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M ultip lier, a  ccu mu lator , and  add er fu nctio ns c  an c  reat e a p erfo rma nce bottl enec k in  prog ram ma ble
D SP p roce ssor s tha  t are   used  for high -perfo rm ance  DS P a  pplic  atio ns. Y ou c  an u se A ltera   FL EX 
de vice  s as DSP  co proc esso rs to  dram atic  ally  incr ease   syst em  perfo rma nce  in a  pplic  atio ns su ch a  s
vid eo c  onv oluti on, R F-r ate c  om mu nica tion s yste  ms for ca  ble   netw ork s, an d dir ect-s eque nce  spre  ad-
sp ectru m m od em s. FL EX  DS P co proc esso rs p erform  co mp utat iona lly in tensi ve, h igh- rate a  rithm eti c
fun ctio ns, le  avin g th e pro gram m able   DS P pr oce ssor f ree to  pe  rform  oth er fun ctio ns.

Example: FLEX DSP in Direct-Sequence Spread-Spectrum Data Communications

D irec  t-s equ en ce spr ead -sp ect rum  m od em s a  re use  d i n c  ellu lar  an d c  ord les s c  om mu nic  ati on,  as  we ll
as  in  wi rele  ss LA Ns . In  spr ead -sp ec  trum  a  pp lica  tio ns,  the   or igin al sig nal  is c  on vo lve d w ith  a p se  udo -
ra  ndo m  nu mb er at t he tran sm itte  r; t hen , a  t th e r ece ive r, a   fil ter cor rela  tes  th e s ign al w ith  th e s am e
ra  ndo m  nu mb er.

F or e  xa mp le, a w ire  les s L AN  m an ufa  ctu rer use  d a   16 -bi t, 4 0-M H z p rog ram m ab le D S P p roc ess or to
pe rfo rm  the  se co rrel atio n a  nd  dif fere  nti al q ua dra  tur e-a  mp litu de  da  ta-d em od ula  tio n fu nc tion s. I n th is
ca  se  , th e o ver all sys tem  p erfo rm an ce wa s on ly  10  M Hz  be cau se   the   sy ste  m use d m os t of  its  ba  nd-
w idth  fo r co rre  lat ion . Th is s yst em  su sta  ine  d a   10 -M Hz  sy ste  m spe ed for a 1 5-b it p seu do -ran do m
nu m ber  (P N) seq ue nce , w hic  h cor resp on ds to a   da  ta rate   of  le  ss t han  1 Me ga bit per  se  con d ( M bps ).

Whe n a   FL EX  d ev ice   wa s a  dd ed to h an dle   co rrel atio n w hi le the   pro gra  mm a ble   DS P pro ces so r w as
de dica  ted  to  da  ta d em od ula  tio n, t he   sys tem  p erfo rm ed  at 60 MH z . A FL EX  D SP  de vic  e im p le-
m en ted  the   co rre  lati on fun ctio n thro ug h a   FIR  f ilte  r w ith pip elin ed  ad diti on an d su btr act ion , a  s
sh ow n i n th e f igu re b elo w. 

Spread-Spectrum Receiver-Matched Filter Implemented in a FLEX Device

Note : Negations are handled by simple inversions through a shift chain. Two's complement representation is maintained by adding ones into the adder tree for each
negation, according to the following relation: a + b – c – d = a + b + (!c + 1) + (!d + 1) = a + b + !c + !d + 2
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Increasing the width of the PN sequence while implementing both the correlation and demodula-
tion functions would have required much higher performance in the single programmable DSP
processor. In contrast, when the same functions were implemented with a programmable DSP
processor and a FLEX device, the PN width was increased by adding parallel resources in the
FLEX device. Increasing this function to a 31-bit PN sequence required that the design use an
EPF8636A device rather than an EPF8452A device; however, the system speed remained at 60
MHz without any changes to the programmable DSP processor. Thus, using the FLEX device dra-
matically increased the system performance.

Performance Comparison for Direct-Sequence Spread-Spectrum Communication System

Devices Used Functions
Implemented

Filter Size Performance Size

Fixed -p oint p  rogra mmable
DS P p ro  cesso r

Correlatio  n & data 
demo dulation

15-bit PN  sequence 10 MH z –

Altera E PF8452A device Correlatio  n
(15-bit s equence)

15-bit PN  sequence 60 MH z 266 log ic cells

& fixed -po int prog ramma-
ble DSP proces sor

Da ta demod ulation

Altera E PF8636A device Correlatio  n
(31-bit s equence)

31-bit PN  sequence 60 MH z 553 log ic cells

& fixed -po int prog ramma-
ble DSP proces sor

Da ta demod ulation

DSP Design Kit

F LE X d ev ice  s p rov ide  hig he r pe  rfo rm anc e t han  pr ogr am ma bl e D SP  so luti on s w itho ut sac  rifi cin g
fle  xib ilit y. A lte  ra offe  rs a D SP  D esi gn Kit  tha  t in clu de s c  usto m iza  ble   bu ildi ng  blo ck s fo r im pl em en t-
in g D SP  fu nct ion s. T he se bui ldin g b loc ks  inc  lud e f ully  pa  ral lel  8-,  16 -, 2 4-, 32- , an d 6 4-t ap FIR 
fil ters  w ith use  r-c  usto m iza  ble   da  ta c  oe ffic  ien t w idt hs, full  se  rial  filt ers  for  lar ger  tap  w idth s, and 
flo ati ng- poi nt a  rit hm etic   fu nct ion s. T he  DS P De sig n K it o pti mi zes  th ese   fun ct ion s fo r A lter a F LE X
ar chi tec  ture  s s o t hat  de  sign ers  ca  n e  as ily cus tom iz  e fu nc tion s t o fi t sp ec  ific   de  sig n p ara  me ter s.

The documents listed below provide more detailed information. Part numbers are in parentheses.

Product Information Bulletins

PIB 23 Digital Signal Processing in
FLEX Devices (A-PIB-023-01)

Application Notes

AN 73 Implementing FIR Filters in FLEX 
Devices (A-AN-073-01)

You can request these documents from:

• Altera Express fax service at (800) 5-ALTERA
• World-Wide Web at http://www.altera.com
• Your local Altera sales representative
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