1831 5 K7 F

AL S . 2023, 31(12)

Computer Measurement & Control « 251

TEHE 1671 - 4598(2023)12 - 0251 — 07

DOI:10. 16526/j. cnki. 11-4762/tp. 2023. 12. 037

HESES TP27 N ERARIRES A

0 5|8 Sl

WA REmREENEERA

RAW, hit &
CRIEA R A WA . L

E:.FI—J}:IA—,F

201821)

T ) g AR DL R T G AR A R, AR RIS S N R A Y R A A B TR R E £ R
T RTL 2 82 J5 300 o7 g B b AT BC B AP FE A R R AR . AU SE A 2 . T R BORAR
T — P T R R EE A BRI R AR A IS N B DTS AU R IR A BoR S B T R IR 2 B 9 B TIC B AR
I LAt g B iy 52 BL T R) g A ol A P O VPR s 2 *HXTT%%RTL%D_ﬁEt P o 2 R A AR S BT A B R IR Y S
BotF B E . A OONETE R 1/10 2 1/20. JFRFWC AT B 1/4 2 1/10, HABBITECRIF LR EIT: Z25RE0.
)2 W LR A BORA LB A A3 5 FPGA FEREIT . Bodli 4k PR A6 QU 9 B3t . JF sl B¢, 78 FPGA 0 R J5 el Jr 1 A
B B0 10 AR A0

KW : FZREGE; 1IC; FPGA; al gtk A&

» AL S By
A B AR R s B X B A ] A g

Adaptive Configuration Technology for Programmable Crystals
Based on High Level Synthesis

CHI Dongming, XU Mingze
(Shanghai Aerospace Electronics Co. , Ltd. , Shanghai 201821, China)

Abstract: Programmable crystal has the characterics of its output frequency programmable, it is ideal for use in bullet, arrow or
satellite measurement and control communication systems with variable code rates, but programming methods based on traditional
register transfer level (RTL) are used to configure the programmable crystal, it has disadvantages such as low abstraction level,
complex code implementation, low development efficiency and difficulty in debugging. A programmable crystal adaptive configuration
scheme based on high level synthesis technology is proposed to address above problems; the floating point calculation of crystal pa-
rameters and Inter-Integrated Circuit (IIC) bus communication are realized using the high level synthesis technology, on this basis,
the adaptive configuration of programmable crystal is realized. After the experimental testing, the high level synthesis technology is
used to achieve the parameter calculation and configuration of programmable crystal oscillators, the code quantity of the high level
synthesis technique is only 1/10 to 1/20 that of traditional RTL implementations, and the development cycle is only 1/4 to 1/10 of the
former, with no significant reduction in code running efficiency. The results show that the high-level synthesis technology can not on-
ly effectively improve the design and development efficiency of FPGA in the fields of algorithm development and data processing, but
also has a good application and promotion value in FPGA interface and timing design.

Keywords: high level synthesis; 1IC; FPGA; programmable crystal; adaptive
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Dy T4 RD _ WR, SDA _ O, SCL % i [ fiE % 7] 4
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TSR AR 4, X AF AT LUGR GIE 76 X 2% 4 B 2 47 (2
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PREFYFDIR S, B BB B CE . Mo T TG
F LIRS, W EX S 0 R —IERE Y (R
Hadg7) . XEHE T VIVADO HLS [ A WG, 4R
TEA) T B 7R 2 USR8 A 52 1 T ) 550 ek 20l Wi A
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void hls_iic_block(

uint3 * iic_rdwr_sdo_scl,

uintl * iic_sda_i.,

uint47 * iic_wr_buf,

uint32 * freq_word,

uintl * finish)

{

pragma HLS INTERFACE ap_none register port= finish

pragma HLS INTERFACE ap_vld register port=iic_rdwr_sdo

scl

pragma HLS INTERFACE ap_vld register port=iic_sda_i

pragma HLS INTERFACE ap_vld register port=iic_wr_buf

BOSHEIMEHA TR, FEAWENTHIS
B A% 3 3 Y A I O R = X FPGA IR S . Forh
*iic _ rdwr _sdo _scl /& RD_ WR, SDA _O. SCL &3f)5
M) uint3 5 RI48 4, * iic _ sda 1 & uintl ZKBIFE 4, * iic
_wr_ buf J& uintd7 ZEWIFE £, O MR EE O, SI598
it B PGE 1 TIC B Rk TR A7 AF v it . B s #i & [
A EZED b, P W R LOE e 1R T R R
B8 AR 2 B AT ) A A 5
5. H TR SIS98 (1 H AR S A Fi il o7 SI598 i B AL Bk
T BRI H bR AR AR IR AT R T x
finish J& uint] 574550, TR E SR Z AL, X
JIT A BC E TAESE U . S1598 e B ALl ik 18 & . Gl
Ut 2 B8 A Ak i B R S8 . JEp x e _ rdwr _ sdo _ scl.
*iic _ wr _ buf, * finish FEH{ES, M *iic_sda_ i, =
freq _ word NEALE T .

HTOR R KX A HEE T BEAT AR, LR
VIVADOHLS #2 M ] 7 2R Az poxd Sh4 1. £ 32 s BT iR
WO T — sk 1 A i Ay, o “pragma HLS IN-
TERFACE” 7R Xt b B 1 70 BEAT 2900 = dic _ rdwr _
sdo _ scl fl % iic_ wr _buf (AR T ap _ vid B,
ap _ vld ROoRM K D@ ZHE BB AR G5 4
VIVADOHLS #1545 HE47 255 I 22 %05 5 98 — 18

% freq _ word J& uint32 & &l

ARG RE S s DAE I Al A5 e ) D iy 8 5040 1) 8 A
o T8 2 4 4 B ASGE S B B s R 1R B EUE 5
TP ; = iic _sda _ i, * freq _ word, = finish 1
MRMAT ap _none #HTE X, ap _ none FINHH K H A4
FEARATE T A8 R 55 .

P 4 E W E 4 VIVADO HLS %4 5 S2BR g% 41
TOESL . ATy ap _ W4 02 VIVADO HLS T A
RZBEIE M ERBRETFS, BTFESHICRANE
ap _ctrl _hs, BB H K& T BOAR ML, E
BN T — ey RAE R O R T AR R . AL,
REfE 5 RS/ TAERST R E55ED, Map_ « T
J5 B U VIVADO HLS MR Ez 1w X R A
RO O, SXE 4B SI598 it B ALt A 1 AH
KA B 2 TSR — — R W1

Interface
- Summary
RTL Ports Dir Bits Protocol Source Object C Type

ap_clk in 1 ap_ctrl_hs his_iic_block return value
ap_rst in 1 ap_ctrl_hs hls_iic_block return value
ap_start in 1 ap_ctrl_hs hls_iic_block return value
ap_done out 1 ap ctrl_hs hls_iic_block return value
ap_idle out 1 ap_ctrl_hs hls_iic_block return value
ap_ready out 1 ap ctrl_hs hls_iic_block return value
iic_rdwr_sdo_scl out 3 ap_vid iic_rdwr_sdo_scl pointer
iic_rdwr_sdo_scl ap_vid out 1 ap_vid iic_rdwr_sdo_scl pointer
iic_sda_i in 1 ap_none iic_sda_i pointer
iic_wr_buf out 47 ap_vid iic_wr_buf pointer
iic_wr_buf ap_vid out 1 ap_vid iic_wr_buf pointer
freq_word in 32 ap_none freq_word pointer
finish out 1 ap_none finish pointer
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e, BRI

W TIC MDA b, TIC R 2 i A
5 iR A MK PR AL, 4F IR . B R
B, o TR SDA 5 SCL fBF 6 &, B4l o iy 5
BT T 4 bit B0 0 A5 AR . 0 TIC B8 R s
fPrZEsR SCL Jy i, SDA & 2K, F 4 bit o755 A%
i B35 k2 SCL=0x6, SDA=0xC,

HRIRAL f5= 1AL HHH
112)314 1

| | |
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[ | [ | | |
SDI ro o ro
R — |
|
|
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- 1L AT T
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al

FRAMED IC BT 15795800 2 N4 RIS T an F
6 . Hrp “S” FIOR TIC Bl ok ia i, “A” FoR MK
HEBWR 1 FZHHIEES EREMNEMN (KAH R0,
“P” Fon TIC B4 W4t k. T8 T % B 52 22 1) TIC 48 4,
e B3 Ty B Hh i B IR B A i S 45 SDAL SCL, RD _
WR BIA] , % FARAE IR T ) 4B 5040 i K/, il i TIC
RE 1 FWHRE, Wz 45 RN 34T % 29 31 « 4 bit
=348 bit,
SDA [S [ Mtttk [0 [A | A5t [A ]

EE NN

SDA_0 () L[ Bitl6:0] | [X] Bit[7:0] [X Bit[7:0] [X][
SDA_T (M) | X [A] X [A] X [A]X]

scL(® JUU - U L-----TUU ------TUL
RD_WR () W [ ] s

6 IC B&ETTHRHLMNTER

F AT IC B B3 1 771 B i 5 an [
TR, BFRARE IC 584 EAMIE, F2 X &N
TN IS A SRR B BOGS R . W TRAFBOE R
THBA R IION, iEa IC BZkE 1 FEdE . WHE 4
B KNI 347 % 39 51 = 4 bit=468 bit,

SDA[S [ B2 Ml 0 [ A [#5 feas bt [S A& [ 1]A] wedche NP

spA_0(3) |[Bitl6:01] [X[Bitl7:01 [X]|[Biel7:00] [ X T 1
SDA_T (W) X AT x A X [A[Bit[7:01 | X |
scL @ JUUL--—--TUTU - —--JUU------ Ty nn
RD_WR () [ [ ] 1

K7 TC BT WIS FRR

MR BT BEsR . SI598 e B AL TAEIS 4 10 MHz,
AL R T SI98 f TIC Gk i & GZ8 i 11C B
3H 15 B R I = SR 400kbps) s i T REAE DT RC TIC B4k 19 38
fEH AR, G A TIC £ 135 i A — S8 5Emf . 3k BL5|
T VIVADO HLS ) % H 4 B i 4]
(num _ clock), %EH A FI 7~ m B RS A T HIER1F &
S g R S8, AR nume _ clock S IF b A B ROR A8 )
num _ clock 4~} 4 J& 14,

g5 LRk, 1IC RAEF 41 CIEF AR IT .

uint4 iic_wr_array[ 3][iic_write_buffer width]={

(Bt )

{F A}

(BEEER

for(loopl =0 ;loopl<Tiic_write_buf_width;loopl ++)

ap _ wait _ n

{ bit_mask=0x8;

for(loop2=0;loop2<C4;loop2+ +)

{

* lic_rdwr_sdo_scl=

(uint3) (((iic_wr_array[ 2] [ loopl ] &bit_mask) >0) << <2 |
(uint3) (((iic_wr_array[ 0][ loopl] & bit_mask) >0) << <1 (uint3)
((Ciic_wr_array[ 1]&bit_mask) >0);

ap_wait_n(ZER} JE ) 5

if(CGic_wr_array[ 2] loopl ) & & ( % sda_i))

{

SR 352, MR B dic_sda i [ A9 B0HE IE R TF

}

bit_mask=bit_mask>">1;

}

}

o, dic _ wr _ array J&—> uintd BB 4R 5 A
FATAF IC Ei5 4 8 AN, 245 SDA ¥, SCL i
Al SDA 5l bR . ek i 11C 5 15 & 0 Jy i 1 7
Pigk for JEFR . AR4E TIC DR, TR P 7E M — & B 4L
NG 238 SDA BB i ARES . DU I W DA 35 4% 1) 25
558 B BOR B HE, BERR R R, By SR
#i tic _ wr _ array i) SDA 35 # i b5 &K IOBUF 58 4 AR
NLAEA L i HUIRZS . 2 TOBUF Sl ARSI . #E 2 A
*iic _ sda _ 1 BRI B W B 5 88U . IR ORAF I Z2 nb X
W AR DR L A 5 DU AR AR A5 A S R ST R T UG
WEARB WYY LI AT 5 ZE 4845 s 2R 02 I i ik (0]
AR5 DU 2 % 1T 80 i s 4 ¢ e _ owr _ buf 803 B — 2R
J o TC TR AL 5 IIC HFE I iE42 M, X B
AR
2.3 SIS BESHMERITE

M SI598 I BL B BE AT A s fxrans focon RFREQ %%
BT B R ENE . BT RTL W28y
KT LS s 58, [F B FPGA |- KWt 17— R %
MITE SIS TP, (H T3 Fb 58 3 A7 37 08 RN AL 3%
W gy, E R ME AR O, AR R T R TT R
i VIVADO HLS 3¢5 TEEE-754 7 19 80K i 710K 1 17
JHEEDT, AT LAY SI598 MY BL B 2 B0 SR S

TEEE-754 5 B9 5RS BE 77 5 80 1 bit £5 502, 8 bit 4§
KR LA K 23 bit RRECALAG B . T BURS B2 s K 1 bit 455
fi . 11 bit $g %0 LA K& 52 bit B R. t T SI598 1Y
RFREQ s 984 38 bit MR £l 5 (K 28 bit Sy 730 %
4y i 10 bit g EEHR YD . BUKE BE IR ROBOTC 0 R BT R
Ko AT ARUETEFORT BE . 3 HLAE OO B2 3 R 808 IR AT
SI598 P72 8, th T XU BEIF R Al EAE T 2 1y
FPGA R38R, BT WA RIE, BIFMEHT &P
RO BE 77 i R B B, R T RO EOP IR, i
NSO AR S 8D R R, AR AR A
LBz e VIVADO HLS (AT A BB BUBURE . MR
B0 VRO B TR A T B DU P e o R 2R B R A . A G
SHGTE AR CIEFRBINT .

double rfreq facs//SI598 f§ RFREQ FACTOR

uintl6 hs_div_nq_new;//HSDIVnew * Nlnew

uintl6 hs_div_nl_old;//HSDIVold * Nlold

double rfreq new;//RFREQ_new

uint38 rfreq_new_int;//RFREQnew 3 /3

hsdiv_nl_new=hsdiv_new * nl_new;
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hsdiv_nl_old=hsdiv_old * nl_old;

rfreq_fac= (double) ( * freq_word) /41943040. 0f;

rfreq_fac=rfreq_fac ¥ (double) hsdiv_nl_new/(double) hsdiv_
nl old;

rfreq_ new=rfreq_fac * (double) rfreq_old;

rfreq_new_int= (uint38) llround(rfreq_new) ;

Horpig X rfreq _ fac, rfreq _ new Jg WUNE BE ¥ mi R RS
i HITAR REREQ A B Y ] 4558 5 rfreq _ new
_int Jy uint38 KM YR RIH, XF . RFREQ 4 38 £ 4 .
H1 T rfreq _ new J& NUNS BE B8 2R AE & . M rfreq _ new _
int AU ASE, rfreq  new F| rfreq  new _ int W{H 75 %
PEATRCE R B e ffe . 3 LM SR BB e i 1 Hlround O
BRI, % B H 2 VIVADOHLS #y 5 #E C BR % k 3CfF
math. h H R R B e fe ek B, T & A4 2 (D LR
e KR TR AL
2.4 SI1598 B EREHRH LI

ML BBttt BT LA . SI598 Jir B AR e 32 2 o
5 SI598 W AFas i . B R BLA b, AR i B S 50
R TR LB AR ] 5 4 5 ISR AR B AT A A T A
Py ARG S El, SID98 Be B AT ERUT IR WE 8 FTR.

WL

out_new

HRNL . HSDIV,,
b3 ﬂ‘ﬁ f, DCO_new

iic_read_byte()

BEIURFREQ.
r’ NL. HSDIV
5 NRFREQ, +

5
<@@@b»
NL .~ HSDIVnew
G %

2

Pl 8 SI598 Mg M LA 7 il 72 ]

iic_write byte()

_

|

HAR T S R R T

D BeEFLE,. BCEBRITFE#ZE] STARTUP ik iy it
PREALE S G e TR, B SRR IO MR S (H
freq _ word i+5 53],

2) fit &R )F @ T dic _ read _ byte () 223X H SI598
H1 RFREQ. N1, HSDIV S5 HXAFF S50, R RIUK
DyMHE AR — A, SR e R O A R, AR R IR
DR Bk B — (R R Y. R

3) FLERTFA LB 2 PRI RFREQ, N1, HS-
DIV SO e

4) Pl E TR IR R R B N
SHAG LM IR foco_ oo

5 FLERETFARE foco el frra il RFREQ,..

6) Mic BRI dic _ write _ byte O =3 ITE B
Nl,.. HSDIV,,. RFREQ.. 5 A SI598 $§ & W) % 17 %% »
MRBARDMHIAT —2, MREARMMNELS A,
WIRE AR TR BGE B —E (E R AR )7, FeE R,

7) FilE T E T dic _ read _ byte (O 2232 SI598
HH RO B A£ % AH DL AR 3 7 I B A R 2 5 AR R, AR E A&
MM EZE R, Fi W E A RS RN 3 finish), 40
FEWA AT D, SR EHRETRE.

3 MWKEREHH

LR AP VIVADO HLS R S sc il f5 . Falad
FEREGA TRy RTL ZABEIFTE N A E X
IP, f/a B VIVADO-" F & ¥ 5% i T2 He i A .

MR T RE A S TR, 1 S B E e AT T 2 g4
B, R AT TR
3.1 EHRINGEHE

B 9 B7E VIVADO - & % fit 8 B B 8 17 2 RE 15 B 1Y
IIC B4 FXRBE, B2 IC B4 TS 4o 76
. WFXRS RPN -2, B E SR b= o
TR ACK (55 05, BEE =24 UM A0 A 308E . RIS #
YRR

HSDIV,.,

i
AL 0 0 O 0 U0 v

K9 TIC MRS BRI BT
3.2 EHEFMIXIHE

FERE B B s B AR SC 1 5 447 & A T Xilinx
AT Artix-7 &3] FPGA XC7TA200T, Wi# I & F4
4 VIVADO #l VIVADO HLS,

] VIVADOHLS XU #7565, By I L
JAIS BN 10 fik, Hop LUT f T 8 607 4, ¥Ei 51
KA 6% FFMIH T 25134, IR &R AH 1%; DSP
BEHE T 124, WA HEA 1% BlockRAM /T 3
A IR SRR 1%, 0T LUE WA FPGA %R
A E ¥ N

TEN R RS 7 . VIVADOHLS 4244t 7 A [ 19 8 46 55
g, X EBEEE T BIAMR LR, . & VIVADO HLS 54
JE B IE T3 % A ik 87.5 ns (11.4 MH2), i FiEM
TAEEER 100 ns (10 MHz), i 27K,

M PEIRS . B e e VIVADOHLS F 4% SI598 it & 4
P ATH M, B TP, RJG1E VIVADO JFR T . %
fu A STARTUP JFUiE il SI598 it B B 1P 1% 3145 A .
MR Mg, B bit SCHE, S T R IE AR {4 0 H S C
BEHR B T ARG 5, 13X HUBE bie SCHR#5 8 MCS U485
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¥4 T 2 5 8 IR 1 O T R R .« 257

Utilization Estimates

- Summary
|Name BRAM 18K DSP48E FF LUT
DsP - - - -
Expression - 1 0 1912
FIFO - - - -
Instance 2 11 1719 5882
Memory 1 - 0 0
Multiplexer - 813
Register - - 794 -
Total ) 12 2513 8607
Available 730 740 269200 129000
Utilization (%) ~0 1 ~0 6

[ 10 SI598 B EBLHk FPGA BT & FI 1% Bl

# FPGA B # FLASH wf . 20 RO i, SI598 2
AT LA A E A I . AT RATER] STARTUP J5UiE Al IE
B SI598 Pt B RIS SR B S i B R B ALE S .

11 R AE S5 B B8 0 0 3 o 2 b i 8 5 VIVADO &
M) ILA (integrated logic analyzer, £ 8 #0Mr %) ML
Bt B R TIC SRAH RS 5 HIE . SInRe i e R —3.

Value

B 11 SI598 Pt B AL ILA #% &

T B UE AT g R AR PR 1Y 8IS N R, SE BRI A
T 2 BRI WA & . B FANIE SI598 19 N8 S50 A A
[F), e BEhE R BT 0 AN W) 2 B0 AT 8 A R T A5 AT B
A IR . MRS SRR, X AR SIS98 i (N &
SHORTED a7 DL AR R4 0 e A R AR, L B
15 N il B K

TEACHD i I TP % A0 b, AT AR B 1 R D i 2 500
7, MR SRS 5 29 100 47, H A g s o8 3 1 A2 i
2K, fERXAH, RRA RTL RLH X, WG
) by LTI G o S P T 2 R Wi N 1 2 A i s |
DES. AIAEBRGAEEARERIRS TR &I, JIF
R, FHEREHE FEHANE CIETLH, B
B AT DL SRR B O T A A T AR S RTL RIS A &
BRAEH.
4 HERIF

H Al 2 R 25 A BeoR 38 B 0 A AR dE A B B HE
IRAG T AR, AR B B R W A B S
W N AR 5T 38 B 20 o T AR SO i 2 I 25 A B R B AL F ]
ARG N B E T, TSR E T AE T
SIFE, NCHO FAR., ICH#H D@ ESRE, 2
BBt ] DR R TR 22 Hofl T1IC B4R Fr p i B A P
BRI R, FERSE,. ARG WNEMS
eI

2% U -
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