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Abstract

With the development of storage technology, NAND Flash storage architecture has quickly become
the first choice of storage media with the advantages of large storage capacity and fast reading and
writing speed. At present, the storage system completes the interaction with flash particles through
the controller, but with the increasing storage data, the robustness and completeness of NAND
Flash controller are paid more and more attention. In this paper, the system Verilog language is
used to build the test environment and combined with the SVA assertion technology, a new verifi-
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cation strategy is proposed, that is, the code coverage, function coverage and assertion coverage
are collected to comprehensively and effectively verify the NAND Flash controller module, so as to
ensure that the dual FSM design of the controller still meets the design requirements in the syn-
chronous clock single-channel mode.
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BEE A AT ML IRAR K B2, NAND (Not AND)AAF BT BRI Re i, Gl 2 2R e ARTDFE A PR
Vil (R], 42 N TR R G [L]. BEE RGECRRE s, R ERSRER, fiiE RS ThEe
IEFPER VO E R E, IR TAEE RN Bt A= dw A I 5 9556 A 24 R I EL

DRGSR 3 Z2 49 Ry T T 2UIRUE 1 S 50 UE AU 107 LB A S IE . B N IE B RHE TR, D™
BB R 7 2055 R BT T B8 25 S IE B BT A AT RE N 2% At LA R BT AT S ) T R A AT AL . B
AWAERT BT SO BRI R, 9 5 MREEh, I RRRENLIN T R, AREACRS s R . MR T
A TSPk i2 K . System Verilog H1 () OOP (Object Oriented Programming) & fg % 3 158 o g
UERITE SR, TR AN Ak 58 3 SR IE SRR [2] o

HR[3]1%: T UVM (Universal Verification Methodology) ] Flash 4 il # S H 56 IE R 5T, >R FH A System
Verilog SEHLIIE A BAE 77 1% UVM $5E50IET- &, X Flash fl 257 500E . (B3 s TR0 3 a5 %
MR die, FHE AR S 5 85 2R LW P IE k. BT DOZF 678 o5 680 & 2 — DRt
SCHR[412E T UVM (1 IR 3% 1) 28 T4 i PR 38 P SR E 22 A IO 9, WP BRAIEF & 19 FR PR T 4R3I 3A
R FFARAT MW 5 IR, B2 X2 8 B P 2 .

ASCHEH FET System Verilog [38IE 7 A SEHLI SR UE SR mE, &R F AL, SVA (System Verilog
Assertion) 1 5 H A, AU NAND Flash #2628 #H47 B P AL A, BI8UEX FSM W iE i ml 1 . it o
AT 6 258 . DhREAE 75 28 AIIKT 5 78 o5 R 800, AR B2 e 42 1) 48 1) Dy R S AR 400

2. NAND Flash #Z g5t Z ik

AR SCIIEUE XS 42 Verilog 45 ) NAND Flash #z il #8#555e, H 72 Host itz 11, A (A7 fif ot
J o HoAr 70 3 FH /2 SAMSUNG A 54277 1) KOF1208 %1 NAND Flash 17fi##5 &5 f - NAND Flash
PRI 2R G0 0 BEARAE ] 1 P o

FH AT, 3R G0 B4 A DY/, 43030 28 Host i 428 il {5 5 7= A= AL L Bufffer 22 1 X A58 .\ NAND Flash
Pl SR KOF1208 [NAZEZiRE. b Host smfa il (s 5 Fo B IH L B P AL INAF S48 4E . 1 1D,
BB S a4, DA BREAR RS 5, SE8LS Host %R 22 B, Buffer #51H fi 525 FIFO S,
DUE 'S5 R A R R N PR 25048 22 7 - NAND Flash 4% ) 25 B S AR Host 3ify i 4« 12 il i 2 1) Main FSM
[5]. INAFS 45 {5 5 (Flash_FSM S8l) FIBERE ) ECC A4l 45 Thig.

DOI: 10.12677/jsta.2022.102012 92 IR AR S R


https://doi.org/10.12677/jsta.2022.102012
http://creativecommons.org/licenses/by/4.0/

RKHE, PR

—BF_sel» —NF_doup» CLE
—BF_ad—» <«NF_we—
—BF_din>| BUFFER | «NF din— —ALE—>
—BF_we—» <«NF ad—
B —7VWE n—>
. |«BF_dou— «“BF_sel— o
Hos t ¥ NAND Flash K9F1208
kY RWA » .
SEEN RUA > g | —RE— FEG
NFC_START——»
< EERR: ——CE_n—>»
CLK > R_nB—>
RES >
< RERR <+—DI0—»

Figure 1. NAND Flash controller system block diagram
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Figure 2. State transition diagram of NAND Flash interface
2. NAND (AF#ZORIR S B E

3. WiEAE

Verilog 1 VHDL 5 5 Mt LAZRIA X D Be 78 75 143 #1, K29 HDL (Hardware Description Language)/& M
BEE A v P P 22 ST, X AR AR IR IS A R R AL T T HDL. System Verilog #t/2 AfE ke ik
T SINP), B R HDL WA S50 LA K C++F11 Java S5 508 45015 5 1IVF 2 AR [6]. 17 HSCFF
BEALL R . RSB RGR A TRt E o AU 5500 . A 28 00 S e T 1H [ R dm FE 4G
¥, AT RAFES YA IR SIS UE I E A (7] BT CUERE SV AEARIEIES .
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3.1. WiEINEEs

N HARYE NAND Flash 4% a3 iE 75 5K, dFEAEH excel FA% HIE 51 H & WD) E Al X AR J7
RN T IRB SN S, LREPE SRR RIME G, AT RIE case %S, LS MERIE
TR AR REA . BRIk A, AT DIRE SRR RO RIR, AT DL SR N SRR N BRI A, B e
PERR . 32 1 37 I D RE R
Table 1. Part of the test function point analysis table
= 1 B TheE R AR

T Dife midtiR

BUFFER %4 1 5445
Host i iy 4 1 )52 2 f@ifr

S#¥efEfr4: program page

B OB OE

B ID fir%: read ID
BERRIRIEA 4 erase
B Edr 4 read page
S AL reset

BB R B R W B %
EE EE EE

o N oo o0 b~ W N P
=N
EE

3.2. System Verilog Assertion

FRAS IR T IEFI BN A IR T RSN A 2 NAND [N AE4% I e 1) R, iy DA 75 22— Pt o 422 1 B
FIBRAIE J7 78 3T I 35 36 1IF (Assertion Based Verification) /& 244 U iF £ A b —Ff F I iE 5 R [8], M
FLAT DLAE RGN (8] P SRR B Bt AR E M DI REBR P . A SCIRFRNT 5 ORISR UEIA BT,  DUHCRER S ik
I A I R

SVA & System Verilog 15 5 W E A G5 o HAR B 0 —RAr AL IR IO UE G 5, R MG
HuE R FAIB e, SN ORIER S R . SVA KRG WSS m B4y, A BT 3 LARIM A6 IE
TR B 42 BT AIAT NEEAT E o System Verilog X} i 5 1S R /2 N T 363E 2R R 24 it H A (9]

LA NAND Flash % @8 24t 2 1 AMAThREWUAH], R 70 FIFO Bttt i, KM System
Verilog 4 5 Wi 5 . 24 reset ALK, HibEZFAF SIS 5 8Z N 0, FE TN L BARK ST

property wrstProp;

@(posedge wclk) !(wrst_n) [-> (wfull==0);

Endproperty

property rrstProp;

@(posedge rclk) I(rrst_n) |-> (rempty==1);

Endproperty

33 BEE

ERHE Y], TRMSBERIHEZ )G, 295N case MR BCHH USRI IERIE; (HEEE TR
AR AGBOR, BT TR VAT BTt AN IRAE PE K TAE & LR, XPIAET K. IR AR
RAEORABIE N, e EIIE SR AW EE . I8 UER) B AR )R K 3 e B THAAAS (DUT),  # IR E 5
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hREGRIE . EIRXAIERED, BOZA — A7k R M B Ik i) e .

AR o e R a0 B hn . KBRS AT IS 00, B AR BT AR BT, AR
EFx vt Thak . 75 bR i 4r 17 7 55 (line coverage). %% 7 i (toggle coverage). 4337 i (branch
coverage). %%{F7 5 (condition coverage)%% .

DI REAE o F e i B IO UE S8 & PRI B 2R bR . DIREE s R AV R E R BAROG, HARAEEE TR E TR
Mk B AfETWERE B AR 8, X EAE BRI s 2 S ATSE. i N AR prs,
DifefE e %00 nfe_emd Frig MG B2 B 2E S, AR AT IKEL.

covergroup Mix_Inputs;

Commands: coverpoint bfm.nfc_cmd {

bins CMDS = {program_page, read_page, erase, reset, read_id};

}

endgroup

WURFEAN BTy RefE vt thioitle, AUHD 7 o A RE R LK A6V, (BI)ReE aF L. HBEE R
[ HERS , B0E case MK FE, —/NITH IR AN . EARESLHT A RAIE case 2347 B 4 i s i
R, AHS R B IR IR 2

Wr S 78 o R R E RS TR I PR . WS 2 B A B E N, —ANERME S
() 5% R AR o BT LAHS 8 F T B4R B, B A5 5 02 75 L U5 I B 1 SR A2 VP ], B 2 ) assert
property AN FIFO, VRS ARBIUSR A [10]. LS T2, WS W G RH tes 2= 0 KT
30%, HAMNATLSi-F&— B E, & LS RARAE LRSS, KRR SRR TR R[],
ARBG B ARG

property StartCheck;

@(posedge clk) (I(rst_n)) |-> (nfc_start==0);
endproperty

asrtStasrtCheck: assert property (StartCheck) else

“uvm_fatal("Assrt","start is not 0, when reseting");
cvrStartCheck: cover property (StartCheck);

3.4. BNE¥ &

2 DUT #Ly B G RBGERT , K 2 ) DGV B 2 IR M e A 1) R s BT AR FH K G 36 1) J7 2o B 4
. I — R R EIAE[12]. AR System Verilog 77 class 2845 36 HF, AMUEET 20
ORI SE A ThRE, T IR ME T E SRR R . NG IR AL AR R R0, SRR B
RARNFE R3], HARRIEMIE SR L. 28 EH R, WUEH AR5 A2 Driver 34157
AR, AR IEBIE . KRB A, — L4 DUT, B — 51 RIE4H SR, Interface 15t DUT
MEGUE & EHR R H, NEEE input. output {55, T HH clocking block />3 4+ M %; Refmodel
SEHL DUT AT B 0 fir 2 i b FI A AL BE, SR 5 1% 45 Scoreboard; Scoreboard s34 H 25 L .
FA B W s, — ok B DUT SEBREUE, 55—k A S BB SC I EUE, SRl &
i Monitor 11 57 4% DUT % H #08 - 78 if S50 NIRRT & 25 A 8dE , SR J51%45 Scoreboard . K9f1208
52 Verilog SEILAIINAEAEERERL, B h i BE A . Env AR EHMMTE, HIEHZS
basic_case 4%, K& ¥u/dr 4 A 5 Driver &8z, SULFE AL run()E5%, WEEENTF& TE. Wk
3 7.
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Figure 3. Verification platform construction

E 3. WirFaEE

TE W TAES RSN T, W)z to i case B run(OfE%%, Je/a3h env RS, kBT A —iltis
17, SRR KGR B drivers JRJE 8 AU/ fr 4 AR AR AROEHE 3 drivers 24 driver SRS HEE B2 57 Al
RIk4 interface. BMIAETEITRK . 5 run)ARAGWIT:
task run();
fork
env.run();
join_none
fork
generater();
join_any
$finish()
endtask
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FEYGIE T FL Questasim 10.6¢ |-, iEid System Verilog & 37 (56 E 3 5% NAND Flash 5 il 2% (1) Zh g
HEAT T 5Bt . HRIEEE Veover merge iy A SEILE 55 R & FEE]— A uedb S, Wil 4 B, 7 ERAT
(3 B e &

PELAZE T O A SR UE TR R b, SRR R R AR AR . IRUE-F S WU E & R A
RIBE R, DI a2 AW 5B s . AR S REBIIE TH, HX RTL Wit iisE: Thae
BRI %S B 220 covergroup, XFIRESSHHTE B HIE, BRI RSk E sample(UEETE TR T
78 % @ assert property, HIWrKr = Z A T, SR )5 H cover property WA Y RTE R .

el 4 B A IS , SRS 55 26 E00  %HIT R R IR B Hits 15 2 7 5044 Bins (1 23 L, Weight
BRAMANE BTSN EN 1, BEFZERLR— . mERaARESEROLIAR 90%LL -, HIhEE
8 55 2NN S 78 55 563515 2] 100%, Rn & T RESSI Bl SEIH o W 5 78 25 304G 2 4% ) 98 I 7 S AR VLA B R - SVA
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B 1) 56 4% 1 o
Coverage Summary by Type:
Total Coverage: 93.77%| 92.89%
g;;:r?ge Bins « Hits « Misses « Weight <« % Hit « Coverage <«
Covergroups 33 33 1/100.00%,| 100.00%
Directives 2 2 0 1/100.00%| 100.00%
Statements 1322 1288 34 1| 97.42%|| 97.42%
Branches 500, 464 36 1) 9279%, 92.80%
A . 8 8 0 1/100.00% | 100.00%
Expressions
FEC 62 39 23 1) 6290% 62.90%
Conditions
Toggles 720 648 72 1| 90.00%| 90.00%
Assertions 22 22 0 1/100.00%| 100.00%
Figure 4. Statistical analysis of coverage
B 4. BRGSO
5. &iRIF

AICHEET System Verilog 15 55 IIET- &, RAWSENRILE R, D)5eE o 2 MW 5 58 56 2548
Fr, % NAND Flash =i 85 47 5000E . %50k F- G il id System Verilog FEHLACIE LG BENLIED, #hfR
RTL ARREHE 78 73 B AT o — 7 THdE 0 A 7 26 22 4588, W DAURILI T 2, X RS & 1 3 IEM TAE
R F—Ji 4G SVA Wi s X DUT @247 4%, g — B4 THI0 R T & . /£ D e AT 5 78 o5 22 4014 2] 100%
I, UEWIFE AP I s E A T, BT IR 2R RE 8 IE TR 0] NAND Flash #2024 EAT A,
NZIBIERAT N A ILAMERZET SV ZhEREIE RIS (KT 471, i HAAS H nT S AR T M,
W H T 5 SR SR UE B 7T .
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