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Product Specification

MAPO4T Features

e 16 state soft-in—soft-out (SISO) maximum a
posteriori (MAP) triple interleaved error control
decoder and systematic recursive convolutional
encoder

e Up to 95 Mbit/s decoding speed

e Rate 1/2, 1/3, or 1/4 with optional punctured in-
puts

¢ 6-hit received data, 8—bit soft—in and soft—out
data for information and parity bits for all rates

e 8-bit branch metric inputs for rate 1/2

e Optional code polynomials

e Optional block decoding with or without tail

e Optional max—log—MAP or log—MAP algorithm
with 9 or 17 programmable SNR'’s

e Continuous sliding block algorithm with sliding
block lengths of 32 or 64

e Low decoding delay (400 or 784 CLK cycles)

e No external RAM required

¢ Asynchronous logic free design

e Ideal for iterative decoding of CCSDS turbo
codes

¢ Available as BIT/MCS files for download into Xi-
linx Virtex field programmable gate arrays
(FPGA) or EDIF/VHDL core

Introduction

The MAPOAT is a 16 state very high speed
maximum a posteriori (MAP) soft—in—soft—out
(SISO) triple interleaved error control decoders
with log—likelihood-ratio outputs for both the data
and parity bits. A MAP decoder finds the most like-
ly information bit to have been transmitted given
areceived noisy or distorted sequence, thus mini-
mising the bit error rate (BER). This is unlike a Vit-
erbi decoder which finds the most likely coded se-
guence. At low BERs, the MAP and Viterbi algor-
ithms provide almost identical performance. How-
ever, at high BERs such as that experienced in it-
erative “turbo” decoders, MAP decoders can per-
form approximately 1 dB better than soft—output
Viterbi decoder algorithms. A MAP decoder also
inherently provides a soft output.

To achieve maximum decoding speed, the
MAPOAT uses three stages of internal pipelining.
This results in a single MAP decoder that is equi-
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Figure 1: MAPO4T schematic symbol.
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Figure 2: ENC04T schematic symbol.

valentto three MAP decoders operating in parallel
in a triple interleaved structure.

Figures 1 and 2 show the schematic symbols
for the MAPOAT decoder and ENCO4T encoder,

30 January 2002 (Version 3.2)



Small VWérld Communications

MAPO4AT

respectively. These are the symbols that are used
to compile various BIT files for download into Xi-
linx FPGA’s. These symbols, along with an EDIF
core for the ENCOAT are freely available for
Foundation schematics from [1]. Table 1 shows
the various Xilinx parts currently supported. Sup-
port for other Xilinx Virtex parts are available on re-
quest. Consult the Xilinx data book for a list of de-
vices, speeds, and packages currently available.

Table 1: Xilinx parts currently supported*.

MAP Decoder/ Speed (Mbit/s)/

Xilinx Part Speed Grade
MAPO4T/XCV400 56.8/-4 | 65.3/-5|73.2/-6
MAPO4T/XCV400E |76.3/-6 | 85.3/-7 | 95.6/-8

*Mode 1H, C4PIN low, MAP high

Encoder

Figure 3 gives a block diagram of the triple
interleaved 16 state systematic recursive encoder
available in the ENCO4T. The input and output D
FF’s are not shown. X is the data input and YO to
Y3 are the coded outputs. Gilj = g/ € {0,1}, 0 =<
i =3,1 <)<= 3, correspond to the code poly-
nomial coefficients which are also used by the de-
coder. Data is clocked during the low to high trans-
ition of ECLK. Note that due to three stages of in-

ternal pipelining in the MAP decoder, each delay
element (D3) is equivalent to a length three shift
register.

The encoder polynomials are defined as

g(D) = 1 + g!D + g?D? + g°D* + D* (1)
where D is the delay operator and + indicates mo-
dulo-2 (exclusive OR) addition. Itis usual practice
to express the coefficients in octal notation, e.g.,
0o =23g=10011, = go(D) = 1 + D3+ D4. This cor-
responds to GOI[3:1] = 100,.

Figure 4 shows the timing diagram for encod-
ing a block of data of length N, including 12 tail bits
(the subscripts indicate the time index). The en-
coder starts and ends in state 0. The ENC_INIT
signal is used to indicate the start of the block and
initialises the encoder state to 0 when high and
during a low to high transition of ECLK. The
ENC_TAIL signal is used to force the final encoder
state to zero after being held high for 12 ECLK
cycles. While ENC_TAIL is held high, the multi-
plexer in Figure 3 is in the “Tail” position, i.e., the
input data is not selected.

For continuous data operation ENC_INIT and
ENC_TAIL should be held low.

The CCSDS turbo code standard [2] has
GOI[3:1] = 100,, G1I[3:1] = 101,, G2I[3:1] = 0105,
and G3I[3:1] = 111,.
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Figure 3: ENCOA4T triple interleaved 16 state systematic recursive convolutional encoder.
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Figure 4: ENCO4T Encoder Timing

MAP Decoder

The MAP decoder is designed to be very flex-
ible and can be operated in either continuous or
block mode.

Theory of Operation

The MAP decoding algorithm [4] finds the fol-
lowing likelihood ratio:

1o - P = URY. @

P(d, = OIR})
where di is the encoded data bit at time k (equiva-
lent to X in Figure 3) and RY is the received data
from time 1 to N. The basic algorithm for an addi-
tive white Gaussian noise (AWGN) channel in-
volves exponentials, multiplytadd, and division
operations. By taking the negative logarithm of
(2), the exponentials disappear, the multiplies be-
comes additions, the divisions become subtrac-
tions, and the additions become the E operand de-
fined below:
a E b = min(a,b) — f(Ja — bl) 3)

where

f(z) = cIn(l + e~%°) (4)
and c is a constant dependent on the signal ampli-
tude and noise variance. The function f(z) is im-
plemented as look up tables within the decoder.
When C4PIN and the MAP pin are both high, there
are 18 integer values of c, from 0 to 17 via the C
inputs. C should be equal to the closest integer to
c. For example, if ¢ = 7.442, then C[4:.0] =7 =
00111,. Values of C greater than 17 are limited to
17. Due to quantisation effects, C = 1 is equivalent
toC=0.

When C = 0, f(z) = 0 and the subzMAP (also
known as maxzlogtMAP) algorithm is implem-
ented [5]. The sub£MAP algorithm does not re-
quire knowledge of the signal to noise ratio (SNR),
but does not perform as well as the MAP algor-

ithm. The MAP pin when low can also be used to
select sub+MAP operation.

Note that when a change in C is detected on a
lowztoxhigh transition of CLK, the decoder takes
67 CLK cycles for the new look+up tables to be
loaded. If achange in Cis detected during loading,
the whole operation starts again.

When C4PIN and C4 are both grounded, the
maximum value of C is 9. This reduces the decod-
er complexity. The decoder takes 35 CLK cycles
for the new look+up tables to be loaded. Note that
C4PIN and MAP are soft inputs and should not be
connected to a pin.

We define the logtlikelihood ratio as

Ly = —clnip. ()

For binary phase shift keying (BPSK) or quadra-
ture phase shift keying (QPSK) modulation the re-
ceived signal is described by

RL = A((X — 2y)//m + n)) ©6)

where A is the signal amplitude, y, € {0,1},i=0
to 3 correspond to the coded bits, m = 1 for BPSK
or m = 2 for QPSK, and n, is a Gaussian distri-
buted random variable with zero mean and nor-
malised variance o2 For a systematic code
yp = d,. Figure 5 shows the signal sets for BPSK
and QPSK. We have

0 = (ZmRE—Z) 7

where E,_ /N, is the energy per bit to single sided
noise density ratio and R = k/n is the code rate (k
is the number of information bits and n is the
number of coded bits).

Since a zero is transmitted as +A//m and a

one is transmitted as — A/ /m the sign bit of a
noiseless RY in two's complement notation is
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Q Lo = 7%+ RO + 20, (11)
1 1 0 - P where Z¥ is the extrinsic information.
+A | The MAPOAT also provides a log ratio output
BPSK for the parity bits yL, 1 < j =< 3 (equivalent to Yj
in Figure 3). We define this as
Q .
U = - cin & 2R (12)
10 A/ /21 00 ko P{(c, = OIRY)
A which corresponds to LjO. Similarly to L?, we can
: =P express Ll as
-A/ 2 A/ V2 . . . -,
LU =2+R +2Z (13)
11 -a//2+4 01 where Z! is the a priori information for y!, R} is the
QPSK received noisy parity symbol (Rjl), and Z}' is the

Figure 5: BPSK and QPSK signal sets.

equal to di. Similarly, (2) is formed so that the sign
bit of Ly is equal to the estimate of dy, i.e.,

a\k: OZLkZO. (8)
1:L,<0

For optimal performance with BPSK or QPSK, the

constant ¢ should be adjusted such that

c =o02/mA/2. (9)
Due to quantisation and limiting effects the value
of A should also be adjusted according to the re-
ceived signal to noise ratio. A program for calcu-
lating the optimum values of A and c is freely avail-
able from [3].

The value of A directly corresponds to the 6-bit
signed magnitude inputs (described in more detalil
later). The 6-bit inputs have 63 quantisation re-
gions with a central dead zone. The quantisation
regions are labelled from—-31to +31. For example,
one could have A = 15.7. This value of A lies in
quantisation region 16 (which has a range be-
tween 15.5 and 16.5).

Example 1: Rate 1/3 BPSK code operating at
E,/N, = 0.3 dB. From (7) we have ¢% = 1.39988.
Assuming ¢ = 11 we have from (9) that A = 15.7.

Example 2: Rate 1/2 QPSK code operating at
E,/N, = 0.8 dB. From (7) we have ¢? = 0.41588.
Assuming ¢ = 7 we have from (9) that A = 23.8.
Note thatthe amplitude in each dimensionis A/ /2
= 16.8.

A priori information corresponding to the in-
formation bit can also be input to the MAP decod-
er. This input corresponds to

o _ _ Pldi = 1)
Z) = CIn(Pr(dk — O))’ (20)

and is Z0l in the MAPOAT. The output L{ (corres-
ponding to LOO) can be expressed as

extrinsic information for y;.

Decoder Operation

The MAPOA4T is a sliding block decoder [6] and
is thus able to continuously decode data (just like
a Viterbi decoder). When SML_LRG_DEL is low
or high the sliding block length (L) is 32 or 64, re-
spectively. The decoding delay is 400 or 784 CLK
cycles. For best performance an L of 64 should be
chosen, especially when punctured codes are
used. For minimum delay, L of 32 can be chosen.

The MAPOAT also uses a unique triple inter-
leaved architecture to maximise decoder speed.
The equivalent decoder architecture is shown in
Figure 6. Internally, the decoder is implemented
as a single MAP decoder, but with three stages of
pipelining. This allows a decoder speed that is
nearly three times of what can normally be
achieved with only a moderate increase in com-
plexity.

The encoded and decoded streams are equi-
valent to three completely independent inter-
leaved streams. Each equivalent MAP decoder
has a decoding delay of 1331/3 or 2611/3 bits.

Block Operation

The decoder is also able to decode blocks of
data with the same low decoder delay as in con-
tinuous mode. The static inputs BLK_START_0
and BLK_END_0 when high indicate whether the
block starts or ends in state 0. When low the de-
coder assumes that the block starts or ends in an
unknown state. The signals BLK_START and
BLK_END indicate the start and end of the block
in time. When these signals go high the forward
and reverse state metrics of the MAP algorithm
are initialised to their appropriate starting values.
Figure 7 illustrates the timing for block encoded
data. Note that only one of the triple interleaved
schemes is using the BLK_START and BLK_END
signals in this example.
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Figure 6: Equivalent triple interleaved MAP decoder.

Block codes with four parity bits can also be de-
coded. For these codes Y1 to Y3 are not used and
R1l to R3l are set to 0. The divisor polynomial gg
should be a primitive polynomial such as gg =
1 + D® + D* (GOI[3:1] = 100,). Block encoding
and decoding is performed as normal (the encod-
er and decoder states must be made to both start
and end in state zero). The (15,11) BCH codes are
block codes that can be near—optimally decoded.
Shorter or longer block lengths are also possible.

Data Formats

When RZ is low, the seven bit received data
ROI to R3I can be in signed magnitude or two’s
complement format. In signed magnitude format
(SMG_TCM low), the most significant bit (i.e.,
Ril6, i = 0 to 3) corresponds to the sign bit and the
remaining bits represent the magnitude. When
SMG_TCM is high the input data is in two’s com-
plement format. Table 2 gives a partial listing of the
range represented by each quantised value.

Internally, the decoder converts the seven bit
ROI to R3I values to six bit signed magnitude
quantisation with a central dead zone. Table 3
shows the six bit internal quantisation ranges. For
external six bit signed magnitude data with central
dead zone quantisation, the data is input to
Ril[6:1] with Ril0 = 0. For six bit two’s complement

CLK ) . / [ -

data with central dead quantisation, the data is
input to Ril[6:1] with RilO = Ril6.

Table 2: Quantisation for ROl to R3I.

Sign Mag. Two’s Comp Range
63 63 63<>
62 62 62<>63
1 1 12
0 0 0«1
64 127 —-1<0
65 126 —2<-1
126 65 —63<>—62
127 64 —0<>—63

Internally, ZOl is added to ROI to produce an
eight bit signed magnitude value. When RZ is low,
the seven bit R1Ito R3l inputs are converted to six
bit signed magnitude values with a central dead
zone.

When RZ is high RIE,Ril[6:0] fori = 1 to 3 are
equal to eight bit two’'s complement inputs with
notation Z11[7:0] to Z3I[7:0]. Internally, Z11 to Z3lI
are converted to eight bit signed magnitude va-
lues. This allows the decoder to iteratively decode
serially concatenated convolutional codes. In this

ROl to R3l :XYN—:I:.X Yo ! X Y1

XYN—SEXYN—A;XYN—SEXYN—ZE XYN-1;X YO; &2

BLK_START ' e\
BLK_END L

Figure 7: Decoder Block Timing
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case, the inner decoder has RZ low and the outer
decoder has RZ high. For iteratively decoding par-
allel concatenated codes, RZ is low for both the
inner and outer decoders.

Table 3: Internal quantisation for ROl to R3I.

Decimal Binary Range
31 011111 30.5<
30 011110 29.5+<»30.5

2 000010 1.5+<25

1 000001 0.5<»1.5

0 000000 —-0.5<>0.5
32 100000 —0.5<=0.5
33 100001 -1.5<=-0.5
34 100010 —-2.5<-15
62 111110 -30.5<=-29.5
63 111111 -0 <-30.5

The eight bit Z0I to Z3I inputs and LOO to L3O
outputs are in two’s complement arithmetic. Table
4 gives a partial listing of the range represented by
each quantised value.

Table 4: Quantisation for Z0I to Z3l and LOO to
L30.

Decimal Binary Range
127 01111111 127<>
126 01111110 126<-127

1 00000001 12

0 00000000 0<=1
255 11111111 —1<0
254 11111110 —2<>-1
129 10000001 —127<>-126
128 10000000 —00<>—127

For rate 1/2 codes and MODE = 7 (see next
section), RIE,Ril[6:0] fori=0to 3 are equal to eight
bit branch metric (BM) inputs with notation
BMOI[7:0] to BM3I[7:0]. RZ, SMG_TCM, and Z0lI
inputs are not used. The BM inputs correspond to
the BM’s for symbols 2yl + y9, e.g., the BM for y1
=1 and y9 = 0 corresponds to BM2Il. The BM’s
range in value from 0 to 255. The lower the BM
value, the more likely the symbol. To maximise
performance, the smallest BM should be sub-
tracted from all four BM’'s (implying that the
smallest BM will then be equal to zero).

The branch metric inputs can be used to de-
code signal sets other than BPSK and QPSK,
e.g., rate 1/2 16QAM. For these signal sets, the
branch metrics are not linear to the received sig-
nal. Non-linear computations or look—up tables
can be used to calculate the branch metrics for
these signal sets.

Punctured Code Operation

When RZ is low, the input signals ROE to R3E
are used to enable the received data inputs ROl to
R3l, respectively. Data is erased when ROE to
R3E are low for use in punctured code decoding.
Manual puncturing can be performed by forcing
ROI[5:0] to R3I[5:0] low.

Example 3: Rate 1/2 code punctured to rate
2/3. Inthis case the systematic bit is not punctured
(ROE high) while the parity bit is punctured every
second bit (R1E alternates between high and
low). R1E is equal to CLK divided by six. The
phase of R1E needs to match the received data so
that when R1E is low, the parity information is
punctured.

Mode Selection

To minimise the decoder complexity, the
MODE[2:0] inputs can be used with the schematic
symbols to select only those rates and input types
that are expected to be used. Table 5 lists the ten
possible modes of operation for the MAPOAT.

Table 5: Mode selection (MAP high, C4PIN low)

Slices | Slices | Block

(L) (H) RAM
2994 | 3038 11
3021 | 3065 14
3141 | 3185 17
R 3501 | 3545 20
R,Z 3878 | 3962 14
R,Z 4879 | 5003 17
R,Z 6120 | 6284 20
2 BM 2973 | 3017 20
42| R,BM | 3549 | 3593 20
42 |R,ZBM | 6168 | 6332 20

Mode | n Input

pul Pvl oy

AlWIN|BR]lWIN]PF-

Olo|N|o|O|lB~]lWIN]|F|O

For modes 0 to 7, MODE[2:0] is directly equal
to the mode number, e.g., for mode 4, MODE[2:0]
=100,. These inputs should be connected to inter-
nal VCC and GND supplies. Connecting the in-
puts to pads will result in excessive configurable
logic block (CLB) usage and decreased decoder
speed.
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Table 6: Inputs and outputs selected for BIT/MCS files for different modes
Mode
Inputs and Outputs ol11213Tl4ls51l6l71819
BLK_END, BLK_END_0,BLK_START,BLK START 0,CLK |e |e (e |®e |eo e (e |0 |eo e
RESET, ECLK, ENC_INIT, ENC_TAIL, X o|o (/o |o|0o|0o|jeo|e|e]e
SML_LRG_DEL*, C[4:0]" ojo(o|[o|[o|e[e|[o]|e]e
ROE, ROI[6:0], YO, LOO[7:0] o(o|jojo|eo|eo|e|o|e|e
R1E, R11[6:0], Y1 o(ojojo|e|o|o|o|e
R2E, R21[6:0] o|e o|o|o|e|e
Y2 ole ole o|e
R3E, R3I[6:0] ° o|lo|o]e
Y3 ° ° o|e
L10O[7:0], RZ ° ° °
L20[7:0] ° °
L30[7:0] ° °
MODEO/MODE2 o|e
SMG_TCM, Z0I[7:0] oo |o|o|0o|o]|e o |e
* Not connected for d = L; + C[4:0] not connected if MAP low, C4 not connected if C4PIN low

For mode 8, MODE2 should be connected to
an input pad while MODE1 and MODEOQ should be
connected to VCC. MODEZ2 can then be used to
select between R inputs with n = 4 (MODEZ2 low)
and BM inputs with n = 2 (MODE2 high).

For mode 9, MODEO should be connected to
an input pad while MODE1 and MODEZ2 should be
connected to VCC. MODEO can then be used to
select between R or Z inputs withn = 4 (MODEOQO
low) and BM inputs with n = 2 (MODEO high).

For R inputs, only LOO is output. For R,Z inputs
all the outputs are provided corresponding to the
number of inputs. Table 6 shows the various in-
puts and outputs that are available for BIT/MCS
files for the ten different modes. Both the encoder
and decoder use the same G inputs.

(L) indicates the estimated number of slices
used for both the encoder and decoder with L = 32
only. (H) indicates the estimated number of slices
with L = 32 or 64.

Other inputs that should not be connected to
pins are C4PIN and MAP. These pins are used to
trade off various options with decoder complexity.

The MAP pin is used to select whether the in-

ternal lookup tables are used. When MAP is high,
normal MAP decoding is performed. When MAP
is low, sub—MAP operation is selected. In this
case, C[4:0] and C4PIN are not used. If MAP is
high and C4PIN is low then C4 must not be con-
nected to a pin. If C4PIN is high then C4 should be
connected to a pin. Table 7 shows the change in
slices for these configurations compared to Table
5.

Table 7: Change in slices

MAPO4T
Mode [ wmaP=L | MAP=H
C4PIN=H
0-3,7,8 | —966 | +681
4 -1341 +906
5 -1716 | +1251
6,9 —2091 | +1536

If the code selection inputs GOI to G3I are con-
nected to pins, decoder complexity increases by
approximately 10—-20%.

30 January 2002 (Version 3.2)



Small World Communications

MAPO4AT

Decoder Performance

Figure 8 plots BER versus Ey/Ng of the
MAPO4T in continuous decoding operation at
code rate 1/2 with code polynomials gg = 37g and
01 =21g. ABPSKamplitude A of 12 was used from
—2to-1dB and A = 16 was used from -0.5 to 3
dB. The value of ¢ used at each operating point
was the optimum value quantised to the nearest
integer. The “software MAP” curve is a computer
simulation of the MAP decoding algorithm with no
quantisation. As can be seen, the MAPO4T
achieves near optimum performance with an im-
plementation loss in the hundredths of a dB.

Notice that the sub—MAP decoder has almost
identical performance at low BER. However, at
high BER, where iterative decoders initially oper-
ate, the MAP algorithm performs significantly
better than the sub—MAP algorithm.

1

Software MAP —+—
Hardware MAP ---x--7
Hardware sub-MAP---:---

0.1 \X\

BER

0.01

0.001
-2 -1 0 1 2 3

. Eb/No (dB)
Figure 8: Rate 1/2 performance.
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Example

In this section we give an example of how the
MAPO4T can be used as a continuous rate 1/2
QPSK encoder and decoder. Note that the
MAPOAT does not perform any synchronisation.
This needs to be performed external to the chip.

A simple synchronisation circuit could monitor
the output magnitude of the decoder output. The
average magnitude will be higher in the synchro-
nised state compared to the unsynchronised
states.

Figure 9 shows how the MAP0O4T1H14C4 (1H
indicates the mode, 14 indicates the code, and C4
indicates that pin C4 is used) can be configured for

continuous rate 1/2 QPSK operation. The code
usedisand g, = 31,=11001, — G1I[3:1] =001,
=1, g, = 23, = 10011, — GOI[3:1] = 100, = 4
(which is 1805rotationally invariant). Note that un-
connected inputs are pulled down to ground.
Since the code is invariant to 1805 phase rota-
tions, differential encoding and decoding can be
used if desired.

The demodulator output is assumed to be in
two’s complement form. An L of 64 is used for best
performance. The information and parity bits are
assumed to be equally likely implying 20l = 0. Un-
connected inputs are pulled to ground.

Encoder QPSK Modulator
—= ENC_INIT YO P
Source  _uENC _TAIL Y1 Q Tx|— To Channel
Data X —»| CLK
Clock ECLK ‘
QPSK Demodulator
From P[6:0] g Ro.tatic_)n q—
Channel —=|Rx  Q[6:0]p=ey  Circult
CLK _I ) _I Synch—State
I A2
1 —={SMG_TCM LOO[7:0] e|Synch State
Z01[7:0] Monitor
ROI[6:0] Sink
R1|[620] Clock
1—={ROE L0O7 Data
1—{R1E
—=| BLK_START D'g/(';f,‘ger
—=|BLK_END
»| CLK
—=| BLK_START_0O
—|BLK_END 0
7= C[3:0] Common Signals
1—=SML_LRG_DEL RESET

Figure 9: Block diagram of rate 1/2 QPSK codec.
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BIT and MCS Files e JTAG Pins —
The BIT file is what is downloaded into the TCK: Pullup
FPGA on startup. The Xilinx data book explains TDI: PullUp
how this can be achieved. The MCS files can be TDO: Float
TMS: PullUp

used to program serial PROMs which can then be
used to program the FPGA on powerup.

For the BIT files, the encoder and decoder are
reset when RESET (not shown in schematic sym-
bols) goes high. Except for clock inputs, all the in-
puts for the encoder and decoder have pulldown

e Produce ASCII Configuration File: No
e Enable the User ID Code: Yes
Code: 53570101 (MAPO4TO1)
53570102y (MAP04T02)
e Enable .bit File Compression: No

resistors. Startup
e Start—Up clock: CCLK
Configuration e Output Events —
Done: C4

This section gives the options that were se-

lected for Virtex and Virtex—E devices. Enable Outputs: C5

Release Set/Reset: C6
Release Write Enable: C6
Release DLL: No Wait

e Enable Internal Done Pipe: No

Configuration
e Configuration Rate: 4 MHz
¢ Configuration Pins —

Configuration Clk: PullUp Readback

MO: PullUp e Configuration Mode: JTAG

ML1: PullUp e Security —

M2: PullUp Enable Readback and Reconfiguration: Yes
Program: PullUp Generate Readback Bit Stream: No
Done: PullUp Disable Readback: No

Unused Pins: PullUp Disable Readback and Reconfiguration: No

Switching Characteristics

The following switching characteristics reflect worse—case values over the recommended operating
conditions. The values are expressed in units of nanoseconds. All values are preliminary.

SW+MAPO04T1H14C4+XCV400+6HQ240C 4 +5 +6
Description Symbol Min | Max | Min [ Max [ Min | Max

Signal setup before CLK, ECLK Tsu 2.0 18 1.6

Signal hold after CLK, ECLK Thd 0 0 0

Signal delay after CLK, ECLK Tay 3.5 3.2 2.9

ECLK period Tecp 8.68 7.54 6.73

CLK period Tep 17.62 15.31 13.67

CLK low Tclh 3.1 2.7 2.4

CLK high Twps 3.1 2.7 2.4

SW+MAPO04T1H14C4+XCV400E+8PQ240C *6 7 +8
Description Symbol Min | Max | Min [ Max [ Min | Max

Signal setup before CLK, ECLK Tsu 15 14 1.3

Signal hold after CLK, ECLK Thd 0 0 0

Signal delay after CLK, ECLK Tay 2.9 2.8 2.4

ECLK period Tecp 5.39 4.82 4.30

CLK period Tep 13.11 11.72 10.46

CLK low Tclh 2.4 2.1 1.9

CLK high Twps 2.4 2.1 1.9
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Pinouts (Virtex/Virtex—E)

Pad Name | HQ240/PQ240
BLK_END P208
BLK_END_O P149
BLK_START P100
BLK_START_O P147
CLK P92
Co P52
c1 P50
c2 P65
C3 P49
c4
ECLK P89
ENC_INIT P84
ENC_TAIL P74
LOOO P186
LoO1 P175
L0O2 P199
L0O3 P192
L0O4 P191
L0O5 P195
LOO6 P194
LOO7 P193
L100
L101
L102
L103
L104
L105
L106
L107
ROE P40
ROIO P35
ROI1 P39
ROI2 P36
ROI3 P66
ROI4 P67
ROI5 P68
ROI6 P27
R1E P224
R1I0 P222
R1I1 P223
R112 P218
R1I3 P217
R114 P221
R1I5 P220
R116 P228
RESET P238
RZ
SMG_TCM P229

Pad Name HQ240/PQ240
SML_LRG_DEL P168
X P80
YO P78
Y1 P79
Z0I0 P70
Z011 P71
Z012 P72
Z0I3 P38
Z014 P33
Z015 P34
Z016 P31
Z017 P26

Please consult the Xilinx data book for power and
configuration pinouts.

Packages

UCF No. Mode Xilinx Part No.
MAPO4TO1 | 1H14C4 XCV400-6HQ240C
MAPO4T02 | 1H14C4 | XCV400E-8PQ240C

Other Xilinx parts and modes are also avail-
able. All pinouts are upward compatible. See the
Xilinx data book for pinouts of other packages.
Other pinouts can be ordered from Small World
Communications.

Ordering Information

SW-MAPO4T-UNL for EDIF/VHDL core yearly
unlimited license
SW-MAP04T-BAS-n for EDIF/VHDL core
basic license
SW-MAP04T—-mdCc—p-n for BIT/MCS file
n = number of instantiations
m = mode (0 to 9)
d=L(L=32)orH(L=320r64)
¢ = no. of C pins (0 for LOGMAP low,
4 for LOGMAP high and C4PIN low, or
5 for LOGMAP high and C4PIN high)
p = Xilinx part no. (e.g., XCV400E-8PQ240C)
Please indicate how many instantiations you
wish to license. An instantiation is considered to
be anintegrated circuit that uses or is derived from
our software in the device's programming or
manufacture. License costs per instantiation de-
crease with increasing number of instantiations.
Yearly, unlimited instantiation licenses are also
available. Note that Small World Communications
only provides software and does not provide the
actual devices themselves. Please contact Small
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World Communications for a quote on the number
of instantiations and type of license you require.

References

[1] Small World Communications, “Sworld
Foundation symbols and sample EDIF files,”
v4.0, Jan. 2002.
www.sworld.com.au/software/sworld.zip

[2] Consultive Committee for Space Data Sys-
tems, “Recommendation for space and data
system standards: Telemetry channel cod-
ing,” CCSDS 101.0-B—4 Blue Book, May
1999.

[3] Small World Communications, “MAP decod-
er constant program,” v1.04, Jan. 2001.
www.sworld.com.au/software/cmap.zip

[4] L. Bahl, J. Cocke, F. Jelinek, and J. Raviv,
“Optimal decoding of linear codes for mini-
mizing symbol error rate,” IEEE Trans. In-
form. Theory, vol. IT-20, pp. 284-287, Mar.
1974.

[5] P. Robertson, E. Villebrun, and P. Hoeher, “A
comparison of optimal and sub-optimal
MAP decoding algorithms operating in the
log domain,” ICC’95, Seattle, WA, USA, pp.
1009-1013, June 1995.

[6] S. S. Pietrobon, “Implementation and per-
formance of a turbo/MAP decoder,” Int. J.
Satellite Commun., vol. 16, pp. 23-46, Jan.—
Feb. 1998.

Small World Communications does not as-
sume any liability arising out of the application or
use of any product described or shown herein; nor
does it convey any license under its copyrights or
any rights of others. Small World Communica-
tions reserves the right to make changes, at any
time, in order to improve performance, function or
design and to supply the best product possible.
Small World Communications will not assume re-
sponsibility for the use of any circuitry described
herein. Small World Communications does not re-
present that devices shown or products described
herein are free from patent infringement or from
any other third party right. Small World Communi-
cations assumes no obligation to correct any er-
rors contained herein or to advise any user of this
text of any correction if such be made. Small
World Communications will not assume any liabili-
ty for the accuracy or correctness of any engineer-
ing or software support or assistance provided to
a user.
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