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Abstract: An embedded Field-Programmable Gate Arrays(FPGA) Digital Signal Processor(DSP)
core's architecture which supports efficient width variable addition is presented. Compared with the
Stratix-III DSP core of Altera corporation, the optimized architecture will give higher efficiency to a
variety of applications such as addition, multiply-addition and accumulation. It can not only reduce the
circuit area but also improve the circuit performance by using software to pre-process the data with
different types and bit-width. Meanwhile, a multiply-bypass circuit and two-stage sign extensional addition
circuit are added to the DSP core, which implements a high bit-width, high-speed pipelined operation and
reduces the circuit area as well. The design of DSP IP(Intellectual Property) core utilizes TSMC 55 nm
CMOS technology, which supports nine-operation modes including 72 bit addition and 36 bit
multiplication for variable width inputs.
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P 4 TeAF Sk B B

mnm1dMa| D11| DI0 | DY | D8 | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO |

=

pre-processed data | D11 | DI | DIl | DIl | DIl | DIl | DIl | D10 | DY | D8 | D7 | D6 | D5 | D4 | D3 | D2 | DI | DO

sign extensional data initial data

Fig.5 Data preprocessing for signed algorithm
Bl 5 A4 Ek AR 1
ME 6 Fiw, fFSMmalAmg, WA EseRAH LUT BUoEHE T8, R EmRS &S0 . plnxt+ 12 (i
%, ATRLSEN D115 SIGN AR, RIS & /S 60 ZE6E L 7 ki, i T3 A LUT X545 5 00 2547 Blik
AT L SEIR DR TR SO e B A MERE o (H i TR SE PR ECTAR S AR BRI TR, 4 ER A B BRSO AT
5L [ RE BRI, HOTOAR B GR A SE R G R WAR L/, X DSP AP RE R AR )



870 KMZMESEFEEFR 5015 %

highest bit D11 The sign of data can be calculated by using highest bit and enable signal of sign

enable signal of sign | SIGN

This unit can be realized by luts in FPGA

initial data ‘DII‘DIO‘D9‘D8‘D7‘D6‘DS‘M‘DB‘DZ‘D]‘DO‘

8

pre-processed data | S11 ‘ s ‘ s ‘ st ‘ st ‘ si1 | b ‘ DIO‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ DI ‘ DO

sign extensional data initial data

Fig.6 Data preprocessing for variable sign algorithm

6 HF5 AT AL AR Ak B A

2.2 ZHFAEAEMER DSP IP #Z £ #1i% it

WE 7 Bt A SCEE A T AR A7 56 S A0 FPGA H#x A3 DSP Z5#)F, % DSP Mk AR A A7Ea% . Rk as
KTk sz gkt . —JIM KL HFIER . — BN . R KL FFES . ZRIES S A AR | Hih
HAET . BN 28 MR AE AR LA B4 . 5 Stratix-I11 (% DSP S5 AH L, &I o (9 K €8 35 43 349 R A [

input register bank first pipeline register bank second pipeline register bank output register bank chain out register bank

[ 1

|
|
| accumulator
|
|

P

o]
Q
B

|
INMODE C | |

_'_

|
Tty [
|
| |
SI D - T JR— -—-ny — |
! AB Cin | |_ I
! !INMODE A i ! T | ACCUM_IN | i i
- | 1 1
,\:D‘]—D : AXB | _|_ I -
m l ] Cout | _!—% I
| S| Deandy | | @ataf37p)| | — | |
] | | 0 I stage [ | round/ ] + 1
75’@ - | | ) adder/ saturate | >
| | m | | | !
, ! | |
i I
! |

-

chainout adder

5

z
2
e}
=
=
<

|

DI

[—

| | second stage adder
:_ J and round/saturate

|
. Cout
-y ?—D—M (data[37]

\{

multiply-bypass circuit first stage adder \j

Fig.7 Embedded DSP’s architecture supporting efficient addition for variable bit-width inputs
Pl 7 AR SE RO FPGA i A X DSP 2514

2.2.1 feikse AT

W5 DSP {5 A BUHE 1B 1R A 03k 28 10 A B TR S A e, W M 3«&— .
LIS 3o 7 FRL B P A TR B 5 Bk S Se B, A 7 BT, fEARSch4EA4S DSP P A% — +
AT 4 NTIEFZEE, LT 4 ATERIG . ZTEFBRIE A g — aT_ |
) % Bt £ 4%, & th INMODE {5245 H 4 4~ INMODE {52 /0 5. 57, 7] 4351 “‘E&—
HEATHCE . 24 INMODE 1558 0 B, —Z&WM/KLTHEBIM A ITE A FFeH B2 +
B L H; 24 INMODE {554 1 B, WEH% A f1 B Wif5 S m 4 1. A c >
FICBCTE, AT LUHE S AR BRI B LB DSP N o T e
#. JFHH T4 INMODE f5 S WA H A ¥k, Tl DSP IP BT RMT  ° uldiplication addition

MAIE A A . E LR NIZ T Y=AxB+C, HF&MKL AN A INMODE 554 calculations by using
multiply-bypass circuit

L B AT dnl&l 8 TR g —A> DSP IP BRI LS HARFI ST T 2 g s pep BT ik
A>3 L ST



555 1 T WHE. —fHIZEHSMER FPGA #k AR DSP IP iZit 871

2.2.2 WEEARY & Ir X — Fhnk 4 4544 thehighestbit of 36 i D35
TE Altera B¢ Stratix-IIT HL i, — sign enable signal of DSP[__ sign_enalbe _|—— sf;i‘;l l?;nif::bﬁ jf; §§]‘Zf‘h}i;;§g° D33,
G A R Gk S 72 A0k A e bap | DSP_MODE_|—
E‘Z ) JH: YT’ ﬁ ?E ﬁ )\ - g& j]u {i %g Etj- ) %K %Jﬁ 5'6 initial data | 36 bit initial data
BERY 5o 72 fi)E HaE AT, ‘
HACHEE B U 9 Pr7r e i T s A W2 5 processed 36 bit sign extensional data | 36 bit initial data |
B8 LTSS, NELW 18 (A e
B, PULIEAE BN 19 B, EHAE [ T
HATL BT AT A Y RN 19 i, woie | _ . )
Bl TR 8 38 (b, o5 | [ o | evnseana O ! !
% 36 fraf REHJE X2 — g0k f oo, - r§§f‘é§@°f L ot |L cmiiiinal H
Ti36 MR ER OB EEL. T o |
A 7 — 0 B4 T o AT 5 (4 B sigred |+
VR AR RO 19267 | A DSP 9T i
YERE X DA R B B v L FOME 3 M5 S0 E AT B low 36-bit data of data Zfeir‘
BEE, AR E h 72 T ™ e 1™ i ]
HFEELE, 19 NA/FSREKLEHLER
E/‘J % i {j ﬁ TE‘ o /E’\ﬁ féj‘ % {j {g E\ ’ % ’f% 'éé-" Fig.9 Data extensional circuit of Altera Stratix-III

9 Altera Stratix-111 £ & Hi it

Horp— ] A B I AT /7 5 0 9 s [t

— G A HUA AE A BERORS BE AL ECRT 36 7 3 i A AU AT E T B — > 54 LT Ry kg, AL ARSI ik
BLFEHER A>T 40 n, R 72 AL9E AN e 28 ST IR IR B o PR, AR SCRITPIREUR P 7 =X, B AR fgazan
T o B 10 Frs A SC DSP 450 R 0 R A7 5 9 ik, TR TS UK 37 AiAE A 8, Horh
55 37 MBS A TS AE R, TERAEY R 1 RLerh, ATLLE S 37 MIBURIE NS0, EREHEGREEY R, 5
Stratix-IIT DSP HLE&AH b, ANAUE 25 TAF S A AE BB, [FRETTE T AT S AL 85 R i 7oL . A ST S
—PIMEER AL 55 0, HH s 55 BRI R TR A S AE R, TERE TS —gumkia i
G, HEHBRERNE 55 BRI N S A IETY R, RABIRY R E 72 A% A% Uk o,

............................................... 1
!— | D36 |_>| sign signal | Because the highest bit contains the
. information of sign, so it can be used |
! initial data | 36 bit initial data | as sign bit directly.
» processed I 19 bit sign extensional data I 36 bit initial data .
- data 1
e e e e T T T e T e e e — -
18 bit
DA extended 19 bit I_ hilhd M |
PA low 37-bit | .
ow 37-bif .
result of . data
i 38bit d'alg Of, -'- extensional J—
18 bit Py multiplication |, . -
multiplier unit [ . —_— e —. .
extended result | I | 1
DB 19 blt ....... . d :
signed i
mulgtiplier + —l— extensional I
: unit IT .
low 37-bit o i ="
X data of L ext a _a 1
unit B multiplication extensiona
unit I
result
r D54 | ign signal .
N | Sign signa | The same to data extension unit Lthe highest bit |
I initial data - - of addition result also contains the information of .
. | 54-bit valid data | sign bit, so it can be used as sign bit directly. .
: processed data I 18 bit sign extensional data I 54-bit valid data |

Fig.10 Two-stage sign extensional addition circuit

10 ZHBAEAT 50 e L it



872 KMZMESEFEEFR 5015 %

M FASCHSZE AR, FEXEA 72 AMEA, HEE DA[17:0] [DATAA A

SEEL 36 ALAYNGE, EESLIUH S AL SE Nk, B A — 9% DA[35:18]| DATAB_AI———

Ik 7 0 51 AL B DSP AT LUE I A — SNy [oatas b I SUM[35:0]
L 00 S AR B L SE PN B L W, A —GUmik a8

G 2 AN L BB (O AR B, S T 0 DS B (A g e PRSI DATARD o

BF, ZK3C DSP 75—k s in A T 07 277798, Py,  DALS336]| DATAAC
Wit R BEY R — A B, AR DSP R SE P DA[71:54] DATAB,C4D7 Cin

PR KRN . B 10 AR S DSP OB 72 6 T b -+ e

N
kg Mk AR ER .

ZE LR, A SCHE Y SRR RIS A FE AU DSP 1P
W45 5 Altera /3 7] Stratix-IIT DSP 5 AH L, BAH LIFAL Fig.11 Implementation of 72-bit two-stage pipeline adder
e ) BT LSRR, P BRI A BRI i 15 B 172 5= KSR
i A B 38 Ik A8 B AR S8 OIS s 2) SR T PIRAT S YT R — Gk gy, BRAR T BTN, 7E— gk
AR SR R P A7 4, DSP TP A% S8 30 KA T 14 ik i ok vl e -

DBJ[71:54] | DATAB |

3 LMELE

AR B ME TSMC 55 nm 1P9OM CMOS T.25, I/ Synopsys DC Hl ICC T 5¢ il 2 i 19 3 F¢ n] A2
FER N E: DSP P B H LK SC B, LR A AR AL, A TR AR 139 554.6 pm?, R AET B
R 213 ns. N THER—FEMT L ESIA M Stratix-IIT DSP 1P #4704, A CHRHEE A B Stratix-111 (1)
Boys T 3% DSP AR A9 B SeRs > SRHM R A9 sk AR R e A T L DSP 1P &, KM Altera
DSP, % IP MRIKEFLR 143 938.8 um?®, CHEAERTEKAE R 2.59 ns. £ 1 FIE 2 & Altera BATAY Stratix-III
DSP,Altera DSP Fll A S48 HY 19 347 AT A48 437 5 i A0 25 19 DSP 1P A% 1 LA

% 1 DSP Wy mi AL, PEfE b dg

Tablel Comparison of DSP’s area and performance

Stratix-III DSP Altera DSP DSP IP core supporting efficient addition
process technology 65 nm 55 nm 55 nm
area no data 143 938.8 139 554.6
critical path delay 1.85ns 2.59 ns 2.13ns
maximum operating frequency 550 MHz 386 MHz 470 MHz
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Table2 Comparison of DSP’s function
the number of application that can be implemented within a single DSP block

mode multiplier in width

Stratix-III DSP Altera DSP DSP IP core supporting efficient addition
9 bit 8 8 8
12 bit 6 6 6
independent multiplier 18 bit 4 4 4
36 bit 2 2 2
double mode 2 2 2
multiplier adder 18 bit not support not support 4
two-multiplier adder 18 bit 4 4 4
four-multiplier adder 18 bit 2 2 2
multiply accumulate 18 bit 2 2 2
shift 36 bit 2 2 2
. 36 bit not support not support 4
independent adder 72 bit not suggon not suggort 2
accumulate (four numbers 36 bit not support not support 2
accumulate 72 bit not support not support 2
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