC Lol AND V.35 L
G3D,0 ™| & mux. [ LOGIC DESCRAM-
f BLERS
PNCG1 X SYNC
PNCG2 =
SM2C SSTO
MIS -
THRESH Ey; SsT1
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FUNCTIONAL DESCRIPTION

Convolutional Encoding and Viterbi Decoding are used to
provideforwarderror correction (FEC) whichimprovesdigital
communication performance over anoisy link. In satellite
communication systemswheretransmitter power islimited,
FEC techniquescanreducetherequired transmission power.
TheSTEL -2040B isaspecialized product designedtoperform
this specific communications related function.

The encoder creates a stream of symbols which are
transmitted at 2 (Rate'/2) or 3 (Ratel/3) timestheinformation
rate. Thisencoding introduces ahigh degree of redundancy
which enables accurate decoding of information despite a
highsymbol error rateresultingfromanoisy link. Thecoding
overhead can be reduced at the expense of the coding gain

PIN CONFIGURATION

by puncturing (del eting) some of thesymbols. The STEL-
2040B isdesigned to operateinthisway at Rate  %a4. Inthis
case4 symbolsaretransmittedfor every 3bitsencoded. The
resulting bandwidth overhead is just 33% in this case,
compared with 100% at Rate /2.

The STEL-2040B incorporates all the memoriesrequired to
perform these functions. In addition, the STEL-2040B
incorporates a differential encoder and decoder, two
scramblingal gorithms, aBER monitor and amicroprocessor
interface. The STEL-2040B isavailablein a68-pin PLCC
(plasticleaded chip carrier) and alsoinaceramicleaded chip
carrier (Jbendleads).

Package: 68 pin PLCC
Thermal coefficient, 6, = 36°C/W

987654321

10 0 .
11g
12
130
14 0
15 0
16 §
17 g B 53 0.990"

plane

-

19 0 b s #0.005
200
210
22 g
23
24 0
250
26 0

lgg———— 0954" gl 0.200"
+0.004" max.

PIN CONNECTIONS

1 SYNC 13 PNCG2 25 G2ERR
2 Vs 14 G2D, 26 G3ERR
3 ACK 15 G2D, 27 ADDR,
4 DATACLK 16 G2D, 28 ADDR,
5 DRDY 17 PNCG1 29 ADDR;
6 DATAIN 18 G1D, 30 ADDR,
7 MODE 19 GID, 31 Vs

8 SELA 20 G1D, 32 Vs

9 SELB 21 DIFEN 33 WRITE
10 G3D, 22 BERR 34 READ
11 G3D, 23 Vg 35 Vpp

12 G3D, 24 GI1ERR 36 DATA,

66666666
98765432187654321 ¢
\ 0.017"
+0.004 +0.005" **
d a)
13 0 u)

*At seating

18 O ToP 0 s2 0.05" *

*'Tolerance not
cumulative

Package: 68 pin CLDCC
Thermal coefficient, 6;, = 34°C/W

**At seating
plane

i 0.05"
+0.005" *
* *Tolerance not

cumulative

0.035"
< nominal

Notes: (1) Tolerances on pin spacing are not cumulative.
(2) Dimensions apply at seating plane.
(3) PLCC and CLDCC packages have different corners and may not fit into sockets designed
for the other type. Universal sockets are available without alignment locators.

37 DATAg 49 THRESH, 61 ERATE
38 DATA 50 MIS 62 ENLATCH
39 DATA, 51 Vs 63 OSYMB
40 DATA; 52 RESET 64 Vpp

41 DATA, 53 Vpp 65 ICLK

42 DATA, 54 SM2C 66 OCLK

43 DATA, 55 WPDIS 67 SCRAM1
44 Vg 56 DOUT 68 SCRAMO
45 1.C. 57 SSTO

46 DRATE 58 SYNCO

47 THRESH, 59 SST1
48 THRESH, 60 SYNC1

Notes: 1. I.C. denotes Internal Connection. These pins must be left unconnected. Do not use for vias.
2. Connect al unused inputs except READ to Vs, leave unused outputs unconnected.
READ input is not used it should be connected to Vpp.

If the
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FUNCTION BLOCK DESCRIPTION

ENCODER

The convolutional coder is functionally independent of
the decoder. A singledatabitisclocked intothe 7-
bit shift register ontherisingedgeof DATA CLK. There
are two modes of operation, controlled by the MODE
input. WhenM ODE islowthetimingof theSEL A,SEL B
and ENL AT CH signalsdeterminewhether 2 or 3symbol
bitsaregenerated for every databit. WhenM ODE ishigh
the symbols are automatically generated sequentially
every clock cycle. In this case, the state of ERATE
determines whether the device generates symbols for
Rate'/2 or Rate'/s operation. ThesymbolsG1, G2, and G3
are generated from the modul 0-2 sum (exclusive-OR) of
the inputs to the 3 generators from the taps on the shift
register. The3polynomialsare1715(G1), 1335(G2), and
1455 (G3). Exampleinputsareshowninthetiming diagram
for both rate /2 and rate /3 operation.

DECODER

The STEL-2040B is designed to accept symbols either
synchronously or in a handshake mode. Symbols are
latchedintothedecoder input registersonthefalling edge
of the DRDY input. ACK isreturned by the decoder to
indicate that the symbols have been accepted.

The RATE input determines whether the decoder will
operate in Rate /2 or Rate }/3 mode. When operating at
Rate Y/2 the G3 symbol isignored by the decoder.

For hard decision binary symbolsthe G1, G2, G3 symbol
bits should be connected to pins G1D,, G2D, and G3D,
respectively, and the other symbol input pins should be
tied high (Vpp). Three-bit soft decision symbols may be
input in Signed Magnitude or Inverted Two's
Complement code, according to the setting of the code
control pin, SM2C. The code should be set to Signed
Magnitude when using hard decision data.

A single decoded data bit is output for every set of input
symbols. The data bit corresponding to a particular
symbol set will be output after a delay of 71 symbols.
Therefore, when using the STEL -2040B to decode blocks
of data 71 additional dummy symbols and 71 DRDY
signals need to be added to the data stream to flush the
last 71 decoded data bits out of the decoder.

Node synchronization (correctly grouping incoming
symbolsinto G1, G2, and G3 sets) isinherent with many
communication techniques such as TDMA and spread
spectrum systems. If node synchronization is not an
inherent property of the communications link then the
internal auto nodesynccircuit canbeusedtodothis. This

is accomplished by connecting the node sync outputs
(SST0 and SST1) to the node sync inputs (SYNCO and
SYNC1). Thethreshold for determining the out of sync
condition isuser selectable by means of the THRESH .
inputs. Alternatively, the SY NCOand SYNC1 pinscanbe
usedwithanexternal algorithmto achievethe sameresult.

Further information on the theory of operation of Viterbi
decodersmay be obtained from text bookssuch as"Error-
Correcting Codes", by Peterson and Weldon (MIT Press),
or "Error Control Coding”, by Linand Costello (Prentice-
Hall). An alternative source of information is the many
papers on this subject that have appeared in the IEEE
transactions, such as "Convolutional Codes and their
Performance in Communication Systems", by Dr. A. J.
Viterbi, IEEE Trans. on Communications Technology,
October 1971.

INPUT SIGNALS

RESET

Asynchronousmaster Reset. A logiclow onthispinwill clear
all registers on the STEL-2040B in both the encoder and
decoder sectionsof thechip. RESET should remainlow
foratleast 3cyclesof ICLK.

DATACLK

Thisistheencoder Shift Register Clock. A risingedgeon
thisclock latchesDATAI N intotheencoder shift register.
This signal should nominally be a square wave with a
maximum frequency of 256 KHz.

DATAIN

Thisisthe encoder input. Thedatapresent at thispinis
latched into the encoder shift register on the rising edge
of DATACLK. Thissignal should be stableat therising
edgeof DATACLK.

MODE

The state of the M ODE input determines the method of
symbol sequencing in the encoder. When M ODE is set
low the sequencing is generated externally under the
control of the SEL A and SEL B inputs,andwhenM ODE
isset highit is generated automatically.

SEL A, SEL B

When MODE is set low SEL A and SEL B select the
encoded symbol, G1, G2 or G3, which will appear on the
OSYMB pin on the next rising edge of ENLATCH
according to the table:

STEL-2040B



SELA | SELB | SYMBOL | POLYNOMIAL
1 al 171 (1111001,
0 @ 1335 (1011011,)
0 G3 1455 (1100101,)

When MODE is set high the symbol sequence is
generated automatically andthe SEL A and SEL B inputs
areinactive.

ERATE

When M ODE ishighthe Encoder Rateinput determines
whether symbols for Rate /2 (ERATE=1) or Rate /3
(ERATE=0) operationaregenerated. WhenM ODE islow
thisinput isinactive.

DIFEN

WhentheDIFEN inputisset highthedifferential encoder
and decoder inthe STEL -2040B areenabled. Differential
encoding is done after V.35 scrambling (when used) but
before Invert G2 scrambling (when used) in the encoder.
The sequence is reversed in the decoder. Note that the
BER monitor function will only operate correctly when
DIFENissetlow.

SCRAMO, SCRAM1

The Scrambleinputsareused to enablethetwo scrambl er
functions included in the STEL -2040B, as shown in the
tablebelow:

SCRAMO | SCRAM1 | FUNCTION
0 0 Scrambler disabled
0 1 V.35(CCITT compatible)
1 1 V.35 (IESScompatible)

Twodifferent"V.35" scrambler formatsareprovided since
there are two versions of this standard in exixtence: the
true CCITT version of thestandard, and the | ESSversion,
which hasbecome adefacto standard through widespread
use. In each case, the scrambling function is provided at
the encoder and the descrambler is provided at the
decoder.

ENLATCH

Thisistheencoder Output L atch Enable. Thenew symbol
is clocked into the output latch and appears on the
OSYMB pin on the rising edge of ENLATCH. When
MODE is low the symbol selected will depend on the
states of the SEL A and SEL B lines, which should be
stableontherisingedgeof ENLATCH. WhenM ODE is
high the symbol selection isinternal, and the frequency

of the ENLATCH signal should be 2 or 3 times the
frequency of the DATACLK, depending on the rate
selected.

ICLK, OCLK

System Clock. A crystal may beconnected between| CL K
and OCLK oraCMOSlevel clock may befedintol CLK
only. Theclock frequency should beat least 70 timesthe
datarate but no more than 18 MHz.

DRATE

The Decoder Rateinput sel ectswhether the decoder will
read two symbols (DRATE set high) or three symbols
(DRATE setlow)) for every databit decoded. During Rate
/2 operation the symbol G3 on inputs G3D, is
completely ignored by thedecoder. DRAT E should be set
high for Rate /4 operation.

G1D,. g, G2D5.g, G3D5 g

The three 3-bit soft decision symbols are connected to
these inputs and loaded into the input registers on the
fallingedgeof DRDY. Theorderinwhichthesymbolsare
entered into the decoder from the registers depends on
the state of the SYNCO and SYNC1 inputs. The decoder
can makeuse of soft decisioninformation, whichincludes
both polarity information and a confidence measure, to
improvethedecoder performance. If harddecision (single
bit) symbols are used the signals are connected to pins
G1D,, G2D,and G3D, andtheother inputsare connected
to Vpp. See SM2C for a description of the input data
codes.

SM2C

Thestate of the Signed M agnitude/2's Complement input
determines the format of the incoming soft-decision
symbolsinto the decoder. When SM2C ishigh theinput
codeis Signed Magnitude, and whenitislow thecodeis
Twao'sComplement. Thecodesareshowninthefollowing
table:

CODECONTROL: SM2C=1 SM2C=0
SYMBOL INPUT: GXD2-GXDO0 | GXD2-GXDO
Most Confident '+' level 011 011
Data=0 010 010
001 0 01

Least Confident '+' level 000 000
Least Confident ' level 100 111
Data=1 101 110
110 101

Most Confident - level 111 100

SM 2C should be set high when using hard decision data.

STEL-2040B



DRDY

The Data Ready signal is used to load symbols into the
decoder. A new set of symbolsislatched into the input
registers on each falling edge of the DRDY input.

SYNCO, SYNC1

The Symbol Sync0and Symbol Synclinputsareusedfor
auto node sync operation. When using the internal auto
node sync mode these two pins are connected to SSTO
and SST 1, respectively. The operation of the decoder is
affected as shownin the following table:

Symbol entered into
decoder during
symbol period N
DRATE SYNCO SYNC1 | G1 G2 G3
1 0 0 Gly G2y -
1 1 0 G2y, Gl -
1 0 1 G2y Gy -
1 1 1 Invalid state
0 0 0 Gl G2y G3y
0 1 0 G3y.1 Gl G2y
0 0 1 G2ya G3y1 Gly
0 1 1 Invalid state

Notethat whenever the states of the SYNCO and SYNC1
inputs are changed there will be adelay of 71 bit periods
before valid data starts appearing at DOUT.

THRESH,

A counter is used to determine the number of either
traceback mismatchesor metric renormalizationsper 256
bits in the auto node-sync circuit, and the threshold at
which the counter triggers the SSTO and SST 1 outputs
to change states is set with the data on the THRESH 5,
inputs. The threshold values will be as shown in the
followingtable.

THRESH,, | Threshold value
0

N~ o s ®wN PR
RREBBE o & v »

128

Since the actual error rate obtained will depend on the
signal to noise ratio (E,/Ng) in the signal, the optimum
value of the threshold will also depend on E,/N, and
should be set accordingly. The actual mismatch or
renomalization countisstoredinand can beread fromthe
register at address E,.

MIS

Two algorithmsfor auto node-sync areincorporated into
the STEL-2040B. When M1Sis set high the Traceback
Mismatchalgorithmisselected, and whenitissetlow the
Metric Renormalization algorithmissel ected.

PNCG1, PNCG2

The PNCG1 and PNCG2 signals are used to control the
STEL-2040B when operating in punctured mode. In
normal (Rate="/2) operation these pins shoul d be set low.
In punctured modethe PNCG1 signal must be set highto
indicatethat the G1 symbol ispunctured andthe PNCG2
signal must be set high to indicate that the G2 symbol is
punctured. A symbol will be puncturedwhenthe PNCG1
or PNCG2 signals are high during the falling edge of
DRDY. Zerovaluemetricswill be substituted internally
for the actual metrics corresponding to the signals
present on the G1,.5 or G2, pins at that time.

OUTPUT SIGNALS

OSYMB

Output Symbol from the Encoder. This output depends
ontheseven most recent databits(DATAIN) clockedinto
the encoder shift register and on the select lines SEL A
and SEL B. Theindividual symbols are formed by the
modul 0-2 sum of the inputsto the generators from the 7-
bit shift register.

ACK

A low level pulse on the Acknowledge pinindicatesthat
the decoder has input the current set of two or three
symbols. The signal will pulse low between 68 and 69
clock cycles after thefalling edge of DRDY .

DOUT

Decoded DataOut. Thesignal islatched into the output
register onthefalling edgeof DRDY. Thereisadelay of
71 databitsfrom the time a set of symbolsisinput to the
timethe corresponding databit isoutput. Consequently,
in order to flush thelast 71 bits of data out of the system
at theend of aburstitisnecessary to continue pulsing the
DRDY line for 71 symbol periods after the last valid
symbol has been entered.

STEL-2040B



SSTO0,SST1

The Sync State 0 and Sync State 1 signalsare the outputs
of the internal auto node sync circuit. They should be
connected to SYNCO0and SY NC1 respectively to usethe
internal auto nodesync capability. They may also beused
in conjunction with an external node sync algorithm
implementation which can use the SSTO and SST1
outputs.

SYNC

The Sync output provides an indication of the status of
the internal auto node sync circuit. When it is high it
indicatesthat node sync has been lost, and whenitislow
it indicates that the system is assumed to be in sync, as
determined by the error rate estimate.

G1ERR, G2ERR and G3ERR

TheG1Error, G2Errorand G3 Error outputsindicates
that an error hasbeen detectedinthe G1, G2 or G3symbols,
respectively, corresponding to the current output bit.
These outputswill only be valid when operating at Rates
Y2and /3 withDIFEN =0.

BERR

The Bit Error output indicates that an error has been
detected in any of the symbols corresponding to the
current output bit. This function is the logical OR of
G1ERR, G2ERR, and (at Rate/3) G3ERR. Thisoutput
will only bevalid when operating at Rates /2 and /3 with
DIFEN=0.

MICROPROCESSOR INTERFACE

uPDIS

The microprocessor interface is selected by setting the
pPDisableinputlow. All I/Oand control functionsarethen
accessed viathe DAT A+, bus with the associated control
signals. The STEL-2040B isthen used asamemory or 1/0
mapped peripheral tothehost processor. TheRESET input
must be set high, but all other inputswill beignored and the
outputs will be invalid. When this input is set high the
microprocessor interfaceisdisabled and all 1/O and control
functions are accessed via the corresponding pins.

DATA7,
Whenusingthe STEL -2040B inthemicroprocessor interface
mode (uPDI S=0) al datal/O and control isdoneviathisbus.

ADDR3

The 4-bit address bus is used to access the various 1/0
functionsinthemicroprocessor interfacemode, asshownin
the table below.

WRITE

TheWriteinput isused to write datato the microprocessor
databus. Datawill belatched into the STEL-2040B on the
rising edge of thissignal.

READ

TheRead inputisusedto read datafrom themicroprocessor
databus; the DAT A,.qbuswill beactiveinthe output mode
whenever thisinput islow.

MICROPROCESSOR INTERFACE MEMORY MAP

DRATE SM2C SCRAM1

mOOwWw>» O o~ T~WNERO

COUNT,* | COUNTg*| COUNTS*

SCRAMO | MIS

DIFEN

BERR*
RNORM* | MSMCH* | SST1* SSTo* SYNC*

ADDRs;, | DATA, | DATA; | DATA; | DATA, | DATA; | DATA, | DATA; | DATA,
PNCG1 | G1D2 G1D1 G1D0 PNCG2 | G2D2 G2D1 G2D0
G3D2 G3D1 G3D0

THRESH,| THRESH,| THRESH,
SYNC1 | SYNCO
DATAIN
MODE | SELA SELB ERATE
RESET
DRDY
DATACLK
ENLATCH
G3ERR* | G2ERR* | GIERR* | DOUT*

OSYMB*

COUNT,* | COUNTz*| COUNT,* | COUNT,*| COUNTg*

* Indicates a read only function.
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Warni NQ: Stresses greater than those shown below may cause permanent damage to
the device. Exposure of the device to these conditions for extended periods may also
affect device reliability. All voltages are referenced to V.

Symbol Parameter Range Units
Tsg Storage Temperature —40to+125 °C (Plastic package)
{ —65t0+150 °C (Ceramicpackage)
V bomex Supply voltageon Vpp -0.3to+7 volts
Vi rag Input voltage —0.3toVpp+0.3 | volts
l; DC input current +10 mA

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Range Units
Vb Supply Voltage +5+5% Volts  (Commercia grade)
{ +5+10% Volts (Military grade)
T,Operating Temperature(Ambient) 0to+70 °C (Commercia grade)
{ —55t0+125 °C (Military grade)

D.C. CHARACTERISTICS (OperatingConditions:  Vpp=5.0V +5%, V<=0V, T,=0°t070° C,Commercial
Vpp=5.0V +10%, V=0V, T,=—55°t0125° C, Military)

Symbol Parameter Min. | Typ. | Max.| Units | Conditions
lop(Q) Supply Current, Quiescent 10 mA Static, no clock
Iop Supply Current, Operational 20 | mA/MHz
V iH(min) HighLevel Input Voltage
Standard Operating Conditions 20 volts Logic'l'
Extended Operating Conditions 225 volts Logic'l'
ViLma Low Level Input VVoltage 08 | volts Logic'0’
liH(min) High Level Input Current 10 ) 110 A DRDY,V\n=Vpp
I (ma) Low Level Input Current -130 —45 -15 HA All otherinputs, V|y=V s
V OH(min) High Level Output Voltage 24 45 volts lo=-6.0mA
VoL ma Low Level Output Voltage 02 04 | volts lo=+6.0mA
los Output Short Circuit Current 2 b 10 mA Vour=Vpp,Vpp=max
-10 | 45 | -130 mA Vour=Vss Vpp=max
Cn Input Capacitance 2 pF All inputs
Cout Output Capacitance 4 pF All outputs

STEL-2040B 8



ENCODER TIMING. MODE=1

DATAIN BIT1 X X XBIT2 X X X BI'|I'3 X X BIT4 X X X
DATACLK |

tbe
—>| |—
ENLATCH |
—>||<— teop
OSYMB X Gl X G2 X Gl X G2 X Gl X G2 X Gl X G2 X:
FROMBIT 1 FROM BIT 2 FROM BIT 3 FROM BIT 4

RATE /3 OPERATION

e[| LT T LI T T T T T T
e Yo e ) o)l ol e e el e e el e =l

FROM BIT 1 FROM BIT 2 FROM BIT 3 FROM BIT 4

ENCODER ELECTRICAL CHARACTERISTICS

A.C. CHARACTERISTICS (Operating Conditions. Vpp= 5.0 V #5%, V<=0 V, T= 0° to 70° C, Commercial
Vpp= 5.0 V £10%, V<=0V, T,=-55° to 125° C, Military)

Commercial Military
Symbol Parameter Min. M ax. Min. M ax. Units
tsr RESET pulse width toik 3ok nsec.
tsr RESET to ICLK setup 2 3 nsec.
tbs DATAIN to DATACLK setup 10 12 nsec.
toH DATAIN to DATACLK hold 10 12 nsec.
tss SEL A or SEL B to ENLATCH setup 10 12 nsec.
tsh SEL A or SEL B to ENLATCH hold 5 8 nsec.
toe DATACLK to ENLATCH delay 10 12 nsec.
teop ENLATCH to OSYMB stable delay 10 12 nsec.

Notes: tCLK = Period of ICLK :(1/ fCLK)'
tsr is only relevant if operation is to commence during the first clock cycle after RESET goes high.

9 STEL-2040B



ENCODER TIMING. MODE=0 (STEL-5268 EMULATION MODE)

s tpH

DATAIN BIT1 X X XBITZ X X X BIT3 X X BIT4 X X X
DATACLK |

SELA
_>tSHI<_
SELB
—tgs |-— —»tD|E<—
SYSEYR I N A S ) A A N I B
—>||<—tEOD
OSYMB XG1XG2X61X62X61X62XG1XG2X:
FROM BIT 1 FROM BIT 2 FROM BIT 3 FROM BIT 4

DATAIN BIT1 X X XBITZ X X XBIT3 X X XBIT4 X X X
DATACLK |

SEL A

L T T
Moz Aes Aor N o2 Nos N o ko2 fos ks N o2

OSYMB Gl G2 G3 Gl G2 G3 G1 G2 G3 G1 G2 G3

ENLATCH |_|

FROMBIT 1 FROM BIT 2 FROM BIT 3 FROM BIT 4

RESET TIMING

e ) /

I trs

ICLK |

STEL-2040B 10



DECODER TIMING

ENCODED
SYMB 0 X SYMB 1 X SYMB 2 X SYMB 3 X SYMB 71 X SYMB 72 X
SYMBOLS
G1D0-G3D2 - —>|
tss tHp
—_—| |— ’<— tgp —»‘
DRDY | |
t
AD|

I | I I / / | I [
o N oo Y ors || ors N _omo Y _oms

DRDY

ACK tp

it LT — tck [+ —| |-—

ICLK I_
DOUT X

DECODER ELECTRICAL CHARACTERISTICS

A.C. CHARACTERISTICS (Operating Conditions: Vpp= 5.0 V #5%, V<=0 V, T,= 0° to 70° C, Commercial
Vpp= 5.0 V £10%, V=0 V, T,=55° to 125° C, Military)

Commercial Military

Symbol Parameter Min. Max. Min. Max. Units
folk ICLK Frequency 70*forpy 18 70*forpyY 14 MHz
tss SYMBOL to DRDY setup 20 25 nsec.
tup SYMBOL to DRDY hold 5 8 nsec.
tsp SYMBOL Period 39 5 Jsec.
tba DRDY to ACK 35+ 68*tc k | 30+69%tc i | 35+ 68*tc k | 30+ 69*tc nsec.
taD ACK to DRDY 2oLk 2*taik nsec.
twa ACK pulse width tok teLk nsec.
to DRDY to ICLK setup 5 8 nsec.
tia ICLK to ACK 10 31 nsec.
tho ICLK to DOUT 10 35 nsec.
tsr RESET to ICLK setup 2 3 nsec.

Notes: fprpy = Frequency of DRDY, tq g = Period of ICLK =(1/ f k).
tsr is only relevant if operation is to commence during the first clock cycle after RESET goes high.
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MICROPROCESSOR INTERFACE TIMING

1. WRITE OPERATIONS

\ /

uPDIS
ADDR 5 DON'T CARE X X X X X DON'T CARE
_>|tAW ol}——
WRITE \_/ \_/ \_/_\_/
thp tw

— |4— —
DATA 4 DON'T CARE X X X X X DON'T CARE
uPDIS \ /
ADDR 5 DON'T CARE X X X X X DON'T CARE

taw tip
|l PR
. WAAWAW RW,
tzv tyz

DATA 70 <:>_<:>_<:>_<:/\

MICROPROCESSOR INTERFACE ELECTRICAL CHARACTERISTICS
A.C. CHARACTERISTICS (Operating Conditions: Vpp= 5.0 V #5%, V¢s=0 V, T,= 0° to 70° C, Commercial

Vpp= 5.0 V £10%, V=0 V, T,=-55° to 125° C, Military)

Commercial Military
Symbol Parameter Min. M ax. Min. Max. Units
tw WRITE pulse width 5 8 nsec.
taw ADDR to WRITE or READ setup 5 nsec.
twa WRITEor READ to ADDR hold 8 nsec.
tzy DATA Hi-Z to valid 20 27 nsec.
tsr DATA vadid to Hi-Z 20 27 nsec.
STEL-2040B 12



PUNCTURED MODE OPERATION

I n punctured codes some of the symbol s generated by the
convolutional encoder are del eted, or punctured, fromthe
transmitted sequence. For example, in an unpunctured
Rate/2 sequence, four bitswould betransmitted for every
two databits. If every fourth bit was punctured from the
sequence then only three bits would be transmitted for
every two databits. Thiswould resultin aRate /3 code.
The STEL-2040B is designed to operate in punctured
mode as well as normal, Rate /2, mode. Thisis easily
accomplished by means of the PNCG1 and PNCG2 sig-
nals, which del etethe symbol whichwould normally have
been loaded into the device at the time when either of
these signals is set high. The punctured symbols are
replaced by zero metric values. Zero weight is given to
these values in the computations relative to the other

symbols. The coding gain is significantly less than that
for unpunctured operation, but thisisthetrade-off for the
reduced bandwidth required totransmit thesymbols. The
recommended puncturing sequences for Rates %/3 and %/
4 punctured operation are shown in the table. The se-
guencesshown in bol dface are the basi ¢ sequence, which
are then repeated. The use of the PNCG1 and PNCG2
signals is shown below for Rate /4. The punctured
symbols are marked with asterisks. Rates higher than 3/
4 are not recommended with the STEL-2040B. Notethat
the BER monitor will indicatean error eachtimeasymbol
is punctured, and consequently the BER monitor is not
valid when operating in punctured mode.

Rate Symbol sequence
2/[3 | G1G2G1 P G1G2G1 P G1G2G1 P G1G2G1 P G1 G2
3/ | G1G2 P G2G1 P G1 G2 P G2G1 P G1 G2 P G2G1 P

* Denotes punctured symbols

c x A X

e | S G

DRDY

PNCG1

PNCG2

USING AUTOMATIC NODE SYNC

The automatic node sync circuit built into the STEL -2040B
can be used to provide node sync in applications where
this is not intrinsic to the nature of the operation. The
automatic node sync is enabled by connecting the SST1
and SSTO outputs to the SYNC1 and SYNCO inputs, as
shown below. The threshold should be set according to
the expected signal to noise ratio of the input signal for
optimum operation of the system.
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BPSK COMMUNICATION SYSTEM USING CONVOLUTIONAL
ENCODING AND VITERBI DECODING. RATE = 1/2

The STEL-2040B can be used in a variety of different
environments. Oneexampleisshownbelow. It cannot be
used as a common encoder or decoder in multi-channel
applications because of the memory incorporated on the
chip which is dedicated to a single channel.

Anexampleof asystem using theconvol utional coder and
Viterbi decoder isillustrated here. The system modul ates
adatastream of rate 512 Kbpsusing binary PSK (BPSK).
To be able to use convolutional coding/decoding, the
system must have available the additional bandwidth
needed to transmit symbol sat twicethedatarate (for rate
/2 encoding). Alternatively, the system could make use
of two parallel channels to transmit two streams of
symbols at the data rate. The performance improvement
that can be expected is shown in the graph below.

The convolutional encoder is functionally independent
fromthedecoder. A singledatabitisclockedintothe 7 bit
shift register on the rising edge of DATA CLK. The
decoder portion of the STEL -2040B isdesigned to accept
symbols synchronously. DRDY is supplied by the user
to clock in the symbols. The maximum data rate is 256
Kbps, using a clock frequency of 18 MHz. This
corresponds to 512 K symbols per second at rate /2 and
768 K symbolsper second at rate/3. 18 MHz crystalsare
readily available, and this clock frequency can be used at
all data rates, although the power consumption can be
reduced by using lower clock frequencies.

101
.‘.“\'\1.
\h
10-2 -]
“ UINICOdEd
Tx DATA RATE 1/2 1073
conv. > MODBLTLSAKTOR 4 BER \
256 Kbps | ENCODER 1 CHANNEL 4 Coded \
BW=1024 KHz 10~ \
CODED DATA @ 512 Kbps
10-5 -CodingGain_S?z
Rx DATA RATE 1/2
VITERBI [% DET\ASOKD 106 \
256 Kbps | DECODER 1 ' \
CODED DATA @ 512 Kbps 107
2 3 4 5 6 7 8 9 10 11
— E /N, dB
BPSK Communication System using Convolutional
Encoding and Viterbi Decoding. Rate = Y2
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