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Abstract

With the development of large-scale integrated circuits, SoC (System-on-Chip) technology based on
IP reuse has become the main trend of chip design, and the reuse of IP cores has also reduced the
burden of integrated circuit chips. As a classic IP core, SPI (serial peripheral interface) is widely
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concerned at home and abroad for its research and application. Because of its simple communi-
cation interface technology and fast transmission speed, it is widely integrated into the commu-
nication circuit interface module of microprocessor. In SoC system, in order to further improve
the speed and efficiency of SPI communication, it is of great significance to design and add DMA
(Direct Memory Access) controller. Therefore, in this design, we will combine SPI and DMA to im-
prove the efficiency of data exchange. This paper first introduces the relevant design principles,
gives the system block diagram based on the AMBA bus protocol and AXI bus protocol design,
describes the verification environment, and carries out software verification through the Win-
dows SP7021 IDE integrated development environment to carry out the design and research of the
SPI interface IP core. Through the time sequence simulation test, the SPI interface can correctly
transmit data, meet the requirements of SPI timing design, and meet the practical engineering ap-
plications.
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1. 518

B 5 S A RN LR R R JERE D, SPI 2 DB AE R B2 BT, Nik— b4t SPI
BerBAE R, AT SPI @S SR8 VAT T AW ol 5 558 . B AT SP1 il s i s I
ISZI T AT DAY =2 B GBS . 1 FIFO ZnP Xlfs . LS54 DMA #ifilseilffs . 1Mok
FRHEBELETXES, 5 REEE RAERIlRE 4 7 KEREIEE, (5l T80 7 2% NS
ROCMURES, AEIGIN T RS A, i L IE S T o5 R B IR RS VR (R], AT KK B 7 3845
H[1]; B _FRH 17 BA FIFO (First in First Out)suidtse i X @B, A 1 FIFO &, A3t
fE R T FROSCWU K R, (E T FIFO 2@ 5 SPI RGUHb e, il (s 3 (e 25, w2t
AT —IRNAT AL B, S5 i R M B Ry, X AE LA FH 3 & BAR 1A ol 26 =FRH SPI + DMA 17715,
B 22 BARTE L G 7 b2 il CPU k¥ /HISE iy, HEHE CPU T — RAISME KR TE 4
RIT, SR B HRE B 5N CPU WAEH, FHENAHIEHEE B S N His &, &HTHE=RD
BT O, TR BRI g, HALM AR £ CPU AbF 5 AT )3 /1 CPU 5 4M&AE BT,
1 45 (R BUE AZ HAL S 77 AT BENS & SR — 151 . DMA H AR R T CPU 78 &b B K B B e i F2
I (A FE R A iy TR Z B A1 R, R DMA £l 2% 1) B ISR R RS/ B A B2 IR IR, ] LA
DMA F il 2% LA B i 3K 0 77 s AP 2 AT A0 B, BEREMR RS CPU FR4E0 5, SCREAR U I AF HIAEE 1)
i,

SoC 5 F £ 4t B 1 e i I RO RE A4 IS AR H . — 3t /2 DMA #5128 [2], A sl 58 Bl a7 BUR
P, PFUONABA T CPU AME L, Al n] SEIL R G RIAS [RIAE i 1) il B e i 7%, A st v 7 2l 4%
B, NI PE i R TERE, DR V2 AR B & Fh IP BB LI . 7ELETS 52, ASSCHE A SPI +
DMA 175 2ok $25 SPI 32 LB S 80K, 3 HEET Windows SP7021 IDE £/ & 3A8E, Ki4r SPI #11
IPAZIIBELE, M IP REHLBE T2 SoC RGEERL, R RFEHMFMRFEIT R, LT RELIIF o
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2. Wit/RIE
2.1. DMA = HI R0t R IR

DMA (Direct Memory Access, B A a5 17 ) & FH R S AN AR fifh 258 2 18] L R A7 2 AR fif 28 2
) (¥ U A i, VAT CPU B4 il A7 it o ELB SR B (5 B o 2R R 28 T bk 2 () BR iR
JEHE, SERLT S TE IR S E bk 2 R 1 B A, AN IR R (R 1) e R A R
Bty — R AT S U510 . 7 DMA SEEE AT IR AL I, CPU M 11 BT X DMA 21 %% (Direct Memory Access
Controller, DMAC) AL & 27 £7 4 AT VIME AR . BB T, BN & ERER I R UG, B4
DMAC &i%454, RIEHE (S 2 ik K2 K/, DMAC T 47 5% AR5 4% BLEEK B A5 B A7k B s
TERHRAS BRIEIS, o SURIEFAES XS, B CPU B ALY 15U (/A7 2 R A7 X Skrp, 4047
it 2% 10 BT ML RN A 2 2 IR R 45 6 i) DMA {538 IEEE, DMAC #3245 M B o2 4l DMA
R R TS SR AE 5 1 CPU A S R4 AU FR i « CPU fEALBESE M4BT S 45 2 )5, Bt DMA % R1E
HAPEALEE, W CPU K a2k HIAIC S T DMA, I H DMA SRR ab s, SRE MR IEHAL E 5 B
Hm it T, ek fEd CPU ALt N EHIEE M E UG, DMA il s i K i WiE 5, K
LI HIBLRIESS CPU, ZIHSI T — Ik DMA 8L . DMA RREE 5 B i 1 s .

CPU DMAC

15EEY KIX
RAM |@——— DMA |——» Device

Figure 1. Principle of DMA sending data
[ 1. DMA kX HiE R 12

2.2. SPI Byt R

SPI (Serial Protocol Interface, HATAMEIB &4 M) —FE, @i, 20T, FREERRLZL, L
FMFATAE, HBELGWWE 2 s, SPI D EE &5 R R Z RS e seil, ey 738
M, [ PCB AR Jm 2 A FR A 1 75 8, 12 T I Fi ey oo o FH B0tk IAE R RBR 22 (185 4R
BT X RS Wil . HiHh SCLK (Serial Clock): H: AT @ i FED I Bi{E 5, Al AI1E F 2 32 1 1a) e 4 0%
WS, AT 2 I B A dan R HLANIE 2, MOSI (Master Out Slave In): 7E SPI Master |-t #f
FRAF K i%1E3E TX_channel, $2 SP1 EHLKRE SRS SPI MAL; MISO (Master In Slave Out): 7£ SPI Master
AN ECEE RX _channel, #5Hi] SPI MBI SPI ML IE I K 1 %dE; SSICS (Chip Select/Slave
Select): HATIEIRB LRSI, i SPI L ¥4 Master 35— SPI M ik % Slave 2 [Ai4Ti815, %
LSRR MLE P (I P 2K . FESEBRIg AT, 4% Mater YE N 4577, &0 5l R I R n 2
VORI T, En] LLE BRI 4, SROMIFEIETE E % B Wi Z IR 1A XL IE1E[3].
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Figure 2. SPI interface logic structure diagram
2. SPI OB B HIE

FEMAN B IEFEIT AR AT, SPI B DMA WU Bl K BE RN Z2 i X 5 B D9 e KAR SO B, [ IS
VR P A5 5 AN P T AR i, SRR SPI R & AT Bl IO [4]1. WilAl 3 SPI AIEE I 1M, SPI
FWAAERIEFE T A, S ARERE A A5 5 B MRCIWURIE R 2 P R 5 =, RS kIE
WSTWSE G, B RE A ILAE S, SPI MU ILA S Tt AR 1% 1% LIS S k. £ SPI
MBI R WAL BEAR P rp X IROCIREAT SO AR B, F R DMA B Ok 5 Je G X de K
ROTWSE, S5 SPI E B A 30 N — KB @ 5 2 [5] -

NFE ]
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Figure 3. Communication sequence diagram

3. BIERTFFE

3. ARG E

K 4 RO RGAELE, BB E R R RS 28— FB AR SPI BAH WML T 45
GUH TR, $RHCSPI ThRERFE R THH SPI ThREHESE, (KEZThREAELEXS SPI £z LI ih AT RIELR 4,
e Wit kG, R SPI_master #2 11R1 APB_slave 42 FRSZIIEIE LS, 55 #Br £&@id it X DMA
Pl g A AXI 322 R SE IR 2SI\ DMA ZJ5, —J51H m DAZESS R shp B, Sl i sk 43
FRAL SPI my g 1, IS RS A B, (RS TAEN B, 8 B AR i a8 SR e S SPI s 1,
T TAERHE WAL e g, SRR, BmEdR &g, Il Rgua s rtkee, [F R
CPU [ i1t -
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Figure 4. System block diagram
B 4. RGHEE
3.1. SPI #&3RE9 IR T
top.v
apb_slave.v O_stream_data_vld | stream data vid spi_master.v
|_pclk
O _pwdata 0 sdo
|_prst_n —»Oistreamidata —P' TX FIFO |—>| spi tx.v |—_—>
—>
. . O cs
|_penable O,spi,dk div P11 spi_clk div —
—» [ cr | 0 _spi_clk_div vid B o dk
|_psel P> spi_clk_div_cld -
- O_pready >
O_pready
|_paddr
—_— |_prdata | sdi
— | spi rx data 4——' RX FIFO |4—| spi_rx.v Id———
I_pwrite |_spi_rx_data vid
> O spi_rx data vid
|_eot
< O eot

Figure 5. SPI_Master and APB_Connection of slave interface
5. SPI_MASTER #1 APB_SLAVE $E[O0RIEE

5 RiZ RIS — M, BIET APB R 2RI SPI BRI S, Wity SPI i IP #%5E
DTG 4 a0, X —# it EEAHRE LTI APB %Ml % 74 CTRL. 54Uk % 7 4%
WDATA. ¥ %5174 RDATA. SPI Flk4bFE SPI_INT. SPI K IXEEHH spi_tx.v. SPI 22Ukt
Hespi_rx.v. REMARIED FIFO. CPU Wi ik — /N EidE4: SPI Device, CPU Ki%k—4kF8 4R A
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RikigR, REHEIT AMBA R EE% 3] apb_slave #2111, apb_slave i1t 2977 28t W_DATA 4t
kR, SRIEVEN O_pwdata i o & 1% ] TX_FIFO LT, Jlid spi_tx BLHUE TX_FIFO L [fi () s
Kikth %4 SPI Device, ZULHLTER | — X BRI L5 . AEEMNMEEIE T, BT SPI EMRKZEA
TEHARIETE S, WA T IBEXOT BT, RO TR S 2 & LT S, [RII SPI ik
AR BT DMA SR EHE (B[] T 111 A SR 1R B AN 75 A At (] R TR B e 2 AN i
ST (B RN (R TRD R, — MM R I AL B AR A AR 2, BRAIK T 4RO AR R AR B R e . B
Bk, EHERTE SPI & FF DMA &5, eAhxhfg— i A&k 5e Se i W2 DL
IEAE T AR IS, AR S e B B S BN IR TS S, I RAA e, FriE
B IEAE A I AT LB SR, B T R AR AR 1R BAR RN I AT REE[6].

3.2. DMA 1E3Rpdigit

dma_axi_ctrl.v

AXI_masterv axis_aw* AXI slave.v
_ ¢ X > _

axis w*

<
axis_b*
l¢————————>
axis_ar*
<+—p

axis_r*

Figure 6. AXI and DMA connection module
[ 6. AXI 1 DMA &R

P 6 2iZ BT EEAIR R AR EE N4y, EDIE DMA F1AXI AHEE A, X —3 it E BT
FIRsEe: 24125774 DMA_CTRL. AREZF72% STATE. HE bk dma_tx. i dma_rx.
RIENF Y dma_fifo. 1ZBEEE AR burst 28 RALHSE S, AIE I 7 E#dE &g, it
TEARGHIVERE. DMA R, A BB B, @ B i #5524t SPI mydt e 1, fnid | &
R RGURS), KT CPU MM, &M T RAEMEAMERE. FIH DMA 6|35k X SRR, CPU Zk
& — M dE4 SPI Device, fiiE5EIHIT AMBA BZ0KIE — KT8 24 AXI BE, RBIGEENFR,
WAL Sk 2 J5 T B A7 i 2 dma_tx_fifo T AFas s, ZEHEHT R IE, SR)5 i axi_master #U A%
%45 SPI #:1, ZULSER—IX DMA HdlE 4%, 5 CPU SE lusldl &t TR AT A2, DMA ¥
iRl CPU KA S #7% 1X — N EHT HIRIA6 AL, BUE AL ol E A 5 & tH DMA 5 il 35 Bk Sl
). TESCHL DMA SRS B ATMEHIAT, CPU KXt a2k =il A E#AL 245 DMA, 1£ DMA 58 S 1)
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WHEENT, DMA #H% burst 28R BB AL R TERE, fEIXF R R B EHIRAS T, DMA ] Lh— k%
EEZFWEGE, X, BANREWFLETMAREICKMRA . BT BRI A, EARSCERT A
ARG H DMA GBS CPU MM, fREEIR G R, K RS MR TS BORIR T .
4. MgEMR S 5

W S fd R IA 1E = Verilog HDL B2 TH 2 testbench, ZETH 2t A B 4 5 1 I A% B (L0l
MIAIAEL [ 7 ATLLE B, Bk siss FAKE_CPU, monitor 235} golden data 11 test output data /& 75
S, HRThREAHE: BEAEEAL. A TS Kbk, CPU xR SPI %A A IS &4,
DMA #:0,  Hds o1& .

EEE—
DUT
testcase  f——Pr ———  EEAE T SPI /DMA
SreFy | —————
FAKE CPU
Memory Monitor Memory
golden data > Nl test output data

Figure 7. Testing environment

B 7. MiRIE
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Figure 8. System hardware implementation platform
8. WM EE

i LI R G , X BTHEAT T FPGA Bk o i3 H B4 F & #2 Plus1 SOC Platform, H SP7021 SOC
TGl K 754 Bus Bridge LB axim Al axis 32bit 2545 [1HEREAE S, MM HbaEmaE, B
Bus Bridge i 4f - 0x70000000 [¥115 i) Bty SP7021 € v 1 DRAM 2 4éHili: 0x00000000 f1)17 111
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[8]. X 8 iz, SP7021 #2AtisH T ) CPU [ 4G DDR W17, FPGA /& BGAE IP T 75 ZE sk,
P Bus Bridge BEHUEREAE—i: AR ZIUH MR TR, FRAMENNAY R (1P board) #4746 1iF «

ML 9 SPI At e h T U 2185040 202 eI R R 78 SPI RIS IR, 1_tx_en i,
FORRVFEIRIRIE, RiEfES O_spi_cs NIKHF, RRIKHEFAR, FR, &25k0E%— N8 )E,
O_tx_done ¥ T+ M H T MIE 10 DMA RIEEIE AN E nT LR S, B8 AXI P, 7R EERE
i}, TVALID f1 TREADY. TKEEP Jym i, fERIETEHRG — R s, TLAST FHmH-r. &id
MR, SPI BpALH 76— AT B Ry — BT R],  HLOX B [ 2 9 A& et [ /15, 7EIIN DMA %
W25, BAEIEHIR SR AL, tLIER SPI D ALl e my, BURELF, S v R g
w1 269 NE A, ARFFERIHER.

sim_top_func_synth.wecfg*

Qa W @ o

d1_rst_n
al_rx_en
4 1_tx_en
> M|_data_in [7:0]
> MO_data_out[7:0]
8 O_tx_done
8 O_rx_done
4 O_spi_sck

8 O_spi_cs

4 O_spi_mosi

Figure 9. SPI sending data test part
& 9. SPI ZEHHEMR A 5>

sim_top_func_synth.wcfg*

Q W @ @ N o I = o 4 &

> ¥ TREADY

> M TDATA
4 TLAST
8 TKEEP

4 b2f_vid

Figure 10. DMA sending data test part
[# 10. DMA & # HiE i 514>

5. &N IE

ARSI T GNP — Heli AN 2 )5, CPU XTG£ DMA K Ao ik 5e S sl A4 i,
XA IX L G IREHE A, A IR TSR — % DMA a8 L5 BRI, i HoR W CPU £
DMA &S5l (E RS o JC TSN 645, AR T B A5 iy SR A S A I 1), L BRAIE 1 43 11 8] (Y0 20 A
I 18] A 1 5 CPU AP — 3 2 18] (114, ANTORCK SR v 1 e AT 3% U5 s e b 54 20k . sl
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