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1. CorePool Library FHG _VITERBI

The CorePool library FHG_VITERBI comprises four different parameterizable and synthesiz-
ableViterbi Decoder architectures for convolutional code rates R, = 1/n.

Each architecture is suitable for a certain range of symbol rates. For all Viterbi Decoder archi-
tectures the tunable parameters are the generator polynomials, the convolutinal code rate, the
wordlength of the soft-input words, and the survivor length.

The FHG_VITERBI_PAR is a fully parallel Viterbi Decoder architecture allowing high data
throughput (page 9).

The FHG_VITERBI_SER (page 17) and the FHG_VITERBI_PIPE (page 33) are serial and
serial-pipelined Viterbi decoders suitable for low symbol rates. They are both characterized by
small chip areas.

Inthe FHG_VITERBI_SP (page 49) the number of parallel Add-Compare-Select (ACS) calcu-
lators is scalable with an additional parameter. Thus, this architecture can be tailored to the
desired symbol rate at an optimized chip area.

References

For more detailed information about the FHG_VITERBI refer to standard literature about the
Viterbi Algorithm and Viterbi decoders (e. g. Viterbi & Omura: Principles of Digital Commu-
nication and Coding, McGraw-Hill, 1985).

(C) FhG v1i4 7
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2.

FHG VITERBI_PAR

Purpose

The FHG_VITERBI_PAR is a fully parameterized and synthesizable rate-1/n Viterbi decoder
for high datarates. Its parameter set (constraint length, code rate, generator polynomials, num-
ber of soft bits, survivor length) enables the desiger to implement Viterbi decoders for any rate-
1/n convolutional code and thus provides versatility for the design of corresponding applicati-

ons.

Features

Fully Parametrized Viterbi Decoder for Rate-1/n Convolutional Codes
Fully Synthesizable

Constraint Length, Generator Polynomials, and Code Rate parameterized
(optional inversion of code bits)

Survivor Length of Viterbi Decoder parameterized
Wordlength of Soft-Input parameterized
Soft-Input in Offset-Binary and Two’'s Complement Format

Up to 40 M Symbols/sec Decoding Rate
(Constraint Length K=7, Code Rate R.=1/2, 0.8um Technology)

Registered Inputs and Outputs

Design Kit

Technology Independent Implementation as Synopsys Design Ware Components
VHDL/Verilog Source Code Simulation Models

VHDL/Verilog Compliance Test Suite

Auxiliary Simulation Models for User Testbenches

Synthesis and Testsynthesis Scripts

Example Design and Testchip for K=7, R.=1/2 convolutional code available
Design Support, Netlist Synthesis Service, and Consulting available

Requirements
Simulation

VHDL |EEE-1076 Simulator
Verilog IEEE-1364 Simulator

Synthesis

Synopsys Design Compiler

(C) FhG vl4
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Block Diagram

Figure 1: Block Diagram

FHG_VITERBI_PAR

P> CLOCK

—— | RESET N

General Information

It is assumed that the soft-quantized bits for all code bits are applied parallely to the input of
the Viterbi decoder (asisthe case e.g. for QPSK). If thisis not the case, a seria-to-parallel con-
version of the received datais required.

Signal Description
Table2: Signal Description

Pin Direction| Bitwidth Description
CLOCK IN 1 Symbol Clock
RESET_N IN 1 Low active asynchronous reset.
Soft Input: CODE_RATE code bits (R=1Y
CODE_RATE - .
R IN * = CODE_RATE) each quantized with SOFT_BITS
SOFT _BITS| = :
- bitsin Offset Binary Format
X_DEC ouT 1 Decoded Bits

The input port CLOCK is the symbol clock. The code symbols are applied parallely to the
input of the Viterbi Decoder with the corresponding code symbol rate.

Theinput port RESET_N isalow active asynchronous reset for the FHG_VITERBI_PAR. An
asynchronous reset should be performed at the beginning of the decoding process.

The input port R consists of the soft-input data. Each of the CODE_RATE code bits is quanti-
zed with SOFT_BITS bit in Offset-Binary Format. The input code bits are numbered from
code bit CODE_RATE-1 down to code hit O each starting with the MSB and ending with the
LSB.

The output port X_DEC of the FHG_VITERBI_PAR provides the decoded bit stream calcual-
ted by the Viterbi decoder. Every clock cycle one bit is decoded.

10 vl4 (C) FhG
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Parameter Description

Table 3: Parameter Description

Name Type | Default | Vaue Description
Value | Range
CONSTRAINT_LENGTH | Integer none Constraint Length
CODE_RATE Integer none Coderate
R. = 1/CODE_RATE
SOFT_BITS Integer none Number of Soft-Input Bits per
Code Bit
SURVIVOR_LENGTH Integer none Survivor Length
GEN_POLY Integer none Generator Polynomials
GEN_POLY =

(9 coDE_RATE-15 -+ 90)2
g;, i=0,...,CODE_RATE-1

INVERT Integer | none Optiona Inversion of Code
Bits

INVERT =

(iIVcopE RATE-1:++ INVQ)2
inv;, i=0,...,CODE_RATE-1

The paramter CONSTRAINT_LENGTH isthe constraint length of the convolutional code.
Its value can be any convenient length.

The parameter CODE_RATE is the number of code bits generated for each information bit by
the convolutional encoder resulting in a code rate R.=1/CODE_RATE.

The parameter SOFT_BITS isthe number of soft-quantized bits for each code bit. Usually, one
(hard decision) to three bits (soft decision) are used for quantization dependent on the desired
bit-error rate (BER) which should be achieved under the condition of a given SNR per bit of
the communication channel.

The parameter SURVIVOR_LENGTH characterizes the survivor length used by the Viterbi
decoder. As arule of thumb, the survivor length should be chosen four to six times the cons-
traint length (SURVIVOR_LENGTH = (4..6)* CONSTRAINT_LENGTH). The larger the sur-
vivor length ischosen, the lower isthe resulting BER.

The generator polynomials of the convolutional code are given by GEN_POLY. The generators
for each of the CODE_RATE code bits given in binary form (CONSTRAINT _LENGTH bits
per generator) are put in one bit vector. Thereby, the generator polynomials are numbered from
code bit CODE_RATE-1 downto code bit 0. GEN_POLY is the resulting bit vector of length
CODE_RATE*CONSTRAINT_LENGTH converted to integer.

(C) FhG v1i4 11
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The parameter INVERT alows an optional inversion of the code bits generated by the convolu-
tional encoder. If an inversion of one of the CODE_RATE code hits is desired, the correspon-
ding bit in INVERT has to be set to 1, otherwise 0 has to be chosen. The bits are numbered
from code bit CODE_RATE-1 downto code bit 0. INVERT isthe resulting bit vector of length
CODE_RATE converted to integer.

In the section "Application Note" (p. 15) an example is given how the parameter set has to be
chosen for a special application.

I nterfaces

The control interface of the FHG_VITERBI_PAR consists of the systemclock CLOCK and the
low active asynchronous reset input RESET _N. The data interface consists of the soft-quanti-
zed data input R and the decoded bit stream X_DEC.

12 vl4 (C) FhG
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VHDL Usage through Component I nstantiation

l'ibrary |EEE, FHG VI TERBI DW
use | EEE. std_| ogic_1164.all;
use FHG VI TERBI DW FHG VI TERBI . al | ;

entity M\W_VITERBI is
port ( CLOCK : in std_|ogic;

R

);

X_

RESET N : in std_ Il ogic;

in std_|ogic_vector(5 downto 0);

DEC : out std logic

end MY_VI TERBI ;

architecture MY_VI TERBI _RTL of MY VITERBI is

const ant
const ant
const ant
const ant
const ant
const ant

begi n

MY_VI TERBI _CORE :

GEN_PQLY i nt eger
| NVERT . integer
CONSTRAI NT_LENGTH : int eger
CODE_RATE . i nteger
SOFT_BITS i nt eger
SURVI VOR_LENGTH I nt eger
FHG VI TERBI _PAR

generic map ( GEN _PCLY =>
| NVERT =>
CONSTRAI NT_LENGTH =>
CCDE_RATE =>
SCFT_BI TS =>

SURVI VOR_LENGTH  =>

)

port map ( CLOCK  => CLCOCK,

GEN_POLY,
| NVERT,

CONSTRAI NT_LENGTH,
CODE_RATE,

SOFT_BI TS,

SURVI VOR_LENGTH

RESET_N => RESET N,
R => R
X DEC => X DEC
)
end MY_VI TERBI _RTL;
(C) FhG V14 13
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Waveforms and Timing Tables

Figure2: Waveforms of external data and control signals.

CLOCK

X_DEC

Table 4: Timing table of internal data memory read and write accesses.

Symbol | Name Item Notes Min Max Unit
fye |UCLOCKeCLOCK ) | Clock cycle ns
(1) |t(R-CLOCK, ) 2‘2‘;5’ ;mggfor Rtorising ns
th(2) | th(CLOCK isR) :;?fgiﬂi;oédzeﬂom ns
t43) | t4(CLOCK i X_DECygid) fDrS & it;mg ‘;‘I’g é:(—e%'sg ns

14 vl4 (C) FhG
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Application Note

The following example shows the parameters of the FHG_VITERBI_PAR for a special appli-
cation. This parameter set is also used in section "VHDL Usage through Component Instantia-
tion", p. 13.

Figure3: Application example

Convolutional Encoder

CodeBit ¢y ;
{>c >

%}\4—

I nfo Bit / . :
—> X X1 Xi.o | X3 Shift Register

X
Y
B S S— |
Code Bit ¢y
>

CODE_RATE=2

CONSTRAINT_LENGTH =4

Generator Polynomials: g; = (1111), and gy = (1101),

=> GEN_POLY =(9g; 9p), = (1111 1101), = 253
Inversion of Code Bits: INVERT = (invy invg), =(10), =2

Demodulator
3 bit soft output for every code bit => SOFT BITS=3

Code Bit ¢ ;

: M odulator R[5:3]
+
Channel FHG_VITERBI_PAR
. + _
CodeBit Cobi Demodulator R[2:0]

Viterbi Decoder

Survivor length chosen five times the constraint length
=> SURVIVOR_LENGTH =20

(C) FhG vl4 15
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3.  FHG_VITERBI_SER

Purpose
The FHG_VITERBI_SER is a fully parameterized and synthesizable rate-1/n Viterbi decoder
for low data rates. Its parameter set (constraint length, code rate, generator polynomials, num-
ber of soft bits, survivor length) enables the desiger to implement Viterbi decoders for any rate-
1/n convolutional code and thus provides versatility for the design of corresponding applicati-
ons.
Features

» Fully Parametrized Viterbi Decoder for Rate-1/n Convolutional Codes

* Fully Synthesizable

» Constraint Length, Generator Polynomials, and Code Rate parameterized
(optional inversion of code bits)

 Survivor Length of Viterbi Decoder parameterized
» Wordlength of Soft-Input parameterized
 Soft Input in Offset-Binary and Two’s Complement Format

» Up to 400 kilosymbols/sec decoding rate
(Constraint Length K= 7, Code Rate R.=1/2, 0.8u Technology)

* Registered Inputs and Outputs
o External RAMsfor Path Metric Memory and Survivor Memory Unit required

Design Kit
 Technology Independent Implementation as Synopsys Design Ware Components
VHDL/Verilog Source Code Simulation Models
VHDL/Verilog Compliance Test Suite
Auxiliary Simulation Models for User Testbenches
Synthesis and Testsynthesis Scripts

Design Support, Netlist Synthesis Service, and Consulting available

Requirements
Simulation

e VHDL IEEE-1076 Simulator
» Verilog IEEE-1364 Simulator
Synthesis

» Synopsys Design Compiler

(C) FhG v1i4 17
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Block Diagram

Figure4: Block Diagram

FHG_VITERBI_SER

— % CLOCK

RESET N

> INIT

— 7 SYNC CLOCK

SMuU
WE SMUN | 5

A SMU - externa RAM

(2AW_SMU
DATA IN_SMU e X DW_SMU)
DATA_ OUT_SMU | <ef——
CLOCK
’ PMM

WEPMM N | »
A_PMM  feel-|  oxternal RAM
AW_PMM
DATA_IN_PMM e (277 X PML
DATA_OUT PMM | <

N
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General Information

The FHG_VITERBI_SER and its environment is a fully synchronous design. Therefore, all
blocks of the design (FHG_VITERBI_SER, SMU, PMM) have to be provided with the same
CLOCK signal. It is assumed that the the soft-quantized bits for all code bits are applied paral-
lely to the input of the Viterbi decoder (as is the case e.g. for QPSK). If thisis not the case, a
serial-to-parallel conversion of the received datais required.

The memories for the path metrics (Path Metric Memory PMM) and the survivor paths (Sur-
vivor Memory Unit SMU) have to be implemented as externa RAMs with corresponding
memory sizes and datawidths. PMM and SMU have to be synchronous Single-Port-RAMs
with aclock input, alow active write enable input, and an address input, i. e. if the write enable
signals are low, the input data are stored with the next rising edge of the clock. Formulas for
the necessary parameters (bitwidths, datawidths) are given in section Parameter Description.

Signal Description
Table5: Signal Description

Pin Direction | Bitwidth Description

CLOCK IN 1 Decoder Clock

RESET_N IN 1 Low active asynchronous reset
INIT IN 1 Initialization signal

SYNC IN 1 Synchronization signal for a new

code symbol (symbol clock)

R IN CODE_RATE | Soft Input: CODE_RATE code bits
*SOFT_BITS | (R.= 1/CODE_RATE) each quan-
tized with SOFT_BITS bits in Off-
set-Binary Format

DATA_OUT_PMM IN PML Path Metric from
Path Metric Memory PMM
DATA_OUT_SMU IN DW_SMU Output Data of Survivor Memory
Unit (SMU)
WE_PMM_N ouT 1 Low active write enable for PMM
A_PMM ouT AW_PMM Address for PMM
DATA_IN_PMM ouT PML Path Metric to be stored in PMM
WE_SMU_N ouT 1 Low active write enable for SMU
A_SMU ouT AW_SMU Addressfor SMU
DATA_IN_SMU ouT DwW_SMU Input data for SMU

(C) FhG v1i4 19
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The input port CLOCK is the decoder system clock. The necessary clock frequency is derived
in section Parameter Description and depends on the chosen code parameters and the codesym-
bol rate.

The input port RESET_N isalow active asynchronous reset for the FHG_VITERBI_SER. An
asynchronous reset should be performed at the beginning of the decoding process.

The input port INIT is a high active initialization signal. It initializes the path metric memory
PMM what should be done at |east once at the beginning of the decoding process. For this pur-
pose the signal INIT has to be high for at least one clock cycle. The initiaization then starts
with the first rising edge of the CLOCK signal (see timing diagram in section Waveforms and
Timing Tables).

The input port SYNC isthe synchronization signal for the code symbols. If SYNC is high, this
indicates new valid soft-input bits R for a new code symbol. This signal can be e. g. the clock
of the analog-to-digital converter at the demodulator output (see timing diagram in section
Waveforms and Timing Tables).

The input port R consists of the soft-input data. Each of the CODE_RATE code bits is quanti-
zed with SOFT_BITS bit in Offset-Binary Format. The input code bits are numbered from
code bit CODE_RATE-1 downto code bit 0 each starting with the MSB and ending with the
LSB.

The input port DATA_OUT_PMM reads the path metrics of bitwidth PML from the Path
Metric Memory PMM, whereas the output port DATA _IN_PMM contains the corresponding
new path metrics to be stored. The write and read operations of PMM are controlled by the
write enable signal WE_ PMM_N and the address signal A_PMM (bitwidth AW_PMM).
WE_PMM_Nislow active, i. e. if WE_PMM _N islow, the data at the input of the path metric
memory (DATA_IN_PMM) are written with the next rising edge of the CLOCK signal (see
timing diagram in section Waveforms and Timing Tables).

The input port DATA_OUT_SMU (bitwidth DW_SMU) is the data output of the Survivor
Memory Unit SMU corresponding to the addressA_SMU (bitwidth AW_SMU). The write and
read operations for the SMU are controlled by the low active write enable WE_SMU_N and
the address A W_SMU (bitwidth AW_SMU), i. e. if WE_SMU_N is low, the input data
DATA_IN_SMU (bitwidth DW_SMU) for the SMU are written with the rising edge of
CLOCK into the address A_SMU (see timing diagram in section Waveforms and Timing
Tables).

The output port X_DEC of the FHG_VITERBI_SER provides the decoded bit stream calcula-
ted by the Viterbi decoder. One bit is decoded every decoding cycle. The number of clock
cycles per decoding cycleis derived in section Clocking of the FHG_VITERBI_SER .

20 v14 (C) FnG
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Parameter Description
Table 6: Parameter Description

Name Type Default | Value | Description
Value Range
CONSTRAINT_LENGTH | Integer | none Constraint Length
CODE_RATE Integer | none Coderate R, = /CODE_RATE
SOFT_BITS Integer | none Number of Soft-Input Bits per
Code Bit
SURVIVOR_LENGTH Integer | none Survivor Length
GEN_POLY Integer | none Generator polynomials
GEN_POLY =

(9coDE RATE-1:++-:90)2
gi., i=0,....CODE_RATE-1

INVERT Integer | none Optional Inversion of Code Bits
INVERT =

(iIVcope RATE-10-++1MV0)2

inv;, i =0,..,CODE_RATE-1

AW_PMM Integer | none Address bits for Path Metric
Memories (PMMs)

PML Integer | none Bitwidth of Path Metric (Path
Metric Length)

AW_SMU Integer | none Address bits for Survivor Mem-
ory Unit (SMU)

DW_SMU Integer | none Bitwidth of SMU Data

The paramter CONSTRAINT_LENGTH isthe constraint length of the convolutional code.
Its value can be any convenient length.

The parameter CODE_RATE is the number of code bits generated for each information bit by
the convolutional encoder resulting in a code rate R.=1/CODE_RATE.

The parameter SOFT_BITS is the number of soft-quantized bits provided by the demodulator
output for each code bit. Usually, one (hard decision) to three bits (soft decision) are used for
quantization dependent on the desired bit-error rate (BER) which should be achieved under the
condition of agiven SNR per bit of the communication channel

The parameter SURVIVOR_LENGTH characterizes the survivor length used by the Viterbi
decoder. As arule of thumb, the survivor length should be chosen four to six times the cons-
traint length (SURVIVOR_LENGTH = (4..6)* CONSTRAINT_LENGTH). The larger the sur-
vivor length is chosen the smaller isthe resulting BER.

(C) FhG v1i4 21
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The generator polynomials of the convolutional code are given by GEN_POLY. The generators
for each of the CODE_RATE code bits given in binary form (CONSTRAINT_LENGTH bits
per generator) are put in one bit vector. Thereby, the generator polynomials are numbered from
code bit CODE_RATE-1 downto code bit 0. GEN_POLY is the resulting bit vector of length
CODE_RATE*CONSTRAINT_LENGTH converted to integer.

The parameter INVERT alows an optional inversion of the code bits generated by the convolu-
tional encoder. If an inversion of one of the CODE_RATE code hits is desired, the correspon-
ding bit in INVERT has to be set to 1, otherwise 0 has to be chosen. The bits are numbered
from code bit CODE_RATE-1 downto code bit 0. INVERT isthe resulting bit vector of length
CODE_RATE converted to integer.

The number of address bits for the path metric memoriesis given by AW_PMM. It iscalcula
ted by

AW_PMM = CONSTRAINT_LENGTH - 1.

The path metric length PML depends on the code rate, the constraint length, and the number of
soft-input bits. It can be calculated by the formulas

SOFT BITS

AT ... = CODE_RATE*(CONSTRAINT_LENGTH-1)*(2 1)

and
PML = ceil(log, (Al j.x+ 1)) +1

where Al .5 denotes the maximum difference between two path metrics and ceil(x) denotes
the ceiling function (smallest integer value equal to or greater than x).

The address width AW_SMU of the SMU depends on the constraint length, the survivor length
and the datawidth DW_SMU (see below) of the SMU. It is calculated by the formula

CONSTRAINT_LENGTH-1

AW_SMU = ceilaogzgz S0 —H+ ceil (log,(SURVIVOR_LENGTH))

where ceil(x) denotes the ceiling function (smallest integer value equal to or greater than x).

The data width of the SMU input is given by the parameter DW_SMU. DW_SMU hasto be

adivisor of the number of states (= 2CONSTRAINT_LENGTH-1y ot the convolutional code and an
integer value greater than or equal to 2. With the choice of DW_SMU the datawidth of the
SMU can be adapted to the requirements of the specific application.

In section Application Note an example is given how the parameter set has to be chosen for a
specia application.

22 vi4 (C) FnG
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I nterfaces

The FHGVITERBI_SER has two interfaces with external memories (RAMS) for path metrics
(PMM) and survivor paths (SMU).

The path metric interface consists of the low active write enable signal WE_PMM _N, the
address bus A_PMM, the data input bus DATA_IN_PMM, and the data output bus
DATA_OUT_PMM.

The interface to the survivor path memory consists of the low active write enable signa
WE_SMU _N, the address bus A_SMU, the data input bus DATA_IN_SMU, and the data out-
put bus DATA_OUT_SMU.

Clocking of the FHG_VITERBI_SER

The FHG_VITERBI_SER has to be provided with a CLOCK signal whose minimum clock
frequency depends on the symbol rate, the constraint length of the convolutional code, the
data-width for the SMU, and the survivor length. The minum clock frequency can be derived
by calculating

X = 2CONSTRAINT_LENGTH

= min E2+ f|00|’[glJRVIVOR—LENGTH'Z*DW_SMUD ZCONSTRA|NT_LENGTH.]_D

z = SURVIVOR_LENGTH + 2*DW_SMU +y

fmin = max(x, Z) x fsymbol

where max(x, y) denotes the maximum of the two calculated expressions and floor(x) denotes
the floor-function (largest integer smaller than or equal to x). The calculated factor isthe requi-
red minimum number of clock cycles for one decoding cycle. The factor max(x, y) is the num-
ber of clock cycles needed for one decoding cycle.

(C) FnG v14 23



CorePool
FHG_ VITERBI Databook

Fraunhofer Institut

Integrierte Schaltungen

VHDL Usage through Component I nstantiation

l'ibrary

| EEE, FHG_VI TERBI DW

use | EEE. std | ogic_1164. all;
use FHG VI TERBI DW FHG VI TERBI . al | ;

entity M\W_VITERBI is
port ( CLOCK : in std_logic;
RESET N in std_|ogic;
INIT in std_|ogic;
SYNC in std_|ogic;
R . in std_logic_vector(5 downto 0);
DATA QUT_PMM : in std_|l ogic_vector(6 downto 0);
DATA QUT_SMJ : in std_|logic_vector(1l downto 0);
VWE_PMWM N : out std_|ogic;
A PMM out std | ogic vector(2 downto 0);
DATA I N_PMV out std_|ogic_vector(6 dowmto 0);
W _SMJ N out std_ | ogic;
A SMJ out std | ogic vector(6 downto 0);
DATA I N_SMJ out std _logic_vector(l dowmto 0);
X DEC out std _logic
);
end My_VI TERBI ;
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architecture MW_VITERBI _RTL of MY VITERBI is
constant CGEN PCLY i nteger := 253;
constant | NVERT © integer := 2;
const ant CONSTRAI NT_LENGTH : integer := 4,
const ant CODE_RATE . integer := 2;
constant SOFT_BI TS integer := 3,
const ant SURVI VOR_LENGTH i nteger := 20;
const ant AW PW i nteger := 3;
constant PM integer : =7,
constant AW SMJ integer := 7,
constant DW SMJ i nteger := 2;
begi n
MY_VI TERBI _CORE : FHG VI TERBI _SER
generic map ( CGEN _PQLY => CGEN_PQLY,
| NVERT => | NVERT,
CONSTRAI NT_LENGTH => CONSTRAI NT_LENGTH,
CODE_RATE => CODE_RATE,
SOFT_BI TS => SOFT_BI TS,
SURVI VOR_LENGTH  => SURVI VOR_LENGTH,
AW PW => AW PW
PML => PM,,
AW SMJ => AW SMJ,
DW SMJ => DW SMJ )
port map ( CLOCK => CLOCK,
RESET_N => RESET_N,
INIT => |NT,
SYNC => SYNC,
R => R
DATA QUT_PMM => DATA QUT_PMV|
DATA QUT_SMJ => DATA QUT_SMJ,
VE_PMW N => WE_PWMM N,
A PW => A PW
DATA | N PW => DATA | N PW
WE_SMJ N => WE_SMJ N,
A SMJ => A SMJ,
DATA I N SMJ => DATA | N SMJ,
X _DEC => X DEC
);
end MY_VI TERBI _RTL;
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Waveforms and Timing Tables

Figure5: Initialization

|
| I
CLOCK
t
cyc | I
| | |
RESET N T
ta(1) I By
1
INIT | I |
I I | | —
I . I .
. low active | || initialization
reset !
I I I >
| ¢ ) | |
Table7: Timing Table of Initialization Process
Symbol | Name Item Notes Min Max Unit
tye | t(CLOCK jige-CLOCK i) Clock cycle ns

Delay timefor RESET_N
to rising clock edge

Setup timefor INIT to
rising clock edge

td(l) td(CL OCKI’I Se-RESET_Nfa”) ns

t(2) | tg(INIT;je"CLOCK i) ns
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Figure 6. Soft-1nput Synchronization

(C) FhG

vl4

|
R ]K» R1 % R2 % R3
' £ {
sme o
I
> ty(1)
[
Table 8: Timing table of Soft-Input Synchronization
Symbol | Name Item Notes Min M ax Unit
Delay time from valid soft-
ty t(Ryaia-SYNGCiis) input Rtorising SYNC ns
signa
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Figure 7. Waveform of external write and read access of path metric memory
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I tcyc I
CLOCK
L
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WE_PMM_N : |
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I M\l
A_PMM D
LA 40
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| I

S

read

L‘_

t4(6)

X

U A

-y

§
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~—+
=
~
N

- e
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Table9: Timing table of an external access of path metric memory

Symbol | Name Item Notes Min M ax Unit
toye | H(CLOCK ige-CLOCK igo) Clock cycle ns
t4(CLOCK g Delay timefor falling edge
tq(2) WE_PMM_Nyy) of WE_PMM_N from ns
— =l rising clock edge
Setup timefor A_PMM to
(2 ts(A_PMM,,4iq-CLOCK; - —
S( ) S( - valid I’ISG) rISIng ClOCk edge ns
th(3) | th(CLOCKisesA_PMM,gig) | Hold timefor A_PMM ns
Setup time for
t(DATA_IN_PMM, giq-
ty(4) éf_ OCK.) valid DATA_IN_PMM torising ns
n clock edge
Hold time for
th(5 th(CLOCK (ieerA_PMM, 4
() h( rise”M_! valid) DATA_IN_PMM ns
Delay timefor A_PMM
LOCK icrA PMM, —
W(® | t(CLOCK A vaic) from rising clock edge ns
tg(A_PMM 4iiq- .
ty(7) DATA_OUT PMM,4iq) Address access time ns
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Figure 8. Waveform of external read and write acces of external survivor memory

write cycle read cycle
- e
CLOCK
:—>' ta(1) :
WE_SMU_N | |
o 2 11,
L |>;
A_SMU | >< | >< ><
| - @ LL(S)
_ ey
! I
DATA_OUT_SMU ) ><
- -
t4(6)

Table 10: Timing table of an external access of survivor memory

Symbol | Name Item Notes Min M ax Unit
toye | H(CLOCK ige-CLOCK igo) Clock cycle ns
t4(CLOCK ;g Delay timefalling eqlg_e of
tg(D) WE_SMU_N fromrising ns
WE_SMU_Nra) clock edge
o , Setup time for A_SMU to
t2) | tA_SMUyqigCLOCK igg) | == g clock edgs ns
th(3) | th(CLOCK jseA_SMU,4jig) | Hold time for A_SMU ns
Setup time for
ty(DATA_IN_SMU, iq
t4(4) s(DATA_IN_SMUyaig DATA_IN_SMU to rising ns
CLOCK ise) clock edge
Hold time for
th(5) th(CLOCKri Se_A_SM Uvalid) DATA IN SMU ns
t(A_SMU g ,
t4(6 -
4(6) DATA_OUT PMM4iq) Address access time ns
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Application Note

The following example shows the parameters of the FHG_VITERBI_SER for a special appli-
cation. This parameter set is used in section VHDL Usage through Component Instantiation

Figure9: Application example

CodeBit Cl,i R[5:3
| Modtjrlator [5:3]
Channd
. + .
Code Bit ¢ Demodulator R[2:0]
Viterbi Decoder
R[5:3] X_DEC (decoded bit)
_> >

Convolutional Encoder

CodeBit ¢y ;
{>c -

HE}C—
I nfo Bit . :
—P X Xj-1 Xj.o Xj-3 Sh|ft RegISter
X
L P |
Code Bit cg;
-

CODE_RATE=2

CONSTRAINT_LENGTH =4

Generator Polynomials: g; = (1111), and gy = (1101),

=> GEN_POLY =(0; 0p)> = (1111 1101), = 253
Inversion of Code Bits: INVERT = (invq invg), = (10), =2

Demodulator
3 bit soft output for every code bit => SOFT_BITS=3

FHG VITERBI _SER |e»| SMU
external RAMs

R[2:0]

<«»>| PMM
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(Application example continued)

AW_PMM =3
PML =7
number of states=8 => choosee.g. DW_SMU =2

SURVIVOR_LENGTH = 5*CONSTRAINT_LENGTH =20
=>AW_SMU =7

Minimum clock frequency: x = 2% =16; y = min (7, 4) = 4
fmin = Max{16; 20+4+4}* fg g = 28*fgympol
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4.

FHG_VITERBI_PIPE

Purpose

The FHG_VITERBI_PIPE is afully parameterized and synthesizable rate-1/n Viterbi decoder
for low datarates. Its parameter set (constraint length, code rate, generator polynomial's, num-
ber of soft bits, survivor length) enables the desiger to implement Viterbi decoders for any rate-
1/n convolutional code with constraint lengths K >= 5 and thus provides versatility for the
design of corresponding applications.

Features

Fully Parametrized Viterbi Decoder for Rate-1/n Convolutional Codes
Fully Synthesizable

Constraint Length, Generator Polynomials, and Code Rate parameterized
(optional inversion of code bits)

Survivor Length of Viterbi Decoder parameterized
Wordlength of Soft-Input parameterized
Soft Input in Offset-Binary and Two’'s Complement Format

Up to 700 kilosymbols/sec decoding rate
(Constraint Length K=7, Code Rate R.=1/2, 0.8 Technology)

Registered Inputs and Outputs
Externa RAMs for Path Metric Memory and Survivor Memory Unit required

Design Kit

Technology Independent I|mplementation as Synopsys Design Ware Components
VHDL/Verilog Source Code Simulation Models

VHDL/Verilog Compliance Test Suite

Auxiliary Simulation Models for User Testbenches

Synthesis and Testsynthesis Scripts

Design Support, Netlist Synthesis Service, and Consulting available

Requirements
Simulation

VHDL |EEE-1076 Simulator
Verilog IEEE-1364 Simulator

Synthesis

Synopsys Design Compiler

(C) FhG vl4
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Block Diagram

Figure 10: Block Diagram

FHG_VITERBI_PIPE

R

CLOCK
RESET N
INIT

SYNC

X DEC

CLOCK SMU
e
WE SMUN +——p
RAM
x DW_SMU
DATA IN_SMU  se—t- - )
DATA OUT_SMU | <f——
CLOCK
— >
WELN ——»  PMM_1
A_PMM_1 s—- RAM
(2AW_PMM
DATA_IN_PMM_1 se—-
x PML)

DATA_OUT PMM 1 |<e——

WEQO N PMM_0O

A_PMM_0 (i RAM

DATA_IN_PMM 0 e (ZAW—PM M
X PML)
DATA OUT _PMM 0 | <am——
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General Information

The FHG_VITERBI_PIPE and its environment is a fully synchronous design. Therefore, all
blocks of the design (FHG_VITERBI_PIPE, SMU, PMM_0, PMM_1) have to be provided
with the same CLOCK signal. It is assumed that the the soft-quantized bits for all code bits are
applied parallely to the input of the Viterbi decoder (asisthe case e.g. for QPSK). If thisis not
the case, a serial-to-parallel conversion of the received datais required.

The memories for path metrics (Path Metric Memories PMM_0 and PMM _1) and survivor
paths (Survivor Memory Unit SMU) have to be implemented as externa RAMs with corre-
sponding memory sizes and datawidths. PMM_0, PMM _1, and SMU have to be synchronous
Single-Port-RAMs with a clock input, alow active write enable input, and an address input,

i. e. if the write enable signals are low, the input data are stored with the next rising edge of the
clock. Formulas for the necessary parameters (bitwidths, datawidths) are given in section Para-
meter Description.
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Signal Description

Table 11: Signal Description

Pin Direction | Bitwidth Description

CLOCK IN 1 Decoder Clock

RESET_N IN 1 Low active asynchronous reset

INIT IN 1 Initialization signal

SYNC IN 1 Synchronization signal for anew
code symbol

R IN CODE_RATE | Soft Input: CODE_RATE code

*SOFT_BITS | bits(Rc = /CODE_RATE) each

quan- tized with SOFT_BITS hits
in Off- set Binary Format

DATA_OUT _PMM_0 | IN PML Path Metric (PML bits) from
Path Metric Memory PMM_0

DATA_OUT PMM_1 |IN PML Path Metric (PML bits) from
Path Metric Memory PMM _1

DATA_OUT_SMU IN DwW_SMU Output Data from Survivor Mem-
ory Unit (SMU)

WEOQO N ouT 1 Low active write enable for
PMM_0

A PMM O ouT AW_PMM Addressfor PMM_0

DATA_IN_PMM_0O ouT PML Path Metric (PML bit) to be stored
inPMM_0

WE1 N ouT 1 Low active write enable for
PMM_1

A PMM_1 ouT AW_PMM Addressfor PMM_1

DATA_IN_PMM 1 ouT PML Path Metric (PML bit) to be stored
inPMM_1

WE_SMU_N ouT 1 Low active write enable for SMU

A_SMU ouT AW_SMU Addressfor SMU

DATA_IN_SMU ouT DW_SMU Input datafor SMU

The input port CLOCK is the decoder system clock. The necessary clock frequency is derived
in section Parameter Description and depends on the chosen code parameters and the codesym-

bol rate.

36
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Theinput port RESET_N isalow active asynchronous reset for the FHG_VITERBI_PIPE. An
asynchronous reset should be performed at the beginning of the decoding process.

Theinput port INIT isahigh active initialization signal. It initializes the path metric memories
PMM_0 and PMM _1 what should be done at least once at the beginning of the decoding pro-
cess. For this purpose, the signal INIT hasto be high for at least one clock cycle. Theinitializa-
tion then starts with the first rising edge of the CLOCK signal. (seetiming diagram in section
Waveforms and Timing Tables).

The input port SYNC isthe synchronization signal for the code symbols. If SYNC is high, this
indicates new valid soft-input bits R provided by the demodulator for a new code symbol. This
signal can be e. g. the clock of the Analog-to-Digital Converter at the demodulator output (see
timing diagram in section Waveforms and Timing Tables). .

The input port R consists of the soft-input data. Each of the CODE_RATE code bits is quanti-
zed with SOFT_BITS bit in Offset-Binary Format. The input code bits are numbered from
code bit CODE_RATE-1 down to code bit O each starting with the MSB and ending with the
LSB.

The input ports DATA_OUT_PMM_0 and DATA_OUT_PMM _1 are the path metrics of bit-
width PML read from the Path Metric Memories PMM_0 and PMM _1, whereas the output
ports DATA_IN_PMM_0 and DATA_IN_PMM _1 are the corresponding new path metrics to
be stored. The write and read operations of PMM_0 and PMM _1 are controlled by the write
enable signals WEO_N and WEL1 N and the address signalsA_ PMM_0 and A_PMM _1 (bit-
width AW_PMM). WEO_N and WE1 N arelow active, i. e. if WEO_N or WE1 N are low, the
data at the input of the path metric memories (DATA_IN_PMM_0 and DATA_IN_PMM 1)
are written with the next rising edge of the CLOCK signal. The modes of PMM_0and PMM _1
change in succeeding decoding cycles. If, for example, in one decoding cycle path metrics
were read from PMM_0 and written in PMM _1, the next decoding cycle path metrics are read
from PMM _1 and are written in PMM _0, and vice versa (see timing diagram in section Wave-
forms and Timing Tables).

The input port DATA_OUT_SMU (bitwidth DW_SMU) is the data output of the Survivor
Memory Unit SMU corresponding to the read address A_SMU (bitwidth AW_SMU). The
write and read operations for the SMU are controlled by the low active write enable
WE SMU N and the address A_SMU (bitwidth AW_SMU), i. e. the input data
DATA_IN_SMU (bitwidth DW_SMU) for the SMU are written with the rising edge of
CLOCK into the address A_SMU (see timing diagram in section Waveforms and Timing
Tables).

The output port X_DEC of the FHG_VITERBI_PIPE provides the decoded bit stream calcua-
ted by the Viterbi Decoder. One hit is decoded every decoding cycle. The number of clock
cycles per decoding cycle is derived in section Clocking of the FHG_VITERBI_PIPE .
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Parameter Description
Table 12: Parameter Description

Name Type Default | Value | Description
Value Range
CONSTRAINT_LENGTH | Integer | none >=5 | Constraint Length
CODE_RATE Integer | none Coderate R, = 1/CODE_RATE
SOFT BITS Integer | none Number of Soft-I1nput Bits per
Code Bit
SURVIVOR_LENGTH Integer | none Survivor Length
GEN_POLY Integer | none Generator polynomials
GEN_POLY =

(dcope RATE-1-+-90)2
gi., i=0,....CODE_RATE-1

INVERT Integer | none Optional Inversion of Code Bits
INVERT =

(iIVcope RATE-1:-++1MV0)2

inv;, i =0,...,CODE_RATE-1

AW_PMM Integer | none Address bits for Path Metric
Memories (PMMS)

PML Integer | none Bitwidth of Path Metric (Path
Metric Length)

AW_SMU Integer | none Address bits for Survivor Mem-
ory Unit (SMU)

DW_SMU Integer | none >=2 | Bitwidth of SMU Data

The paramter CONSTRAINT_LENGTH isthe constraint length of the convolutional code.
For the use of the FHG_VITERBI_PIPE the constraint length has to be greater than or equal to
five.

The parameter CODE_RATE is the number of code bits generated for each information bit by
the convolutional encoder resulting in a code rate R.=1/CODE_RATE.

The parameter SOFT_BITS isthe number of soft-quantized bits for each code bit. Usually, one
(hard decision) to three (soft decision) bits are used for quantization dependent on the desired
Bit Error Rate (BER) which should be achieved under the condition of a given SNR per bit of
the communication channel.

The parameter SURVIVOR_LENGTH characterizes the survivor length used by the Viterbi
Decoder. As arule of thumb, the survivor length should be chosen four to six times the cons-
traint length (SURVIVOR_LENGTH = (4..6)* CONSTRAINT_LENGTH). The larger the sur-
vivor length is chosen the lower isthe resulting BER.
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The generator polynomials of the convolutional code are given by GEN_POLY. The generators
for each of the CODE_RATE code bits given in binary form (CONSTRAINT_LENGTH bits
per generator) are put in one bit vector. Thereby, the generator polynomials are numbered from
code bit CODE_RATE-1 downto code bit 0. GEN_POLY is the resulting bit vector of length
CODE_RATE*CONSTRAINT_LENGTH converted to integer.

The parameter INVERT allows an optional inversion of the code bits generated by the convolu-
tional encoder. If an inversion of one of the CODE_RATE code bits is desired, the correspon-
ding bit in INVERT has to be set to 1, otherwise 0 has to be chosen. The bits are numbered
from code bit CODE_RATE-1 downto code bit 0. INVERT isthe resulting bit vector of length
CODE_RATE converted to integer.

The number of address bits for the path metric memoriesis given by AW_PMM. It is calcula-
ted by

AW_PMM = CONSTRAINT_LENGTH - 1.

The path metric length PML depends on the code rate, the constraint length, and the number of
soft-input bits. It can be calculated by the formulas

SOFT_BITS

AT = CODE_RATE*(CONSTRAINT_LENGTH-1)* (2 1)

and
PML = ceil(log,(Al ,x+ 1)) +1,

where ceil(x) denotes the ceiling function (smallest integer value equal to or greater than x).

The address width AW_SMU of the SMU depends on the constraint length, the survivor length
and the datawidth DW_SMU (see below) of the SMU. It is calculated by the formula

CONSTRAINT_LENGTH-1

AW_SMU = ceilgogzg2 STTRSYIY —H+ ceil (log,(SURVIVOR_LENGTH))

where ceil(x) denotes the ceiling function (smallest integer value equal to or greater than x).

The data width of the SMU input is given by the parameter DW_SMU. DW_SMU hasto be

a divisor of the number of states (= 2CONSTRAINT_LENGTH-1y ot the concvolutional code and
an integer value greater than or equal to 2. With the choice of DW_SMU the datawidth of the
SMU can be adapted to the requirements of the specific application.

In section Application Note an example is given how the parameter set has to be chosen for a
special application.
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I nterfaces

The FHGVITERBI_PIPE has three interfaces with external memories (RAMs) for path
metrics (PMM _0 and PMM _1) and survivor paths (SMU).

The two path metric interfaces consist of the low active write enable signals WEO_N and
WE1 N, the address busses A PMM 0 and A PMM_1, the data input busses
DATA_IN_PMM_0and DATA_IN_PMM _1, and the data output busses DATA_OUT_PMM_0
and DATA_OUT_PMM _1.

The interface to the survivor path memory consists of the low active write enable signal
WE_SMU _N, the address bus A_SMU, the data input bus DATA_IN_SMU, and the data out-
put bus DATA_OUT_SMU.

Clocking of theFHG_VITERBI_PIPE

The FHG_VITERBI_PIPE has to be provided with a CLOCK signal whose minimum clock
frequency depends on the symbol rate, the constraint length of the convolutional code, the
datawitdht of the SMU,and the chosen survivor length. The minum clock frequency can be
simply derived by calculating

frin = max { (2000 ANTLENCTHL 4 6)-(SURVIVOR_LENGTH+DW_SMU+7)} X fg o

where max(x, y) denotes the maximum of the two expressions enclosed in braces. The calcula-
ted factor is the required number of clock cycles for one decoding cycle.

40 v14 (C) FhG



CorePool
FHG_VITERBI Databook

Fraunhofer

Institut
Integrierte Schaltungen

VHDL Usage through Component I nstantiation

l'ibrary

| EEE, FHG_VI TERBI DW

use | EEE. std_| ogic_1164.all;
use FHG VI TERBI DW FHG VI TERBI . al | ;

entit
por

y MY_VITERBI is

t ( CLOK
RESET N
INIT

SYNC

R

DATA_ OUT_SMJ
WEO N

A_PMM 0

DATA | N_PMM 0
VWEL N

A _PMW 1

DATA | N_PMM 1

)

end My_VI TERBI

DATA OUT_PMM O :
DATA OUT PW 1 :

in std_|ogic;
std_| ogic;
std_I ogic;
std_I ogic;

std_| ogi c_vector (5 downto
std_| ogi c_vector (6 downto
std_| ogic_vector(6 downto
std_ | ogic_vector(1l downto

std_Il ogi c;
std_| ogi c_vector (3
std | ogic_vector(6
std_I ogi c;
std_| ogi c_vector (3
std_| ogic_vector(6
std_I ogi c;

std_| ogi c_vector (7
std | ogic_vector(1
std_logic

downt o
downt o

downt o
downt o

downt o
downt o

0);
0);
0);
0);

0);
0);

0);
0);

0);
0);
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architecture MY_VITERBI _RTL of MY VITERBI is

constant CGEN PCOLY i nteger := 637;
constant | NVERT . integer := 2;
const ant CONSTRAI NT_LENGTH : integer := 5;
const ant CODE_RATE . integer := 2;
constant SOFT _BITS i nteger := 3;
const ant SURVI VOR_LENGTH i nteger := 25;
const ant AW PW i nteger := 4,
constant PM integer :=7;
constant AW SMJ integer := 8§;
constant DW SMJ i nteger := 2;
begi n
MY_VI TERBI _CORE : FHG VI TERBI _PI PE
generic map ( GEN _POLY => GEN_PQLY,
| NVERT => | NVERT,
CONSTRAI NT_LENGTH => CONSTRAI NT_LENGTH,
CODE_RATE => CODE_RATE,
SOFT_BI TS => SOFT_BI TS,
SURVI VOR LENGTH  => SURVI VOR LENGTH,
AW PMM => AW PW
PML => PM,,
AW SMJ => AW SMJ,
DW SMJ => DW SMJ )
port map ( CLOCK => CLOCK,
RESET_N => RESET N,
INIT = |NT,
SYNC => SYNC,
R = R

DATA OUT_PMM 0
DATA_OUT_PWM 1
DATA OUT_SMJ

WEO N

A_PMM 0
DATA | N_PMM 0

DATA OUT_PMWM 0,
DATA_OUT_PWM 1,
DATA OUT_SMJ,
WEO N,

A_PMM 0,

DATA | N_PMM 0,

VEL N => WE1_N,
A PW 1 => A PW 1,
DATA IN PMM 1 => DATA IN PMM 1,
VE_SMJ N => WE_SMJ N,
A SMJ => A SMJ,
DATA | N SMJ => DATA | N_SM,
X_DEC => X _DEC
)i
end MY_VI TERBI _RTL;
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Waveforms and Timing Tables

Figure11: Initialization

|
| I
CLOCK
t
cyc | I
| | |
RESET N T
! I
td(l) | |
|
INIT | I |
i i - _
. low active || initialization
I ' I | I
—>
e |
Table 13: Timing Table of Initialization Process
Symbol | Name Item Notes Min Max Unit
tye | t(CLOCK ge"CLOCK ig) Clock cycle ns
o Delay timefor RESET_N
td(l) td(CLOCKrlse RESET_Nfa”) to rising clock edge ns
o , Setup time for INIT to
t(2) | ts(INIT};-CLOCK i) rising clock edge ns
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Figure 12: Soft-Input Synchronization

R ]KW R1 >6 R2 Y\W R3
SYNC %Ii < <

Table 14: Timing table of Soft-Input Synchronization

Symbol | Name Item Notes Min Max Unit
Delay time from valid soft-
ty t(Ryaia-SYNGCiisd) input Rtorising SYNC ns
signal
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Figure 13: Waveform of external write and read access for path metric memories
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Table 15: Timing table of an external dataread access

Symbol | Name Item Notes Min M ax Unit
te |UCLOCKieCLOCK ig) | Clock cycle ns
o Delay timefor WEO_N
(L) | ta(CLOCK i WEO Nia) from rising clock edge ns
Setup timefor A_PMM_0
(2 ts(A_PMM igCLOCK; — -
(2) A Duaiia rise to rising clock edge ns
t,(CLOCK i _
t
h(3) A_PMM_O,y:q) Hold timefor A_PMM_0 ns
Setup time for
t(DATA_IN_PMM _Oygiq
t44) é(L ockoy vaid™ | DATA_IN_PMM_0O'to ns
n rising clock edge
th(CLOCK e Hold time for
th(5) ns
A_PMM_0y4iq) DATA_IN_PMM_0
4(6) ta(CLOCK e Delay timefor A_PMM_0 o
d A_PMM_0y4iq) from rising clock edge
t4(7) ta(A_PMM_0\4iq- Address access time of o
d DATA_OUT_PMM_O,4i) | PMM_O
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Figure 14: Waveform of external read and write acces of external survivor memory
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Table 16: Timing table of an external access of survivor memory

Symbol | Name Item Notes Min M ax Unit
toe |H(CLOCKCLOCK ) | Clock cycle ns
Delay time for
t4(CLOCK iger
t4(1) ol rse WE_SMU_N from rising ns
WE_SMU_Nay) clock edge
Setup timefor A_SMU to
t(2) | tdA_SMU,4iq-CLOCK ;i) ngnS ook odgs ns
th(3) | th(CLOCKjge-A_SMU,4iq) | Holdtimefor A_SMU ns
Setup time for
t(DATA_IN_SMU,4iq-
t(4) s(DATA_IN_SMUyaiiq DATA_IN_SMU torising ns
CLOCK ise) clock edge
Hold time for
th(®) | th(CLOCK iseA_SMUvaiid) | 5ata IN SMU ns
4(6) ta(A_SMUyqiq- Address access time of o
d DATA_OUT_PMM,id) SMU
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Application Note

The following example shows the parameters of the FHG_VITERBI_PIPE for a specia appli-
cation. This parameter set is used in section VHDL Usage through Component | nstantiation.

Figure 15: Application example

Convolutional Encoder _
{>¢ » CodeBit ¢y

Info Bit _ _
—P> X Xj.1 Xj.o Xi-3 Xj-4 Shift RegIStel’

Xi =7

» CodeBit ¢y

CODE_RATE =2

CONSTRAINT _LENGTH =5

Generator Polynomials: g; = (10011), and g = (11101),
=> GEN_POLY =(g; gg)» = (10011 11101), = 637
Inversion of Code Bits: INVERT = (invq invg), =(10), =2

Demodulator
3 bit soft output for every code bit => SOFT_BITS=3

CodeBit ¢ ; )
1|" M odulator R[5:3]
+
Channd
Code Bit ¢y DemoJ:quator R[2:0]
 ——
Viterbi Decoder
R[5:3 [
[5:3] ) X_DEC (decgded bit)
FHG_VITERBI_PIPE lgp! SMU
external RAMs
R[2:0] i«»{ PMM O
> PMM_1
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(Application example continued)

AW _PMM =4

PML =7

number of states= 16 => choosee.g. DW_SMU =2
SURVIVOR_LENGTH =5*CONSTRAINT_LENGTH =25
=>AW_SMU =8

Min. clock frequency: fpin= max{2*+6; 25+2+7}* fsymbol = 34" fsymbol
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5.

FHG VITERBI_SP

Purpose

The FHG_VITERBI_SPisafully parameterized and synthesizable rate-1/n Viterbi decoder. Its
parameter set (constraint length, code rate, generator polynomials, number of soft bits, sur-
vivor length) enables the desiger to implement Viterbi decoders for any rate-1/n convolutional
code for awide range of symbol rates and thus provides versdtility for the design of correspon-
ding applications.

Features

Fully Synthesizable Parametrized Viterbi Decoder for Rate-1/n Convolutional Codes

Constraint Length, Generator Polynomials, and Code Rate parameterized
(optional inversion of code bits)

Number of parallel Butterfly ACS Computers parameterized
Survivor Length of Viterbi Decoder parameterized
Wordlength of Soft-Input parameterized

Soft-Input in Offset-Binary and Two’'s Complement Format

Symbol Ratesin arange from 500 kilosymbols/sec up to 10 M Symbol s/sec
(Constraint Length K= 7, Code Rate R.=1/2, 0.8um Technol ogy)

Registered Inputs and Outputs
Externa RAMsfor Path Metrics and Survivor Memory Unit required

Design Kit

Technology Independent I|mplementation as Synopsys Design Ware Components
VHDL/Verilog Source Code Simulation Models

VHDL/Verilog Compliance Test Suite

Auxiliary Simulation Models for User Testbenches

Synthesis and Testsynthesis Scripts

Design Support, Netlist Synthesis Service, and Consulting available

Requirements
Simulation

VHDL |EEE-1076 Simulator
Verilog IEEE-1364 Simulator

Synthesis

Synopsys Design Compiler
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Block Diagram

Figure 16: Block Diagram
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General Information

The FHG_VITERBI_SP and its environment is a fully synchronous design. Therefore, all
blocks of the design (FHG_VITERBI_SP, SMUO, SMU1, SMU2, SMU3, PMM) have to be
provided with the same CLOCK signal. It is assumed that the soft-quantized bits for all code
bits are applied parallely to the input of the Viterbi decoder (asis the case e.g. for QPSK). If
thisis not the case, a serial-to-parallel conversion isrequired.

The Survivor Memory Unit ist divided into four memory banks SMUO, SMU1, SMU2, and
SMU3 because of the usage of a special decoding algorithm. The memories for the path
metrics (Path Metric Memory PMM) and the survivor paths (Survivor Memory Units SMUO,
SMU1, SMU2, SMU3) have to be implemented as externa RAMs with corresponding
memory sizes and datawidths. PMM and the four path memories SMUO, SMU1, SMU2, and
SMU3 have to be synchronous Single-Port-RAMs with a clock input, alow active write enable
input, and an address input, i. e. if the write enable signals are low, the input data are stored
with the next rising edge of the clock. Formulas for the necessary parameters (bitwidths, data-
widths) are given in section Parameter Description.
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Signal Description

Table 17: Signal Description

DATA_IN_SMU2
DATA_IN_SMU3

Pin Porttyp Bitbreite Beschreibung

CLOCK IN 1 Decoder Clock

RESET_N IN 1 Low active asynchronous reset

INIT IN 1 Initialization signal

SYNC IN 1 Synchronization signal for a new
code symbol (symbol clock)

R IN CODE_RATE | Soft Input: CODE_RATE code

*SOFT_BITS | bits(Rc = YCODE_RATE) each

guan- tized with SOFT_BITS hits
in Off- set Binary Format

DATA_OUT_PMM IN CALCS*PML | Path Metrics from Path Metric
Memory PMM

DATA_OUT_SMUO IN DwW_SMU Output Data from Survivor Mem-

DATA_OUT_SMU1 ory Units (SMUO, SMU1, SMUZ2,

DATA_OUT_SMUZ2 SMU3)

DATA_OUT_SMU3

WE_PMM_N ouT 1 Low active write enable for PMM

A PMM ouT AW_PMM Address for PMM

DATA_IN_PMM ouT CALCS*PML | Path Metric (PML bit) to be stored
in PMM

WE_SMUO_N ouT 1 Low active write enable for

WE_SMU1 N SMUO0, SMU1, SMU2, SMU3

WE_SMU2_N

WE_SMU2 N

A_SMUO ouT AW_SMU Addresses for SMUO, SMU1,

A_SMU1 SMU2, SMU3

A_SMU2

A_SMUS3

DATA_IN_SMUO ouT DW_SMU Input data for SMUO, SMU1,

DATA_IN_SMU1 SMU2, SMU3

The input port CLOCK is the decoder system clock. The necessary clock frequency is derived
in section Parameter Description and depends on the chosen code parameters and the codesym-

bol rate.
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The input port RESET_N isalow active asynchronous reset for the FHG_VITERBI_SER. An
asynchronous reset should be performed at the beginning of the decoding process.

The input port INIT is a high active initialization signal. It initializes the path metric memory
PMM what should be done at |east once at the beginning of the decoding process. For this pur-
pose, the signal INIT has to be high for at least one clock cycle. The initialization then starts
with the first rising edge of the CLOCK signal (see timing diagram in section Waveforms and
Timing Tables).

The input port SYNC isthe synchronization signal for the code symbols. If SYNC ishigh, this
indicates new valid soft-input bits R provided by the demodulator for a new code symbol. This
signal can be e. g. the clock of the analog-to-digital converter at the demodulator output (see
timing diagram in section Waveforms and Timing Tables).

The input port R consists of the soft-input data. Each of the CODE_RATE code bits is quanti-
zed with SOFT_BITS bit in Offset-Binary Format. The input code bits are numbered from
code bit CODE_RATE-1 down to code hit O each starting with the MSB and ending with the
LSB.

The input port DATA_OUT_PMM reads the path metrics of bitwidth CALCS*PML from the
Path Metric Memory PMM, whereas the output port DATA_IN_PMM contains the correspon-
ding new path metrics to be stored. The write and read operations of PMM are controlled by
the write enable signal WE_PMM _N and the address signal A_PMM (bitwidth AW_PMM).
WE_PMM_N islow active, i. e. if WE_PMM _N islow, the data at the input of the path metric
memory (DATA_IN_PMM) are written with the next rising edge of the CLOCK signal (see
timing diagram in section Waveforms and Timing Tables).

The input ports DATA_OUT_SMUO, DATA _OUT SMU1l, DATA_OUT _SMU2, and
DATA_OUT_SMU3 (bitwidth DW_SMU) are the data outputs of the four memory banks of
the Survivor Memory Unit corresponding to the addressesA_SMUO, A_SM1, A_SMU2, and
A_SMU3 (bitwidth AW_SMU). The write and read operations for the four survivor memory
banks are controlled by the low active write enable signals WE_SMUO_N, WE_SMU1 N,
WE_SMU2_N, and WE_SMU3 N, and the addresses A_SMUO, A_SM1, A_SMU2, and
A_SMUO (bitwidth AW_SMU), i. e. if the write enable signals are low, the input data for the
memory banks are written with the rising edge of CLOCK into the corresponding addresses
(see timing diagram in section Waveforms and Timing Tables)

The output port X_DEC provides the decoded bit stream calcuated by the Viterbi decoder. One
bit is decoded every decoding cycle. The number of clock cycles per decoding cycleis derived
in section Clocking of the FHG_VITERBI_SP.

(C) FhG v1.4 53



CorePool

FHG_VITERBI Databook

Fraunhofer Institut

Integrierte Schaltungen

Parameter Description

Table 18: Parameter Description

Name Type Default | Value | Description
Value Range
CONSTRAINT_LENGTH | Integer none Constraint Length
CODE_RATE Integer none Coderate R, = 1/
CODE_RATE
SOFT_BITS Integer none Number of Soft-Input Bits per
Code Bit
CALCS Integer none {2.. | number of Butterfly-ACS-
2CL-2 Calculators (power of 2)
SURVIVOR_LENGTH Integer none Survivor Length
GEN_POLY Integer none Generator polynomials
GEN_POLY =
(9copE_RATE-1:-+-90)2
Ji i=0,...,CODE_RATE-1
INVERT Integer none Optional Inversion of Code
Bits
INVERT =
(iIVcope RATE-10-++1MV0)2
invj, i =0,...,CODE_RATE-1
AW_PMM Integer none Address bits for Path Metric
Memories (PMMS)
PML Integer none Bitwidth of Path Metric (Path
Metric Length)
AW_SMU Integer none Address bits for Survivor
Memory Unit (SMU)
DW_SMU Integer none >=2 | Bitwidth of SMU Data

The paramter CONSTRAINT_LENGTH isthe constraint length of the convolutional code. Its
value can be any convenient length.

The parameter CODE_RATE is the number of code bits generated for each information bit by
the convolutional encoder resulting in a code rate R.=1/CODE_RATE.

The parameter SOFT_BITS is the number of soft-quantized bits provided for each code bit.

Usually, one (hard decision) to three bits (soft decision) are used for quantization dependent on
the desired bit-error rate (BER) which should be achieved under the condition of a given SNR
per bit of the communication channel.
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The parameter CALCS isthe number of parallel butterfly ACS computersto calculate the ACS
equations of the Viterbi Algorithm. The possible range is from CALCS=2 to CALCS =
2CONSTRAINT_LENGTH-2 Thys for the decoding of one code symbol STATES/(2* CALCS)
clock cylces are necessary. Thus the parameter CALCS allows a trade-off between the desired
symbol rate and the area needed on the chip. The less ACS computers are needed, the less is
the required chip area.

The parameter SURVIVOR_LENGTH characterizes the survivor length used by the Viterbi
decoder. As arule of thumb, the survivor length should be chosen four to six times the cons-
traint length (SURVIVOR_LENGTH = (4..6)* CONSTRAINT_LENGTH). The larger the sur-
vivor length is chosen the lower isthe resulting BER.

The generator polynomials of the convolutional code are given by GEN_POLY. The generators
for each of the CODE_RATE code bits given in binary form (CONSTRAINT_LENGTH bits
per generator) are put in one bit vector. Thereby, the generator polynomials are numbered from
code bit CODE_RATE-1 downto code bit 0. GEN_POLY is the resulting bit vector of length
CODE_RATE*CONSTRAINT_LENGTH converted to integer.

The parameter INVERT allows an optional inversion of the code bits generated by the convolu-
tional encoder. If an inversion of one of the CODE_RATE code bits is desired, the correspon-
ding bit in INVERT has to be set to 1, otherwise 0 has to be chosen. The bits are numbered
from code bit CODE_RATE-1 downto code bit 0. INVERT isthe resulting bit vector of length
CODE_RATE converted to integer.

The number of address bits for the path metric memories is given by AW_PMM. With
CALCS=2AW_CALCS it js calculated by

AW_PMM = CONSTRAINT_LENGTH - 1-AW_CALCS.

The path metric length PML depends on the code rate, the constraint length, and the number of
soft-input bits. It can be calculated by the formulas

SOFT_BITS

AT ., = CODE_RATE*(CONSTRAINT_LENGTH-1)*(2 1)

and
PML = ceil(log,(Al 0+ 1)) + 1,

where Al .o denotes the maximum difference between two path metrics and ceil(x) denotes
the celling function (smallest integer value equal to or greater than x).

The datawidth of the memory banks of the Survivor Memory Unit is determined by the number
of parallel ACS computers (parameter CALCYS). It issimply calculated by

DW_SMU =2* CALCS.

The address width AW_SMU of the SMU depends on the constraint length, the survivor
length, and the datawidth DW_SMU of the SMU. It is calculated by the formula
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AW_SMU = AW_PMM - 1+ ceil (log,(SURVIVOR_LENGTH/2))

where ceil(x) denotes the ceiling function (smallest integer value equal to or greater than x).

In section Application Note an example is given how the parameter set has to be chosen for a
special application.

I nterfaces

The FHG_VITERBI_PIPE hasfive interfaces with external memories (RAMs) for path metrics
(PMM) and survivor paths (SMU_0, SMU_1, SMU_2, SMU_3).

The path metric interface consists of the low active write enable signal WE_PMM N, the
address bus A_PMM, the data input bus DATA IN_PMM, and the data output bus
DATA_OUT_PMM.

The interfaces with the survivor path memories consist of the low active write enable signals
WE_SMU(0..3) N, the address busses A _SMU(0.3), the data input busses
DATA_IN_SMU(0..3), and the data output busses DATA_OUT_SMU(O0..3).

Clocking of theFHG_VITERBI_SP

The FHG_VITERBI_SP has to be provided with a CLOCK signal whose clock frequency
depends on the symbol rate, the constraint length of the convolutional code, and the number of
paralel ACS computers. The clock frequency can be derived by calculating

CONSTRAINT_LENGTH-AW_CALCS f

fCLOCK =2 symbol
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VHDL Usage through Component I nstantiation

l'ibrary |EEE, FHG VI TERBI DW
use | EEE. std_| ogic_1164.all;
use FHG VI TERBI DW FHG VI TERBI . al | ;

entity M\W_VITERBI is

port ( CLOCK in std_|ogic;
RESET N in std_|logic;
INIT in std_|logic;
SYNC in std_|ogic;
R in std_|ogic_vector(5 downto 0);
VE_PW N out std_Il ogic;
A PW out std_logic_vector(2 dowmto 0);
DATA IN PMM : out std |ogic vector(13 downto 0);
DATA QUT_PMM : in std_|l ogic_vector (13 dowmnto 0);
VE SMJO N out std_Il ogic;
A SMJ0 : out std_logic_vector(5 downto 0);
DATA IN_SMJI : out std_logic_vector(3 dowmto 0);
DATA QUT_SMU0: in std_| ogic_vector(3 downto 0);
VWE SMJ1 N out std_ | ogic;
A SMA : out std_|logic_vector(5 dowmnto 0);
DATA IN SMJ1 : out std_|ogic_vector(3 downto 0);
DATA QUT_SMJ1: in std_|logic_vector(3 downto 0);
W _SMR2 N out std_logic;low
A SMJ2 : out std_|ogic vector(5 downto 0);
DATA IN. SMJR2 : out std |ogic vector(3 downto 0);
DATA QUT_SMJ2: in std_|l ogic_vector(3 downto 0);
VW _SMJ3 N out std logic; [|ow
A SMJ3 . out std_logic_vector(5 downto 0);
DATA IN SMJ3 : out std_|ogic_vector(3 dowmto 0);
DATA QUT_SMJ3: in std_| ogic_vector(3 downto 0);
X DEC : out std_logic

);
end MY_VI TERBI ;

architecture W_VITERBI _RTL of MY VITERBI is
constant GEN POLY i nteger := 637;
const ant | NVERT . integer := 2;
const ant CONSTRAI NT_LENGTH : integer := 5;
const ant CODE_RATE . integer := 2;
constant SOFT_BITS integer := 3;
constant CALCS i nteger := 2;
const ant SURVI VOR_LENGTH i nteger := 30;
constant AW PW integer := 3;
constant PM integer := 7,
constant AW SMJ i nteger := 6;
constant DW SMJ i nteger := 4,
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begi n

MY_VI TERBI _CORE :

FHG VI TERBI _SP

generic map ( GEN_PQOLY => GEN_PQLY,

| NVERT => | NVERT,
CONSTRAI NT_LENGTH => CONSTRAI NT_LENGTH,
CODE_RATE => CODE_RATE,
SOFT_BITS => SOFT_BI TS,
CALCS => CALCS,
SURVI VOR_LENGTH => SURVI VOR_LENGTH,
AW PW => AW PW
PML => PM,,
AW SMJ => AW SMJ,
DW SMJ => DW SMJ

)

port map ( CLOCK => CLOCK,

RESET_N => RESET N,

INT = INT,

SYNC => SYNC,

R = R

VWE_PW N => WE_PW N,

A PMW => A PW

DATA IN PW  => DATA | N PMM

DATA OQUT_PWM => DATA QUT _PMM

WE_SMJ_N => WE_SMJ0_N,

A SMDO => A SMUO,

DATA IN SMJO => DATA | N SMUO,

DATA QUT_SMJ0 => DATA OUT_SMUO,

WE_SMJL_N => WE SMJ1 N,

A SMJ1 => A SMJ1,

DATA IN SMJ1 => DATA | N SMJL,

DATA QUT_SMJ1L => DATA QUT SMU,

WE_SM2 N => WE _SMJ2 N,

A SMR => A SMJ2,

DATA IN SMJ2 => DATA | N SM2,

DATA OQUT_SMJ2 => DATA QUT SMU2,

WE_SMJU3_N => WE_SMJ3_N,

A SMJ3 => A SMJ3,

DATA IN SMJ3 => DATA | N SMJ3,

DATA QUT_SMJ3 => DATA OUT_SMJ3,

X _DEC => X DEC

),

end M¥_VI TERBI _RTL;
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Waveforms and Timing Tables

Figure 17: Initialization

|
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. low active || initialization
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Table 19: Timing Table of Initialization Process
Symbol | Name Item Notes Min Max Unit
tye | t(CLOCK ge"CLOCK ig) Clock cycle ns
o Delay timefor RESET_N
td(l) td(CLOCKrlse RESET_Nfa”) to rising clock edge ns
o , Setup time for INIT to
t(2) | ts(INIT};-CLOCK i) rising clock edge ns
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Figure 18: Soft-Input Synchronization

R ]KW R1 >6 R2 Y\W R3
SYNC %Ii < <

Table 20: Timing table of Soft-Input Synchronization

Symbol | Name Item Notes Min Max Unit
Delay time from valid soft-
ty t(Ryaig-SYNGiiso) input R to rising SYNC ns
signal
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Figure 19: Waveform of external write and read access of path metric memory

write
[ tcyc |
CLOCK
[ ty(1
. Oy
WE_PMM_N : :
I I
RCICE
A_PMM : >< : ><
RS
| I
DATA_IN_PMM | >< | ><
| =
| I

X

C

t4(7)

-

L

Table21: Timingtable of an external access of path metric memory

Symbol | Name Item Notes Min M ax Unit
tye |HCLOCKCLOCK g | Clock cycle ns
t4(CLOCK i Delay timefor falling edge
WD |\WE PMM N ) of WE_PMM_N from ns
— Tl rising clock edge
Setup timefor A_PMM to
142 t(A_PMM,, i -CLOCK i —
th(3) | th(CLOCKisesA_PMM,giq) | Hold timefor A_PMM ns
Setup time for
t(DATA _IN_PMM, 4iq
ty(4) (DATA_IN_PMMyaia DATA_IN_PMM to rising ns
CLOCK iso) clock edge
Hold time for
t th(CLOCK ;iesA PMM, i
h(5) h(c ocC rise/M vahd) DATA_IN_PMM ns
o _ Delay timefor A_PMM
W(® | t(CLOCK e A_PMMyaiic) from rising clock edge ns
t4(7) ta(A_PMM g Address access time of s
d DATA_OUT_PMM,4iq) PMM
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Figure 20: Waveform of external read and write acces of survivor memory
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Table 22: Timing table of an external access of survivor memory

Symbol | Name Item Notes Min M ax Unit
toye | (CLOCK ige-CLOCK jice) Clock cycle ns
Delay time for
t4(CLOCK ji e
tq(1) \7\5E SMucrISI\I ) WE_SMUO_N from rising ns
— — Tl clock edge
Setuptimefor A_SMUOto
t«2 t(A_SMUQ, 4;q-CLOCK; - —
«(2) S(A_ valid rise) rising clock edge ns
th(3) | th(CLOCK jg-A_SMUOQ,4i¢) | Hold time for A_SMUO ns
Setup time for
t(DATA_IN_SMUO, 4iq
ty(4) é(L 'y Ovaiia DATA_IN_SMUOtorising ns
n clock edge
Hold time for
() | th(CLOCK iewA_SMUOvaiid) | ATA._IN_SMUO ns
4(6) ta(A_SMUOy 5 Address access time of s
d DATA_OUT_PMM,4iq) SMUO
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Application Note

The following example shows the parameters of the FHG_VITERBI_SP for a specia applica-
tion. This parameter set is used in section VHDL Usage through Component I nstantiation.

Figure 21: Application example

Convolutional Encoder

-

—|>o—> CodeBit ¢y
E haN

I nfo Bit
—P X

Xi-1

Xj-2

Xi_3 Xi.4 Shift Register

Xi

CODE_RATE=2

_\,é'}.i

CONSTRAINT_LENGTH =5

Generator Polynomials: g; = (10011), and gy = (11101),
=> GEN_POLY = (g; gg)» = (10011 11101), = 637
Inversion of Code Bits: INVERT = (invq invg), =(10), =2

» CodeBit ¢y

Demodulator
3 bit soft output for every code bit => SOFT BITS=3
CodeBit ¢ .
1." M odulator R[5:3]
+
Channdl
Code Bit ¢ j Demodulator R[2:0]
Viterbi Decoder
R[5:3] X _DEC (decoded bit)
|
FHG_VITERBI_SP || sMuO
R[2.0 «»| SMUIL
<«»| SMU2 external RAMs
<«»| SMU3
<> PMM
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(Application example continued)

number of states= 16 => choosee.g. CALCS=2=>AW_CALCS=1
AW_PMM =3

PML =7

DW_SMU =2*CALCS=4

SURVIVOR_LENGTH = 6*CONSTRAINT_LENGTH =30
=>AW_SMU =6

Min. clock frequency: fmin= 16* fgmpol

64 v14 (C) FhG



