Q1900

VITERBI/TRELLIS DECODER

FEATURES

Viterbi Mode Rates 3, 12, 3% and 78
Trellis Mode Rates %3 and %
Full Duplex Encode and Decode in Both Viterbi
and Trellis Modes
Large Coding Gains at Eb/No of 10*

* 5.5 dB for Rate !/ Viterbi Decoding

= 5.2 dB for Rate 2 Viterbi Decoding

+ 3.2 dB for Rate 24 Trellis Decoding

» 3.1 dB for Rate 3% Trellis Decoding
Automatic Phase Synchronization for BPSK and
QPSK in Viterbi Mode and for 8-PSK and 16-PSK
in Trellis Mode
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Data Rates up to 30 Mbps for Viterbi Mode and
90 Mbps (16-PSK) for Trellis Mode
3-Bit Soft Decision or 1-Bit Hard Decision

Decoder Inputs for Viterbi Mode

Viterbi Mode On-chip Channel Bit Error Rate
(BER) Monitor

Easy Implementation of Additional Code Rates
Processor Inferface Simplifies Control and Status
Low-power CMOS Implementation

Viterbi Mode Complies with INTELSAT IESS-308
and INTELSAT IESS-309

Standard 84-Pin PLCC or 100-Pin VT QFP Package
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GENERAL DESCRIPTION

Forward Error Correction (FEC) improves the bit error
rate (BER) performance of power-limited and/or
bandwidth-limited channels by adding structured
redundancy to the transmitted data. The type of
additive noise experienced on the channel determines
the class of FEC used on the channel. Tree codes are
used for channels with Additive White Gaussian Noise
(AWGN) and block codes are used for channels with
additive burst noise. The Q1900 is based on a k=7
Viterbi decoder tree code, optimizing performance over
channels with AWGN. The Q1800 supports encoding
and decoding for Viterbi and Trellis Modes of operation.
The Viterbi Mode is typically used for systems that are
power-limited but not bandwidth-limited. The
standard modulation types are Binary Phase Shift
Keying (BPSK) and Quadrature Phase Shift Keying
(QPSK). Trellis Mode is typically used for systems that
are both power-limited and bandwidth-limited. The
standard modulation types are 8-PSK and 16-PSK.
Figure 1 shows a typical application of FEC techniques
in a communication system.

Figures 2 and 3 show the encoder block diagrams for
the Viterbi and Trellis Modes. Figures 4 and 5 show the
decoder block diagrams for the Viterbi and Trellis
Modes. The encoders are both based on a k=7

convolutional encoder and the decoders are both based
on a k=7 Viterbi decoder.

The Viterbi Mode supports four code rates: 3, Y2, ¥
and /s. Additional code rates can be supported with
external circuitry. The Viterbi Mode also supports
built-in phase synchronization for standard BPSK,
QPSK, and Offset Quadrature Phase Shift Keying
(OQPSK) modulation techniques. Either 1 bit hard-
decision or 3 bit soft-decision input data is supported.
The Viterbi Mode also includes two powerful built-in
techniques for monitoring synchronization status as
well as performing channel BER measurements.

The Trellis Mode supports two codes rates: %3 for 8
PSK and % for 16 PSK. The Trellis Mode also supports
built-in phase synchronization for 8-PSK and 16-PSK.
The Viterbi and Trellis Modes include a processor
interface to facilitate contro! and status monitoring
functions while keeping device pinout to a minimum.

The Q1900 is packaged in a 84-pin PLCC package or
a 100-pin VT QFP package and is implemented in fully
static CMOS logic to reduce power consumption. It
also uses fully parallel circuit architecture to negate the
requirement for a higher speed computation clock.

The Q1900 is well suited for many commercial
satellite communication networks, including
INMARSAT and INTELSAT. The low-cost and high

Figure 1. Typical Application of FEC in a2 Communication System
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Figure 3. Trellis Encoder Block Diagram
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performance of the Q1900 make it ideal for FEC digital video transmission systems, high-speed data
requirements in systems such as direct broadcast modems and military and NASA communication
satellites (DBS), microwave point-to-point data links, systems.
very small aperture terminals (VSAT), digital modems,
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THEORY OF OPERATION
ENCODING
VITERBI MODE
The transformation from information bit to code word
for the Viterbi Mode is shown in Figure 2. The number
of functions involved in this process can range from
one to four depending on which functions are enabled.
The first function is an INTELSAT specified
scrambling algorithm. This algorithm is a slight
modification to the CCITT V.35 algorithm. The details
of this algorithm are described in the Data Scrambling
Applications Note section of this data book.
Scrambling is used in many communications systems
to guarantee minimurn transition densities in the
transmitted signal for purposes such as timing loop
synchronization.
A system consideration when using data scrambling
is multiplication of output bit errors. Because the data

scrambler output bits are affected by several input bits,
error multiplication occurs. If the Viterbi decoder
incorrectly decodes a bit and this single bit is input into
the descrambler, it can generate up to three output
errors. However, in actuality the error multiplication is
a factor of 1.5 to 2. This equates to a coding gain loss of
only 0.2 to 0.3 dB.

The second function is a differential encoder. The
block diagrams for the differential encoder and decoder
are shown in Figures 6 and 7. The differential
encoder and decoder are used to resolve inverted data.
The differential encoder actually transforms the input
data stream into an indication of transitions rather than
1's or 0’s. If a 0 is input into the encoder, the output
stays the same. If a 1 is input, the output transitions
eitherOto1or1to0.

The third function is the industry standard k=7 rate

12 or rate /3 convolutional encoder, shown in Figure 8.

Figure 6. Differential Encoder Figure 7. Differential Decoder
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Figure 8. 64-State Convolutional Encoder
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It is used to encode the ENCDAT0] input bit into two
or three output bits ENCCO0, ENCC1 and ENCC2.

The fourth function is the puncture logic. This step
punctures the rate Y2 data into either rate %4 or rate 4.
Figures 9a and 9b show how rate /2 data is punctured
into rate % or rate 78. The input data is encoded with a
rate Y2 encoder (B). Then certain bits of the rate /2
encoded data are punctured, or deleted, and not
transmitted (C). For rate ¥4, two out of six bits from
the rate %2 encoder are deleted in a repeating pattern.
Thus, for every three input bits, only four encoded bits
are actually transmitted making this a rate % code. For
rate 7/, six out of fourteen bits from the rate 2 encoder
are deleted in a repeating pattern. Thus, for every
seven input bits, only eight encoded bits are actually
transmitted making this a rate 78 code.

At the receiver, the punctured bits are replaced with
null bits prior to decoding with the rate Y2 decoder (D).
Insertion of the null bits is done autornatically if the
Q1900 is programmed for rate % or /4. For punctured
rates other than % and 7, insertion of the null bits is
done externally by asserting the erase input pins as
appropriate for RO, R1, or R2. The decoder treats null
bits as an input which is neither a received “1” nor “07,
but is exactly between the “1” and “0”.

The coding performance of a punctured rate % code
is equivalent to the coding performance of a classic
non-punctured rate % code. The major advantage of
punctured coding with a standard rate convolutional
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encoder (%2 or 1/3) is that a single code rate decoder can
decode a wide range of codes. Specifically, any code
rate of the form (n-1)/n can be efficiently implemented
with this structure. Of course, the best performance is
achieved with certain puncture patterns. The best
punctured codes have been researched and are shown in
Figure 10 for rates from Y2 through ¢17. The
chainback depth must increase as the code rate
increases. A chainback memory depth of 35-40 states is
adequate for rate Y2 decoding. However, rate %
decoders require memory depths of at least 70 states,
and rate 78 requires chainback depth of more than 90
states. The Q1900 decoder uses a minimum chainback
memory depth of 96 states for puncture coding.
Therefore, it is very effective at decoding code rates up
to 78. Operation with code rates higher than 78 will
result in a minor performance degradation in the coding
gain when compared to the theoretical best.

During punctured coding, the decoder must
synchronize the null symbol insertion pattern of the
decoder to the symbol puncture pattern of the encoder.
The Q1900 performs all the necessary symbol puncture
(encoder), null symbol insertion (decoder) and
synchronization functions required to implement rates
% and 78. The decoder also includes First-In-First-Out
(FIFQ) circuits which ease the frequent requirement of
punctured code systems to re-align the punctured
encoded stream to a channel clock, which is a non-

integer multiple of the information data rate.
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Figure 9a. Punctured Coding for Rate 4
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Figure 10. Best Punctured Code Patterns

Code Rate Puncture Pattern (0 = Deleted Code Bit)
Co: 1
1
C1: 1
C0: 10
%
1 11
C0:
Y
¢1: @ﬁ
. C0: 1000
/s
C1: 1111
5 Co: 10101
/6
(11010
: 100101
%

1 111010

e T

C0: 10001000001

—_—

h2

(1 11110111110
" Co: 100000001010
h3

Ct: 1111111101017
s Co: 100170100101101
h

C1: 1171001011010010
" Co: 1071010171101111010
hi

C1: 11010100170000101

* Two code bit groupings are shown for operation with code rates % and s in Parallel
Data Mode. CO and C1 code bits are output on the C0 and C1 signals, respectively, except
for the second symbol in rate 7 pattern. In that case, the second of the two C1 code bits

is output on the CO signal.
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|
| TRELLIS MODE Table 1. Four-Phase Differential Encoder State Table
f The transformation from information bits to code
words for rate %3 8-PSK and rate % 16-PSK is a three- [ PRESENT INPUT LAST INPUT ouTPuT
step process (Figure 3). First, the ENCDATI0| data bit is I af]n) bf)n) a(u:)-1) b(':;" xf)n) J g‘)
differentially encoded, if differential encoding is 0 ] 0 0 0 ]
1 enabled. Next, the industry standard k=7 rate /2 ] 0 0 0 1 0
‘} convolutional encoder is used to encode the 1 1 0 0 1 1
ENCDAT]0] input bit into two output bits, ENCCO0 and 0 0 0 1 0 1
ENCCI1. The output bits, ENCC0 and ENCC1, become 0 1 0 1 1 1
the Least Significant Bits (LSBs) of the transmitted ! 0 0 1 0 0
phase. The third step applies phase ambiguity (1] ; ? :] 1 g
resolution encoding to the ENCDAT](1] bit for %4 8-PSK 0 1 ] 0 0 0
and to the ENCDAT([1] and ENCDAT]2] bits for ¥ 16- 1 0 1 0 1 1
PSK. 1 1 1 0 0 1
The encoder phase ambiguity resolution functions 0 0 1 1 1 1
for 8-PSK and 16-PSK are shown in Figures 11 and 0 L 1 1 1 0
12. The encoder phase ambiguity function uses the 1 (1) 1 : g [1]
convolutional encoder output, ENCC1, to select one of e
two differential encoders for ENCDAT]1] (8-PSK), and
for ENCDAT(1] and ENCDAT]2] (16-PSK). Table 1
shows the states of the four-phase differential encoder.
Figure 11. Phase Ambiguity Resolution Encoder for 8-PSK Modulation
u Differential u
. Encoder .
ENCDRT(1] — Oﬁf;;ck B Demu}lifalexer v Differential v Mult?prexer " ENe2
Encoder
1 Select=0Pathu 1 Select =0 Pathu
=1Pathv =1Pathv
ENCC1 (From Convolutional Encoder)
Figure 12. Phase Ambiguity Resolution Encoder for 16-PSK Modulation
One Clock : four hase .
Mooz — e by Diferenial L L ence
Muttiplexer Multiplexer
ENCOAT[1] — O'E’eﬂ;‘k — i e
‘ Encoder ‘
Select Select
ENCC1 (From Convolutional Encoder)
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DECODING

While the implementation of the convolutional encoder
functions for the Viterbi Mode and the Trellis Mode are
straightforward and simple, the decoding of the data
stream at the receiving node is complex.

VITERBI MODE

Viterbi decoding consists of three fundamental steps.
The first step is to generate a set of correlation
measurements, known as branch metrics, for each “m”
grouping of code words input from the communication
channel, where “m” is 2 for rate Y2 codes, 3 for rate 14
codes, etc. These branch metric values indicate the
correlation between the received code words and the
2”m” possible code word combinations.

The Viterbi decoder determines the state of the 7-bit
memory at the encoder using a maximum likelihood
technique. Once the value of the encoder memory is
determined, the original information is known since
the encoder memory is simply the information that has
been stored. To determine the encoder state, the
second step in the Viterbi algorithm generates a set of
2k-1 state metrics, where “k” is the constraint length
(k=7 for the Q1900) which measures the occurrence
probability for each of the 2k-! possible encoder
memory states. As the state metrics are computed, a
binary decision is formed for each of the 2% possible
states, determining the probable path taken to arrive at
that particular state. These binary decisions are stored
in the path memory.

Step three computes the decoded output data. The
path from the current state to some point in a finite
past state is traced back by chaining the binary
decisions stored in the path memory (step 2). The
effects caused by noise are mitigated as paths to the
correct result converge after some history. The greater
the depth of the chainback process, the more likely that
the final decoded result is error-free. As a result, higher
code rates and constraint lengths require longer
chainback depth for best performance.

TRELLIS MODE
The Trellis Mode also uses an industry standard k=7
Viterbi decoder along with supplementary circuitry to
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decode the trellis encoded data. This technique is
called Pragmatic Trellis Coded Modulation (PTCM)
decoding (U.S. patent No. 5,469,452 - foreign patents
issued and pending).

Fundamentally, PTCM decoding consists of three
steps. First, the received symbol or phase angle is
converted to four branch metrics and a sector number.
Second, the branch metrics are processed with a
standard k=7 Viterbi decoder to decode the least
significant output bit, DECDAT{0]. The third step
decodes the most significant output bit(s) DECDATI1]
for 8-PSK and DECDAT][1] and DECDAT]2] for 16-PSK.
The three steps are described in detail in the following
paragraphs.

In the first step, the received phase angle is
converted to four branch metrics and a sector number
with an external lookup table. The branch metrics are
based on the Euclidean distance of the received phase
with respect to the four closest transmitted phase
points. The branch metric and sector number for 8-PSK
are given in Table 2. The branch metrics and sector
number for 16-PSK are given in Tables 3a and 3b. The
sector number tells the decoder on which portion of the
I-Q plane the symbol was received. For 8-PSK
maodulation, sector numbers are assigned by dividing
the signal constellation into eight equal sectors
(Figure 13). Likewise, for 16-PSK modulation, the
signal constellation is divided into sixteen equal sectors
(Figure 14). The actual value input into the Q1900
PTCM decoder is the binary representation of the
sector number. Note: A sector is defined from a signal
point counterclockwise to the border of the next signal
point. For example, sector 2 for 8-PSK modulation
begins at the phase point 011 (90°) but ends just before
phase point 010 (135°).

In the second step of the decoding process, the
PTCM decoder processes the branch metrics with the
standard k=7 Viterbi decoder algorithm. The decoded
output DECDATI0] becomes the least significant
output bit.

The third step re-encodes the DECDATI0] data bit to
generate the best possible estimate of the transmitted
LSBs, ENCCO0 and ENCCI1. For each combination given
of ENCCO0 and ENCC1, there are 2 possible transmitted
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phase angles for 8-PSK and 4 possible transmitted
phase angles for 16-PSK. For example, if the received
LSB is equal to 01, this corresponds to 45° or 225° for
8-PSK and to 22.5°, 112.5°, 202.5° and 292.5° for
16-PSK. To determine the MSBs, the received sector
number is compared to the 2 or 4 possible phase angles.
The phase angle closest to the sector number is chosen

as the transmitted phase.

For example, if the received signal has a phase angle
of 100° for 8-PSK, this corresponds to a sector number
of 2. See Figure 13. If the re-encoded bit provides
estimates of ENCC1=0 and ENCCO0=1, the two possible
transmitted phase points are 001 and 101. Since the
received phase of 100° is located in a sector that is
closer to phase point 001 than to phase point 101, the
DECDAT]1] is determined to be 0.

Table 2. 8-PSK Modulation Phase to Branch Metric Conversion

Phase B0O | BO1 [ B11 | B10 |  Sestor Phase BOO | BO1 | B11 [ B10|  Sector

(0CT) | (O [ (OCT){(OCT)|  Number (OCT) | (OCT) (OCT) { (OCT)|  Number
00<p<28 | 0] 4] 7] 0 1800<p<1828 [ 0 | 4 [ 7] 4 ]
28<p<84 | o0 [ 3] 7] 0 1828<p<184 | 0 [ 3 [ 7 [ a 4
84<p<141 | 0 | 2 [ 6 [ 4 0 184<p<1941] 0 | 2 | 6 | 4 ]
W1<o<97 [0 [ 1] 5] 4 0 1941<9<1997 | 0 [ 1 | 5 [ 4 4
197<p<253 | 0 | 0| 4 | 4 0 1997<p<2053 | 0 [ 0 | 4 | 4 4
253<9<309 [ 1 o] a5 0 053<p<2109 ] 1 [ o[ a5 4
09<0<366 | 2 | 0] 4 [ s 0 209<0<2166 | 2 [ 0 | 4 | 6 4
6<p<422 [ 3] o] a7 0 n66<p<222 | 3 J o[ a7 4
422<0<450 | 4 o] a7 0 w2<p<250 | 4 J o T a7 A
450<p<478 | 4 | 0 | 4 | 7 1 250<p<218 | 4 [ 0 [ 4 |7 5
418<p<534 [ 4 [0 [ 3 [ 1 218<p<234] 4 [ 0| 3] 7 5
534<p<591 | 4 | 0| 2 | 6 1 2334<9<2391] 4 | 0 | 2 | 6 5
591<p<647 | 4 J o] 1] 1 W1<p<ua1 | 4 o] 1] 5 5
647<0<703 | 4 | o [ o ] 4 1 W47<p<2503 | 4 [ 0o [ o4 5
703<9<759 | 5 | 1] 0 | 4 1 2503<p<259 | 5 | 1 [0 | 4 5
759<0<816 [ 6 | 2] 0] 4 1 259<p<216 | 6 | 2 | o | 4 5
816<0<872 | 7 | 3| 0 | 4 1 2616<p<2672] 7 | 3 | 0 | 4 5
872<0<%00 | 7] 4] o4 1 w12<p<200 | 7 [ 4]0 4 5
900<p<928 | 7 | 4 | 0 | a 2 200<p<2128 | 7 | 4 [0 | 4 6
928<p<984 [ 7 T 4] o3 2 ms<p<zi84| 7] 4 o3 6
984<p<1041 | 6 | 4 [ o | 2 2 a84<p<2w41] 6 | 4 [ o ] 2 6
1041<p<1097 | 5 | 4 [ 0 | 1 2 2841<p<2097 | 5 | 4 | 0 | 1 6
109.7<p<1153 | 4 [ a [ o] o 2 897<p<253 | 4 [ 4 o]0 6
1153<<1208 | 4 | 5 | 1 | 0 2 2953<0<3009 | 4 | 5] 1[0 6
1209<0<1266 | 4 | 6 | 2 [ 0 2 3009<p<3066 | 4 [ 6 [ 2 [ 0 6
1266<9<122 ] 4 [ 7 [ 3]0 2 66<p<3122] 4 [ 7] 3 [0 6
1322<¢<1350 | 4 | 7 | 4 | 0 2 322<p<3150 ] 4 | 7 | 4 | 0 6
1350<g<1378 | 4 [ 7 [ 4]0 ] 350<p<3178 | 4 | 7 [ 4 T o 7
1378<@<1434 | 3 | 7 ] 4 | 0 3 378<p<3234| 3 | 7 | 4 | 0 7
M34<p<191 | 2 [ 6 [ 4]0 3 334<p<391] 2 [ 6 [ 4 [0 7
1491<9<1547 | 1 ] 5[ 4] 0 ] 91<o<B47 ] 1 [ 5 [ 4]0 7
1547<p<1603 ] 0 | 4 | 4 | 0 3 347<p<3403 ] 0 | 4 | 4 | 0 7
1603<0<1659 | 0 | 4 ['5 [ 1 3 03<p<u59 [ 0 ] 4[5 |1 7
1659<0<1716 | 0 | 4 | 6 | 2 3 M59<p<3516 ] 0 | 4 | 6 | 2 7
me<eo<m2| o [ a 7713 3 B16<p<312]| 0 [ 4 [ 7 [ 3 7
1712<0<1800 ) 0 [ 4 T 7] 4 3 3572<p<3600] 0 [ 4 [ 7] 4 7
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A similar example can be supplied for 16-PSK 1000. See Figure 14. Since the received phase of 175°
(sector 7) is located in a sector that is closest to phase
point 1100 (sector 8), the DECDAT]1} and DECDAT[2]
data bits are determined to be DECDAT][1]=1 and

DECDAT2]=1.

modulation. See Figure 14. If the received signal has a
phase angle of 175°, this corresponds to a sector
number of 7. If the re-encoded LSB provides estimates
of ENCC1=0 and ENCCO0=0, the four possible
transmitted phase points are 0000, 0100, 1100, and

Table 3a. 16-PSK Modulation Phase to Branch Metric Conversion
Phase BOO | BO1 | B11 [ B10 |  Sestor Phase BOO | BO1 [ B11 [ B10 |  Sestor
(OCT) | {(OCT) | (OCT)|{OCT)|  Number (OCT){(0CT) | (OCT) | (OCT)|  Number

00<p<14 | 0| 4] 714 0 900<p<914 | 0| 4] 714 4

14<p<42 0 3 7 4 0 91459 <942 0 3 1 4 4

42<p<10 | 0 | 2 ]| 6 | 4 0 942<9<970 | 0 | 2 | 6 | 4 4

70<9<98 | 0 [ 1] 5[ 0 97.059<9%98 | 0 [ 1 [ 5[4 A
98<gp<12] | 0 | 0| 4 | 4 0 998<p<1027 | 0 | 0 | 4 | 4 4
127<9<155 | 1 [ o[ 4715 0 1027<<1055 | 1 [0 [ 4|5 4
155<0<183 | 2 | 0| 4] 6 0 1055<<1083 ] 2 | 0] 4 | 6 4
183<@<211 | 3 | 0] 4| 7 0 083<p<1111] 3 | 0 | 4 | 7 4
211<o<25 | 4 | 0| 4|1 0 MA<p<1125] 4 | 0 | 4 | 7 4
25<p<239 | 4 | 0| 4| 1 1 1M25<p<1139| 4 | 0 | 4 | 7 5
B9<p<267 | 4o ]3] 1 m9<eo<16l | 4 [0 ] 3] 7 5
%67<0<295 | 4 ] 0] 2] 6 1 M67<p<1195] 4 | 0] 2 | 6 5
295<p<323 | 4 | 0 [ 1[5 1 195<p<1223] 4 | 0 | 1| 5 5
23<p<3%2 | 4 | 0 ] 0| 4 1 || 223<9<1252] 4 [ 0o | 0 | 4 5
%2<0<380 | 5 | 1 | 0| 4 1 1252<0<1280 | 5 | 1 | 0 | 4 5
380<p<408 | 6 [ 204 1 1280<p<1308 | 6 | 2 [ 0 [ 4 5
108<p<436 | 71 3| 0] 4 1 1308<p<1336 | 7 | 3 | 0 | 4 5
136<p<450 | 7] 4|04 1 1336<0<1350 | 7 | 4 | 0 | 4 5
150<p<464 | 7| 4] 0] 4 2 1350<p<1364 | 7 | 4 | 0 | 4 6
64<0<292 | 7 T alo]3 2 1364<0<1302 | 7 [+ [0 [ 3 6
192<0<520 | 6 | 4 | 0 | 2 2 192<p<1420] 6 | 4 | 0 | 2 §
520<p<548 | 5 | 4 | 0 | 1 2 M20<p<1448 | 5 | 4 | 0 | 1 6
548<p<577 | 4 [ 4 [ o[ o 2 M8<o<117| 4 | 4 ] 0 [0 6
51.7<0<605 | 4 | 5 | 1] 0 2 MIT<p<1505] 4 | 5 | 1] 0 6
805<p<633 | 4 [ 6 [ 2] 0 2 1505<p<1533 ] 4 [ 6 [ 2] 0 6
633<p<661 | 4 | 7 | 3 | 0 2 1533<p<1561] 4 | 7 ] 3 ] 0 5
661<0p<6l5 | 4 | 7] 4]0 2 1561<p<1575]| 4 | 1 ] 4 | 0 6
675<0<689 | 4 | 7 | 4 | 0 3 1575<p<1589 | 4 | 71 | 4 | 0 7
689<p<717 | 3 | 7 | 4 | 0 3 1589<0<1617 ] 3 | 7 ] 4 | 0 7
ni<o<ts |2 [ 6 [ 4]0 3 1617<p<1645 | 2 [ 6 [ 4 |0 7
T45<9<713 | 1 | 5 | 4 ] 0 3 1645<0<1673 ] 1 ] 5 | 4 ] 0 7
7713<p<802 | 0 | 4 [ 4 [0 3 1673<p<1702] 0 | 4 | 4 [ 0 7
802<0<830 | 0 | 4 | 5 | 1 3 1702<0<130] 0 | 4 | 5 | 1 7
83.0<p<858 | 0 | 4 ] 6 ] 2 3 1730<p<1758 | 0 | 4 | 6 | 2 7
858<p<886 | 0 | 4 | 7 | 3 3 1758<0<1786 | 0 | 4 | 7 | 3 7
886<0<90 | 0 | 4] 7| 4 3 || 1786<g<1800| 0 | 4 | 7 | 4 7
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Table 3b. 16-PSK Modulation Phase to Branch Metric Conversion (cont.)
Phase B0O | BO1 | B11 | B10 |  Sector Phase BOO | BO1 | B11 | B10 |  Sector
(0CT) { (OCT)| (OCT) | (OCT)|  Number (0CT) | (0CT) | (OCT) |(OCT){  Number
1800<p<1814 ] 0 ] 4 [ 7] 4 8 a00<p<mida | o ] 4 | 7] 4 12
1814<9<1842 ] 0 [ 3 [ 7 ] 4 8 mase<ma2 | o [ 3] 1] 4 12
1842<0<1870 { 0 [ 2 [ 6 [ 4 8 aa2<p<at0 [ 0o f 2 6] 4 12
1870<p<1898 [ 0 [ 1 [ 5 ] ¢ 8 0<o<m98 | 0 | 1] 5 | 4 12
1898<¢p<1927 [ 0 [ o [ 4 ] 4 8 98<p<2827] 0 [ o | 4] 4 12
1927<9<1955 | 1 0 4 5 ] 2827<¢@<2855 | 1 0 4 5 12
1955<0<1983 | 2 [ 0 | 4 [ 6 8 W55<p<2083 | 2 o] 4] 6 12
1983<p<2011f 3 [ 0 [ 4 ] 7 8 #83<p<2911] 3 o[ a7 12
Mi<g<225) 4 J o | 4] 8 W<e<2925 | 4 ] o[ a]7 12
025<9<2039 | 4 [ 0] 4] 9 225<0<2939 [ 4 J o[ 4] 7 13
2039<p<2067 [ 4 [ 0o [ 3] 7 9 939<p<267 | 4 [ 0o ]3] 7 13
W67<0<2095 | 4 [ o] 2] 6 9 267<9<295| 4 Jo| 2] 6 13
095<9<2123] 4 o [ 1[5 9 2995<p<3023] 4 J o[ 1[5 13
m3<p<2152| 4 [ o] o] s 9 023<p<3052| 4 [ 0] o] 4 13
2152<p<2180 { 5 [ 1 ] o [ 4 9 3052<0<3080 | 5 | 1 ] o] 4 13
280<p<2208 | 6 [ 2 ] o[ 4 9 3080<p<3108] 6 | 2 ] o] 4 13
208<o<236 [ 7 [ 3] 0| 4 9 308<p<3136] 7 | 3 ] o] 4 13
26<o<250f 7 [ a0 a 9 336<p<350] 7 | 4 ] o] 4 13
250<sp<2264 | 7§ 4 ] 0| 4 10 350<p<3164| 7 ] 4 [ o] 4 14
264<p<2292f 7 1 4 o[ 3 10 364<9<3192| 7 [ 4 o] 3 14
292<0<2320 6 [ 4 [ 0 [ 2 10 392<p<3220 [ 6 | 4 [ 0] 2 14
320<p<2348 ] 5 [ 4 [ o[ 10 0<p<348] 5 | 4 o [ 14
a8<p<2377 [ 4 [ 4 L o] o 10 28<o<17| 4 ] 4 o] o 14
B11<o<u05]| 4 [ 5 ] 1 [ o0 10 21<p<3305] 4 | 5] 1]o 14
u05<p<2433 | 4 [ 6 | 2] 0 10 305<0<3333) 4 [ 6 [ 2] 0 14
2433<p<246.1 | 4 7 3 0 10 3333<p<3361] 4 1 3 0 14
u61<o<2415 | 4 [ 7] 4]0 10 361<o<3375 ] 4 [ 71 4]0 14
urs<o<289 | 4 [ 7] 4 ] o0 1 Ws5<p<389| 4 [ 7] 4]0 15
ug9<p<2517 [ 3 [ 7 [ 4 ] o0 11 #9<o<317| 3 | 7] 4]0 15
11<p<2545 | 2 [ 6 | 4 | 0 11 MI<o<5] 2] 6] 4]0 15
s45<0<2573 [ 1 [ 5 [ 4 [ o 11 ms<o<713| 1 | 5 ] 4]0 15
2573<o<2602 | 0 [ 4 ] 4]0 1 u13<p<3502] 0o [ 4 [T 4o 15
2602<0<2630 | 0 [ 4 | 5 | 1 11 3502<p<3530 ] 0 | 4 | 5 ] 1 15
2630<p<2658 | 0 [ 4 ] 6 ] 2 11 3530<p<3558 | 0 | 4 [ 6 | 2 15
2658<0<2686 | 0 4 1 3 1 3558<0<3586 | 0 4 1 3 15
2686<0<2700 | 0 | 4 [ 7 [ ¢ 11 3586<p<3600 | 0 [ 4 [ 7] 4 15

114

QUALCOMM Incorporated, ASIC Products

6455 Lusk Boulevard, San Diego, CA 92121-2779, USA

Forward Error Correction Products Data Book, 80-24128-1 A, 8/98
Data Subject to Change Without Notice

http://www.qualcomm.com/ProdTech/asic
E-mail: asic-products@qualcomm.com
Telephone: (619) 658-5005

Fax: (619) 658-1556

@8 900333k 0001836 eeT 1.

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6204721/q1900.html

Figure 13. Encoder Output Mapping for 8-PSK Modulation
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Figure 14. Encoder Output Mapping for 16-PSK Modulation
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MEMORY CHAINBACK LENGTH

VITERBI MODE

Full or short chainback path depths can be selected in
Viterbi Mode. Full chainback memory operation uses a
minimum chainback depth of 96 states while short
chainback memory operation uses a minimum
chainback depth of 48 states. Near theoretical coding is
achieved when either chainback depth is selected for
code rates 13 or /2. However, when operating with
code rates higher than rate 2 (rates % or 78), full
chainback memory should be selected in order to
provide maximum coding gain. The chainback depth is
selected with bit O in the Decoder Control Register 3
(address 04H) of the processor interface.

TRELLIS MODE
Trellis Mode always uses the full chainback memory of
a minimum 96 states.

CLOCKING SCHEME
Multiple code rate operation of the Q1900 encoder and
decoder functions requires special timing circuits to

provide for the various rates of operation.
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CODING PERFORMANCE

VITERBI MODE

The coding performance for the Viterbi Mode at
different rates (/3, Y2, %, 78) are shown in Figure 15. A
decoding gain of 5.5 dB is achieved when operating at a
code rate of /3 with decoded BER of 10 for BPSK or
QPSK modulation with soft-decision inputs. The
decoding gain is 5.2 dB for the same conditions when

operating with rate /2 coding.

TRELLIS MODE

The coding performance in Trellis Mode for rates %3
and %4 is shown in Figure 16. A coding gain of 3.2 dB is
achieved for rate %3 8-PSK modulation with a decoded
BER of 105, A coding gain of 3.1 dB is achieved for
rate % 16-PSK modulation with a decoded BER of 10
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Figure 15. Viterbi Mode Coding Performance

Figure 16. Trellis Mode Coding Performance
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CHANNEL BIT ERROR RATE MONITOR

VITERBI MODE

The Viterbi Mode BER monitor provides a powerful
technique to monitor the performance of the Viterbi
decoder. The BER works on a re-encode and compare
principle, see Figure 17. The decoded data is re-encoded
and compared to the delayed transmitted data A’. The
BER monitor indicates an error whenever this
comparison fails. It also indicates an error when the
decoder fails to correct an information bit properly.
However, the probability of the decoder incorrectly
decoding a bit is at least two orders of magnitude below

the probability of a channel bit error. Therefore, the
effect of decoder errors on the accuracy of the BER
measurement is minimal.

The bit error outputs of the re-encode and compare
circuit can be monitored using the on-chip channel BER
measurement circuit. See Figure 18. This circuit
consists of two accumulators acting as counters. The
first accumulator counts decoder input code bits (i.e.,
code bit count accumulator). The second accumulator
counts code bit errors detected by the re-encode and
compare circuit (i.e., code bit error accumulator}. The
valve programmed into the BER Input Registers is the

Figure 17. Re-Encode and Compare Circuit
! BIT
Delay A ERROR
(=N+M) A Compare |— —
Convolutional
Encoder
(Delay = M)
A Convolutional A _— }
— — Viterbi A
Encoder
] Decoder
Transmitting Con;:r:uni:a'tmn (Delay = N)
Station anne
Receiving
Station
Figure 18. Channel Bit Error Rate Measurement Circuit
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two's complement of the BER Iput Register (Number of
Decoder Input Bits/1000). For example if the number of
decoder input code bits is 4000, this number is divided
by 1000 resulting in 4. The two's complement of 4 is
then programmed via the microprocessor interface into
the BER Input Registers (write address 0A, OB and
OCH).

The BER measurement operates whenever the clock
signal DECOUTCLK (pin 23 PLCC and pin 39 VTQFP)
is active (i.e., toggling). During the BER measurement
period, the detected errors are accumulated in the code
bit-error accumulator (also called the BER
Measurement Qutput Register). This 16-bit binary
accumulator is reset at the beginning of each BER
measurement period. Once the 24-bit period of the BER
measurement is entered, the loaded value is activated
by writing any value to the BER Test Value Enable
processor interface port (write address 18 H). The BER
measurement is completed when the code bit-count
accumulator completes its count. At this point, the
number of detected errors recorded in the code bit-error
accumulator is transferred to a parallel 16-bit buffer
register.

The completion of the BER measurement period is
indicated by BERDONE (pin 50 PLCC and pin 72
VTQFP), which goes to logic High for two periods of
DECOUTCLK (pin 23 PLCC and pin 39 VTQFP). The
BERDONE signal can be used as an interrupt or polled
status bit to a controlling processor. The accumulated
error value then can be read via the processor interface.
The actual measured bit error count is derived by the
following formula:

Actual Error Count = (Register Value - 1) x 8

Where Register Value is the value read from the 16-bit
BER measurement register (read address 03 and 04 H).
That is, if no errors are recorded, the BER measurement
register will have a value of “1” stored. If the number
of errors exceeds the limit of the 16-bit register, the
BER measurement will read as “0000H”. The BER test
continues running and stores the next test value in the
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16-bit BER measurement register upon completion of
each test.

The BER is computed by dividing the measured BER
value by the number of bits in the test. This
measurement division is facilitated if the measurement
period is a power of 10, such as 10,000 or 100,000 code
bits long. In this case, the binary number recorded by
the error accumulator is the mantissa of the symbol
BER, and the exponent of the BER value is determined
by the measurement period. For example, if the test
period is set to 100,000 (= 10°) bits and 250 errors are
recorded during the measurement period, the measured
BER is 2.5 x 10-3.

In the event that more than 219 errors are recorded in
the measurement period, the code bit error
accurmnulator saturates at an “all-zeros” value. If this
condition is indicated at the completion of a BER
measurement, the period of the measurement should be
reduced until a value less than saturation is recorded.

For an accurate measurement of the BER, at least
100 errors should be detected within a given test
period. If fewer than 100 errors are recorded, the
statistical variance of such a measurement will be high.
In this case, the measurement period should be
increased until more than 100 errors are detected
during the BER test.

The on-chip BER monitor can be used for
measurements other than simply the BER. For
example, by setting the measurement period to the
output bit rate (output bits per second), the test period
becomes equal to exactly one second in time. The BER
monitor, therefore, becomes a straightforward means
for monitoring error-free seconds, which is frequently a
useful error statistic. If no errors are recorded during
the one second period, this is an error free second.
External hardware or software can record the
percentage of error-free seconds for error statistics
purposes.

TRELLIS MODE
Trellis Mode does not support a BER monitor.
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NORMALIZATION RATE MONITOR OPERATION
(SYNCHRONIZATION STATUS MONITOR)

The normalization rate monitor is used during
synchronization (phase ambiguity resolution) and
during normal operation to monitor the performance of
the decoder.

The system designer determines an acceptable
normalization rate threshold and programs this
threshold into the Q1900. The designer controls both
the period of time in which the metric normalization is
monitored and the number of normalizations allowed
during that time. These two numbers, that provide for
more than 65,000 possible settings, are programmed
into the device using the microprocessor interface. If
the threshold is not exceeded during any test period, a
signal (INSYNC) indicates that the decoder is
synchronized. If the threshold is exceeded during any
test period, a signal (OUTOFSYNC) indicates the
detected loss of synchronization. In many systems, this
signal can be used with an external D flip-flop divider
to provide a correction signal to a synchronization
control input pin (SYNCCHNG). In this configuration,
the decoder will attempt to correct the out of
synchronization state by changing the synchronization

state of the decoder. This technique provides a
complete self-synchronizing decoder function for a
variety of communication systems.

The on-chip normalization circuit, see Figure 19,
consists of two accurmnulators acting as counters. The
system designer controls the periods of these two
counters. The first counter (T) measures the number of
decoded bits. The second counter (N} measures the
number of state metric normalizations. The
normalization rate threshold is determined by taking
the ratio of the count of normalizations (the N counter)
and the time period (the T counter). Each 8-bit-wide
binary counter is pre-loaded using the processor
interface registers. Both the N and T counters are
loaded with binary values that are the two’s
complements of the actual count value. The count
value loaded into the T counter is multiplied by 256 to
determine the actual number of decoded bits in the
normalization test period. That is:

t=256*T

Where “t” is the actual number of decoded bits counted
and “T” is the two's complement value of the 8-bit
number loaded into the T counter (write address 08 H).
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Figure 19. Normalization Rate Monitor Circuit
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The actual count of the N counter is determined by

the following formula:
n=(N-1)*8+4

Where “n” is the actual number of normalizations
allowed, and “N” is the two’s complement value of the
8-bit number loaded into the N counter (write address
09 H). With this programming capability, the system
designer selects the normalization rate threshold for
determining an in-sync or out-of-sync condition, as
well as the period of the measurement.

VITERBI MODE EXAMPLE

When operating with rate 2 decoding, a normalization
rate threshold of about 109 reliably detects a loss of
synchronization.

To avoid false detection of synchronization loss due
to a noise burst, the normalization measurement
should detect at least 20-30 normalizations before
declaring a loss of synchronization. For example, the
system designer may specify 50 as the number of
normalizations to be detected. By loading the 8-bit
two's complement value of seven (i.e., F9 H) into the N
counter register, the actual number of normalizations
allowed in a test period without indicating a loss of

synchronization would be:
(7-1)*8+4=52

The value for the T counter must be approximately ten
times the value in the N counter. Loading the T
counter with the two’s complement valueof 2
(i.e., FE H) the actual count value for T counter will be:

(2 » 256) =512

Therefore, the actual normalization rate threshold will
be:

5%512 = 10.2%

This is an appropriate threshold for reliable
synchronization when operating with rate %2 coding.

The threshold should be set to approximately 1.7%
for rate %4 coding and 0.8% for rate 78 coding. For rate
3/, programming the N counter to 7 (i.e., F9 H) and the
T counter to 12 (i.e., F4 H) will give the desired

1-20

normalization rate of 1.7%. Likewise, for rate 73,
programming the N counter to 8 (i.e., F8 H) and the T
counter to 29 (i.e., E3 H) will give the desired
normalization rate of 0.8%.

TRELLIS MODE EXAMPLE

When operating with rate %3 8-PSK or rate % 16-PSK
decoding, a normalization rate threshold of
approximately 14% will reliably detect a loss of
synchronization.

To avoid false detection of synchronization loss due
to a noise burst, the normalization measurement
should detect at least 20 to 30 normalizations before
declaring a loss of synchronization. For example, the
system designer may specify 108 as the number of
normalizations to be detected. By loading the 8-bit,
two’s complement value of 14 (i.e., F2H) into the N
counter register, the actual number of normalizations
allowed in a test period without indicating a loss of
synchronization would be:

(14-1)*8+4=108

The value for the T counter must be approximately 7
times (1/0.14) the value in the N counter. Loading the
Tcounter with the two’s complement value of 3)

(i.e., FDH), the actual count value for T will be:

(3 * 256) = 768

The actual normalization rate threshold will be
108468 = 14%. This is an appropriate threshold for
reliable synchronization when operating with rate %3
and rate % coding.

PHASE AMBIGUITY RESOLUTION

In a Phase Shift Keying (PSK) communication system,
the received phase can be phase rotated from the
transmitted phase. Table 4 gives the possible phase
rotations for the following modulation types: BPSK,
QPSK, 8-PSK and 16-PSK.

The Q1900 provides two methods for resolving the
phase shifts between the transmitter and the receiver,
differential encoding and phase ambiguity resolution.
Table 4 specifies which phases are resolved with the
two methods. Differential encoding is described in the
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Table 4. Modulation Type vs. Phase Shift
. . } Resolved by Resolved by
h . e
Modulation Type Possible Phase Shifts Differential Encoders | Phase Ambiguity
BPSK 0°, 180° 0°, 180° —
QPSK 0°, 90°, 180°, 270° 0°, 180° 90°, 270°
0°, 45°, 90°, 135°, 180°, T
8-PSK 225° 270°, 315° 0°,90°,180°, 270° | 45°, 135°, 225°, 315
0°,22.5°, 45°, 67.5°, 90°, 112.5°, 0°, 45°, 90°, 22.5°,61.5°,112.5°,
16-PSK 135°,157.5°, 180°,202.5°, 225°, 135°,180°, 225°,  1157.5°, 202.5°, 241.5°,
247.5°, 270°, 292.5°, 315°, 337.5° 270°, 315° 292.5°, 337.5°

Theory of Operation section.

The phase ambiguity function uses the
normalization rate monitor to determine if the decoder
is out of phase synchronization. When the
normalization rate threshold (number of
normalizations/number of decoded bits) is exceeded, an
out-of-sync pulse is output to pin 52 PLCC or pin 74
VTQFP (OUTOFSYNC). The effects of the out-of-sync
condition can be compensated for either by a timing
alignment or by a permutation of the decoder input
data.

VITERBI MODE
For the standard Viterbi Mode, the Q1900 can be
configured for automatic synchronization by using the
OUTOFSYNC signal along with an external D-flip-flop
divider as an input to the SYNCCHNG pin. In this
configuration, the decoder attempts to correct the out
of synchronization state by changing the
synchronization state of the decoder.

The standard Viterbi synchronization modes are
described in the Modes of Operation section.

TRELLIS MODE

For the Trellis Mode, the Q1900 can be configured for
automatic synchronization by using the OUTOFSYNC
signal along with an external D-flip-flop to drive the
address line of the external branch metric PROMs.
When the OUTOFSYNC is Low nothing happens. That
is, BOO = BOO, BO1 = BO1, B11 = B11, B10 = B10 and

SN = SN. When the OUTOFSYNC is High, then

B0O = BO1, BO1 = B11, B11 =B10, B10 = BOO, and

SN = (SN + 1) MODT7 (ie.0=1,1=2,..7 =0). Figure 20
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shows how the branch metrics are rotated and Figure 21
shows how the sector number (SN) is rotated.

INPUT DATA FORMATS

VITERBI MODE

The Viterbi Mode has two input formats: 3-bit soft
decision and 1-bit hard decision. As seen in Figure 22,
the Viterbi decoder provides the highest coding gain
when using soft decision inputs.

The 3-bit soft decision values can be input to the
Q1900 decoder inputs (RO, R1, and R2) in either
sign-magnitude or offset-binary notation. The encoding
of soft decision values for each of these two formats is
given in Table 24D, Decoder Contro! Register 2. The
selection of the input format is made via the
microprocessor interface.

Figure 20. Branch Metric Rotation
OUTOFSYNC *
Y
Boo - mx  —
Boo
Bo1 S MUX —"
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B11 - MX  —"
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By ———— MUX "
B1o
121

http://www.qualcomm.com/ProdTech/asic
E-mail: asic-products@qualcomm.com
Telephone: (619) 658-5005

Fax: (619) 658-1556

B 9003336 0001843 46T WM

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6204721/q1900.html

Figure 21. Sector Number Rotation

Sector Sector

1 NO.i NO. i+1
m(a,b) m(c.d)
m(;'B) m C,d) m(E'a) m(a,b)
m(c.d) m(a.b)
A B
When using the Q1900 Viterbi decoder with hard TRELLIS MODE

decision (single-bit) values for R0, R1, and R2, the
decoder input format should be set to sign-magnitude
notation. The Rx[0] “magnitude” bits (RO[0], R1[0], and
R2[0]) should be set to logic “1” (High). The Rx[1]
“magnitude” bits (RO[1], R1{1], and R2[1]) should be set
to logic “0” (Low).

The hard decision code bits should be input on the
“sign” signal pins (RO[2], R1[2], and R2|2]) as
appropriate.

The Trellis Mode has one type of input format, four
3-bit branch metrics and one 3-bit sector number. The
branch metric and sector number are derived from the
received symbol (phase angle) as shown in Table 2 for
8-PSK and Tables 3a and 3b for 16-PSK.

Figure 22. Hard Decision vs. Soft Decision Code Performance
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RESET CIRCUIT OPERATION

VITERBI MODE AND TRELLIS MODE

The Q1900 encoder and decoder functions have
individual resets. A reset operation should be
performed after the encoder or decoder is initially
configured and when a change occurs in the mode of
operation.

The reset operation can be performed using either
the external input pins DECRESET (pin 13 PLCC or
pin 27 VTQFP) and ENCRESET (pin 37 PLCC or pin 55
VTQFP) or reset bits in control registers of the
processor interface. The operation of external input
pins and processor controlled bits is identical. The
encoder and decoder input clocks MUST be in
operation PRIOR to reset.

When an encoder or decoder reset is asserted, either
by setting the input pin to logic High or setting the
processor interface bit to “1”, the reset is latched
synchronously into the Q1900. The reset operation is
edge-triggered. The reset occurs during the first clock
period after the reset line is asserted. Continuing to
hold the reset line or bit to the logic High or “1”
condition does not cause a continuous reset.

Resetting the encoder resets all the states of the
convolutional encoder to logic “0”. Resetting the
decoder resets the internal states of the Viterbi
puncture logic, the Viterbi and Trellis phase ambiguity
logic and the Viterbi and Trellis synchronization logic.
However, it does not set the internal states of the path
memory to a fixed value. To initialize the decoder path
memory, the decoder must be flushed with 183 zeros.

DEVICE THROUGHPUT DELAY

VITERBI MODE

The delay through the convolutional encoder or

decoder functions depends on the mode and rate of

operation. The only modes with fixed non-variable

throughput delays are parallel rate /2 and rate Y.
The throughput delay through the encoder for rates

12 and '3 parallel operation is 10 Y2 periods of

ENCOUTCLK. The throughput delay through the

decoder for rate %2 and /3 parallel operation is

102 Y2 periods of DECOUTCLK for Short Memory

Mode and 182 Y2 periods of DECOUTCLK for Long
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Memory Mode.

The throughput delay through the decoder for rate
Y2 and 13 serial operation varies from the parallel
modes by + four clock period of DECOUTCLK. The
variance is caused by the phasing of DECINCLK and
the DECOUTCLK and the location of the RESET
signal. If a fixed throughput delay is required for serial
input data, two options exist. The first option is to use
a serial-to-parallel converter and operate the Q1900 in
Parallel Mode. The second option is to use external
logic to reset the decoder and operate the Q1900 in
Serial Mode. The external reset logic must guarantee
that every time the reset occurs the phasing of the
DECINCLK and DECOUTCLK is identical.

The throughput delay through the decoder for rate
¥4 and rate /8 parallel operation varies from the Parallel
Short and Long Memory Modes by + four clock period
of DECOUTCLK. This variance is caused by the
Puncture Mode synchronization logic. Therefore, if a
fixed throughput delay is required for rates % and 7,
external synchronization logic must be used.

TRELLIS MODE

When operating with either rate %3 8-PSK coding or
rate % 16-PSK coding, the throughput delay of the
encoder is 10 Y2 periods of the ENCINCLK clock. The
throughput delay of the decoder is 182 Y2 periods of the
DECINCLK clock.

DIRECT VS. PERIPHERAL DATA MODE

There are two interface modes for the Q1900, Direct
Data Mode and Peripheral Data Mode. Direct Data
Mode interfaces with all data via the dedicated pins.
This mode is most commonly used with synchronous
data channels. Peripheral Data Mode interfaces with
all data signals via processor interface registers. This
mode is most commonly used with asynchronous data
channels.

When operating in Peripheral Data Mode, the Q1900
signals are provided by writing to the preprocessor
register addresses described in Table 5 for Viterbi Mode
and Table 6 for Trellis Mode. All the pins should be
connected to logic “0”. Direct or Peripheral Data Mode
is selected by setting bit 3 in both Encoder Control
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Register 2 and Decoder Control Register 2 of the Table 6. Signal Register Address for Trellis Mode
processor interface (0 = Direct, 1 = Peripheral).
Peripheral operation is described in the Peripheral TRELLIS ::?)I:TE:SR DATA |DIRECT DATA|DIRECT DATA
Applications Note section. SIGNALS DEC  HEX BITS | PINS PLCC | PINS VTQFP
Table 5. Signal Register Address for Viterbi Mode ENCDAT [0,1,2]] 05 | 05 | 02 | 33,3435 | 51,52 53
ENCINCLK 171 1107 36 54
VITERBI :;‘::TE:: IDA'IA |n|mzcr mmlnmm DATA ENCOUTCLK | 18 | 12 | 07 4 66
SIGNALS | o ey | BITS [ PINS PLCC | PINS vTQFP ENCRESET gg gg 014 3 59
ENCINDATIN_ | 05 | 05 | 0 33 51 BM0O 0o 4] 28D | sea
ENCINCLK 17111 ]07 36 54 00 | 00 | 1,5
ENCOUTCLK | 18 | 12 | 07 | 4 66 BMO1T o o1 [ 5 | &8 [ 30332
ENCRESET 06 | 06 1 37 55 00| ool26
RO 00 | 00 | 46 | 18,2629 | 32.44.47 BM10 o o1 15| 1922 | 3384
R1 00 | 00 | 0-2 ] 17,22,28 | 31,38,46 00 | o0 |37
R2 01 | 01 | 46 | 16.19.27 | 30.33.45 BT o | 7 ] 0332 | 484950
ROERASE 00 | 00} 7 32 30 SECTOR[0-3] | 01 | 01 [ 03 | 7,8,9,10 [21,22 23,24
RIERASE 00 | 00} 3 3 49 DECINCLK 14 | OFE | 07 1 25
R2ERASE njofz7 30 48 DECOUTCLK | 15 | oF | 07 23 39
DECINCLK 14 | OE | 07 1 25 DECRESET o4 | 04| 2 13 27
DECOUTCLK 15 | OF | 07 23 38
DECRESET 04 | 04 ] 2 13 2]
PARALLEL VS SERIAL DATA MODES
For each code rate R, the Q1900 encoder function
MODES OF OPERATION outputs & encoded bits for each input information bit.
The Q1900 can be operated in Serial or Parallel Mode For instance, two encoded output bits are generated for
with various data rates for each mode. Parallel and each information bit when operating with code rate %2.
Serial Modes are shown in Figures 23 and 24 As described below, these encoded bits can be output in
respectively. Viterbi Mode supports rate 12 serial, rate either parallel or serial fashion.
Y2 parallel, rate /3 serial, rate Y/3 parallel, rate % In Parallel Mode, data is output on parallel output
parallel and rate /8 parallel. Trellis Mode supports pins. The input data rate is the same as the output data
rate 24 parallel 8-PSK and rate 3 parallel 16-PSK. rate. In Serial Mode, data is output on one output pin
Figure 23. Parallel Data Mode
¢
0
ormator £0 Code i ;/ " / RO Code Word _ -
€1 Code Bit | NUH [} R1 Code Word
Rate ¥ ONA Rate "2
Convolutional | cnannel Rate Clock 1IN Viterbi
Information Encoder (= Information SCN Decoder Information
Rate Clock Rate Clock) YAE Rate Clock
TL
1900 Encoder Function / (I) / Q1900 Decoder Function
N
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Figure 24. Serial Data Mode
¢
o¢ Decoded
Information ¢0 Code Bit 21 M H 21 RO Information
Data Bit —~|  Parallel- MA [RO/RI Parailel- Bit
(1 Code Bit ToSeri > X
1 o-Serial UN ToSerial | pq 1
Rate ‘72 Converter NNN Converter Ra_le i
Convolutional y 01l E Viterbi
Information Encoder I ct Decoder Information
Rate Clock S A Rate Clock
YT Channel Rate Clock
Channet Rate ! (= 2 X Information [
Clock (=2 % 0 Rate Clock)
Information N
Rate Clock) Q1900 Encoder Function Q1900 Decoder Function
Information
Rate Clock
in a serial manner. The input data rate is 12 or 14 the schemes for the different Parallel and Serial Modes are

output data rate. To accommodate for both Parallel and  described below.
Serial Qutput Mode, two clocks must be provided to The following sections also describe how to
the encoder during each period. The first clock isused  initialize and configure the Q1900 for the different rates

to input information bits on the ENCDATIN pin, and of operation. The Q1900 supports various user-selected

the second clock is used to output data on the CO pin operation functions and modes in addition to the rate
(Serial Mode) or on the CO, C1 and C2 pins (Parallel selection. The selection of these functions is made via
Mode). the processor control registers. A detailed description

The ratio between the frequency of the input of the processor register is presented in the Technical
information clock and output encoded bit clock Specification section. Table 7 shows the Viterbi rates
changes with changing code rate. The clocking of operation and the synchronization parameters.
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Table 7. Viterbi Modes of Operation

MODE PARAMETERS || CONTROL REGISTER BITS Il NOTE REFERENCES
. Serial Phase | Swap Int Sync Erase Bit
| 1 1 3 /
Code Rate | Format Modulatnon] Rate '~ | Rate '3 _:Ritf /s | Rate /s Enable 0QPSK Sy | Frase Jl Method Syne
h Serial BPSK 1 0 0 0 1 - - 0 1 N/A
1 0 0 0 0 0 0 0 2 A
1 0 0 0 0 0 0 1 2 B
1
h Parallel QPSK 1 0 0 0 0 0 1 0 3 A
1 0 0 0 0 0 1 1 I 3 B
1 0 0 0 0 1 0 0 4 A
1 0 0 0 0 1 0 1 4 ¢
1
I Parallel | O0QPSK 1 0 0 0 0 1 1 0 5 A
1 0 0 0 0 1 1 1 5 ¢
A Serial BPSK 0 1 0 0 1 - - 0 1 N/A
B Parallel - 0 1 0 0 0 - - 0 6 N/A
0 0 1 0 0 0 0 0 7 A
0 0 1 0 0 0 0 1 1 B
3
/] Parallel 0PSK 0 0 ] 0 0 0 1 0 3 A
0 0 1 0 0 0 1 1 3 B
0 0 1 0 0 1 0 0 8 A
0 0 1 0 0 1 0 1 8 C
3
a Parallel | 0QPSK 0 0 1 0 0 1 ] 0 5 A
0 0 1 0 1] 1 1 1 5 C
0 0 0 1 0 0 0 0 1 A
0 0 0 1 0 0 0 1 7 B
7,
(] Paraltel | QPSK 0 0 0 1 0 0 1 0 3 A
0 0 0 1 0 0 1 1 3 B
0 0 0 1 0 1 0 0 8 A
0 0 0 1 0 1 0 1 8 ¢
1
/] Parallel | OQPSK 0 0 0 1 0 1 1 0 5 A
0 0 0 1 0 1 1 1 5 ¢

Notes: Internal Synchronization Methods
1. Shifts input grouping pattern by one code word.
2. Edge actuation of SYNCCHNG signal toggles between
alternate decoder input mapping states:
State 1: ROy —> ROn, R1n —> Ry
State 2. ROy —> Rx/, R1n—> ROx
3. Level activation of SYNCCHNG signal forces one of two
decoder input mapping states:
State 1 (SYNCCHNG = 1): ROy —> RON, R1y —> R1n
State 2 (SYNCCHNG = 0): ROy —> R1n/, Ry —> ROy
4. Edge actuation of SYNCCHNG signal toggles one of two
decoder input mapping states:
State 1: ROy —> ROy, R1n —> Ry
State 2. ROy —> Rin.1, R1y—> ROy
5. Level actuation of SYNCCHNG signal forces one of two
decoder input mapping states:
State 1 (SYNCCHNG = 1): ROy —> ROy, Ry —> R1y
State 2 (SYNCCHNG = 0): ROy —> R1y/, R1y.1 —> ROy

6. No internal synchronization control is provided; SYNCCHNG
signal should be tied to logic 0.

1. Edge actuation of SYNCCHNG performs the same operation
as synchronization method 2. In addition, the puncture code
pattern s shifted by one state every other activation of
SYNCCHNG.

8. Edge actuation of SYNCCHNG performs the same operation
as synchronization method 4. In addition, the puncture code
pattern is shifted by one state every other activation of
SYNCCHNG.

Erase Bit Synchronization :

A. ROERASE and R1ERASE inputs foliow RO and R1 data signal
synchronization methods.

B. ROERASE and R1ERASE inputs do not follow RO and R1 data .
signal synchronization methods.

C. ROERASE input is not affected by synchronization methods.
R1ERASE is delayed by one input code word when in
synchronization state 2.
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RATE /2 SERIAL VITERBI OPERATION the decoder is not provided with explicit information as
When operating with code rate Y2 in Serial Data Mode,  to which input is the RO code word (i.e., if the optional

two encoded bits (CO and C1) are generated by the signal ROACTIVE!/ is not used), the decoder may

encoder for every information bit. These encoded bits incorrectly group the R1 code word with the next

are serially output from the CO pin at two times the input, which would be the RO code word from the next

frequency of the input information. Likewise, two symbol. In this case, the automatic synchronization

coded words (RO and R1) are serially input into the circuit will detect the incorrect alignment, and the

decoder for every information bit output from the assertion of the SYNCCHNG signal will adjust the

decoder. These coded words are input into the decoder  input stream by stopping the input grouping circuit for

through the RO input. a single period of the DECINCLK signal. 'This will
When operating with rate %2 coding in Serial Input result in the correct pairing of code words. This

Data Mode, the Q1900 decoder does not adjust for technique requires that the CO code word for a given

phase ambiguities, but simply the grouping of the input  encoded symbol always be transmitted immediately

serial words. That is, since the two code words are prior to the C1 code waord of the same symbol.

input one at a time, the decoder must group the code A typical configuration of the Q1900 encoder

words prior to the decoding process. The input word operating in rate %2 Serial Mode is shown in Figure 25.

can be grouped or paired in one of two ways. Only one  Data is clocked into the encoder on the rising edge of
pairing sequence is correct, pairing the RO input code ENCINCLK. ENCOUTCLK should be twice the
word with the next input code word Rl. However, if frequency of ENCINCLK. Data is clocked out of the

Figure 25. Rate '/2 Viterbi Serial Mode Encoder Example for 84-pin PLCC" Package
Q1900 K7
40
Data Ea‘ak :Z ENCDATIN o -
Source % ENCINCLK (M) Mol
2 oaulator
(2—
X2 241 encoureik 48
COACTIVE — Clock
49
ENCCLKOUT
37
RESET ENCRESET
g5 8
E S8 22 55
,r: 723 b % r r A
u: N ; N
Y
Microprocessor
*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers
g
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encoder on the rising edge of ENCCLKOUT which is of DECINCLK. Decoded data is clocked out of the
the same frequency as ENCOUTCLK. An example of decoder on the rising edge of DECCLKOUT which is
the decoder operating in rate /2 Serial Mode is shown in  the same frequency as DECOUTCLK. In most cases,
Figure 26. The demodulator output is quantized by a the DECCLKOUT signal should be used to clock the
3-bit Analog-to-Digital Converter (ADC) to generate the decoded data into subsequent processing stages.

RO soft decision input which is clocked into the The Q1900 is programmed for rate 12 Serial Mode
decoder on the rising edge of DECINCLK. In this operation by writing to the processor interface. An
configuration, DECOUTCLK is one-half the frequency = example initialization is shown in Table 8.

Figure 26. Rate % Serial Viterbi Mode Decoder Example for 84-pin PLCC® Package

- Q1900
18
! = 2|
ADC RO[1)
i) 56 Data Output
DECDATOUT ID g
BPSK 6
Demodulator 17 - DECCLKOUT
2
R[] 170 Decoded
2 R1[0] ROERR 69 N/e Data Clock
R1ERR p———>N/C
Symbol =
Rate ROARR/RIEOUT == N/C
tock L] PO ROEOUT/EOUT | 2—-N/¢
3o
R2[0]
32 53 INSYNC
31 ROERASE INSYN Indication
RTERASE
30 50 BERTest
GND R2ERASE BERDONE Complete Signal
RESET :: DECRESET 64w
+5V ROACTIVE/ 9 oo
yne
‘ OUTOFSYNC L
~ LD 9| i: DECOUTCLK SYNCCHNG 14| Indication
= DECINGLK
== s£
-
VDD =2, 12, 20, 25, 38, 43, 45, 65, 71, 83 253 55 &S

GND=1,6,7.8,9,10, 21, 24, 34, 35, 39, 46, 47,
51, 54,57,67,72,73, 74,78, B1

~T vt cof
~ o

3,
4

8I
7

Microprocessor

*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers
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Table 8. Rate "2 Serial Viterbi Mode Initialization Example

STEP REGISTER NAME ADDRESS | VALUE COMMENTS
; gz:::: :::g::::: 1:: gg: Reserved Registers Must Be Set to 0 for Correct Operation
3 | Decoder Controf Register 1 02H 05H Serial Mode, BPSK Demodulator, Rate '/2 Selected
4 | Decoder Control Register 2 OH OmH Sign-magnitude, Direct Data Mode, No Differential Encoder or

Descrambler
5 | Decoder Control Register 3 04H 01H Long Memory Mode, No Decoder Reset (Yet)
6 | Normalization Test Bit Count Input Register 08H FEH T Count - Threshold Set for 10%
1 | Normalization Test Normalize Count Input Register 09H F9H N Count - Threshold Set for 10%
. . LS Byte of 24-bit Value of Period of On-chip BER
8 | BER Period Input Register LS Byte 0AH FCH Monitor (Example Perod i 4000 Symbos)
[{_8_| BER Period Input Register (S Byte 0BH FFH (5 Byte of 24-bit Value of Period of On-chip BER Monitor

10 | BER Period Input Register M$ Byte 0CH FFH MS$ Byte of 24-bit Value of Period of On-chip BER Monitor
11 { Normalization Test Value Enable Register 17H 00H A Write of Any Value to This Register Begins the Normalization Test
12 | BER Test Value Enable Register 18H 00H A Write of Any Value to This Register Begins the BER Test
13 | Encoder Control Register 1 06H 05H Serial Mode, Rate "2, No Reset (Yet)
14 | Encoder Control Register 2 07H 00H Direct Data Mode, No Differential Encoder and No Scrambler
15 | Decoder Control Register 3 04H 05H Long Memory Mode, Reset Decoder
16 | Encoder Control Register 1 06H 07H Serial Mode, Rate /2, Reset Encoder
17 | Decoder Control Register 3 04H 0H Long Memory Mode, Clear Decoder Reset*
18 | Encoder Control Register 1 06H 05H Serial Mode, Rate ', Clear Encoder Reset™*

* After 2 Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods

**  After a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods

RATE > PARALLEL VITERBI OPERATION

When operating with code rate 2, two encoded bits (CO
and C1) are generated by the encoder for every
information bit. Likewise, two coded words are input
to the decoder for every information bit output from
the decoder.

Synchronization states differ between the Parallel
and Serial Input Modes of rate 12 operation. When
operating with parallel input data, the synchronization
states of the decoder function assume operation with a
QPSK demodulation system. In these types of systems,
the CO code word of the rate Y2 encoded output is
commonly transmitted on the in-phase or quadrature
channel of the QPSK modulator, while the C1 code
word is transmitted on the remaining channel. In this
case, the Q1900 synchronization state machine must
resolve one of two possible states. The initial
synchronization state, upon device reset, connects the
RO code word inputs to the internal RO data lines, and
the R1 code word inputs to the R1 data lines. This is
the normal synchronization state. When the Q1900

QUALCOMM Incorporated, ASIC Products

6455 Lusk Boulevard, San Diego, CA 92121-2779, USA

Forward Error Correction Products Data Book, 80-24128-1 A, 8/98
Data Subject to Change Without Notice

I 900333k 000185L

synchronization state changes due to the assertion of
the SYNCCHNG signal, the alternate synchronization
state occurs in which the inverse of the RO code word
input is used internally as the R1 code word and vice
versa.

The alternate synchronization state offsets the
effects of a 90 degree phase ambiguity associated with
QPSK demodulators. A QPSK demodulator actually
can synchronize in one of four phase states. However,
two of the four states are related to the other two in
that they are inversions of both the R0 and R1 values.
The effects of this data inversion can be offset by
enabling the on-chip differential encoder and decoder
circuits on this device.

Thus, the Q1900 decoder need only differentiate
between normal and alternate synchronization states in
order to provide synchronization to QPSK
demodulators as long as the differential decoder
function is enabled, or some other means is provided by
the system to offset the effects of the inversion of the
data. When operating in rate %2 Parallel Data Mode and
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OQPSK modulation systems, an additional step is
required when in the alternate synchronization state.
In this case, the R1 input data is delayed by a single
period of the DECINCLK signal prior to the “swap and
invert” of the alternate synchronization state described
for QPSK demodulators. This delay is useful for
correcting the time offset of the in-phase (I) and
quadrature (Q) channels of the OQPSK system.

A typical configuration of the Q1900 encoder
operating in rate %2 Parallel Mode is shown in
Figure 27. Data is clocked into the encoder on the
rising edge of ENCINCLK. ENCOUTCLK should be
the same frequency of ENCINCLK. Data is clocked out
of the encoder on the rising edge of ENCCLKOUT,
which is the same frequency as ENCOUTCLK. An

example of the decoder operating in rate /2 Parallel
Mode is shown in Figure 28. The demodulator output
is quantized by a 3-bit ADC to generate the RO and R1
soft decision inputs which are clocked into the decoder
on the rising edge of DECINCLK. In this configuration,
DECOUTCLK is the same frequency as DECINCLK.
Decoded data is clocked out of the decoder on the rising
edge of DECCLKOUT, which is the same frequency as
DECOUTCLK. In most cases, the DECCLKOUT signal
should be used to clock the decoded data into
subsequent processing stages.

The Q1900 is programmed for rate /2 Parallel Mode
operation by writing to the processor interface. An
example initialization is shown in Table 9.

Figure 27. Rate "2 Parallel Viterbi Mode Encoder Example for 84-pin PLCC® Package
Q1900 ‘7
Data Data 331 encoany oo |2
e |10k 3 n__ 0PSK
ENCINCLK (1 " Modulator
Q=
4 48
ENCOUTCLK COACTIVE |— 4 Ciock
encowkout 2
RESET 31 ENcRESET
. . EEEE
2 33 88 5=
stet=t ¢ ¢
A 4
Microprotessor
*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers
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Figure 28. Rate /2 Parallel Viterbi Mode Decoder Example for 84-pin PLCC® Package

*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers

(1900
MSB 18
RO[2
| N/ %]
ADC ROM]
M\ LB L] pa Decoded
\ 56 Data Output
DECDATOUT D 0
al
s . DEccikouT 2
0PSK R[2]
Demodulator | ADC\"—/ 2 R1[1] 10
Iy RIERR —6'6——>N/ C
R2ERR/RTEOUT | =—-N/C
164 pap2) ROEQUT/EQUT [———N/C
Symbol ;9 R2f1]
Rate Ll pajo]
Clock
32 53 IN SYNC
- oA INSYNC =" dication
RIERASE
" 50 BERTest
GND R2ERASE BERDONE ™——""¢  mplete Signal
RESET ————t3 DECRESET Ly
50 131 poacrive/ 2 oo
23 OUTOFSYNC ndition
’ ] DEoouTLK syncerne A
L] DECINCLK
S B
VDD = 2, 12, 20, 25, 38, 43, 45, 65, 71, 83 2 33 S8EE
GND=1,6,7,8,9,10, 21, 24, 34, 35, 39, 46, 47, ; ; T
51,54, 57, 67, 72, 73, 74, 78, 81 RIS ‘
.‘:\ m\\
v
Microprocessor
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Table 9. Rate /2 Parallel Viterbi Mode Initialization Example

STEP REGISTER NAME ADDRESS | VALUE COMMENTS
; :::::: s::::: :(55: x: Reserved Registers Must be Set to 0 for Correct Operation
3 Decoder Data Input Register 1 00H 00H | Sets Decoder Input to Zero*
4 Decoder Data Input Register 2 0H 00H | Sets Decoder Input to Zero®
5 Encoder Data Input Register 05H 00H | Set Encoder Input to Zero®
6 Decoder Control Register 1 02H 04H | Paraligli Mode, QPSK Demodulator, Rate 2 Selected

01H | Sign-magnitude, No Differential Encoder, No Descrambler, Direct Data Mode™*
09H | Sign-magnitude, No Differential Encoder, No Descrambler, Peripheral Data Mode™*
8 Decoder Control Register 3 04H 0T | Long Memory Mode, No Decoder Reset (Yet)

9 Normalization Test Bit Count Input Register]  08H FEH | TCount™** - Threshold Set for 10%

Normalization Test Normalize Count

10 . 09H F3H | NCount*** - Threshold Set for 10%
Input Register

7 Decoder Control Register 2 03H

LS Byte of 24-bit Value of Period of On-chip BER

1| BER Period Input Register LS Byte 0AH FCH Monitor (Example Period s 4000 Symbols)
12 BER Period Input Register CS Byte 0BH FFH | CS Byte of 24-bit Value of Period of On-chip BER Monitor
13 BER Period Input Register MS Byte 0CH FFH | MS Byte of 24-bit Value of Period of On-chip BER Menitor
14 Normalization Test Value Enable Register 17H 00H | AWrite of Any Value to This Register Begins the Normalization Test
15 BER Test Value Enable Register 18H 00H | A Write of Any Value to This Register Begins the BER Test
16 Encoder Control Register 1 06H 04H | Parallel Mode, Rate 2, No Reset (Yet)
, 00H | No Differential Encoder, No Scrambier, Direct Data Mode™*
K Encoder Control Register 2 O7H 08H | No Differential Encoder, No Scrambler, Peripheral Data Mode**
18 Detoder Control Register 3 04H 05H | Long Memory Mode, Reset Decoder
19 Encoder Control Register 1 06H 06H | Parallel Mode, Rate ', Reset Encoder
20 Decoder Control Register 3 04H 01H | Long Memory Mode, Clear Decoder Reset****
21 Encoder Control Register 1 06H 04H | Paraltel Mode, Rate ', Clear Encoder Reset*****

*

This Step is Only Required for Peripheral Data Mode

**  Select Direct Data Mode or Peripheral Data Mode

***  For Peripheral Data Mode, Rate ¥: and Rate 7s Use T-count and N-Count From Rate ¥ and Rate 7 Initialization Examples
****  After a Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods

*****  After a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
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RATE /s SERIAL VITERBI OPERATION
Operation with code rate /3 in Serial Data Mode is
similar in function to the rate /2 serial operation
previously described, except that three bits are
generated by the encoder for each input information
bit. When operating with rate 3 coding in Serial Data
Mode, the decoder will group the input code words in a
triplet grouping. If the SYNCCHNG signal is used to
correct this code word grouping, the decoder will adjust
the grouping by stopping the serial-to-parallel
conversion process internally for a single period of
DECINCLK. In this mode, there are three possible
synchronization states. It is required that the input
sequence to the decoder be the RO, R1, and finally the
R2 input code word for each given symbol. This is the
order in which the serialized code words CO, C1, and
C2 are output from the encoder when operating in
Serial Data Mode.

A typical configuration of the Q1900 encoder

operating in rate /3 Serial Mode is shown in Figure 29.
Data is clocked into the encoder on the rising edge of
ENCINCLK. ENCOUTCLK should be three times the
frequency of ENCINCLK. Data is clocked out of the
encoder on the rising edge of ENCCLKOUT, which is
the same frequency as ENCOUTCLK. An example of
the decoder operating in rate /3 Serial Mode is shown in
Figure 30. The demodulator output is quantized by a
3-bit ADC to generate the RO soft decision input which
is clocked into the decoder on the rising edge of
DECINCLK. In this configuration, DECOUTCLK is
one-third the frequency of DECINCLK. Decoded data
is clocked out of the decoder on the rising edge of
DECCLKOUT, which is the same frequency as
DECOUTCLK.

The Q1900 is programmed for rate /3 Serial Mode
operation by writing to the processor interface. An
example initialization is shown in Table 10.

Figure 29. Rate "2 Serial Viterbi Mode Encoder Example for 84-pin PLCC* Package
Q1900 ‘7
Data Data 331 encoaiv oo}
Source Clock 36 41 BPSK
u ENCINCLK ¢ 2 Moulalos
02—
4
i~ ENCOUTCLK CORCTIVE = F lock
ENCCLKOUT |
RESET 3 ENCRESET
X BE
o a2
R LEE
'1: wl & b r 3 2
-.n\ [~ :; ~
A 4
Microprocessor
*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers
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Figure 30. Rate 13 Serial Viterbi Mode Decoder Example for 84-pin PLCC* Package
Q1900
MSB 18
RO[2
| N/ % 2
ADC RO[1]
P an\ LS 2 Decoded
RO[0]
1 56 Data Output
DECDATOUT D 9—»
g 0/}
D BPSK DECCLKOUT 3
emodulator 17
> R1[2]
2 ﬁ} E)} ROERR %%—»N/C
Rate N R2ERR/RTEQUT —6-5—>N/C
Clock 18 o) ROEOUT/EQUT [———N/C
19 R2[1]
21 R2[0]
kY 53 IN SYNC
” ROERASE INSYNG =" ngication
RTERASE
30 50 BER Test
GND R2ERASE BERDORE Complete Signal
RESET 1: DECRESET ¥ e
o ROACTVE/ 52 oUTOrS
OUTOFSYNC i
T —{ 3] I'-'3 I ﬁ DECOUTCLK SYNCCHNG 14 Indication
DECINCLK
SE S8
= =28 =5
VDD = 2, 12, 20, 25, 38, 43, 45, 65, 71, 83 E é 5 99 ==
GND=1,6,7,8,9,10,21, 24, 34, 35, 39, 46, 47, r y 7y
51,54, 57,67,72,73, 74,78, 81 =[*<1=
iy Ny N
A 4
Microprocessor
*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers
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Table 10. Rate /3 Serial Viterhi Mode Initialization Example

STEP REGISTER NAME ADDRESS | VALUE COMMENTS
; :::2:2: gzg::::: :g: gg: Reserved Registers Must be Set to 0 for Correct Operation
3 | Decoder Control Register 1 02H 11H Serial Mode, Rate 'z Selected
4 | Decoder Control Register 2 03 0TH Sign-magnitude, Direct Data Mode, No Differential Encader or

Descrambler
5 | Decoder Control Register 3 04H 01H Long Memory Mode, No Decoder Reset (Yet)
6 | Normalization Test Bit Count Input Register 08H FEH T Count - Threshold Set for 10%
7 | Normalization Test Normalize Count Input Register 09H F9H N Count - Threshold Set for 10%
i . LS Byte of 24-bit Value of Period of On-chip BER

8 | BER Period Input Register LS Byte 0AH FCH Moritor (Example Priod is 4000 Symbols)
9 | BER Period Input Register CS Byte 0BH FFH (S Byte of 24-bit Value of Period of On-chip BER Monitor
10 | BER Period Input Register MS Byte OCH FFH MS Byte of 24-bit Value of Period of On-chip BER Monitor
11 | Normalization Test Value Enable Register 17H 00H A Write of Any Value to This Register Begins the Normalization Test
12 | BER Test Value Enable Register 18H 00H A Write of Any Value to This Register Begins the BER Test
13 | Encoder Control Register 1 06H 11H Serial Mode, Rate '3, No Reset (Yet)
14 | Encoder Control Register 2 07H 00H Direct Data Mode, No Differential Encoder and No Scrambler
15 | Decoder Control Register 3 04H 05H Long Memory Mode, Reset Decoder
16 | Encoder Controf Register 1 06H 13H Serial Mode, Rate '/, Reset Encoder
17 | Decoder Control Register 3 04H 0MH Long Memory Mode, Clear Decoder Reset™
18 | Encoder Control Register 1 06H 11H Serial Mode, Rate s, Clear Encoder Reset**

*  After 2 Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods

**  After @ Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
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RATE /s PARALLEL VITERBI OPERATION

Operation with code rate /3 in Parallel Data Mode is
similar in function to rate Y2 Parallel Data Mode
previously described, except that three code bits are
generated by the encoder for each input information
bit. The Q1900 is programmed for rate /3 Parallel
Mode operation by writing to the processor interface.

An example initialization is shown in Table 11.

When operating with code rate 3 and Parallel Data
Input Mode at the decoder, the synchronization circuit
does not affect the data. Data input to the decoder in

this mode must be in the correct sequence and input on

the correct RO, R1, and R2 inputs. However, the on-
chip differential decoder can be enabled to offset the

inversion of the data which may occur in such systems

as a BPSK transmission network.

Table 11. Rate /3 Parallel Viterbi Mode Initialization Example for 84-pin PLCC® Package

STEP REGISTER NAME ADDRESS | VALUE COMMENTS
; ::::wméz ﬁ:::::: 1:: %: Reserved Registers Must be Set to 0 for Correct Operation
3 | Decoder Data Input Register 1 00H 00H | Sets Decoder Input to Zero**
4 | Decoder Data Input Register 2 D1H 00H | Sets Decoder Input to Zero**
5 | Encoder Data Input Register 05H O0H | Set Encoder Input to Zero**
6 | Decoder Control Register 1 02H 10H | Parallell Mode, QPSK Demodulator, Rate 3 Selected
7| Decoder ConrolRegiter 2 03 01H | Sign-magnitude, No Differential Encoder, No Descrambler, Direct Data Mode***
08H ] Sign-magnitude, No Differential Encoder, No Descrambier, Peripheral Data Mode***
8 | Decoder Control Register 3 04H 01H | Long Memory Mode, No Decoder Reset (Yet)

9 | Normalization Test Bit Count Input Register 08H FEH

T Count - Threshold Set for 10%

Normalization Test Normalize

10 . 09H | FSH | NCount - Threshold Set for 10%

Count Input Register
11 | BER Period Input Register LS Byte DAH F9H | LS Byte of 24-bit Vaiue of Period of On-chip BER Monitor
12 | BER Period input Register CS Byte 0BH FFH | CS Byte of 24-bit Value of Period of On-chip BER Monitor
13 | BER Period Input Register MS Byte 0CH FFH | MS Byte of 24-bit Vaiue of Period of On-chip BER Monitor
14 | Normalization Test Vaiue Enable Register 17H 00H | A Write of Any Value to This Register Begins the Normalization Test
15 | BER Test Value Enable Register 18H 00H | A Write of Any Value to This Register Begins the BER Test
16 | Encoder Control Register 1 06H 10H | Parallel Mode, Rate %3, No Reset (Yet)

) 00H | No Differential Encoder, No Scrambler, Direct Data Mode™**

17| Encoder Controf Register 2 07H 08H | No Differential Encoder, No Scrambler, Peripheral Data Mode***
18 | Decoder Control Register 3 04H 05H | Long Memory Mode, Reset Decoder
19 | Encoder Control Register 1 06 12H | Parallel Mode, Rate 3, Reset Encoder
20 | Decoder Control Register 3 044 01H | Long Memory Mode, Clear Decoder Reset****
21 | Encoder Control Register 06H 10H | Parallel Mode, Rate ', Clear Encoder Reset®****

e

R

L1221

RREEK

Configuration for 100-pin VTQFP package is the same Except for pin numbers

This Step is Only Required for Peripheral Data Mode

Select Direct Data Mode or Peripheral Data Mode

After a Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods
After a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
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RATE %2 PARALLEL VITERBI OPERATION
When operating with code rate % in Parallel Data
Mode, four encoded bits (two CO and C1 pairs) are
generated by the encoder for every three information
bits. These encoded bits are output from the CO and C1
pins at %3 the frequency of the input information.
Likewise, four coded words (two RO and R1 pairs) are
input into the decoder for every three information bits
output from the decoder. These coded words are input
into the decoder through the RO and R1 input.

Operation with the internal puncture code rates is
similar to rate Y2 parallel operation except that the
possible synchronization states increase due to the
ambiguity with the pattern of the puncture process.
When operating with code rate % with automatic
synchronization enabled, the decoder first performs the
phase ambiguity resolution process. Next, the paired
code words are processed by a null-symbol insertion
circuit that must correctly insert the null symbols in
the place where code words were erased at the encoder.
When operating with code rate %4, this additional
synchronization process adds a factor of two to the
number of possible correct synchronization states for a
total of four possible correct states. The Q1900 decoder
synchronization circuit attempts each possible state in
sequence. The synchronization state changes each
time the SYNCCHNG input is asserted.

The first symbol pair output from the encoder is
indicated by an active High state at the C2 (pin 42
PLCC or pin 62 VTQFP) output when operating in rate
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¥ mode. A typical configuration of the Q1900 encoder
operating in rate 3% Parallel Mode is shown in Figure
31.

The Rate % encoder requires a hardware reset that is
synchronous to the ENCINCLK and ENCOUTCLK.
The Rate % encoder shall be reset by applying the
rising edge of ENCRESET 20 ns prior to the rising edge
of ENCOUTCLK. The relationship of ENCINCLK,
ENCOUTCLK, ENCRESET and the Valid timing
regions for reseting the encoder are shown in Figure 32.

Data is clocked into the encoder on the rising edge of
ENCINCLK. ENCOUTCLK should be %3 the frequency
of ENCINCLK. Data is clocked out of the encoder on
the rising edge of ENCCLKOUT, which is the same
frequency as ENCOUTCLK. An example of the
decoder operating in rate % Parallel Mode is shown in
Figure 33. The demodulator output is quantized by a
3-bit ADC to generate the R0 and R1 soft decision
inputs which are clocked into the decoder on the rising
edge of DECINCLK. In this configuration,
DECOUTCLK is %2 the frequency of DECINCLK.
Decoded data is clocked out of the decoder on the rising
edge of DECCLKOUT which is the same frequency as
DECOUTCLK. In most cases, the DECCLKOUT signal
should be used to clock the decoded data into
subsequent processing stages.

The Q1900 is programmed for rate % Parallel Mode
operation by writing to the processor interface. An

 example initialization is shown in Table 12.
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Figure 31. Rate 3 Paraliel Viterbi Mode Encoder Example for 84-pin PLCC® Package

01900 | :7
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Source Clock 36 all
ENCINCLK ¢1 9 Modulator
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44
X2 ENCOUTCLK coacnve K8 Clock
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RESET 3T ENCRESET
S B
EE ==
£33 28 55
SR ‘
iy S N
z
Microprocessor

*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers

Figure 32. Rate %1 Parallel Viterbi Mode Encoder Timing Diagram

ENCINCLK __] | . HER | 1_["_| [ I [
ENCOUTCLK __| | [ L [ L l [

Reset Reset Reset
0K 0K 0K
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Figure 33. Rate s Parallel Viterbi Mode Decoder Example for 84-pin PLCC* Package
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*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers
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Table 12. Rate ¥4 Parallel Viterbi Mode Initialization Example
STEP REGISTER NAME ! ADDRESS I VALUE | COMMENTS
1 ; :2:::: Eg::::: 12: gg: Reserved Registers Must Be Set to 0 for Correct Operation
‘ 3 | Decoder Control Register 1 02H 08H Parallel Mode, QPSK Demodulator, Rate ¥ Selected
3 4| Decoder Control Register 2 03K O Sign-magnitude, Direct Data Mode", No Differential Encoder or
‘ Descrambler
| 5 | Decoder Control Register 3 04H 01H Long Memory Mode, No Decoder Reset (Yet)
J 6 | Normalization Test Bit Count Input Register 08H FAH T Count - Threshold Set for 1.7%
7 | Normalization Test Normalize Count Input Register 09H FH N Count - Threshold Set for 1.7%
. . LS Byte of 24-bit Value of Period of On-chip BER
8 | BER Period Input Register LS Byte OAH FCH Mo:iyltor (Example Period is 4000 Symbols)p
9 { BER Period Input Register CS Byte 0BH FFH (S Byte of 24-bit Value of Period of On-hip BER Monitor
10 | BER Period Input Register MS Byte 0cH FFH MS Byte of 24-bit Value of Period of On-chip BER Monitor
11 | Normalization Test Value Enable Register 17H 00H A Write of Any Value to This Register Begins the Normalization Test
12 | BER Test Value Enable Register 18H 00H A Write of Any Value to This Register Begins the BER Test
13 | Encoder Control Register 1 (6H 08H Parallel Mode, Rate 34, No Reset (Yet)
14 | Encoder Control Register 2 07H 00H Direct Data Mode, No Differential Encoder and No Scrambler
15 | Decoder Control Register 3 04H 05H Long Memory Mode, Reset Decoder
16 | lssue Hardware Encoder Reset - - See Description in Text**
17 | Decoder Control Register 3 04H 01H Long Memory Mode, Clear Decoder Reset***
* For Rate ¥ Peripheral Data Mode, Use Rate "2 Peripheral Data Mode and Program T-count and N-count for Rate ¥
**  For a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
*** After a Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods
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RATE 7/s PARALLEL VITERBI OPERATION
When operating with code rate 74 in Parallel Data
Mode, eight encoded bits (four CO and C1 pairs) are
generated by the encoder for every seven information
bits. These encoded bits are output from the CO and C1
pins at 4 the frequency of the input information.
Likewise, eight coded words (four RO and R1 pairs) are
input into the decoder for every seven information bits
output from the decoder. These coded words are input
into the decoder through the RO and R1 input.

Operation with the internal puncture code rates is
similar to rate /2 parallel operation, except that the
possible synchronization states increase due to the
ambiguity with the pattern of the puncture process.
When operating with code rate 78 with automatic
synchronization enabled, the decoder first performs the
phase ambiguity resolution process. Next, the paired
code words are processed by a null-symbol insertion
circuit that must correctly insert the null symbols in
the place where code words were erased at the encoder.
When operating with code rate 74, this additional
synchronization process adds a factor of four to the
number of possibly correct synchronization states for a
total of eight possibly correct states. The Q1900
decoder synchronization circuit attempts each possible
state in sequence. The synchronization state changes
each time the SYNCCHNG input is asserted.

The first symbol pair output from the encoder is
indicated by an active High state at the C2 (pin 42
PLCC or pin 62 VTQFP) output when operating in rate

QUALCOMM Incorporated, ASIC Products
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"8 mode. A typical configuration of the Q1900 encoder
operating in rate /3 Parallel Mode is shown in
Figure 34.

The Rate 78 encoder requires a hardware reset that is
synchronous to the ENCINCLK and ENCOUTCLK.
The Rate /8 encoder shall be reset by applying the
rising edge of ENCRESET 20 ns prior to the rising edge
of ENCOUTCLK. The relationship of ENCINCLK,
ENCOUTCLK, ENCRESET and the valid timing
regions for reseting the encoder are shown in Figure 35.
Data is clocked into the encoder on the rising edge of
ENCINCLK. ENCOUTCLK should be % the frequency
of ENCINCLK.

Data is clacked out of the encoder on the rising edge
of ENCCLKOUT, which is the same frequency as
ENCOUTCLK. An example of the decoder operating in
rate /g Parallel Mode is shown in Figure 36. The
demodulator output is quantized by a
3-bit ADC to generate the RO and R1 soft decision
inputs which are clocked into the decoder on the rising
edge of DECINCLK. In this configuration,
DECOUTCLK is 7 the frequency of DECINCLK.
Decoded data is clocked out of the decoder on the rising
edge of DECCLKOUT which is the same frequency as
DECOUTCLK. In most cases, the DECCLKOUT signal
should be used to clock the decoded data into
subsequent processing stages.

The Q1900 is programmed for rate 78 Parallel Mode
operation by writing to the processor interface. An
example initialization is shown in Table 13.
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Figure 34. Rate 7/a Parallel Viterbi Mode Encoder Example for 84-pin PLCC* Package
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*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers

Figure 35. Rate 7/ Parallel Viterbi Mode Encoder Timing Diagram
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Figure 36. Rate 7/ Parallel Viterhi Mode Decoder Example for 84-pin PLCC™ Package
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Table 13. 7/3 Parallel Viterbi Mode Initialization Example

STEP REGISTER NAME ADDRESS | VALUE COMMENTS
; ::::::: z:zz: 12: gg: Reserved Registers Must Be Set to 0 for Correct Operation
3 | Decoder Control Register 1 02H 20H Parallel Mode, QPSK Demodulator, Rate /s Selected
4| Desoder ControlRegiser 2 03H oM Sign-magnitude, Direct Data Mode*, No Differential Encoder or
Descrambler
5 | Decoder Control Register 3 04H 01H Long Memory Mode, No Decoder Reset (Yet)
6 | Normalization Test Bit Count Input Register 08H E3H T Count - Threshold Set for 0.8%
7 | Normalization Test Normalize Count input Register 09H F8H N Count - Threshold Set for 0.8%
. . LS Byte of 24-bit Value of Period of On-chip BER
8 | BER Period Input Register LS Byte 0AH FCH Monitr (Example Period is 4000 Symbols)
9 | BER Period Input Register €S Byte 0BH FFH (S Byte of 24-bit Value of Period of On-chip BER Monitor
10 | BER Period Input Register MS Byte 0CH FFH MS Byte of 24-bit Value of Period of On-chip BER Monitor
11 | Normalization Test Value Enable Register 17H 00H A Write of Any Value to This Register Begins the Normalization Test
12 | BER Test Vaiue Enable Register 18H 00K A Write of Any Value to This Register Begins the BER Test
13 | Encoder Control Register 1 06H 20H Parallel Mode, Rate s, No Resat (Yet)
14 | Encoder Control Register 2 0TH 00H Direct Data Mode, No Differential Encoder and No Scrambler
15 | Decoder Control Register 3 04H 05H Long Memory Mode, Reset Decoder
16 | lssue Hardware Encoder Reset - - See Destription in Text**
17 | Decoder Control Register 3 04H 01H Long Memory Mode, Clear Decoder Reset***

* For Rate % Peripheral Data Mode Use Rate "2 Peripheral Data Mode and Program T-tount and N-count for Rate s
** For a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
***  After a Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods
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HIGHER VITERBI CODE RATE OPERATION USING EXTERNAL
PUNCTURING

The Q1900 Viterbi Mode encoder and decoder can
encode and decode punctured code rates other than the
rate ¥ and 78 code implemented internally. Operation
with these other codes requires the use of external
puncture and null-symbol insertion circuits. The
Q1900 decoder function includes symbol erasure inputs
for the RO, R1, and R2 code words which are used to
indicate a null-symbol to the decoder. When using

ENCDATY1} input pair. This data pair is clocked into
the Q1900 trellis encoder at one-half the rate of the
input data (bit) clock. For every 2 input bits
(ENCDAT|0] and ENCDAT]1]}, the encoder generates
3 output bits (ENCCO, ENCC1, and ENCC2). See
Figure 37. This 3-bit output is supplied to an external
8-PSK modulator. The mapping from the 3-bit encoder
output to transmitted phase is shown in Table 14.

For rate %3 8-PSK operation, the ENCDAT]2] input is
not used and should be grounded.

external puncturing, external circuitry is typically used
to synchronize the decoder for phase ambiguities and Table 14. Mapping of Rate %3 8-PSK Encoder Output to
Transmitted Phase
puncture pattern alignments.
Encoder Output Transmitted
RATE %: 8-PSK TRELLIS OPERATION (Binary) Phase
When operating with trellis code rate %3, three encoded 000 ®
bits (ENCCO, ENCC1, and ENCC2) are generated by 3(1)1 ;g:
the encoder for every two input information bits. m 135
Likewise, three coded words are input to the decoder 100 180°
for every two information bits output from the decoder. 101 225°
The input data stream is processed by a serial-to- m 210°
parallel converter to generate the ENCDATI0] and 110 L 315°
Figure 37. Rate 23 Trellis Mode Encoder Configuration Example for 84-pin PLCC® Package
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Converter 33 encoatio] ENGCT | Modulator
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*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers
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At the receiver (Figure 38), the demodulated output
is typically sampled and quantized. In this example,
each channel is quantized by a 6-bit ADC and used to
address two 4K x 8 branch metric lookup ROMs. The
conversion from quantized [ & Q to branch metrics and
sector number is programmed in the ROMs (Table 2).

clocked into the Trellis decoder, 2 decoded outputs are
generated, DECDAT(0] and DECDAT]1]. The parallel-
to-serial converter that processes the output data bits
requires a clock that is two times the frequency of the
symbol clock.

The Q1900 trellis encoder and decoder are

Note: The conversion from I & Q to phase is: programmed for rate 23 8-PSK operation by writing to

the processor interface. A register initialization for this
‘ phase = tan" ! (). ‘ ]
* example is shown in Table 15.

i For each set of branch metrics and sector number

1 Figure 38. Rate 23 Trellis Mode Decoder Configuration Example for 84-pin PLCC* Package
21
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Microprocessor
*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers
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Table 15. Rate %3 Trellis Mode Initialization Example
STEP REGISTER NAME ADDRESS VALUE COMMENTS l
1 Reserved Register 15H 00H . .
5 Reserved Register o 0 Reserved Register Must Be Set to O for Correct Operation
3 Decoder Data Input Register 1 00H 00H Sets Decoder Input to Zero*
4 Decoder Data Input Register 2 01H 00H Sets Decoder Input to Zero*
5 Encoder Data [nput Register 05H 00H Sets Encoder Input to Zero™
6 Decoder Control Register 1 02H (OH Must Program for Correct Operation
, 91H Direct Data Mode**, Ambiguity Decoder On, Rate %3
T | Decoder Contral Register 2 034 99H | Peripheral Data Mode", Ambiguity Decoder On, Rate 75
Decoder Control Register 3 04H 01H Clear Reset Bit
Normalization Test Bit-Count Input Register 08H FEH T Count - Threshold Set for 10%
10 Norfnahzatmn Test NormalizeCount Input 09H F9H N Count - Threshold Set for 10%
Register
1 Normalization Test Value-Enable Register 17H XXH Write Any Value to This Register to Begin the Normalization Test
12 Encoder Control Register 1 06H 84H Clear Reset Bit
. 90H Direct Data Mode, Ambiguity Resolver On, Rate /3
1 Encodi | Register 2 7H
3 [ Freoder ControlRegier ’ 98H___ | Peripheral Data Mode, Ambiguity Resolver Or, Rate 23
14 Decoder Control Register 3 04H 051H Set Reset Bit (Resets Decoder)
15 Encoder Control Register 1 06H 86H Set Reset Bit (Resets Encoder)
16 Decoder Control Register 3 04H 0TH Clear Decoder Reset ***
17 Encoder Control Register 1 06H 84H Clear Encoder Reset Bit****
*  This Step is Only Required for Peripheral Data Mode
**  Select Direct Data Mode or Peripheral Data Mode
***  After a Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods
****  After a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
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RATE ¥ 16-PSK TRELLIS OPERATION
When operating with trellis code rate %4, four encoded
bits (ENCCO, ENCC1, ENCC2 and ENCC3) are
generated by the encoder for every three input
information bits. Likewise, four coded words are input
to the decoder for every three information bits output
from the decoder

The input data stream is processed by a serial-to-
parallel converter to generate the ENCDATI0],
ENCDAT]/1], and ENCDATI2] input group. This data
group is clocked into the Q1900 at one-third the rate of
the input data clock. For every 3 input bits
(ENCDATI0], ENCDATI1], and ENCDATI2]), the
encoder generates 4 output bits (ENCCO0, ENCCH,
ENCCZ, and ENCC3). See Figure 39. This 4-bit output
is supplied to an external 16-PSK modulator. The
mapping from the 4-bit encoder output to transmitted
phase is shown in Table 16.

At the receiver, shown in Figure 40, the demodulated

output is typically sampled and quantized. In this
example, each channel is quantized by a 6-bit ADC and
used to address two 4K x 8 branch metric lookup
ROMs. The conversion from quantized I & Q to branch
metrics and sector number is programmed in ROMs,
See Table 3. Note: the conversion from I & Q to phase
is:

phase = tan' ! (%)

For each set of branch metrics and sector numbers
clocked into the trellis decoder, 3 decoded outputs are
generated (DECDAT[0], DECDAT]1], and DECDAT]2]).
The parallel-to-serial converter that processes the
output data bits requires a clock that is three times the
frequency of the symbol clock.

The Q1900 TCM encoder and PTCM decoder are
programmed for rate % 16-PSK operation by writing to
the processor interface. An example register
initialization for this example is shown in Table 17.

Figure 39. Rate %4 Trellis Mode Encoder Configuration Example for 84-pin PLCC* Package
34 48
INPUT Data Serial- Pt s OUTPUT
———#— ToPanalil ENCDAT[1] ENCC2 16-P5K Waveform
Converter 3! encoariol ENCET | Modulator
[
% Q1900 ENCCO L
Pt ——
Data Clock - = BicouTx
REFI ~~{ ENCRESET
ST sE
2332 B8 55
r~ 4 lg I
4 <}
Microprocessor
*Configuration for 100-pin VTQFP Package is the Same Except for Pin Numbers
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Figure 40. Rate 31 Trellis Mode Decoder Configuration Example for 84-pin PLCC* Package
27
D7 ” BMOO[2]
A6:AT1
®6-18 | 4K DO oo | EMooL]
of | ADC) ROM D5 % BMO0[0]
Hidh D4 - BMO1[2]
i
orger D3 mallll [3x]
6 BM D2 " BM01(0] I
LE\Dc AR5 | Lookup g mekll DECOAT[Z] [ el o 0
* | Decoded Output
Do | Bwor DECOAT[] e to-Serial fommmmed DU
ma kLl DECOAT[O] ] Comverter
BM11[2]
31
- N BMM[1]
16-P5K AG:AT1 BM11[0]
Demodulator axg 06 Q1900
ROM D5
D4
Low 1 53 -
Order D3 [NC GND—8> SECTOR{3] INSYNC |————— IN SYNC Indication
(. BM D2 97 SECTOR[2} DECCLKOUT‘-§5—> NC
1] 6 AO:A5{ Lookup D Q
ADC_ >+ D1 »1 SECTOR[1 -
‘[ T (A0=1%B 10 rl OUTOFSYNC 52 > 0
of Q ADC) Do SECTOR[0] “
» SYNCCHNG
DECINCLK 50, 68, 69, 70
[] LA
DECOUTCLK
Symbol Rate Clock 13
RESET ~————-| DECRESET ——
Sz S&
VDD = pins 2, 12, 20, 25, 38, 43, 45, 65, 71, 83 233 58 EE
GND = pins 1, 6, 21, 24, 39, 46, 47, 51, 54, 51, 61,72, 73,74, 78, 81 N [
Pulled to Vpp = pin 15 N cni%
Microprocessor
*Configuration for 100-pin VIQFP Package is the Same Except for Pin Numbers
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Table 16. Mapping of Rate 3/ 16-PSK Encoder Output to Transmitted Phase

Table 17. Rate ¥4 Trellis Mode Initialization Example

Encoder Qutput Transmitted Encoder Output Transmitted
{Binary) Phase (Binary) Phase
0000 0° 1100 180°
0001 22.5° 1101 202.5°
0011 45° m 225°
0010 67.5° 1110 241.5°
0100 90° 1000 210°
0101 112.5° 1001 292.5°
0111 135° 1011 315°
0110 151.5° 1010 331.5°

| I LA I | S —m— m——r—

| STEP REGISTER NAME ADDRESS VALUE COMMENTS
I ; :2::: ::2:33 }:: x: Reserved Register Must Be Set to 0 for Correct Operation
3 Decoder Data Input Register 1 00H 00H Sets Decoder Input to Zero*
4 Decoder Data Input Register 2 01H 00H Sets Decoder Input to Zero*
5 Encoder Data Input Register 05H 00H Sets Encoder Input to Zero®
6 Decoder Control Register 1 024 (OH Must Program for Correct Operation
) 11H Direct Data Mode™*, Ambiguity Decoder On, Rate 34
7 | Decoder Conirol Register 2 03H 19H | Peripheral Data Mode™, Ambiguity Decoder On, Rate %4
8 Decoder Control Register 3 04H 01H Clear Reset Bit
9 Normalization Test Bit-Count Input Registes 08H FEH T Count - Threshold Set for 10%
1o | Normaizaton Tt Normalize Count nput 09H FOH N Count - Threshold Set for 10%
Register
11 Normalization Test Value-Enable Register 17H XXH Write Any Value to This Register to Begin the Normalization Test
12 Encoder Control Register 1 06H 84H Clear Reset Bit
. 10H Direct Data Mode, Ambiguity Resolver On, Rate ¥s
13| Encoder Control Register 2 o 18H Peripheral Data Mode, I?ml:lyguny Resalver On, Rate ¥
14 Detoder Control Register 3 04H 051H Set Reset Bit (Resets Decoder)
15 Encoder Control Register 1 06H 86H Set Reset Bit (Resets Encoder)
16 Decoder Control Register 3 04H 01H Clear Decoder Reset ***
17 Encoder Control Register 1 06H 84H Clear Encoder Reset Bit™***

LE 22

This Step is Only Required for Peripheral Data Mode
Select Direct Data Mode or Peripheral Data Mode
After 2 Minimum of 2 DECINCLK and 2 DECOUTCLK Clock Periods

After a Minimum of 2 ENCINCLK and 2 ENCOUTCLK Clock Periods
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TECHNICAL SPECIFICATION
PROCESSOR INTERFACE
The on-chip processor interface of the Q1900 allows a
processor to set the operational mode and monitor the
device’s internal status. The interface includes an 8-bit
data bus, a 5-bit address bus, and read enable, write
enable, and chip select lines. This interface will
operate with most major microprocessor and signal
processor families without wait state logic. It can also
write and read data to and from the encoder and
decoder functions. In this mode, the Q1900 operates as
a single-chip FEC peripheral to the processor system.
The Q1900 processor interface has 4 read registers
and 21 write registers for the Viterbi Mode and 2 read
registers and 21 write registers for the Trellis Mode.

READ REGISTERS

Tables 18 and 19 show the memory maps for the
Viterbi and Trellis Modes read registers, respectively.
Tables 20 and 21 describe the functions of each read
register and bit in detail for the Viterbi and Trellis
Modes, respectively.

WRITE REGISTERS

Table 22 and 23 show the memory maps for the Viterbi
and Trellis Modes write registers, respectively.

Tables 24 and 25 describe the functions of each write
register and bit in detail for the Viterbi and Trellis
Modes, respectively.

Table 18. Viterbi Read Registers Memory Map
ADDRESS DATA BITS
DEC | HEX pz | b6 | o5 | pa | b3 [ b2 | b1 [ po
00 | 00 Decoder Data Output Register

Reserved | Reserved | ROFOUT/EOUT | Reserved [R2ERR/R1EOUT]  RTERR |  ROERR | DECDATOUT
02 | o2 Encoder Data Output Register

Reserved | Reserved | Reserved | Reserved | COACTVE | €2 | ¢ I 0
03 | 03 BER Measurement LS Byte Output Register

Be7Ms) | ee6 [ mies | 4 [ e3 | stz | Bt1 | B0
o4 | o4 BER Measurement MS$ Byte Output Register

g7s) | Bis | 85 | B4 [ m3 [ m2 [ Bit1 [ Bit0(Y)
Table 19. Trellis Read Registers Memory Maps
ADDRESS DATA BITS
DEC | HEX pz | o6 | o5 | opa | 03 | b2 | 01 | DO
00 | 00 Decoder Data Output Register

Reserved | Reserved | DECDAT[2] | DECDAT[1] | Reserved | Reserved | Reserved | DECDAT[O]
0z | 02 Encoder Data Output Register

Reserved | Reserved | Reserved | Reserved | ENCC3 | ENCC2 [ ENCCT | ENCCO
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! Table 20a. Viterbi Read Register Address 00H: Decoder Data Output Register

BIT NAME FUNCTION Same Function as Input Pin PLCC/VTQFP
0 DECDATOUT Decoder Data Output 56/39
1 ROERR Bit-by-bit Indication of Detected Channel Bit Ervors for RO 70/93
2 | RIERR Bit-by-bit Indication of Detected Channel Bit Errors for R1 69/92

j If:  Code Rate Set to ¥
Then: Provides Bit-by-bit Indication of Detected Channel Bit Errors for R2

3 [ ReERR/RTEOUT If:  CodeRate Not Setto s B8/81
Then: Provides R1ERASE Delayed to Align With R1ERR

4 |- Reserved -
If:  CodeRate Setto '
Then: Provides Logic OR of ROERASE, R1ERASE, and RZERASE Delayed to Align with ROERR, R1ERR, and R2ERR Outputs 63/85

If:  CodeRate Not Setto '3
Then: Provides ROERASE Delayed to Align with ROERR

67 | - Reserved -

\
|
! 5 | RoEOUT/EOUT
|
i

Table 20b. Viterbi Read Register Address 02H: Encoder Data Output Register

BIT NAME FUNCTION Same Function as input Pin PLCC/VTQFP "
0 |00 Encoder Symbol CO 40/60
C1 Encoder Symbol €1 1/61
Encoder Symbol C2 for Code Rate '3
2 | ¢ -0R- 42/62
*1" Indicates Output of First Symbol of Puncture Pattern for Code Rates 3 and "
3 | COACTIVE In Serial Data Mode, Indicates C0 Code Bit is Active 48/10
47 | - Reserved -

Table 20c. Viterbi Read Register Address 03H: BER Measurement LS Byte Qutput Register

e NAME wncnon ]

" 0-7 | BERLSBYTE Least Significant Eight Bits of the 16-bit Result of the Internal BER Measurement. Bit 0 is LSB. ||

Table 20d. Viterbi Read Register Address 04H: BER Measurement MS Byte Output Register

BIT NAME FUNCTION
|| 0-7 | BERMSBYTE Most Significant Eight Bits of the 16-bit Result of the Internal Bit Error Rate Measurement. Bit 0 is LSB. ||
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Table 21a. Trellis Read Register Address 00H: Decoder Data Output Register

BIT NAME FUNCTION Same Function as Input Pin PLCC/VTQFP
0 ] DECDAT[0] Decoder Data Output (LSB) 56/39
1 - Reserved -

2 Reserved

3 - Reserved -

4 | DECDAT[1] Decoder Data Output (CSB) 64/86

5 | DECDAT[2] Decoder Data Output (MSB) 63/85
67 | - Reserved -

Table 21b. Trellis Read Register Address 02H: Encoder Data Output Register

QUALCOMM Incorporated, ASIC Products
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BIT NAME FUNCTION Same Function as Input Pin PLCC/VTQFP
0 ENCCO Encoder Output {LSB) 40/60
1 | ENCCI Encoder Output 41/61
2 | ENCC2 Encoder Output 42/62
3 | ENCC3 Encoder Qutput (MSB) 48/10
A7 1 - Reserved -
L
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Table 22. Viterbi Write Register Memory Map
ADDRESS || DATA BITS
(DEC{uex)] b7 | o6 | b5 | b4 | b3 | b2 | b | Do
_I;__OIT Decoder Data Input Register 1
ROERASE | Ro[2) | Rofi] | Rmojo} | RuEmASE | Rl ] Rl | Rif0)
01 | o1 Decoder Data Input Register 2
RERASE |  R2)21 | R[] | R2f0] | Setto0 | Setto0 | Settod | SettoD
o | o Decoder Control Register 1
Setto0 | Setwo0 [ RATE’® | RATE's | RATE3W | RATE'> | 0QPSK | MODE SELECT
03 | 03 Decoder Control Register 2
Setto0 | Setto0 | DESCRENABLE | DIFF DEC ENA | PERIPR/DIRECT | SWAP ERASE | PHASESYNC | SMG/OBN
o4 | o4 Decoder Controf Register 3
SettoO | Setto0 | Setwo0 | Setw0 | Setto0 |S/WDECRESET] Setto0 | FUL/SHT MEM
|| o5 | o5 Encoder Data intput Register
Setto0 | Setto0 | Setto0 | Setto0 | Setto0 | Setto0 | Setto0 | ENCDATIN
“ o6 | 06 Encoder Control Register 1
SettoO | Setto0 | RATE%s | RATEYs | RATE3 [ RATE'>  |S/WENC RESET | SER/PAR MODE
" o7 | 07 Encoder Control Register 2
Setto0 | Setto0  [SCRAMB ENABLE] DIFF ENCENA |BUS/PINMODE| Setto0 | Setto0 | Setto0
08 | o8 Normalization Test Bit Count Input Register (TCOUNT)
git7Ms) | Bit6 [ ers | eta | B3 | stz | Bt1 | Bito(s)
09 | 09 Normalization Test Normalize Count Input Register (NCOUNT)
Btzms) | st6 | Bts | Bta | B3 esl Bit2 | Bt1 | Bit0(S)
10 | o BER Period Input Register LS Byte (BERPER)
git7 | et6 | Bt5 | Bt4a | B3 ] Bt2 | Bt1 | Bito(s)
111 o8 BER Period Input Register CS Byte (BERPER)
Bt1s | 14 | et13 | 12 | ewir | etw [ si9 | B8
12 | oc BER Period Input Register MS Byte (BERPER)
Be23s) | mit22 | 21 | mt20 | B9 | ee1s | sit17 | Bit16
1a | of Processor Decoder Input Clock Register (DECINCLK)
Bt7 | eie6 | ee5 ] B4d | B3 | Bt2 | Bt1 | Bit0
15 | oF Processor Decoder Output Clock Register (DECOUTCLK)
f Bt7 | Bit6 | mts | B4 | B3 | Bt2 | Bitl | B0
17 | 11 Processor Encoder Input Clock Register (ENCINCLK)
gt7 | et | ees | eitd | B3 | stz | 81 | B0
18 | 12 Processor Encoder Output Clock Register (ENCOUTCLK)
gt7 | eits | eits | eit4a | B3 | B2 | Bt1 | Bt
Reserved Registers
21| 15 Setto 0 Setto 0 Setto 0 Set to 0 Setto 0 Setto 0 Setto 0 Setto 0
22 | 16 Setto 0 Setto 0 Setto 0 Setto 0 Setio 0 Setto 0 Setto 0 Setto 0
23 | 17 Normalization Test Value Enable Register (NTVE)
git7 | ei6 | ee5 ] st4a | B3 | 2 | stv [ w0
21 | 18 BER Test Value Enable Register (BERTVE)
Bit7 | et6 | Be5 | ee4 ] Bt3 ] e2 | Bt1 | B0
Notes: 1. Write registers ODH, 10H, 13H, and 14H are not used.
2. All bits that are specified as "Set to 0" or "Set to 1" must be set to 0 or 1 for proper operation.
3. Reserved write registers 15H and 16H must be set to 0 for correct operation.
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Table 23. Trellis Write Register Memory Map
ADDRESS DATA BITS
DEC | HEX p7 | o6 | os | b4 | b3 | D2 | DI | DO
00 | 00 Decoder Data Input Register 1
Bm11o] | mo1[o] | Bmiofol [ emoofo] | Bwm1inl | Bmoi1] | BMio[1} | BMoO[1]
o1 | 01 Decoder Data Input Register 2
emi1[2) | Bmo1(2] | Bwmi0[2) | Bmoo[2) | SECTOR3 | SECTOR2 | SECTORT |  SECTORO
02 | 02 Decoder Control Register 1
It Settol | Settol | Settod | Setwo0 | Setto0 | Settod | Settod | SettoD
03 | 03 Decoder Control Register 2
TRL8/16 | Setto0 | SettoO | DIFFDECENA |PERIPR/DIRECT| Setto0 | Setto0 | Setto1
o1 | o Decoder Control Register 3
Setto0 | Setto0 | Setto0 | Setto0 | Setto0 |S/WDECRESET| Setto0 [ Setto1
05 | o5 Encoder Data Intput Register
Settod [ Setto0 | Setto0 | SettoO [ Setto0 | ENCDAT[2] [ ENCDAT[1] | ENCDAT[0]
06 | 06 Encoder Control Register 1
Setto1 | Setto0 | Setto0 | Settod | Setw0 | Setto1 [S/WENCRESET| Setto0
o7 | o7 Encoder Control Register 2
TRL8/16 | Setto0 | Setto0 | DIFFENCENA |PERIPR/DIRECT| Setto0 | Setto0 | Setto
08 Normalization Test Bit-Count Input Register (TCOUNT)
g7vs) [ eee [ Bes | Bea | B3 | B2 [ Bu1 [ Bito(s
09 Normalization Test Normalize-Count Input Register (NCOUNT)
Bt7Ms) | Bt6 | Bits | Bit4 |  Bit3 1 Bt2 | Bt1 | Bito(S)
14 | o Processor Decoder Input Clock Register (DECINCLK)
Btz | et6 | Bts | ee4a | e3 | stz | sw1r | B0
15 | o Processor Decoder Output Clock Register (DECOUTCLK)
Bit7 | ste | mets | sw4 | etz [ g2 | st1 | it0
1711 Processor Encoder Input Clock Register (ENCINCLK)
Bt7 | ste | mt5 | Bt4 | 3 | 82 | Bt1 | B0
15112 Processor Encoder Output Clock Register (ENCOUTCLK)
Bt7 | Bt6 | Bts | Bit4a [ mt3 | Bt2 | Bit1 | Bit0
21 | 15 Reserved Register
Setto0 | Setto0 | Settod | Setto0 [ Setto0 | Setwo0 [ Setto0 | Setto0
2 | 16 Reserved Register
Settod | Settod | Settod | Setto0 | Setto0 | Settod | Setto0 | Setto0
2 | 17 Normalization Test Value Enable Register (NTVE)
Bit7 | Bit6 | Bit5 | Bita | B3 | Bt2 | Bit1 | Bit0
Notes: 1. Write registers OAH, 0BH, OCH, ODH, 10H, 13H, and 14H are not used.
2. Al bits that are specified as "Set to 0" or "Set to 1" must be set to 0 or 1 for proper operation.
3. Reserved write registers 15H and 16H must be set to O for correct operation.
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Table 24a. Viterbi Write Register Address 00H: Decoder Data Input Register 1

L_BIT NAME CONTROL/INPUT Same Function as Inpt Pin PLCC/VTQFP |
0 R1[0] LSB of Decoder R1 Input Symbol 28/46
1 R1[1] (SB of Decoder R1 Input Symbol 22/38
2 | R12) MSB of Detoder R1 Input Symbol 17/31
3 | RIERASE 1 Erases the R1 Symbol 31/48
4 | RO[0] LSB of Decoder RO Input Symbol 29/47
5 | RO[1] (SB of Decoder RO Input Symbol 26/44
6 | RO[2) MSB of Decoder RO Input Symbol 18/32
7 | ROERASE 1 Erases the RO Symbol 32/50

Table 24b. Viterbi Write Register Address 01H: Decoder Data Input Register 2

’ BIT NAME ACCEPTS Same Function as Input Pin PLCC/VTQFP |

03 | - Setto 0 ~
R2[0) LSB of Decoder R2 Input Symbol 21/45
R2[1] (B of Decoder R2 Input Symbol 19/33
R2[2] MSB of Decoder R2 Input Symbol 16/30
If.  CodeRateSetto '3
! R2ERASE Then: 1 Erases the R2 Symbol 30/48

Table 24¢c. Viterbi Write Register Address 02H: Decoder Control Register 1

[r—
BIT NAME FUNCTION
1 Puts Decoder in Serial Data Input Mode
Decoder Input .
0 Mode Selection 0 Puts Decoder in Parallel Data input Mode

See Parallel vs. Serial Data Modes for more information.
If:  Decoder Set to Parallel Data Mode
Code Rate Set to &, 34, or '
1 0QPSK Phase Sync Enabled
Then: 1 Makes Sync Circuit Adjust for Phase Ambiguities of 0QPSK Demodulators
0 Makes Sync Circuit Adjust for Phase Ambiguities of QPSK Demodulators
2 | Decoder Rate 3 Enable 1 Makes Decoder Operate With Code Rate '~
1 Makes Decoder Operate With Code Rate
For Rate s Mode, Connect the Unused ROERASE and RTERASE Input Pins to Logic 0
4 Decoder Rate '/3 Enable 1 Makes Decoder Operate With Code Rate '
7 1 Makes Decoder Operate With Code Rate s
5 | DeooderRate TaErable | o o 1e 7 Mode, Connectthe Unused ROERASE and RIERASE Ingut Pis toLogic 0

3 | Decoder Rate ¥4 Enable

67 | - Setto 0
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Table 24d. Viterbi Write Register Address 03H: Decoder Controf Register 2
BIT NAME FUNCTION . J
0 Makes Decoder Accept Offset-binary Notation Soft Decision Inputs at RO, R1, R2 T 1
1 Makes Decoder Accept Sign-magnitude Notation Soft Decision Inputs at RO, R1, R2
The following table destribes the offset-binary and sign-magnitude data input encoding formats for the soft decision
decoder:
Encoding Format
Offset Binary Sign-Magnitude
Ro[x], R1[x], R2[x] Bit: [2] [1] [0] [21 1] [0}
0 f SMG/0BN Swongest: 1 1 1 11 1
T 10 1 1 0
10 1 1 0 1
Weakest: 1 0 0 Tt 0 0 |
Weakest0: 0 1 1 6 0 0
0 1 0 0 0 1
0 0 1 0 1 0
Strongest0: 0 0 0 0 1 1
If:  The Decoder is Set to Parallel Mode, Code Rate '/2, 4, or %
Then: A "0" Causes the Decoder Syne State to Toggle on Every Rising Edge of SYNCCHNG
1| phase syne v A ™" causes the sync state to toggle depending on the input to SYNCCHING (level triggered). If SYNCCHNG is "1,
the decoder will be in the "Normal” state. When SYNCCHNG is "0", the decoder will be in the "Swap & Invert” state.
(Phase ambiguity automatic synchronization makes the decoder’s automatic synchronization circuits perform symbol
"Swap-and-invert" operations to synchronize to the PSK phase ambiguities.)
If:  PHASE SYNC ENA Enabled, Parallel Data Input, Code Rate 2, and External Symbol Erasure
2 | SWAP ERASE ENA Then: 1 intenally "Swaps™ ROERASE and R1ERASE with the RO and R Data
0 Disables "Swapping" Input Signals ROERASE and R1ERASE with the Data
1 Makes Decoder Use Processor Bus Interface for Data Input/Output (Peripheral Mode)
DECODER PERIPHERAL/ See Processor Bus Iqterfate secli.on of Q1900 Pin Functions ta'ble.
3 DIRECT DATA MODE 0 Makes Decoder Use Dedicated 1/0 Pins for Data Input/Output (Direct Mode)
See Decoder 1/0 Pins in Q1900 Pin Functions table.
Signals Affected: RO[0-2], R1[0-2], R2[0-2], R[0-2]ERASE, DECDATOUT
4 | oFF DEc ENA 1 Enables the Differential Decoder; 0 Disables the Differential Decoder
(The Setting of This Bit Does Not Affect the Operation of the Differential Encoder)
1 Enables the Descrambler; 0 Disables the Data Descrambler. Data descrambler uses a slightly modified CCHTT
5 | DESCRAMB ENA ) -
algorithm preferred by most systems, including INTELSAT.
b | - Setto 0
7 1- Setto 0
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Table 24e. Viterbi Write Register Address 04H: Decoder Control Register 3

BIT NAME FUNCTION ||
1 Makes the Viterbi Decoder Algorithm Use a Minimum Chainback Path Depth of 36 States

0 Makes the Viterbi Decoder Algorithm Use a Minimum Chainback Path Depth of 48 States

1 |- Setto 0

A transition from "0" to "1" resets decoder functions. Connect pin 13 PLCC or pin 27 VIQFP to logic "0" when using this
software-controlled reset. Bit 2 should be set to "0" when using the DECRESET pin.

37 | - Setto 0

0 | FULL/SHORT MEMORY

2 | S/WDECODER RESET

Table 24f. Viterbi Write Register Address 05H: Encoder Data input Register
-

BIT NAME FUNCTION

If.  Encoder Peripheral Mode Enabled

Then: Accepts Encoder Data (Same Function as pin 33 PLCC or pin 51 VIQFP)

1-7 | - Setto 0

0 | ENCDATIN

Table 24g. Viterbi Write Register Address 06H: Encoder Control Register 1

BIT NAME FUNCTION _ |

0 Encoder Output Mode 1 Puts Encoder in Serial Data Output Mode; 0 Puts Encoder in Parallel Data Output Mode

Selection See Parallel vs. Serial Data Modes for more information.

1| s/w ENCODER RESET A transition from "0" to "1 resets decoder functions (similar to pin 37 PLCC or pin 55 VIQFP). Connect pin 37 to logic "0
when using this software-controlled reset. Bit 1 should be set to "0" when using the ENCRESET pin.

2 Encoder Rate '/2 Enable T Makes Encoder Operate with Code Rate D

3 | Encoder Rate /4 Enable 1 Makes Encoder Operate with Code Rate Y

4 | Encoder Rate '/3 Enable 1 Makes Encoder Operate with Code Rate '

5 | Encoder Rate //8 Enable | 1 Makes Encoder Operate with Code Rate /s
67 | - Setto 0

Table 24h. Viterbi Write Register Address 07H: Encoder Control Register 2

BIT NAME FUNCTION |
02 | - Set 10 0 |
1 Makes Encoder Use Processor Bus Interface for Data input/Output (Peripheral Mode)

ENCODER PERIPHERAL/ See Processor Bus Inferface section of Q7900 Pin Funm:ms table.
3 DIRECT DATA MODE 0 Makes Encoder Use 1/0 Pins for Data Input/Qutput (Direct Data Mode)
See Encoder 1/0 Pins in Q1900 Pin Functions table.
Signals Affected: ENCDATIN, €0, C1, €2
a4 | oiFFEne v 1 Enables Differential Encoder; 0 Disables Differential Encoder
The Setting of This Bit Does Not Affect the Operation of the Differential Decoder
5 | scramBEnA 1 Enables the Data Scrambler; 0 Disables the Data Scrambler. Data scrambler uses a slightty modified CCITT
algorithm preferred by most systems, including INTELSAT.
= Setto 0
1 |- Setto 0
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Table 24i. Viterbi Write Register Address 08H: Normalization Test Bit-Count input Register

fl BIT NAME FUNCTION [
" 07 TCOUNT Determines the Length of the Synchronization Monitor Test; Requires an Eight-bit Value ||
(Bit 0 is LSB) See Normalization Rate Monitor Operation for more information.

Table 24j. Viterbi Write Register Address 09H: Normalization Test Normalize-Count Input Register

BIT NAME FUNCTION I
07 NCOUNT Determines the Normalization Threshold Leve! for the Synchronization Monitor Test; Requires an Eight-bit Vaiue
(Bit 0 is LSB) See Normalization Rate Monitor Operation for more information.

Table 24k. Viterbi Write Register Address OAH: BER Period Input Register LS Byte

fl Bir NAME FUNCTION: Determines BER Period |
" o7 | BERPERIOD 1S Byte LS Byte of 24-bit (Three Byte) Value of Period of On-chip BER Monitor ||
(Bit 0 is LSB) See Monitoring Charnel Bit Error Rate for more information.

Table 241. Viterbi Write Register Address 0BH: BER Period Input Register CS Byte

|| BIT NAME FUNCTION: Determines BER Period
" 07 | BERPERIODCS Byte €S Byte of 24-bit (Three Byte) Value of Period of On-chip BER Monitor "
(Bit 0 is LSB) See Monitoring Channel Bit Error Rate for more information.

Table 24m. Viterbi Write Register Address OCH: BER Period Input Register MS Byte

_ —
(| &ir NAME FUNCTION: Determines BER Period

07 BER PERIOD MS Byte MS Byte of 24-bit (Three Byte) Value of Period of On-chip BER Monitor

(Bit 0 is LSB) See Monitoring Channel Bit Error Rate for more information.

Table 24n. Viterbi Write Register Address OEH: Processor Decoder Input Clack Register
[ Bir NAME FUNCTION _ |

0.7 DECINCLK Generates (When Given Any Value) a Single DECINCLK Clock Cycle

] (Software-controlled) Connect Pin 11 (DECINCLK) to Logic O When Using This Software-controlled Clock

Table 240. Viterbi Write Register Address OFH: Processor Decoder Output Clock Register

{l BiT

NAME

FUNCTION

| o

DECOUTCLK
(Software-tontrolled)

Generates (When Given Any Value) a Single DECOUTCLK Clock Cycle
Connect Pin 23 (DECOUTCLK) to Logic 0 When Using This Software-controlled Clack
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Table 24p. Viterbi Write Register Address 11H: Processor Encoder Input Clock Register

| BIT | NAME FUNCTION I

ENCINCLK Generates (When Given Any Value) a Single ENCINCLK Clock Cycle

(Software-controlled) Connect Pin 36 PLCC or pin 66 VIQFP (ENCINCLK) to Logic 0 When Using This Software-controlled Clock

Table 24q. Viterbi Write Register Address 12H: Processor Encoder Output Clock Register

BIT NAME FUNCTION I

ENCOUTCLK Generates (When Given Any Value) a Single ENCOUTCLK Clock Cycle

(Software-controlled) Connect pin 44 PLCC or pin 66 VIQFP (ENCOUTCLK) to Logic 0 When Using This Software-controlled Clock

Table 24r. Viterbi Write Register Address 17H: Normalization Test Value Enable Register

BIT NAME FUNCTION
Performs Two Functions (When Given Any Value):
Normalization Test Values 1. Enables the Values Previousty Loaded into These Registers:
0-7 | Enable Normalization Test Bit Count Register (Write Address 08H)
(Software-controlled) Normalization Test Normalize Count Register (Write Address 03H)
2. Restarts the Normalization Rate Test _

Table 24s. Viterbi Write Register Address 18H: BER Test Value Enable Register

T e ————————————— ety |
BIT NAME FUNCTION

Performs Two Functions (When Given Any Value):

0-7 :::Jl:ﬂ Vales 1. Enables the Value Previously Loaded into the BER Period Register
(Software-ontrolled) (Three Bytes-Write Addresses OAH, 0BH, and OCH)

2. Restarts the BER Test

Notes:

1. Write registers 0DH, 10H, and 14H are not used.
2. Al bits that are specified as "Set to 0" or "Set to 1" must be set to 0 or 1 for proper operation.

3. Reserved write registers 15H and 16H must be set to 0 for correct operation.
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Table 25a. Trellis Write Register Address 00H: Decoder Data Input Register 1

BIT NAME FUNCTION Same Function as Input Pin PLCC/VTQFP
0 | BMOO[1] Branch Metric 00 (CSB) 28/46
1 | BM10[1] Branch Metric 10 (CSB) 22/38
2 | BMO1[1] Branch Metric 01 (CSB) 17/32
3 | BM11[1] Branch Metric 11 (CSB) 31/49
4 BM00([0] Branch Metric 00 (LSB) 29/47
5 | BM10[0] Branch Metric 10 (LSB) 26/44
6 | BMO1]0] Branch Metric 01(LSB) 18/32
7 | BM11{0] Branch Metric 11 (LSB) 32/50

Table 25b. Trellis Write Register Address 01H: Decoder Data Input Register 2

| BIT NAME FUNCTION _ Same Function as Input Pin PLCC/VTQFP
0 | SECTORO Sector Number (LSB) - 10/24
1 SECTOR1 Sector Number 9/23
2 | SECTOR2 Sector Number 8/22
3 | SECTOR3 Sector Number (MSB) 1224
4 BMOO[2] Branch Metric 00 (MSB) 27/45
5 | BM10[2] Branch Metric 10 (MSB) 19/33
6 BMO1[2] Branch Metric 01(MSB) 16/30
7 | BM1[2] Branch Metric 11 (MSB) 30/48

Table 25¢. Trellis Write Register Address 02H: Decoder Control Register 1

(D NAME FUNCTION |
il 05 Setto 0 Il
it 67 Setto 1 It

Table 25d. Trellis Write Register Address 03H: Decoder Control Register 2

IF

BIT

NAME

FUNCTION

0

Setto 1

1-2

Setto 0

Decoder Peripheral/
Direct Data Mode

1 Makes Decoder Use Processor Bus Interface for Data Input/Output (Peripheral Mode)
See Processor Bus Interface section in the Q7900 Pin Functions tables.

0 Makes Decoder Use Dedicated 1/0 Pins for Data Input/Output (Direct Data Mode)
See Decoder I/0 Pins in Q1900 Pin Functions tables.

DIF DEC ENA

1 Enables the Differential Decoder and Ambiguity Resolver Decoder; 0 Disables the Differential Decoder and Ambiguity
Resolver decoder (The setting of this bit does not affect the operation of the differential encoder and ambiguity resolver
encoder.)

Setto 0

Setto 0

II\[O‘!L}!

8-PSK/16-PSK

1 Selects Rate % 8-PSK Operation; 0 Selects Rate ¥4 16-PSK Operation
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Table 25e. Trellis Write Register Address 04H: Decoder Control Register 3

BIT NAME FUNCTION
0 |- Setto 1
1 {- Setto0
2 Software Decoder | A transition from O to 1 resets decoder functions. Connect pin 13 PLCC or pin 27 VTQFP to logic 0 when using this software-
RESET controlled reset. Bit 2 should be set to 0 when using the DECRESET pin.
3 |- Set to 0

Table 25f. Trellis Write Register Address 05H: Encoder Data Input Register

BIT NAME | FUNCTION

o | encoatpo] If:  Encoder Peripheral Mode Enabled_
Then: Accepts Encoder Data (Same Function as Pin 33 PLCC or Pin 51 VIQFP)

If.  Encoder Peripheral Mode Enabled
Then: Accepts Encoder Data (Same Function as Pin 35 PLCC or Pin 53 VIQFP)
If:  Encoder Peripheral Mode Enabled
Then: Accepts Encoder Data (Same Function as Pin 34 PLCC or Pin 52 VIQFP)
36 | - Setto 0

7 |- Setto 0

1 | ENCDAT[1]

2 | ENCDAT[2]

Table 25¢. Trellis Write Register Address 06H: Encoder Control Register 1

BIT NAME FUNCTION
0 |- Setto0
1 Software Decoder | A transition from 0 to 1 resets decoder functions. Connect Pin 37 PLCC or Pin 55 VIQFP to logic 0 when using this software-
RESET controlled reset. Bit 1 should be set to 0 when using the ENCRESET pin.
2 |- Setto 1
36 |- Setto 0
| 7 1- Setto 1

Table 25h. Trellis Write Register Address 07H: Encoder Control Register 2

|_BIT NAME FUNCTION
0-2 | - Setto 0
1 Makes Encoder Use Processor Bus Interface for Data input/Qutput (Periphera! Mode)
3 Encoder Peripheral/ See Processor Bus Interface section in the Q7900 Pin Functions tables.
Direct Data Mode 0 Makes Encoder Use Dedicated |/0 Pins for Data Input/Qutput (Direct Data Mode)
See Encoder /0 Pinsin Q1900 Pin Functions tables.
1 Enables the Differential Encoder and Ambiguity Resolver Encoder; 0 Disables the Differential Encoder and Ambiguity
4 | DIF ENC ENA Resotver Encoder. (The setting of this bit does not affect the operation of the differential decoder and ambiguity resolver
detoder.)
5 |- Setto 0
6 |- Setto 0
7 | 8-PSK/16-PSK 0 Selects Rate 3 8-PSK Operation; 1 Selects Rate % 16-PSK Operation
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Table 25i. Trellis Write Register Address 08H: Normalization Test Bit-Count Input Register

i Bir NAME FUNCTION I
07 T COUNT Determines the Length of the Synchronization Monitor Test; Requires an 8-bit Value
) (Bit 0 is LSB) See Normalization Rate Monitor Operation for more information.

Table 25j. Trellis Write Register Address 09H: Normalization Test Normalize-Count Input Register

IE NAME FUNCTION |
07 N COUNT Determines the Normalization Threshold for the Synchronization Monitor Test; Requires an 8-bit Value
(Bit 0 is LSB) See Normalization Rate Monitor Operation for more information.

Table 25k. Trellis Write Register Address OEH: Processor Decoder Input Clock Register

IE NAME FUNCTION I
" 07 | DECINCLK Generates (When Given Any Value) a Single DECINCLK Clock Cycle
(Software-controlled) | Connect Pin 11 PLCC or Pin 25 VTQFP (DECINCLK) to Logic 0 When Using This Software-controlled Clock

Table 251. Trellis Write Register Address OFH: Processor Decoder Output Clock Register

BIT NAME FUNCTION
07 DECOUTCLK Generates (When Given Any Value) a Singie DECOUTCLK Clock Cycle "
(Software-controlied) | Connect Pin 23 PLCC or Pin 39 VIQFP (DECOUTCLK) to Logic 0 When Using This Software-controlled Clock

Table 25m. Trellis Write Register Address 11H: Processor Encoder Input Clock Register

[ BT

o

ENCINCLK

NAME

FUNCTION

(Software-controlled)

Generates (When Given Any Value) a Single ENCINCLK Clock Cycle
Connect Pin 36 PLCC or Pin 54 VTQFP (ENCINCLK) to Logic 0 When Using This Software-controlled Clock

Table 25n. Trellis Write Register Address 12H: Processor Encoder Output Clock Register

Il BIT

NAME

FUNCTION |

| o

ENCOUTCLK
{Software-controlled)

Generates (When Given Any Value) a Single ENCOUTCLK Clock Cycle "
Connect Pin 44 PLCC or Pin 66 VIQFP (ENCOUTCLK) to Logic 0 When Using This Software-controlled Clock

BIT

Table 250. Trellis Write Register Address 15H: Reserve Registers

NAME

FUNCTION

| 0-7 I | Setto 0 I

Table 25p. Trellis Write Register Address 16H: Reserve Registers

Il Bir

NAME

FUNCTION

{t 07

Setto 0
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Table 25q. Trellis Write Register Address 17H: Normalization Test Value-Enable Register

BIT NAME FUNCTION
Performs Two Functions (When Given Any Value):
Norm Test Values 1) Enables the Values Previously Loaded into These Registers:
0-7 | Enable Normalization Test Bit-Count Register (Write Address 08H)
(Software-controlled) Normalization Test Normalize-Count Register (Write Address 09H)
2) Restarts the Normalization Rate Test
Notes:

1. Write registers OAH, 0BH, OCH, 0DH, 10H, 13H, and 14H are not used.
2. All bits that are specified as "Set to 0" or "Set to 1" must be set to zero or one for proper operation.
3. Reserved write registers 15H and 16H must be set to zero for correct operation.

PIN DESCRIPTIONS

Figures 41 and 42 show the location of the input and
output pins for Viterbi Mode and Trellis Mode for the
84-pin PLCC package. Tables 26 and 27 describe the
function of each pin for the Viterbi Mode and the
Trellis Mode for the PLCC package.

Figures 43 and 44 show the location of the input and
output pins for Viterbi Mode and Trellis Mode for the
100-pin VTQFP package. Tables 28 and 29 describe the
function of each pin for the Viterbi Mode and Trellis
Mode for the 100-pin VTQFP package.

Figure 41. 84-PIN Pinout for PLCC Packaging for Viterbi Mode
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Table 26. Q1900 PLCC Pin Functions for Viterbi Mode
||MJ|¢ |  PIN# TYPE FUNCTION NOTES
ENCDATIN 3 INPUT_| Encoder Data Input
ENCINCLK 36 INPUT_| Encoder Data Input Clock
ENCOUTCLK 44 INPUT_| Encoder Symbol Qutput Clock
Encoder (| ENCCLKOUT 49 QUTPUT | Encoder Symbot Clock Output
1/0 | COACTIVE 48 QUTPUT | Indicates Output of C0 Bit 1
Pins 0 40 QUTPUT | Encoder Symbol CO 2
1 41 QUTPUT | Encoder Symbol C1
2 42 QUTPUT | Encoder Symbol C2 3
ENCRESET 31 INPUT | Master Encoder Reset {Active High)
ROJ0], RO[1], RO[2] 29 (LSB), 26, 18 INPUT | Decoder RO Input Symbol 4
R1J0], R1[1], R1{2] 28 (LSB) 22, 17 INPUT_| Decoder R1 Input Symbol
R2[0], R2[1], R2[2] 27 (LSB), 19, 16 INPUT_ | Decoder R2 Input Symbol 5
| ROACTIVE/ 15 INPUT | Low Selects RO as Input 6
| ROERASE 32 INPUT | High Erases RO Symbol 13
R1ERASE 31 INPUT | High Erases R1 Symhol 13
R2ERASE 30 INPUT | High Erases R? Symhol 13
DECINCLK 11 INPUT | Decoder Symbol input Clock
Decoder DECOUTCLK 23 INPUT_| Decoder Data Output Clock
/0 DECCLKOUT 55 QUTPUT | Decoder Data Clock Output
Pins DECRESET 13 INPUT_| High Master Resets Decoder Circuitry
SYNCCHNG 14 INPUT | Decoder Syne Change Control {Active High)
QUTOFSYNC 52 OUTPUT | Sync Monitor Test Failure 7
| _INSYNC 53 QUTPUT | Syne Monitor Test Pass 8
DECDATOUT 56 OUTPUT | Decoder Data Output
ROERR 0 OUTPUT | indicates Channel Bit Errors of RO 9
RTERR 69 OUTPUT | Indicates Channel Bit Errors of R1 9
R2ERR/R1EQUT 68 QUTPUT | indicates Channel Bit Errors 9,10
f ROEQUT/EQUT 63 OUTPUT | Indicates Error Signal Timing 11
DATA[0] — DATA[7] 75,.16,79,80, 82, 84,3, 4 1/0 | Processor Interface Data Bus (DATA[O] is LSB)
Processor || ADDR[O] — ADDR[4] 59 (LSB), 60, 61, 62, 66 INPUT__| Processor Interface Address Bus
Bus WR/ 11 INPUT | Processor Interface Write Strobe (Active Low)
Interface || RD/ 5 INPUT__| Processor Interface Read Strobe (Active Low)
Pins s/ 58 INPUT_| Processor Interface Chip Select (Active Low)
BERDONE 50 QUTPUT | BER Test Indicator 12
Votage | o 4.3 3630 |
s:?::y vss 47, 51,54, 57, 67,72,73,74,76,81 | OTOUND
N/C 64 UNUSED | Make No Connection to This Pin |
Notes: 1. In Serial Mode, pin 48 is active High during the period of ENCCLKOUT when CO encoded bit is output.
2. In Serial Mode, pin 40 serves as the encoder output for all output symbols.
3. Inrate Y2 or 7, pin 42 is active High during output of first symbol of puncture pattern.
4. In Serial Mode, pins 29, 26, and 18 serve as the decoder input for all input symbols.
5. Decoder R2 (input pins 27, 19, 16) is used only for rate '3 parallel operation.
6. In Serial Mode, a Low on pin 15 indicates the symbol at RO is the current decoder input symbol.
7. Pin 52 pulses High for two periods of DECCLKOUT when the internal synchronization monitor test fails.
8. Pin 53 pulses High for two periods of DECCLKOUT when the internal synchronization monitor test passes.
9. Pins 70, 69, and 68 indicate channe! bit errors bit-by-bit for RO, R, and R2, respectively (active High for one period of DECCLKOUT).
10. Rate ¥: Pin 68 indicates channel bit errors. Rate % Pin 68 indicates R1ERASE delayed to align to R1ERR output.
11. Rate ¥s: Pin 63 indicates logic OR of ROERASE/R1ERASE/RZERASE delayed to align with ROERR/RTERR/RZERR. Rate Y2: Pin 63 indicates ROERASE delayed to align
to ROERR output.
12. Pin 50 indi:atgs tompletion of internal BER measurement test (active High.)
13. The ROERASE (pin 32), R1ERASE (pin 31), and R2ERASE (pin 30) erase inputs must be connested to logic "0" when symbol erasures are not being used. Symbol erasure
inputs are used to implement punctured code rates other than the rate ¥ and 7s patterns implimented internally on the device.
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Figure 42. 84-pin Pinout for PLCC Packaging for Trellis Mode
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Table 27. Q1900 PLCC Pin Functions for Trellis Mode

SECTION NAME PIN # TYPE FUNCTION NOTES
ENCDATIO] 33 INPUT_ | Encoder data input (LSB)
|_ENCDAT[1] 35 INPUT__| Encoder data input (CSB)
| _ENCDAT[2] 34 INPUT | Encoder data input (MSB) 1
| _ENCINCLK 36 INPUT_{ Encoder data input clock
Encoder ENCOUTCLK 44 INPUT Encoder symbol output clock
170 ENCLKOUT 49 OUTPUT | Encoder symbol clock output
Pins ENCCO 40 OUTPUT | Encoder output (LSB)
ENCC1 41 OUTPUT | Encoder output
ENCC2 42 OUTPUT | Encoder output
ENCC3 48 QUTPUT | Encoder output (MSB) 2
ENCRESET 37 INPUT _| Master encoder reset (active high)
[[roncrve/ 15 INPUT_| Set o logi high
I | BM09[0,1,2] 29 (LSB), 28, 27 INPUT Branch metric input 00
BM01[0,1,2] 18 (L$B) 17, 16 INPUT | Branch metric input 01
BM10[0,1.2] 26 (LSB), 22, 19 INPUT | Branch metric input 10
| BM11[0,1.2] 32 (1SB), 31, 30 INPUT__| Branch metric input 11
SECTOR[O] 10 INPUT | Sector number (LSB)
SECTOR[1] 9 INPUT Sector number
SECTOR[2] 8 INPUT | Sector number
Decoder SECTOR[3] i INPUT | Sector number (MSB) 1
170 DECINCLK 11 INPUT__| Decoder symbol input clock
Pins DECOUTCLK 23 INPUT__| Decoder data output clock
DECCLKOUT 55 QUTPUT | Decoder data clock output
J1_DECRESET 13 INPUT | High master resets decoder circuitry
SYNCCHNG 14 INPUT ] Decoder syne change control (active high)
QUTOFSYNG 52 OUTPUT | Sync monitor test failure 3
INSYNC 53 OUTPUT | Sync monitor test pass 4
DECDAT[0] 56 QUTPUT | Decoder data output (LSB)
DECDAT[1] 64 QUTPUT | Decoder data output (CSB)
DECDAT[? 63 OUTPUT | Decoder data output (MSB 2

DATA[O} — DATA[7] 75,76,79, 80, 82,84, 3,4 1/0 Processor interface data bus (DATA[D] is LSB)
59 (LSB), 60, 61, 62, 66 INPUT | Processor interface address bus

Processor
Bus

ntertace |V 1 INPUT__| Processor interface write strobe (active low) I
Pins Il RO/ 5 INPUT | Processor interface read strobe (active low)
LCs/ 58 INPUT_| Processor interface chip select (active low)
Voltage I VDD (+5V) 2 12,20, 25,38, 43, 45, 65, 71, 83 POWER l
1,6,21, 24, 39, 46, 47, 51, 54, 57, 67, 72,
Sﬂ!)ply vss 73.74. 78, 81 GROUND ||
Pins M 50, 68, 69, 70 UNUSED_| Make no connection to these pins. 1

Notes: 1. This input is used only for rate ¥ 16-PSK mode. This input should be set to a logic low when not used.
2. This is valid for rate ¥ 16-PSK mode only.
3. Pin 52 pulses high for two periods of DECCLKOUT when the internal synchronization monitor test fails.
4. Pin 53 pulses high for two periods of DECCLKOUT when the internal synchronization monitor test passes.
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Figure 43. 100-PIN Pinout for VTQFP Packaging for Viterbi Mode
x
2 E= = =T Sg ==
SspgeSe3558S585585885588888 m
pafonnonaaonnaonnonoooonnonn
CEIRNAK|E2R- BT geooron smar,

VDD 1| 26 100 |/ N/
DECRESET —{ | 27 9 |/ VS
SYNCCHNG T | 28 ‘ 98|/ Vs
ROACTIVE/ T 29 97 1/ VS

R2[2] | 30 9% | 3 N/

R1[2] 3| 1 95 |3 N/C

RO[2] ]| 32 94 |/ VDD

R2[1] 4| 33 93 | 3 ROERR

WD /| M 92 [ RIERR

N/C ]| 35 91 | =3 R2ERR/RIEOUT

Y 01900 9| v

s | % VITERBI MODE 8|1 e

RI[1] ]| 38 88 | — ADDR[4]
DECOUTCLK T | 39 100-PIN VIGFP g ==

vss .| 40 86 |—1 N/

NG T £ 85 | /3 ROEOUT/EQUT

NG | 42 84 | /1 ADDR[3]

VD | 43 83 | [ ADDR[2]

RO} | 44 82 [/ ADDR[1]

R2[0] 1| 45 81 | [ ADDR[0]

RI[0] ]| 46 80 [ —1 C8/

RO[0] 1| 47 19 |/ VS
R2ERASE C— | 48 18 | =1 DECDATOUT
RIERASE C— | 49 771 | =3 DECCLKOUT
ROERASE C—| 50 76 | — Vs§

SRS eESEZIRINRER

IRIRIRIRIRIRIRIRIRI R R

ZEPIBESSUSSUSSBEERUESEYEE

Z == 2 S2E 5

(=} et (=]

1468
QUALCOMM Incorporated, ASIC Products http://www.qualcomm.com/ProdTech/asic
6455 Lusk Boulevard, San Diego, CA 92121-2779, USA E-mail: asic-products@qualcomm.com
Forward Error Correction Products Data Book, 80-24128-1 A, 8/98 Telephone: (619) 658-5005
Data Subject to Change Without Notice Fax: (619) 658-1556

@@ 900333bL 0001890 28b HM

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6204721/q1900.html

Table 28. Q1900 VTQFP Pin Functions for Viterbi Mode
[ secrion NAME PIN # TYPE FUNCTION NOTES
ENCDATIN 51 INPUT__| Encoder Data Input
ENCINCLK 54 INPUT | Encoder Data Input Clock
ENCOUTCLK 66 INPUT__ | Encoder Symbol Output Clock
Encoder ENCCLKOUT i OUTPUT | Encoder Symbol Clock Qutput
170 COACTIVE 10 OUTPUT | Indicates Qutput of CO Bit 1
Pins €0 60 OUTPUT | Encoder Symbol CO 2
01 61 QUTPUT | Encoder Symbol €1
€2 62 OUTPUT | Encoder Symbol €2 3
ENCRESET 55 INPUT | Master Encoder Reset (Active High)
RO[0], RO[1], RO[2] 47 (LSB), 44, 32 INPUT_| Decoder RO Input Symbol 4
R1[0], R1[1], R1[2] 46 (LSB). 38, 31 INPUT [ Decoder R1 Input Symbol
R2[0] R2[1], R2{2] | 45 (LSB), 33,30 INPUT__{ Decoder R2 Input Symbol 5
ROACTIVE/ 29 INPUT | Low Selects RO as Input 6
ROERASE 50 INPUT_| High Erases RO Symbol 13
RIERASE 49 INPUT_| High Erases R1 Symbol 13
R2ERASE 48 INPUT_| High Frases R2 Symhol 13
DECINCLK 25 INPUT__| Decoder Symbol input Clock
Decoder DECOUTCLK 39 INPUT_| Decoder Data Qutput Clock
1/0 DECCLKOUT 71 QUTPUT | Decoder Data Clock Output
Pins | DECRESET 21 INPUT | High Master Resets Decoder Circuitry
SYNCCHNG 28 INPUT | Decoder Sync Change Control (Active High)
QUTOFSYNC 14 QUTPUT | Sync Monitor Test Failure 1
| _INSYNC 15 QUTPUT | Syne Monitor Test Pass 8
DECDATOUT 18 QUIPUT | Decoder Data Qutput
ROERR 93 QUTPUT | Indicates Channel Bit Errors of RO 9
RTERR 92 QUTPUT | Indicates Channei Bit Errors of R1 9
R2ERR/RTEQUT 9 QUTPUT | Indicates Channe! Bit Errors 9,10
ROEQUT/EQUT 85 QUTPUT | Indicates Error Signal Timing 1
|_DATA[0] — DATA[7] 1,2,56.8 10, 16,17 170 ] Processor Interface Data Bus (DATA0] is LSB)
Processor || ADDR[O] — ADDR[4] | 81(1SB) 82, 83 84 88 INPUT | Processor interface Address Bus
Bus WR/ 3 INPUT | Processor Interface Write Strobe (Active Low)
Interface RD/ 18 INPUT_| Processor Interface Read Strobe (Active Low)
Pins cs/ 80 INPUT_| Processor Interface Chip Select (Active Low)
BERDONE 12 — QUTPUT | BER Test Indicator 12_|
VDD 9,15, 26, 34 43, 56, 65 67, 87, 94 POWER
4,7,12,19, 21,22, 23, 24, 37, 40, 52,
| R EE L
Pins N/C 64 56. 89, 95, 96, 100 UNUSED | Make No Connection to This Pin
Notes: 1. In Serial Mode, pin 70 s active High during the period of ENCCLKOUT when CO encoded bit is output,
2. In Serial Mode, pin 60 serves as the encoder output for all output symbols.
3. Inrate ¥ or 74, pin 62 is active High during output of first symbol of puncture pattern.
4. In Serial Mode, pins 47, 44, and 32 serve as the decoder input for all input symbals.
5. Decoder R2 (input pins 45, 33, 30) is used only for rate 3 paralle! operation.
6. In Serial Mode, a Low on pin 29 indicates the symbol at RO is the current decoder input symbol.
7. Pin 74 pulses High for two periods of DECCLKOUT when the internal synchronization monitor test fails.
8. Pin 75 pulses High for two periods of DECCLKOUT when the internal synchronization monitor test passes.
9, Pins 93, 92, and 91 indicate channel bit errors bit-by-bit for RO, R1, and R2, respectively (active High for one period of DECCLKOUT).
10. Rate ¥x: Pin 91 indicates channel bit errors. Rate ¥2: Pin 91 indicates RTERASE delayed to align to R1ERR output.
11. Rate ¥x: Pin 85 indicates logic OR of ROERASE/R1ERASE/R2ERASE delayed to align with ROERR/RTERR/R2ERR. Rate ¥2: Pin 85 indicates ROERASE delayed to align
to ROERR output.
12.Pin 72 indicat'er completion of internal BER measurement test (active High.)
13. The ROERASE (pin 50), R1ERASE (pin 49), and R2ERASE (pin 48) erase inputs must be connected to logic "0" when symbal erasures are not heing used. Symbol erasure
inputs are used to implement punctured code rates other than the rate ¥4 and % patterns implimented internally on the device.
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Figure 44. 100-pin Pinout for VTQFP Package for Trellis Mode
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Table 29. Q1900 VTQFP Pin Functions for Trellis Mode
SECTION NAME PIN # TYPE FUNCTION NOTES
ENCDAT[0} 51 INPUT | Encoder data input (LSB)
ENCDAT[ 1] 53 INPUT__| Encoder data input (CSB)
ENCDAT[?] 52 INPUT__| Encoder data input (MSB) 1
ENCINCLK 54 INPUT | Encoder data input clock
Encoder ENCOUTCLK 66 INPUT | Encoder symbal output clock
170 ENCLKOUT il OUTPUT | Encoder symbol clock output
Pins ENCCO 60 QUTPUT | Encoder output (LSB)
ENCC1 61 QUTPUT | Encoder output
ENCC2 62 OUTPUT ] Encoder output
ENCC3 10 OUTPUT | Encoder output (MSB) 2
ENCRESET 55 INPUT | Master encoder reset (active high)
|ROACTIVE/ 29 INPUT Set to logic high
| BM00[0,1.2] 47 (LSB), 46, 45 INPUT Branch metric input 00
| BM01{0,1,2] 32 (LSB), 31,30 INPUT | Branch metric input 01
BM10[0,1.2] 44 (LSB), 38, 33 INPUT_{ Branch metric input 10
BM11[0,1,2] 50 (LSB), 49, 48 INPUT | Branch metric input 11
SECTOR[O] 24 INPUT__ | Sector number (LSB)
| SECTOR[1] 23 INPUT_] Sector number
SECTORJ2] 22 INPUT | Sector number
Decoder SECTOR[3] 21 INPUT Sector number (MSB) 1
170 | DECINCLK 25 INPUT_| Decoder symbol input clock
Pins DECOUTCLK 39 INPUT Decoder data output clotk
" DECCLKOUT 71 OUTPUT | Decoder data clock output
DECRESET 27 INPUT__| High master resets decoder circuitry
SYNCCHNG 28 INPUT | Decoder sync change control (active high)
QUTOFSYNC 14 QUTPUT | Sync monitor test failure 3
INSYNC 75 OUTPUT | Sync monitor test pass 4
| DECDAT[0] 18 QUTPUT | Decoder data output (L3B)
| DECDAT[1] 86 OUTPUT | Decoder data output (CSB)
DECDAT]2 85 OUTPUT | Decoder data output (MSB) 2
Processor DATA[0] - DATA[T] 1,256,810, 16, 17 /0 Processor interface data bus (DATA[O] is 15B)
Bus ADDR[0] — ADDR[4] 81,82, 83, 84, 88 INPUT | Processor interface ad.dress bus :
Interface WR/ 3 INPUT | Processor ?nterfate write strobe gaqwe low)
Pins RD/ 18 INPUT__1 Processor interface read strobe (active low)
S/ 80 INPUT__| Processor interface chip select (active low)
VDD (+5V) 9, 15, 26, 34, 43, 56, 65, 67, 87, 94 POWER
Voltage 4,7,12,19,37, 40, 59, 68, 69, 73,76, 79,
Supply Y55 90,97, 98,99 GROUND
| Pins N/C ;1 ;g 11;; 52)(1) gg gg g; gg ?(7)658' 63, UNUSED | Make no connection to these pins.
Notes:
1. This input is used only for rate 34 16-PSK mode. This input should be set to a logic low when not used.
2. This is valid for rate 34 16-PSK mode only.
3. Pin 74 pulses high for two periods of DECCLKOUT when the internal synchronization monitor test fails.
4. Pin 75 pulses high for two periods of DECCLKOUT when the internal synchronization monitor test passes.
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ELECTRICAL SPECIFICATIONS The absolute Maximum Ratings are stress ratings only

ABSOLUTE MAXIMUM RATING and functional operation of the device at these or any
Tables 30 and 31 provide the absolute maximum other conditions above those indicated in the
ratings and device thermal ratings for the Q1900. operational sections of this specification is not implied.

Stresses above those listed under “Absolute Maximum  Exposure to absolute maximum rating conditions for
Ratings” may cause permanent damage to the device. extended periods may affect device reliability.

Table 30. Absolute Maximum Ratings

—_— — ———— ——— ]
PARAMETER SYMBOL MIN TYP MAX UNITS
Storage Temperature Ts -65 - +150 °C
Junction Temperature T) - - +150 °C
Voltage on Any Input Pin 0.3 - Voo + 0.3 v
Voltage on Vpp and on Any Output Pin -0.3 - +7 v

Table 31. Device Thermal Ratings

| PARAMETER symoL| MIN_| Tvp | MAX [ UNITS ||

Junetion to Ambient Resistance (Still Air)
84 Pin PLCC Package 0ja - +21 - °C/W
100 Pin VIQFP Package 0ja - +51 - °C/W
Junction to Case Resistance
84 Pin PLCC Package O = +12 - °C/W
100 Pin VIQFP Package Ojc - +19 | - °C/W
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DC ELECTRICAL CHARACTERISTICS

Table 32 shows the DC electrical characteristics for the

Q1900.

Table 32. DC Electrical Characteristics

PARAMETER SYMBOL | MIN MAX UNITS COMMENTS NOTES
Supply Voltage Voo 4.5 5.5 v

Operating Temperature, Case I -55 +125 °¢

High-Level Input Voltage Vin 2.0 Vpp + 0.3 v

Low-Level Input Voltage Wi, 03 08 v |
Input Low Leakage Current I -1.0 - uA Vi = Vss: Voo = Voogway)

Input High Leakage Current Iy - 1.0 LA Vin = Voo = Vonguax)

Input High Leakage Current with Pull-down |  liwpo 20 120 pA Vin = Voo = Vooqwax) 1,6
Tri-state Leakage Current High lom - 1.0 UA Vin = Vo = Yopmaxy 2,1
Tri-state Leakage Current Low o 1.0 - pA Vin = Vss: Voo = Voomax) 2.1
High-Level Output Voitage Vou VDD - 0.8 - v 3,8
Low-Level Qutput Voltage VoL - 0.4 v 4,9
Qutput Short Circuit Current los - 300 mA 5,10
Input Capacitance Cin 5 15 pF

Power Dissipation (Quiescent) Po = 0.2 W

Power Dissipation (@ 30 MHz) Pp - 0.8 L Parallel Operating Modes

Notes:

For Q1900 84-Pin PLCC Package:

Pins 11, 23, 36, and 44 have pull-down devices. All other inputs do not.

For DATA[0] — DATA[7].

Pins 50, 52, and 53 have lo. = + 8mA. All other output pins have lo, = + 16mA.

1
2.
3. Pins 50, 52, and 53 have lo; = - 8mA. All other output pins have loy = -16mA.
4
5

Not more than one output shorted at a time for less than one second.

For Q1900 100-Pin VIQFP Package:

6. Pins 25, 39, 54, and 66 have pull-down devices. All other inputs do not.

7. For Data [0] - DATA [7]:

8. Pins 72, 74, and 75 have los = -8mA. All other output pins have loy = -16mA.
9. Pins 72,74, and 75 have . = +8mA. All other output pins have lo. = +16 mA.

10. Not more than one output shorted at a time for less than one second.
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TIMING CHARACTERISTICS

Figures 45 - 47 and Tables 33 - 35 provide the timing

specifications for the Q1900. These specifications are
valid only for the recommended operating conditions.

Figure 45. Processor interface Timing Diagram
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Table 33a. Processor Interface Timing Parameters (Write Signal)
PARAMETER (Write Signal) SYMBOL || MIN* | MAX* | UNITS
Data Setup to WR/ Rising togy 20 - ns
Data Hold After WR/ Rising fon 5 - ns
(S/ Falling to WR/ Falling tow 15 - ns
Address Hold After WR/ Rising twax 5 - ns
S/ Hold After WR/ Rising twe 5 - ns
Address Valid to WR/ Falling taw 20 - ns
WR/ Period twe 80 - ns
Table 33b. Processor Interface Timing Parameters (Read Signal)

PARAMETER (Read Signal) SYMBOL | MIN® MAX* UNITS
Address Valid to RD/ Falling ta 20 - ns
RD/ Period tro 80 - ns
(5/ Falling to RD/ Falling [ 15 - ns
Address Hold After WR/ rising Tax 5 - ns
(S/ Hold After RD/ Rising Ia - ns
RD/ Falling to DATA Valid tRoav - 60 ns
Data Hold After RD/ Rising fRopAz 0 15 ns

* Te=-551t0125°C, Vpp=4.5t05.5V

Values assume a 75 pF load on the data bus pins. Al timings are

measured from the switching level of 1.4 V.
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Figure 46. Encoder Clock Timing Diagram
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Table 34a. Encoder Clock Timing Parameters for Viterbi Mode (all Parallel Rates)

PARAMETER SYMBOL || MIN | MAX || MIN | MAX || MIN | MAX || MIN | MAX || UNITS
Supply Voltage Vop 45 55 45 5.5 475 | 55 5.0 5.5 v
Operating Temperature, Case T 55 | 125 -40 85 -40 85 -40 85 °¢
Max Frequency (=1/tg) ENCINCLK - 20 - 25 - 28 - 30 MH:z
Encoder IN Clock Period to 50 - 40 - 35.7 - 333 - ns
ENCDATIN Setup to ENCINCLK Rise tencsy 5 - 5 - 5 - 5 - s
ENCDATIN Hold After ENCINCLK Rise | tencuio 5 - 5 - 5 - 5 - ns
ENCINCLK Clock Low & High Period | tey & try 20 - 16 - 14.3 - 13.3 - ns
Max Freguency (=1/tgoyy) ENCOUTCLK 20 - 25 - 28 - 30 MHz
Encoder OUT Clock Period tegur 50 40 - 35.1 - 3.3 - ns
ENCOUTCLK Rise to ENCCLKOUT Fali tepr - 15 - 12 ~ 10.7 - 10 ns
ENCOUTCLK Fall to ENCCLKOUT Rise terp - 15 - 12 - 10.7 - 10 ns
ENCOUTCLK Low & High Period Leo & teon 20 - 16 - 14.3 - 13.3 - ns
Data Valid After Clock Output Rising Lencep 0 5 0 5 0 5 0 5 ns
Minimum Reset Period tepes 100* - 80" - 12* - 67" - ns

* Minimum Value is 2 ECLKyx where ECLKyx = the Period of ENCINCLK or
ENCOUTCLK, whichever is greater.

Values assume a 30 pF load on Output Pins. All timings are measured from the
switching level of 1.4 V.

Table 34b. Encoder Clock Timing Parameters for Viterbi Mode (Rate /2 and/3 Serial)

PARAMETER SYMBOL || MIN | maX || MIN | Max || unis
Supply Voltage Voo 45 | 5.5 45 | 55 ]
Operating Temperature, Case T-c 55 | 125 -40 85 °C
Max Frequency (=1/tgy) Rate " Serial ENCINCLK Il - 20 - 25 || MHz
Max Frequency (=1/tgn) Rate '3 Serial ENCINCLK - 133 - 16.7 || MHz
Encoder IN Clock Period Rate "2 Serial T 50 - 40 - ns
Encoder IN Clock Period Rate /3 Serial oy 75 - 60 - ns
ENCDATIN Setup to ENCINCLK Rise tenesy 5 - 5 - ns
ENCDATIN Hold After ENCINCLK Rise tENCHLD 5 - 5 - ns
ENCINCLK Clock Low & High Period ten & ton 20 - 16 - ns
Max Frequency (=1/tgouy) Rate "2 and Y3 Serial | ENCOUTCLK ]| - 40 - 50 MHz
Encoder OUT Clock Period Rate "2 and "5 Serial |  tsour 25 - 20 - ns
ENCOUTCLK Rise to ENCCLKOUT Fall teRr - 15 - 12 ns
ENCOUTCLK Fall to ENCCLKOUT Rise terR - 15 - 12 ns
ENCOUTCLK Low & High Period o &teon | 20 - 16 - ns
Data Valid After Clock Output Rising tencen 0 5 0 5 ns
Minimum Reset Period tenes 100* - 80" - ns

* Minimum Value is 2 ECLKyu where ECLK,uy = the Period of ENCINCLK.

Values assume a 30 pF load on Output Pins. All timings are measured from the
switching level of 1.4 V.
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Figure 47. Decoder Clock Timing Diagram
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Table 35a. Decoder Clock Timing Parameters for Viterbi Mode (all Parallel Rates) and Treflis Mode (all Rates)
PARAMETER SYMBOL || MIN | MAX [| MIN | MAX || MIN | MAX || MIN | MAX | UNITS
Supply Voltage Voo 45 | 55 45 | 55 || 475 | 55 50 | 55 ]
Operating Temperature, Case T -55 | 125 -40 85 -40 85 -40 85 °C
Max Frequency (=1/tp) DECINCLK || - 20 - 25 - 28 - 30 MHz
Decoder IN Clock Period to 50 40 - 357 - 33.3 - ns
Data Setup to DECINCLK Rise torcsy 5 - - 5 - 5 - ns
Data Hold After DECINCLK Rise {Deci 5 - - 5 - 5 - ns
DECINCLK Low & High Period toi & tpon 20 - 16 - 14.3 - 13.3 - ns
Max Frequency (=1/tpour) DECOUTCLK ) — 20 - 25 - 28 - 30 MHz
Decoder OUT Clock Period _toout 50 - 40 - 35.7 - 33.3 - ns
DECOUTCLK Rise to DECCLKOUT Fall tore - 18 - 15 - 13 - 12 ns
DECOUTCLK Fall to DECCLKOUT Rise torr - 18 - 15 - 13 — 12 ns
DECOUTCLK Low & High Period tog &too J| 20 - 16 - 14.3 - 13.3 - s
Sector Number Setup to DECOUTCLK Rise tsnsy 5 - 5 - 5 - 5 - ns
Sector Number Hold to DECOUTCLK Rise Isnun 5 - 5 - 5 - 5 - s
Data Valid After Clock Qutput Rising toepp 0 12 0 12 0 12 0 12 ns
Minimum Reset Period toges |} 100- | - 80+ - 72* - 67+ - ns
* Minimum Value is 2 * DCLKyax, where DCLKyax = the Period of
DECINCLK or DECOUTCLK, whichever is greater.
Values assume a 30 pF load on Output Pins. Al timings are measured from the
switching level of 1.4 V.
Table 35b. Decoder Clock Timing Parameters for Viterbi Mode (Rate /2 and"/3 Serial)
PARAMETER SYMBOL {| MIN [ MAX {| MIN | MAX || UNITS
Supply Voltage Vop 45 | 55 4.5 5.5 v
Operating Temperature, Case Te -85 | 125 || -40 85 °C
Max Frequency (=1/tpy) Rate 2 and V3 Serial | DECINCLK - 40 - 50 MHz
Decoder IN Clock Period Rate 12 and '3 Serial o 25 - 20 - ns
Data Setup to DECINCLK Rise torcsu 5 - 5 - ns
Data Hold After DECINCLK Rise toecHLD 5 - 5 - ns
DECINCLK Low & High Period ty&tpon i 20 - 16 - ns
Max Freguency (=1/ tgg_m) Rate 2 Serial DECOUTCLK [} © 20 0 25 MHz
Max Frequenty (=1/tpoyy) Rate 1 Serial DECOUTCLK ]I © 133 0 16.7 || MHz
Decoder QUT Clock Period Rate /2 Serial {pour 50 - 40 - ns
Decoder OUT Clock Period Rate /3 Serial togur 75 - 60 - ns
DECOUTCLK Rise to DECCLKOUT Fall Ipgr - 18 - 15 ns
DECOUTCLK Fall to DECCLKOUT Rise torr - 18 - 15 ns
DECOUTCLK Low & High Period too & togm || 20 - 16 - ns
Sector Number Setup to DECOUTCLK Rise tsnsy 5 - 5 - ns
Sector Number Hold to DECOUTCLK Rise tshup 5 - 5 - ns
Data Valid After Clock Output Rising tpeeeo 0 | 2| o | 12 | w
Minimum Reset Period togesf| 100- - 80+ - ns
* Minimum Value is 2 * DCLKpax, where DCLKmax = the Period of DECOUTCLK.
Values assume a 30 pF load on Output Pins. All timings are measured from the
switching level of 1.4 V.
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PACKAGES for the VTQFP package. Dimensions are given in

The Q1900 is available in two packages, an 84-pin inches (mm). A suggested socket for the 84-pin PLCC
PLCC or a 100-pin VTQFP. The package drawings are is AMP P/N 821573-1 (through-hole board mounted) or
given in Figure 48 for the PLCC package and Figure 49 ~ P/N 822282-1.

Figure 48. Q1900 PLCC Package Diagram
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All dimensions are in inches and (millimeters).
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Figure 49. Q1900 VTQFP Package Diagram
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