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PCE04I Features
� 16 state Inmarsat compatible turbo encoder
� Rate 1/2 to 1/5
� Data lengths from 8 to 32,764 bits
� Up to 1145 MHz internal clock
� Up to 572 Mbit/s encoding speed
� Parallel encoded data out
� 118 6–input LUTs
� Available as EDIF and VHDL core for Xilinx

FPGAs under SignOnce IP License. ASIC,
Intel/Altera, Lattice and Microsemi/Actel cores
available on request.

Introduction
The PCE04I is a 16 state Inmarsat [1,2] com-

patible turbo encoder. Data lengths from 8 to
32,764 bits can be implemented. Turbo code rates
from 1/2 to 1/5 can be selected. The sequential
data is terminated with a tail. The data and this tail
are interleaved. The input data block size is K. The
interleaver size is K+4. The number of coded bits
is n(K+4) where the nominal code rate is 1/n.

Figure 1 shows the schematic symbol for the
PCE04I encoder. The EDIF core can be used with
Xilinx Foundation or Integrated Software Environ-
ment (ISE) software. The VHDL core can be used
with Xilinx ISE or Vivado software. Custom VHDL
cores can be used in ASIC designs.
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Figure 1: PCE04I schematic symbol.
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Table 1 shows the performance achieved for
various Xilinx parts for K = 32,764. Tcp is the mini-
mum clock period over recommended operating
conditions. These performance figures may
change due to device utilisation and configuration.

Note that Zynq devices up to XC7Z020 and from
XC7Z030 use programmable logic equivalent to
Artix–7 and Kintex–7 devices, respectively.

Table 1: Example performance

Part
Tcp
(ns)

Speed  (Mbit/s)
Part

cp
(ns)

QS = 0 QS = 1

XC7S6–1 3.204 104.0 156.0

XC7S6–2 2.595 128.4 192.6

XC7A12T–1 3.312 100.6 150.9

XC7A12T–2 2.730 122.0 183.1

XC7A12T–3 2.432 137.0 205.5

XC7K70T–1 2.100 158.7 238.0

XC7K70T–2 1.717 194.1 291.1

XC7K70T–3 1.628 204.7 307.0

XCKU035–1 1.847 180.4 270.6

XCKU035–2 1.524 218.6 328.0

XCKU035–3 1.339 248.9 373.3

XCKU3P–1 1.156 288.3 432.4

XCKU3P–2 0.989 336.9 505.4

XCKU3P–3 0.873 381.7 572.6

Signal Descriptions
CE Clock Enable
CLK Encoder Clock
FINISHEncoder Finish
I Interleaver Address Input
IA Interleaver Address ROM Address
IR Interleaver Address ROM Ready
K Data Length (8 to 32,764)
MODE 0 = small interleaver (XA[14:13] = 0)

1 = large interleaver
N 2 = Rate 1/2

3 = Rate 1/3
0 = Rate 1/4
1 = Rate 1/5

QS Second Parity Select
0 = Second encoded output is X, P and Q
1 = Second encoded output is Q

RST Synchronous Reset
START Encoder Start
X Data In
XA Data In Address
XR Data In Ready
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Figure 2: PCE04I 16 state turbo encoder.

Y0

Y1

Y3

Tail

A[13:0]

XR

Input Data RAM

XA

CE
Q

CE1

Y2

Y4

D

DDD

CE2

D

Tail
Registers

P1

Q1

P2

Q2

START

CE

External Circuitry

Y Data Out
YR Data Out Read

Encoder
Figure 2 gives a block diagram of the PCE04I

Inmarsat 16 state turbo encoder. X is the data
input and Y0 to Y4 are the coded outputs. Data is
clocked during the low to high transition of CLK.
Separate internal clock enables (CE1 and CE2)
are used to clock the data into each encoder.
Non–interleaved data is clocked into the first en-
coder and interleaved data is clocked into the se-
cond encoder. The vertical lines indicate multi-
plexers

The data is first input in the sequence Xk , from
k = 0 to K–1. The encoder then forms the tail bits
from k = K to K+3 which are stored in the tail re-
gisters. Encoded data is also output, with
Y0

k � Xk, Y1
k � P1

k and Y2
k � P2

k, regardless of the
value of N[1:0].

If QS = 0, the data is then input in the sequence
Xk  XI (k ) from k = 0 to K–3 where I(k) is the inter-
leaved address. Table 2 shows the output se-
quence for the various code rates. For rate 1/3 and
1/5, k is incremented by one from 0 to K–3. For
rate 1/2 and 1/4, k is incremented by two.

If QS = 1, data is then input in the interleaved
sequence XI (k ) from k = 0 to K–3. The encoded

output is Y0
k � XI(k), Y1

k � Q1
k and Y2

k � Q2
k, re-

gardless of the value of N[1:0].

Table 2: Output sequence (QS = 0)

Rate Sequence
1/2 Y0 � Xk Xk�1

Y1 � P1
k Q1

k�1

1/3 Y0 � Xk

Y1 � P1
k

Y2 � Q1
k

1/4 Y0 � Xk Xk�1

Y1 � P1
k P1

k�1

Y2 � P2
k Q1

k�1

Y3 � Q2
k Q2

k�1

1/5 Y0 � Xk

Y1 � P1
k

Y2 � P2
k

Y3 � Q1
k

Y4 � Q2
k

Figure 3 shows the initial timing diagram for en-
coding a block of data of length K = 1232. The en-
coder starts and ends in state 0. When the encod-
er requires data X to be read from the input RAM,
the data ready signal XR goes high (except for the
first symbol) and XA[14:0] selects the data bit.
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Figure 3: PCE04I Initial Encoder Timing (K = 1232).
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After a START signal is initiated XR goes high
after one clock cycle. All signals are held if CE
goes low. It is assumed that the data is stored in
a synchronous read RAM with (START OR XR)
AND CE used to control the read enable input of
the RAM. An asynchronous read RAM can also be
used by registering the RAM output. For QS = 1,
the encoded data ready signal YR goes high two
clock cycles after a START signal is initiated. YR
is high for both the data block and tail. For QS =
0, YR stays low until the second encoded output.

Figures 4 and 5 shows the second block en-
coding for QS = 0 and 1, respectively. Symbol Y1

k

represents outputs with Y0
k � Xk, Y1

k � P1
k and

Y2
k � P2

k. Symbol Y2
k represents outputs with

Y0
k � XI(k), Y1

k � Q1
k and Y2

k � Q2
k,. Symbol Yk  re-

presents the outputs given in Table 2.
For QS = 0, the nominal encoder speed fe is

fe �
fE

3 � 15�K
(1)

where fE  = 1/Tcp is the encoder clock speed. For
QS = 1 the encoder speed is

fe �
fE

2 � 8�K
. (2)

Ordering Information
SW–PCE04I–SOP (SignOnce Project License)
SW–PCE04I–SOS (SignOnce Site License)
SW–PCE04I–VHD (VHDL ASIC License)

All licenses include Xilinx EDIF and VHDL
cores. The SignOnce Project (SOP) license al-
lows unlimited instantiations for a specified pro-
ject. The SignOnce Site (SOS) license allows unli-
mited instantiations and projects for a specified
development site. The EDIF core can be used for
Virtex–2, Spartan–3 and Virtex–4 with Foundation
or ISE software. The VHDL core can be used for
Virtex–5, Spartan–6, Virtex–6, 7–Series, Ultra-
Scale and UltraScale+ with ISE or Vivado soft-
ware.

Note that Small World Communications only
provides software and does not provide the actual
devices themselves. Please contact Small World
Communications for a quote.
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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-
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Figure 4: PCE04I Second Encoder Timing (K = 1232, QS = 0, CE = 1).
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Figure 5: PCE04I Second Encoder Timing (K = 1232, QS = 1, CE = 1).
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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.
� 2014–2024 Small World Communications.

All Rights Reserved. Xilinx, Spartan, Virtex,
7–Series, Zynq, Artix, Kintex, UltraScale and Ul-
traScale+ are registered trademarks and all XC–
prefix product designations are trademarks of Ad-
vanced Micro Devices, Inc. and Xilinx, Inc. All
other trademarks and registered trademarks are

the property of their respective owners.

Small World Communications, 6 First Avenue,
Payneham South SA 5070, Australia.
info@sworld.com.au ph. +61 8 8332 0319
http://www.sworld.com.au fax +61 8 7117 1416

Version History
� 0.00 28 September 2014. Preliminary product

specification.
� 0.01 3 October 2014. Corrected schematic sym-

bol and encoder diagram.
� 1.00 2 November 2014. Added LUT complexity

and example performance values. Added FIN-
ISH output to encoder symbol and timing dia-
grams. Corrected Table 2.

� 1.01 11 October 2024. Updated LUT complexity.
Deleted Spartan–6, Virtex–5, Virtex–6 and
Zynq–7 performance. Updated Artix–7 and Kin-
tex–7 performance. Added Spartan–7, Kintex
UltraScale and Kintex UltraScale+ perform-
ance.


