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Abstract; With the increasing size and complexity of chips, functional verification in a software environment is increasingly unable to
meet the needs of high—efficiency chip production processes. Therefore, the improvement of verification efficiency becomes critical.
Aiming at the FMO and Miller encoding modules of the tag—reader link in the RFID (Radio Frequency Identification) digital baseband
system,a coverage—driven hardware and software co—verification platform based on UVM ( Universal Verification Methodology ) is im-
plemented by utilizing the high—speed performance of the FPGA hardware and the advantages of OOP ( Object Oriented Programming) .
The design to be verified integrated with RS—232 serial port transceiver module is downloaded to the FPGA hardware, while the PC
terminal writes the C programs for the data uplink and downlink channels with winsock API. The verification platform still runs in the
simulation software QuestaSim and communicates with the hardware with the DPI interface. Finally, the above —mentioned project
implemented with Altera development board. Experimental results show that the functional coverage of the verification platform reached
100% ,which can effectively improve the simulation efficiency and can be reusable for the verification of large—scale SoC. It also has the
advantages of low hardware resource occupancy,strong maintainability and reusability.
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— B 25 Miller Zmi ), AT REF= 4 4 1 .8 1ok 16
PEASTE, ARG FN I F 28 m[1.0] (H, =
B m[1.:0]°72°b01,2°b10,2° bl1 Fr %t i (9 M {8 4
S EERI 2,4 18, M AEASTR, B IS TR IS 5

M=2

o LT o AN
ol TN QLU I
0 O e

FIEHE K EB AR, M=2 i 0K E N4 i;M=4
i G B 8 ;M =8 i A ICK BN 16, FEl 3 1]
WL, =Fh gt 77 2R 19 Miller J i 7E AN 4L 00 0 22
] 59 AS S 2 WS- RS 76 1 R0 2 1) A K AN 221 1
Z (A1 AE B8 i1 AL R4 T — IR T B

A3 Miller % 5 5 7)

5 FMO ZmtS A [R], BT ff gt Z e 547 Miller 4

T 235 TR L K4 R BIR ESUAR SR D 7 5080 i T 45 R oz



- 78 - HEPEAR S KR 532 &
H 45 RAFPR IR, UESFE B 1 36 UE J5 % 2, e 5 Accellera A i 41 4 4

2 HEHHERIETEE

FPGA 1E R0 {1 J 8 | HL 52 47 3k B Sk B 52 A9 A 4
R I 147 B 28 AN AE A PC S — A 145 0
¥, B AT R AR 1) B — A R A B 7 AR S LA
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HIE N, I F FPGA HE4T SR 14 b [7) 56 31 AH 4 T 15 B
AT R A S0 LA 5k W S SR

1Z3CHE ST UVM S5 TIE J5 325 27 1) R {4 13 T
BOUET- 5 1) S A J BB R 0 5 1125 B A SR Al 2
fii [l FPGA JT % 8 Quartus 1T i iF JTAG Bt & 3|
Altera DE2-115 #{:FF &4k I, UVM $aiiE~F- 5 51 8
1€ PC ¥ii{Jf E 4% QuestaSim # {4 h #E 17, FPGA H #rilll
IR S F T H RS-232 #5105 PC F 5 #L2 a]
T & s, PC ¥ F] winsock API HEATH: I 4w,
H Z B M 9—pin A HEBEHL AT R AT S AR R
FTim R, 25 B S8 BB I T G FZs B 0 A% B AL
R A 115 200 bps'' A4 INIE 4 iR,
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2.1 UVM BiEFEF
UVM J&—A L SystemVerilog 25 FE Jy AR5 E56

H, F98] = KJ T ( Cadence , Synopsys Fl1 Mentor) FJ
—HOCRE, T 2014 AR T EFTROR UVM 1.2, H
Z T LARENE B R 2 A8 1C Wik e ok )iz A A B
IR e, BRI E A DR LA
2.1.1 UVM #944

(1)UVM Bk F- 5 e 2 B2 dh i e, X
£ SystemVerilog i FE1E 5 K I [a] X G 4545 45, KB E
L B AR e a] R TR AR M A S AT gk i
FFIUE N A TCRE AL 2 KA e b & b, vf
DLFE R 34 70 4 1 THRr B D g s i B9 LA K]
RGNS

(2) Bk A G R RG] 2 FH 20 00 4 B A br v Ak
JE AR R L A T RERUE IR S &l e ko

(3) i EDA T H3ZRf, 7y 56 3F A 51 % >
P

(4) 515501 Testbench A L, UVM B i - £ 5
BT Z LA BEAL BRI 7 2R, A B Ak B 45 R L DA
FeARHS ANy BE7E 5 S MY

(5)JF KT factory . config . phase ,override ZEHL 1,
PR TR R R TG b 35 A IR S5 AL, S T R
H L FZ KA T, — @ FEEE B T IR A
PR

(6) UVM @ 4 Z [a] ) 38 {5 >R FH 35 55 9 gt i
( Transaction Level Modeling, TLM ) i) 5 =, A [6] F
DUT Hhr #5822 [] (1 LU 45 20 800 % 45 77 8, UVM 38
UEZH A 22 1] B B8040 A2 2 DABRHE 40  BRALAY , TLM
3 A7 (45 5G9 R 2H A7 1 g 11 22 ] 3k 3 B Ry 7 8
2.1.2 UVM #9 4 ¥y =04

&1 5 MARUER) UVM B03EF G454

B 5 UVMBE-F & 44

UVM BE- 5 J& FH uvm_componet 1 uvm_object
ZH AT . uvm_componet 4k 7K T uvm_object IR A, 4
A uvm_object &A1Y —LL4EME, T A4 LA B

T RERR A
(1) test: YR F uvm_test, & FEAHUEF 5 B A
O, N6 T env, & case FUAZE, 1T DUT WITfF
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WDIRESS A A, B LLTG 22 90 5 A W 1Y case #F 47 5
Ik, case 55 sequence — — Xt I, 7F &> case H |
UVM i config #L il ¥ H XF N7 () sequence 3¢ B 4
sequencer [ default_sequence

(2) transaction ; 4% 7K F* uvm _ sequence _item, 7E
UVM $3iE V- &, 2% 21 70 2 Ta) Y 38 A5 2 DL 3ods 4
transaction A B 5 U transaction 287 4y
J°M transaction_in . transaction_out, Hij ¥ A ¥ A g 4L
AL, J5 75 o a4 o BCHE 4 . driver B 56T S AR
M transaction_in H4 R SR FEH A4 DUT fERS
WA pin O EHE 25 AL SR 3 2] DUT /945 A48 1
5 DI | transaction_out 7F monitor PN & i) 5% AL HL L
SR LI W E) DUT Y% 48 IS 5 B 6 o Eii
{1 Fji% & scoreboard 5 S HRIRIMEATXT L,

(3) sequence ; 4% #& T uvm_sequence , i i fi #L 1L
By = A B 4, T sequencer f£ 3 45 driver,
driver W Ke B0 43 vh e Sy B8 {7 2 & virtual
interface it & 45 75 — i 1) DUT 4 1, 56 Uk 2 2 v,
sequence | repeat( ) fil'uvm_do &5 Z K 7= 4 K B A
W] /% 38 JAh Jit 45 DUT, M T i D 8 8 35 % ik
#100% ",

(4) sequencer: M\ driver Y HRRE H 43 &5 R (19 41

4, 4k 7K T uvm_sequencer, ¥ sequence i id seq_item_

port ¥ 1 & K45 driver,

(5) monitor: 4k & F* uvm _ monitor, 43 JI| A1 &
monitor_before A1 monitor _after P12, 4% H > 1 il
driver Jifi in%s DUT BY3#URILL K DUT A% th 458, 53 4b
A TTUCEE T AR AT 5 %, S0 FMO il Miler % % 1) =
iy 2O A5 A 20 B0 LA S R G B S 2 A5 o T A
AJREME™ . H P, monitor _before Y 3 U L
W

covergroup fm0_miller_in_cg;
data_cov ; coverpoint tr. data[ 7 :4 ] {

bins value={[0:7]};
!

m_cov; coverpoint tr. data[ 1:0] {
bins m0={2b00} ;
bins m2={2b011} ;
bins m4 = {2610} ;
bins m8={2b11};
!

|

endgroup
(6) reference_model : H uvm_blocking_get_port ¥fij
M M monitor_before H' 3R B HE , I HH uvm_analysis_
port ¥ 7162 R A 25 AL 156 2] scoreboard H1 47 He
MR BIRH CIEFTRE S H KA
SystemVerilog i I DPI-C 4% H ## HiZ &8, X F

EMO %ifith , B G AR U0 AT g T 5080 , s — 8 i
data_tmp , WIIRTE R 1, 0BG -0 Fifith, W44 U i
%0 ~ data_tmp , data_tmp , data_tmp {E {# 55 ANEE ; 27 %)
Bedm—1 gmid, NAK K 5y 75 JT ~ data_tmp F1 ~ data_
tmp, data_tmp {E#EAT—UEIEE . DAIXRE A RILNMAR YT
Frgn i B 1) B — DL R T 4a A%, X Miller 4t , data_
tmp WIE K 0,454 m {H , AW HT data_tmp (R 4
RRE VT TR/

(7) scoreboard ; 4% 7# F uvm_scoreboard , 7F main_
phase " ff H] fork —join B FF Jig W A~ it #&, o — A H
T M reference_model " ARHCE AL, 55 Fh— T A
monitor_after 3RS EHE L, 17 FH compare pRECE &
PEATXF L, A — BN He 2, DUT T REIE M, 45 i B
XF LR M, IR DUT #1225 485 A i HH R — 350, £A1E
Tl

(8) env: 4k & T uvm _env, H o 2> 5 #il ik T
reference_model ,scoreboard I agent 4114, 7:-7E connect_
phase " A fifo SCELLA 20422 (8] /) B.3%E . &3
SRS AT .

agt. i_ap. connect( agt_mdl_fifo. analysis_export) ;

model. port. connect( agt_mdl_fifo. blocking_get_ export) ;

agt. o_ap. connect( agt_scb_fifo. analysis_export) ;

scb. from_dut. connect( agt_scb_fifo. blocking_get_export) ;

model. ap. connect( mdl_scb_fifo. analysis_export) ;

scb. from_rfm. connect( mdl_scb_fifo. blocking_get_export) .
2.2 HiEER

BAEFER R S EF 5 1, QuestaSim fff EL A iz AT
B UVM -5 2 50 F s 7 iy £l i i 217 850 28
H 3% 30K F O vk w2 A p 5 A 4 i 9 DPI
( Direct Programming Interface ) $% 1 3 52311 ) i 1
DPI, SystemVerilog A& ] 32 1 7% # C . C++ 45 S FE 1
H o i import ¥ A) I A —A C REF, IR R
DPI # [ C i & i 1Y) Z 3L AE SystemVerilog 1 % )i —
., 040 SV 1Y string 288 C i ] char = 28R X EE,
C B3t vI LLVE A SystemVerilog ) F 2 ¥ — ¥ 8
A,

winsock J& — 4~ 3 T socket 1 A f API, 7E
Windows #21F R 48 26 h ffi ], A 3 1148 1] winsock
API 454 A 3R MME ) C REL, % R BN H 1 3R AT
— RV LE R SHOC S Z S5, T 2R 58 R L WriteFile
() il ReadFile () Xt 3 H E1T 5 AR BUECHE ),
FEIRE

(1) ZREU B4R UVM B EF- & B 7= 26 i B L
IRl , X gt A Bl ot 2 05 K ok ik =8 A
st , I i Y H R 4% 2 FPGA B T-5

(2) 8 —K PC i 1] FPGA $ifi & 2% # i , £ DUT
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P8R BT AT AF AL BES Sk 207 L Bl T 15 8
HASHRERIGEATEIRRS L

(3) SEB PC S b e 2], f DR 36 U A A9 A )7
BT

D5 HAR S5 AR C ok B R o A 0 A QA 5 B
LU

import " DPI-C" function longintserial_port( input int data_in,

longint data_str) ;

data_pin=send_receive( tr5. data,data_strl ) ;
tr_out. data_out=data_pin[63.:0] ,

HAE PR 350 & v, FPGA i 11 & 32258
JRHY TAEAT B TS A A B SR 42 T 5 e LA R T J2 A
Peirit,

o e TR HR AL A5 R 3877 AR AR BRI I
R AU TTR FH B R 2 115 200 bps, B AR 11 AT
REIA B 1y e KA F o, B SOREHoRe ok F e 11 A B8
Dt Tt AR A TS A ATt DUT 487 XS 107 174 45 100 2
BOFH IR B 45 DUT, 45 T )5, DUT fi i FMO
5 Miller Z A 3 LA K 58 bR R, e 26 455 e — H il
FI58 AR N 0 A8 AR 1, 37 RIVKR g 5 45 5 1% & PC
Ui, ZIS BRE R AR S TR O 2 R
TRUZAEHAT AL 1 #1005 R A58 B | 5080 428 ) A5 B L e
FMO il Miller 4 AR | I B &AM e 22 18] 1 TAE
A FP kAT

FAFEM T ) TR 7E Quartus 1T HP 58 BUZE & |
A Jai A 2k BP9 L B 4 3601 Ll 1 JTAG F #43)
DE2-115 JF &, 2, 56 WL 1 R 14 13 [7] 46 1k
BRI B,

3 WIELER
3.1 WiEE

MR AR G A S, B S B PC s B AR I
05 B, sequence ZH 4 7 AE 14 I 42X 38 Jal 38 2o seq _
item_ port ¥ I 1% % 45 driver, i driver il 4 uvm _
analysis_port ¥ H & % 45 monitor _before I monitor_
after'"*’ . monitor_before ¥ 18 Jil 15 1% 245 2 %R C_
model , 7 monitor_after H1 JT 4 %} FPGA i ) DUT &
JUHEAT Vi [A), {45 3 3 winsock K il R AL 45
FPGA , 283 Bl #2  A B (4 e A )5 TG 4% DUT 1),
Zead #5101, DUT St 45 o FPGA wiib i H 45 A i
T I G I A% B 05 B A% b, (7 FLAR Ak 2L N — B Bt
M5B, Meis, i F FPGA JF & # (14 i i ¥ i, DUT
B e 4% 25 5 b 2 % BE R C_model 45 H 5318 T

scoreboard , T LUKF DUT BYZE R get_actual B8 0 A
BAF actual _queue 77, F C_model ¥ 4% 1% 25 get
expect K0 4% £ 1% 4 scoreboard J& , K5 BA 51 H Y get _
actual #1 P& FH compare pRECE: P& JE4T X L, S
XtEGZE T & g — YR 8 R Y JCRE - B T 56 IE
eI
3.2 WIEHR

Kl 6 M5 B AE — A Bk R I N AT ERAR
WE AR, P A 50 data 9 4, m {24 2, 4 B2 M
{64 4, WK BRI 2 AP 3 A9 HEAT Miller 25 65 , 242
Ve E R BRI NZ R 1010_0101_0101_0101 _
1010 _ 1010 _ 1010 _ 0101, I Ji B9 -+ 7 #F il {8 Ky
0xa555aaa5 . & data_str & monitor_after Wi I 2 A%
DUT A4t 45 53, data_out & C_model K Zmidehif 4
scoreboard XJ [, — & i fij t — 3%, scoreboard i
Compare SUCCESSFULLY ,, Ji& #4374 EF DUT Al C_
model Za i ECHE A ig 1 AR B

1 THIZ SR AT T R U3 W] 38 uE 1Y 5 2%, DUT 7E
FPGA [izfT, JifLh PC sinfiy B A TCiA WA A RS A 5
R EEERRUET G Z A7, B S B X 3 T
— B SE R R RE TR SR TR AT 45 A4 I R] S P 58 B
e B B B IR AR, b s e v 1 SR ER D BEAT
5 32 2R ALl MO A 5 238 A AL e 55

UVM_INFO miller_driver.sv(32) § 120: uwm_test_top.fm) miller_env.agt.drv [driver send] data={

UVM_INFO miller_driver.sv{33) § 1290: uvm test top.fm) miller_env.agt.drv [driver send] m=2

read actual length:D

data from dut=0x00000000a555aaas

UVM_INFO monitor_before.sv(51) @ 1250: uvm_test_top.fm0_miller env.agt.mon bef [mon bef send] tr.data=0xd
UVM_INFO monitor_before.sv(52) § 1250: uvn test_top.fm0 miller eav.agt.mon bef [mon bef send] tr.m=0x2

UVM_INFO scoreboazd.sv(41) @ 1290: uwm_test_top.fm0_miller_env.sch (my_scoreboard] Cempaze SUCCESSFULLY
the expect pkt is

tr_out transaction_ous - 8571
data_out integral 64 ‘ha3532aad

He6 9Pzl

TR GUE TAE B 58 4 PR FAT SE 4, X5 DUT
)RR T T K 32 A RE MLl , e s A 2
e RO ZIBT 0% ~80% Aidi, N T dk—H iR
I REAE T 3 B ORISR A9 S8 R R AT SRk | A
Se il A S E ) i A B0 ik AL i A = )
FA) 30 S 25 AP TR 2 it TN XoF 7 ) T 8D

Uit we R & 7 PR . A T A
IRe A 5 R 20, 43 0 Ry e 26 B s D R B 75 6 4H fmO _
miller_in_cg DA X A2 CEUHE ) 68 7 55 %2 2 fmO_miller_
cg, AR HE SR B E X T T, hER W, #f
B 1Y T A AT BEE A FMO 4 % LA K2 Miller % A%
() 3 Fh gty Q34 1k 7 26 3], Fe A S IR D RE T 5 R A
# 100% .
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¥|Name ClassType  [Coverage  [Goal [% of Goal [Status [induded [
& /fm0_miller_top th sv_unitfmonitor _after
=+ 4§ TYPE fm0_miler_cg monitor_after 100.0% 100  100.0% )
=} & CVP fm0_miller_cg::{#coverpoint_0#)}  monitor_after 100.0% 100 100.0% [ v
LIB) bin value 9 1 100.0% [ v
(=44 /fm0_miller_top_th_sv_unit/monitor_before
= 4 TYPE fm0_mder_in_cg monitor_before 100.0% 100 100.0% v
I=- 41 CVP fm0_miller_in_cg::data_cov monitor_before 100.0% 100 100.0% [
B) bin value 80 1 100.0% ) "
(=F 2 CVP fm0_miller_in_cg::m_cov monitor_before 100.0% 100 100.0% v
E binm0 23 1 100.0% N
B] binm2 19 1 100.0% v
B8] binm4 21 1 100.0% v
B] binms 17 1 100.0% v

B7 HBEiE
SEEFIAE T B IS UE RS T FPGA A9 8 14 D3 [R]
ESIEATS 2 A9 UVM Report Summary 435/ 41 & 8 F1&
9 I/,

# --- UVM Report Summary —--—
#

# ** Report counts by severity
# UVM_INFO : 722

# UVM WARNING : 0O

# [RNTST] 1
# [monitor_after] 160

# [monitor_after get from dut] 160

# [monitor before] 160

# [monitor_before send] 160

# [my_scoreboard] 80

# ** Note: $finish : D:/questasim/winé4/../verilog_src/uvm-1.1d/src/base/uvm_root.svh(430)
L] Time: 16410 ns Iteration: 105 Instance: /fm0_miller_top_tb

B8 ERMHHIELR

*% Report counts by severity
# UVM_INFO : 645

# UVM WARNING : O

# UVMERROR : O

# UVM FATAL : O

# ** Report counts by id

# [Questa UVM] 2

# [RNTST] 1

# [driver send] 160

# [monitor_after] 1

# [monitor_after get from fpga] 80

# [monitor_before] 1

# [monitor before get from driver] 160

# [monitor_before send] 160

# [my_scoreboard] 80

# ** Note: $finish : D:/questasim/winé4/../verilog_src/uvm-1.1d/src/base/uvm_root.svh(430)
# Time: 11590 ns Iteration: 105 Instance: /fm0_miller_ top_tb

B9 At REIIIEL R

XoF LU AT DA & B, A6 A28 47 AH [R5 FH 48] Fr) 15 50
T SR EL T RE 2R (A B [ 16 410 ns, 1 RS {4
PRI UEF- & P RE 2 A S 3] S 11 590 ns, Ry 4l ¥R {5 #E
A1) 71. 81% .

S — P B UE A B, 0 S8R B o 3k P 491 B
RGN Rz et i 52 % B T 4 v, B 96 ik o B vh s AT 0
WG 5 i 2 | R T A2 4, 2 A7 D3 ) 36 ik
T B IE R E T KL Soc 9B IE T4,
W T RPN T DI RE T 43 52 A%, 9T =5 2 04 0 3 481 T g
IRBIE BT 158 Tt — IR LR K
At 0, 5 2R P2 SR A D3 ] 9 31 - 65 65 2 KOR 4
R 6 U 5 I [ e S TR

4 H5RiE

F BRI AR 256 UVM BIE Jy 12 #4
T— A Jk T FPGA 19 B 1 B3 [6) 5 3E F-
Verilog 1 5 25 H#f HCR BEHR B 2 il s b | 3% [m]
REMEET FMO A1 Miller 4 i3 A B T 2% %] FPGA i 1
TR R HR AR VR Wy 3GE I, PC s W e
winsock API %5 5 1 8K 2l pR 4L, {5 E 4% 38 DPI i
A H B K UVM F 65 77 A2 19 52 24 SR BE AL DAl

T 1% % DUT, 43t DUT NIz 175 i th i 45 241, [nl
BT E R, DTEA DUT 4535 CIEF RS0
SHRRIPEAT LA, FIWT DUT J2 75 BE 1F 1 i 58 1 4 5
Difg, %P6 BT AR AR D RS AT, 48 M T 5
ERCR  DIRE 36 R 8] T 100% , & 55101, 1%F 7 fE
i KA A A=11 SoC S TEfT & .

SE 3k
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