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TOM TAT: Hién nay céc bd xit 1§ tin hiéu s& (DSP) dugc st dung kh4 nhiéu trong
cdc ng dung thuc t€ va nghién citu khoa hoc. Viéc thi&t k& ché tao cdc bd DSP vugt ngoai
khé nang cong nghé cia ta. Tuy nhién, trong nhitng nim gan dy, véi sy xudt hién cla cédc
thi€t bi logic kha trinh nhu FPGA vdn dé trd nén khé thi. Muc tiéu & day 1a thi€t k&€ cau
triic tap 1énh va kién tric 16i mdt b DSP 16-bit ddu chadm cd dinh rdi thyc hién trén mot
FPGA dé kiém nghiém [1], st dung ngdn ngif 1ap trinh Verilog HDL. Céc b9 DSP 16-bit
didu chdm c& dinh hién cling dang con rit thong dung (tham khdo cdc hing Texas
Instruments, Analog Devices, National Semiconductor . . .), hon nita FPGA thich hdp véi
tinh todn d4u chdm c& dinh. Cling nén nhd 12 phan mém c6 thé bién bd DSP ddu chdm c&
dinh thanh dau chdm ddng. Db ring bd DSP nhin dugc khong thé so sdnh véi cdc bd DSP
thuc thu trén thi trudng nhung d6i v6i chiing t6i day 1a budce khdi ddu cho céc thiét k€ cao
c4p hon. ' '

1. CAU TRUC TAP LENH DSP 16-BIT DAU CHAM CO PINH

Do DSP ¢6 kich thudc Bus 16-bit, nén tap 1énh dudc thiét k€ dua trén cdc 1énh 16-
bit va theo ciu triic RISC (Reduced Instruction Set Computer — mdy tinh c6 tdp 1€nh dudc
rit gidm), ¢6 d6 linh hoat va dé st dung.

Ciu tric tp 1énh nhu sau: 4 bit déu 12 ma 1&énh Opcode, 12 bit sau 1am Operand,
trong d6 chia 1am 3 thanh ghi rS, 1T, 1D, m&i thanh ghi 4 bit. Ting thanh ghi dugc t3 hgp
thanh 2* gdm 16 thanh ghi danh s& tiY r0 dén r15, c6 thé duge sl dung 1am todn hang trong
tat cd cdc 1énh (ngoai triY thanh ghi r0 diing cho cdc muc dich riéng):

Opcode (4-bit) Operand (12-bit)
_ rS | rT l rD
B15 B12 | Bi11 B0

Chu thich: rD: thanh ghi dich, rS: thanh ghi ngudn 1, rT: thanh ghi ngudn 2

Trong mot 1énh, mdi thanh ghi dugc ma hod bing 4 bit: DDDD dugce ky hiéu cho
1D, twong tir 1a SSSS cho thanh ghi rS va TTTT cho thanh ghi rT. Ngoai ra hiing s6 K dugc
dung khi 1énh thao tdc v6i mot héing s6 (hiing s6 nay thudng ndm ngay sau ma 1énh).

GAn nhu tit cd 1énh déu ding 3 todn hang (rD=tS op rT). Chiing c6 thé 1a c4c thanh
ghi (vi du r12 = 16 + r15), h¥ing s6 (vi du r12 = 16 + 0.9327), gid tri rdng (vi du r12 = 0+
rl15,r12=0+0.9327).

C6 2 loai phép nhin: thi nhat 12 dang chudn héa (fD =S * rT) va thif hai 12 dang
s8 nguyén (rD = rS x rT). C4 hai déu c6 ciing bd nhin vit Iy nhu nhau va tao ra tri hodn 1
chu k¥ 1énh nhu nhau, nhung k&t qua khéc nhau. Dang chudn héa ding dang <1.15> cho ¢4
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hai todn hang (1 bit nguyén — bit dau, 15 bit thap phan, khodng gid tri t -1.00 dén
0.999969), dang s6 nguyén ding trong cdc phép dich c6 hai toan hang déu <8.8>, khodng
gid tri tir -128.00 dén +127,9961.

DSP c6 hai thanh ghi dic biét trong ciu triic 1a thanh ghi 1€nh IR 16 bit va thanh ghi
d&€m chuong trinh PC 12 bit.

Vai tro cia thanh ghi r0: Thanh ghi r0 khong ding trong cdc phép todn va dudc
ddng vé6i nhiéu muc dich khdc nhau:

Khi T = r0 thi rD = rS op K v6i K 12 hiing s6 ndm ngay sau mé 1énh cho phép thao
tdc v6i cdc todn hang 12 hiing s6. Vi du: r3=r2+K, bi€n 1énh cdng hai thanh ghi thanh lénh
cong thanh ghi v6i hing s0. '

Khi rS = r0 thi rD = 0 op rT cho phép thao téc véi cdc todn hang 12 hiing s Zero.
Vi du: r3=r2+0, 1€nh cdng bi€n thanh 1énh chuyén ddi dit liéu.

Khi rS =r0 va rT =10 thi rD = 0 op K cho phép thao tdc véi céc todn hang 1a hing
58 Zero va K. Vi du: r2=0+K, 1énh cong bi€n thanh 1énh chuyén hing 6 vao thanh ghi.

Khi 1D = 10 thi 1énh trd thanh rS op rT, phén 4nh két qua 1én cd, déy la lénh so
sdnh, va nhu vdy ta cé nhiéu dang lgnh so sdnh khdc nhau, va trong tdp lénh khong can lénh
so sdnh tuong minh.

Nhu viy, tit cd cdc 1énh déu dudc xdy dung dua trén 16 1énh cd ban, dua trén 4 bit
ctia ma 1énh c6 dang nhu sau:

0000 NOP/ RET 0100 MUL (1) | 1000 Phép gén ¢6 diéu kién | 1100 AND
0001 IN/ OUT 0101 MUL (2) | 1001 Phép gdn c6 diéu | 1101 OR
kién, nhung ddo ddu
0010 JP 0110 MAC (+) | 1010 ADD 1110 NOR/NOT
0011 GOTO/CALL | 0111 MAC (-) | 1011 SUB 1111 XOR

1.1. Phin thuc hién 1énh NOP/RET

Lénh NOP khong l1am gi ca. _
Lénh RET (rS) véi 1S 12 mét trong 15 thanh ghi (tir r0 dén r15). Khi gip 1énh nay
trong IR, don vi diéu khién s& nap gid tri rS vao thanh ghi PC.

1.2. Phin thyc hién 1énh IN/OUT
— Lénh IN D, Pn hodc IN D, rS: khi gp 1énh nay trong IR, don vi di€u khién gi

ra DataAddr gid tri cGa rS (IN D, rS) hodc 6 bit ctia Pn (IN rD, Pn) va ghi di liéu
Dataln ghi vao rD. ,

— Lénh OUT Pn, rS, Pn hogc OUT rT, rS: ttong ty nhu 1€nh IN nhung gdi gid tri
trong rS ra Data Out. .

1.3. Phén thuc hién 1énh JP/WAIT

—  Lénh “JP (flag) nn”: 1énh nhdy c6 diu kién bi gi6i han & cdc vi tri gén, bdi vi s0
bit gidm thiéu (8-bits) dugc dung cho dia chi. Bit ky phép dich nao tir -128 t6i 127 déu c6
thé thuc hién dugc. Céc c& ding trong 1énh nay la: :

e eq (0000), ne (0001): tuong ng ki€m tra bang zero hodc khéc zero

e v (0010), nv (0011): tuong tng véi kiém tra cd tran trong phép tinh cong va trir
(khong phéi trén MAC).
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o 1t(0100), le (0101): tuong \ing ki€ém tra nhd hon zero va nhd hon hay bing zero.

e gt (0110), ge (0111): twong ng kiém tra 16n hon zero va 16n hdn hay bing zero.
e Cidc dang khéc (1xxx) ding dé€ giao ti&p.

= Lénh WAIT (flag): tuong ty nhu 1énh JP, néu diéu kién ding xay ra DSP sé& diftng
thyc hién cho dén khi gip mot diéu kién bén ngoai (READY).

1.3. Phén thyc hién Iénh g4n cé diéu kién

~  if (flag) rD = rT: Pidu kién thyc hién ging nhw 1énh JP (cin o vio 3 ¢ ZF,
SF, OF), don vi diéu khi&n (Control Unit) s& 14y dif liéu ti¥ thanh ghi 1T dua vao D.

— if(flag) rD = K: Tuong ty nhu trén, nhung lic nay hiing s6 K ngay sau ma 1énh
dugc ghi vao 1D.

1.4. Nhém 1énh gédn cé diéu kién, nhung ddo diu

if (flag) rD = -rT
if (flag) rD = -K
Thyc hién tuong ty nhu 18nh gén c6 diéu kién nhung ddo dau.

1.5. Cac 1énh nhdy tuyét déi “GOTO nn” va “CALL nn”

Chi ding 8-bit cho dja chi dich: diéu nay c6 nghia 12 ma thi hanh chi ¢6 256-words,
kich thu6c nay di cho cdc Wng dung nhd cda b xit ly. Tuy nhién c6 thé md rong t6i 4K
bang cdch ding cic MODEL. M6 hinh A c6 thé thuc hién chuong trinh 256-words, mé hinh
B 1a 512-words, nhdy 4. M6 hinh D va E 1a 2Kx16 va 4Kx16, c4 hai déu nhdy 8 hoic 16.
Liic nay trinh bién dich thém cdc 1énh NOP cho cdc md hinh A, B, C, D, E tuong Ung vdéi
b xi¥ 1y dang diing mé hinh dé.

1.6. Cac lénh goi chuong trinh con “CALL (rD) nn”

Giir dia chi trd vé trong thanh ghi rD (t8ng quét 12 r0), sau do, 1énh “RET (1S)” dudc
ding dé thay ddi thanh ghi PC va trd lai trang thdi tru6c d6. Vi khong c6 Stack nén céc
chuong trinh con x&p 18ng vao nhau dude quin 1§ bdi ngudi 14p trinh: nhiéu thanh ghi dugc
ding cho chudng trinh hodc ding Stack ngoai. Lénh GOTO khong khédc 1énh CALL, chi
thay déi gi4 tri thanh ghi r0.

1.7. Phén thyc hién cdc nhém 1énh MUL, MAC (+), MAC (-), ADD, SUB, AND,
OR, NOR, XOR

Pugc thyc hi€n nhd ALU. C6 ba bd phin chuyén biét gdm MAC (c6 Opcode 01xx)
ding cho cdc phép nhén (c6 hodc khéng c6 tich liiy), ARITHMETIC (c6 Opcode 10xx)
ding cho cédc 1énh ADD/SUB (c6 kém theo diéu kién hoic khong), va LOGIC ding cho
cdc 1énh Logic (c6 Opcode 11xx). M&i khéi c6 mot ving dém ngd ra tdy thudc vao

Opcode.
2. KIEN TRUC LOI DSP 16-BIT DAU CHAM CO PINH
2.1 Pic diém

~ Cdu triic Havard, bao gom hai kién tric BUS, mdt ding cho ma 1énh (gdm Code
Addr, Code Data) va mét dung cho dif liéu (Data Addr, Data In, Data Out).

— Bus dit liéu: 16 bit, Bus dia chi: 12 bit.
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= Tén s6 hoat déng: 50 Mhz, dién thé vao ra 3.3V. Do tan s ctia DSP 12 50MHz
nén chu ky xung Clock 1a 20ns (1/50MHz) va mdt 1énh thyc hién trong 4 chu ky xung
Clock nén chu ky 1&nh 12 20ns x 4 = 80ns.

— C6 16 thanh ghi gdm 15 thanh ghi (r1-r15), 1 thanh ghi r0 danh riéng, va cdc
thanh ghi dic biét nhu PC, IR ...

— B nhan/tich liy MAC 16/24 bit ddu cham ¢ dinh c6 ddu va dang chudn héa
trong 1 chu ky 1énh. B ALU 24-bit thyc hién céc phép todn logic, s6 hoc, diéu kién. C6
céc cd Zero, c¢d diu, cJ tran.

— Ché& dd dinh vi dia chi: tic thdji (todn hang dich 13 thanh ghi hay 6 nhd, todn
hang ngudn 12 hiing s6) va thanh ghi (ding cdc thanh ghi trong bo xi& 1§ d€ chia dif liéu can
thao tdc). .

— B0 nhd mi I&nh thi hanh 256x16 bits-4Kx16 bits.

—  Giao ti&p bd nhé va giao ti€p vao ra: 128 cdng I/O 2".

2.2. Kién triic bén trong DSP 16-bit

Sg dé kh6i cia DSP (hinh 1) twong tng véi tap 1énh cdn thi€t ke:

Thi€t k& bén trong DSP dua trén cdu tric gdm hai bus, mot bus ding cho cdc todn
hang va mot bus danh cho két qud. Nhitng thanh phin chinh 12 bing thanh ghi gom 16
thanh ghi, ALU (gdm MAC, Arithmetic, Logic), MAC, va cdc thanh ghi dic biét nhu
PC, IR.
Data Qut , D 1S/0 (10) 1'T/K Code Data

16

Data In 16 Code Addr
16 : 16 ' 1
Data Addr A
7

Hinh 1: Kié&n tric DSP 16-bit

— Bing thanh ghi (r0-r15) dudc xem nhu 12 mot bd nhd SRAM kich thudc 16x24 véi
ghi ddng bd va doc khong dong bo. FPGA cdc hing Altera, Xilinx c¢6 hd trg ngudn tai
nguyén nay.

— Pon vi s6 hoc va Logic (ALU) (hinh 2) thyc hi€n hau nhu tat ca cdc phép todn, c6
c4c thanh phin chuyén dung va ba b dém ngd ra, ting bd dém tuong \Wng cho titng c6t cia
tip 1énh.
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~ Tat cd cdc 1énh dugc thuc hién trong mét chu ky 1énh (k€ cd 1énh MAC) gém 4
Clock. Trong thiét k€ phan ciing, d€ dat dugc didu nay va ting t6c d6 xi Iy tdc gid dua vao
mét s ki€n tric song song bén trong thit k& sao cho dim béo céc phép todn thuc
hién trong 4 Clock va sif dung it s& tai nguyén bén trong FPGA

OutMAC OutLogic OutArith  Carry

Hinh 2 : C4u tric ALU trong DSP

Hinh 3 : Thyc hién b) MAC trong DSP

Hinh 3 1a b6 MAC (nhan va tich lily). Vi du qu4 trinh tinh to4n cho phép nhén 16 bit x 16
bit (khéng diu) duge thuc hién bén trong ALU vdi 4 Clock nhu sau (hinh 4): :

Y=YisYuYisYiuYuYioYoYsY,YeYsY,Y3Y2Y, Y.
X = X15X1aX 13X 12X 11 X 10X XX 7 X6 X 5 X4 X3X2 X Xo.

— Sau mbi Clock, gi4 tri X dudc dich 4 bit, 4 bit thap cda X s& dugc dua vao bd nhin
4x16. B6 nhan 4x16 s€ dugc thyc hién song song tao ra két qua 32 - bit (tiy két qud 20-bit)
véi thdi gian tré cda 1 cdng AND, 2 bd cOng (sif dung bd cdng tinh todn trude cdf nhd Carry
Look Ahead) gidm t6i da thdi gian tinh todn. K&t qui 32-bit nay s& dugc cong don sau dé
dich chuyén sang phdi bon bit. Do d6 phép nhan 16x16 s& dugc thuc hién trong 4 Clock.
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Hinh 4 : Thuc hién b MUL 16 bit x 16 bit trong DSP

3. THUC HIEN THIET KE DSP TREN FPGA

St dung chuong trinh Quartus II 3.0 cla hing Altera va Kit FPGA Stratix EP1S25
clia hing Parallax [4], [5). Toan bd chuong trinh DSP 16-bit dwgc vi€t bing ngbn ngif 1ap
trinh Verilog HDL va cai dit trén FPGA Stratix EP1S25 ctia haing ALTERA

C#u tric chuong trinh DSP c6 cdu triic phdn cdp theo ba khéi chic ning:
DSP -> ALU -> MUL

3.1. Md hinh DSP sau khi téng h¢p (hinh 5)

— ! CODEdata<15:0> CODEaddr<11:0> |———
ORTaddr<6:0> |——
——|PORTInetggs FOraani
PORTout<15:0> |——
SRS "
IOread |———
——— nRESET
& 1Ovwite |——

Hinh 5: M hinh DSP sau khi tdng hop
M0 ta chén tin hiéu:
— CODEdata[15..0] (ngd vao): ma 1&nh DSP 16-bit
— CODEaddr[11..0] (ngd ra): 12-bit dia chi, 2'* = 4K bd nhé
— PORTaddr[6..0] (ngd ra): 7-bit dia chi, tuong dng 27 =128 cSng bd nhé vaolra
— PORTIN[15..0] (ngd vao): Gié tri ngd vao 16-bit
— PORTOUTTY15..0] (ngd ra): Gi4 tri ngd ra 16-bit
— CLK (ngd vao): Ngo vao xung Clock cho DSP
— nRESET (ngd vao): tin hi€u Reset DSP, kich hoat miic 0
— IOREAD (ngd ra): Tin hiéu ngd ra chi thi 1énh doc dit liéu, tdc dong & mitc 1
— IOWRITE (ngd ra): Tin hi€u ngd ra chi thi 1énh ghi dit liéu, tdc ddng & mic 1

Trang 29




Science & Technology Development, Vol. 8, No. 112005

Sau khi tdng hgp ké’t‘ qud md phéng ctia nhu sau (hinh 6, 7, 8):
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Hinh 8: M6 phong bd nhin MUL

3.2 So dd cau tric ctia DSP trén FPGA, két ndi véi mdy tinh (hinh 9)

May tinh PC
ByteBlaster

FPGA Stratix
EP1S25

l (| Mach Chét L—'\ Mach dém Mach
Bo nho' IR @ 16-bit |—|/ 3 trang thai hién thi
°'E;%’,{ﬁ ,t._g['h DSP 16-BIT

trong FPGA)

Cong tac

PORTIn ngd vao

Hinh 9: So dd cau tric DSP trén FPGA
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4. MOT SO CHUONG TRINH KIEM NGHIEM

Sau khi da thi€t k& bd DSP va 1ap trinh FPGA dé thuc thi sd dd logic cia bé DSP
chiing toi thic hién nhiéu chuong trinh kiém nghiém nhuw: cong 2 s6, nhin 2 s, cing va
tich liiy (MAC), loc, tinh todn cong sudt P = Ulcos¢ . . . T4t cd déu hoat dong nhu dy kién.

5. KET LUAN

Y dd ciia cong trinh 12 thiét k& kién tric mot b DSP 16-bit dau chdm cd dinh ddc
1ap v6i cu triic clia FPGA rdi cai kién triic b DSP 1én FPGA nhu mét mdi trudng logic.
Ciach nay khong tdn dung t5i da va t6i wu tai nguyén cia FPGA nén bo DSP nhan dudgc cé
nhiéu han ch&. Con néu dua vao tai nguyén cu thé cia mot FPGA d€ bi€n n6 thanh mot bd
DSP thi bé DSP s& cao cdp hon nhiéu, nhung cdng trinh khong di theo hudng nay vi muc
dich & day 1a thiét k& bd DSP theo cdc nguyén 1y cd ban cdon FPGA chi 1a moi trudng dé
kiém nghiém (thay vi ti€n dén thi€t k&€ IC va dua di ch€ tao). Trén sy thanh cong nay
ching t6i ¢6 cd s& d€ nang thi€t k& 1&n cdp cao hon.

DESIGN OF INSTRUCTION SET AND CORE ARCHITECTURE FOR A
FIXED-POINT 16-BIT DSP

Le Duc Hung®, Huynh Huu Thuanm, Santiago de Pablo?
(1) University of Natural Sciences, Viet Nam National University Ho Chi Minh city
(2) Walladolidy University, Spain

ABSTRACT: Today, Digital Signal Processors (DSP) are used widely in pratical
applications and scientific research. Designing and manufacturing DSPs are beyond our
technological level. However, with the appearance of programmable logic devices, such
work becomes possible. The project is to design the instruction set and core architecture of
a 16-bit DSP and then implemented on a FPGA as a logic environment [1], using Verilog
HDL programming language. The DSP in this paper cannot compare with real DSPs on the
market, but for us this is a step for more advanced designs.
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