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Abstract

Traditional component testing methods rely on manual visual inspection and single-point functional
testing, which have limitations such as high error rates, insufficient coverage, and low efficiency.
Especially in the testing of high-density FPGA and SOC chips, the testing cycle and cost have become
key bottlenecks restricting equipment delivery. Against this technical predicament, digital and in-
telligent technologies, relying on the core advantages of data-driven decision-making and intelli-
gent collaborative processing, are gradually reshaping the technological paradigm in the field of
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component testing. They are driving the accelerated transformation of this field from the tradi-
tional manual-driven model toward the direction of intelligence and digitalization, and the field has
currently entered a critical window period for technological iteration. This paper systematically
explores the challenges and innovative paths faced by component testing technologies, integrates
cutting-edge testing technologies such as machine learning and edge computing, and focuses on
studying the intelligent solutions for FPGA testing. Meanwhile, based on the development of com-
ponent testing technologies, this paper optimizes the current FPGA testing process, aiming to achieve
improvements in speed and accuracy in aspects of visual inspection, configuration programs, and
test vectors.

Keywords

Component Testing, FPGA, Digital and Intelligent Technologies

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

R soas VIS B RGN E A, s 5w etk Bk voe 1 s Ve Re 577 ar, ERLEIR
IR 77 2 2 S R AT, T as P (TN ERBE AR T BE = P BURAEEI JE R [1]. SRT, FE% FPGA. SOC JfX
R E LRI Z N, A GRS I HOAR T ™ VR, A GeAarill 5 2 N T H A A ] 5
P B A T DI RENN, AFEDNRA AR AL K. AR, 2RO L E e %
R GAAT R BE2]. AN B REHE . 5 WA 2R A R RE R HT — AR5 B R,
EAE CLRT I ARA R B A FEIRREAL GE b, HESDH M B S AL 0 B REAL I HE[3]. FETCASFRLI 4, F
FHHCHE SR (IR 2% 7 RPLAS B B PRS0, B St R I K N 5T, AR HAR K R 1 28
%, HROREE SOOI T 4 IRTHZ LIS I IE YR K.

AL FPGA AF %O TEXS e, B AE RGP W IR R O AL BOR SR Al A i 42, M
—EAE . WAL FEME. RRER) FPGA RrINEN, BEM R ATA IR A, o PR IR G B 8™ b B 22 4
FETHTI LA B 7T g 3R A S 4% .

2. FPGA B A

£ FPGA ITIRIRE R, A% O R AR R 0 o T T35 PO il I WL S MO N, SR W e 00 25 T e AT
RER M FTHEOR[4]. BRI IMHEATIRIE, EEMRBN T AR S uas B ROE A REL 5l
BAMNEAT . LLENRETIEW S 5 RS HIN, A (W B 38 € 251 T IR Te 3 F
SMENERESE, EF FPGA 7 MK A5 B &S Bt (IDDQ) - /Ay 1 51 8 HL IS/ FRF R (VIL,
VIH, VOL, VOH). VLR B {55 (B . $123h5%, HRJaR&DIReu, 5 AERIETTaIFie S LT
WS BTHIIZ AR ThRE -

M A R Z A, ARSI, LR, WEBaMWEEs], WK 1 s,

LRIIAA R0 FPGA 8 BT ATIRE, TR HA— DN HIER ], filds. LM BT
PIBRSEH, BAERIUHIE R P AT RESI N B BRIG . FPGA A B — N7 ) 3 1 (TAP) AN S 4 4t o
fres, i TAP #iilds, WK RGRT LK FPGA RS 1O SIBIE T-ICRE, Al Sr b i) Mok ) midiss

DOI: 10.12677/sea.2025.145099 1114 OISR


https://doi.org/10.12677/sea.2025.145099
http://creativecommons.org/licenses/by/4.0/

VLS

AN, NI AR A5 PCB R TR I AREE . JEE . JFERSE 8. X FPGA WHEEER) . SR
PEEBLER, A ER(BRAM)A DSP $uot, | il <N & BIST Mg, AT Dol e 18 2 o
BIST, iliX b AT 7 Sk (a0 March 59%),  FFR [B]— A&7 5 s &

WM TN E AR, v P KR A R, 8GR N B, SR E 2 sEk
X BRI IhRERIARI, FHBEL FH T SOC A AL aetl, ML R —FER ) K EMThRE, w84 E
a2 WIE(3].

B 05 P RN 53 2 B R A K, W) T FPGA X Rae ki, I RAK. A, MELLN 24
AT UHE AL L2 R R BRI FE . &R FPGA P IC B AL At T R 2 8 80ie A, B i
T EEANAEC S, BT AeE 55 1 SE bR TARRAS A B LA, A TR a5 R 88 785
MRAHAT T FE 1) ATE W& ZVHEE T ET0, X ATE R A B SRR S, &8 i 2oty
KA R ER, W —ME A FPGA HHATECAAZ MM Z B E MR, FER A E s E R EK, Mk
ARG H ATE A R ER G RIGE S, beandE 5] B L (o] a5 0% B S A i 22, (H3:80
AN R JE F 2 A4 Rz iz 4r[6] [7].

R, BB A B A S AR e FPGA 3 5 10— 3R] 7]

[ I AT i ]

vV

\2 \ _\|_

- i "g jf;; 1 )%
¥ 7 C i
i ] i @ il m

1ﬁ 1ﬁ _\Liyc

Figure 1. Test method diagram
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Figure 2. Component surface defects automatic inspection system diagram
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import tset TIME1;
vector ($tset,RAM_CS,RAM_WRADDRESS,RAM_RDADDRESS,RAM_WREN,RAM_RDEN,RAM_CLK,RAM_DIN,RAM_DOUT)
Y = {

l%ﬂ SR (HKFEIR) I >timel 1 1 © 1 0P0PEEREERERRBALAD XXXXXXXXX ;
>timel 1 1 1 1 1 0P0PPEREEPEEEEEEe0 LLLLLLLLL ;
>timel 1 10 1 1 1 1 0PGEEEEEEEEEEP080 LLLLLLLLL ;

|ﬁﬁgﬁz1ﬁ ) | >timel 1 11 16 1 1 1 00P0GEEP0EEEP0eEed LLLLLLLLL ;
>timel 1 100 11 1 1 1 00PEEEEEEEEEPEEed LLLLLLLLL ;

>timel 1 101 100 1 1 1 0PPEEEPEEEEEEEEEe0 LLLLLLLLL ;

>timel 1 110 101 1 1 1 0PPGEEEPEE0EEeR0se LLLLLLLLL ;

|Ty\‘ AR5 (%E%%?Eﬁﬂ >timel 1 111 116 1 1 1 0PPEREEEEEEEEEEee0 LLLLLLLLL ;
>timel 1 1000 111 1 1 1 0PPGEEEEEEEEEEEEe0 LLLLLLLLL ;

>timel 1 1001 1000 1 1 1 0PGEEGEEEEEEEEEEES LLLLLLLLL ;

— >timel 1 1010 1081 1 1 1 0PGEEGEEEEEEEEEEEe LLLLLLLLL ;

| AL RIS | >timel 1 1011 1010 1 1 1 0POPEEEEEEEEEREEEe LLLLLLLLL ;
>timel 1 1100 1011 1 1 1 0PGPEEPEPEEEEREEEe LLLLLLLLL ;

>timel 1 1101 1160 1 1 1 0PGPEGEEE0EEEP0sEe LLLLLLLLL ;

>timel 1 1110 1161 1 1 1 0PGEEGEEE0SEEP08E0 LLLLLLLLL ;

Figure 3. Vector optimization flow and RAM-oriented test vectors diagram
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# acquire script directory
set script_dir [file dirname $script_path]

# find all ".runs" directory
set runs_folders [glob -directory $script_dir -types d *.runs]

# find all "impl_1" directory in "runs_folders"
set impl_1_folders [glob -directory $runs_folders -types d impl_1]

# find .bit file in "impl_1_folders™
set bit_file [glob -directory $impl_1_folders *.bit]

@echo on # connect HW server
set "bit_dir=%~dpe" open_hw
set "bit file=" connect_hw_server
pause # auto detect and o th ilable t t

: " - - cam pen e avalla e arge
for %%f in ( %blt_dlr%*.b}t )QO( open_hw_target

set "bit_file=%%f"
goto :found # enhance the clock frequency to reduce the download time
set_property PARAM.FREQUENCY 12000000 [get_hw_targets]

: found
echo "PROGRAM_IN_OPEN_HW.tcl">temp.tcl # program EPGA
echo "PROGRAM_DOWNLAND.tcl">>temp.tcl set hw_device [get_hw_devices]

set_property PROGRAM.FILE $bit_file $hw_device
program_hw_device $hw_device
puts "success"

echo "source temp.tcl”|vivado -mode tcl -source-
|echo Successfully download

Figure 4. TCL command injection flow diagram
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Figure 5. Development board configuring FPGA diagram
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//reg [35:0]data_in=52;
(* keep="ture”*) reg [18:0] reg_addra=19b0;
(% keep="ture”*) reg [18:0] reg_addrb=9’b0;

wire [18:0] read_address:

wire [18:0] write_address;

assign read address=reg_addrb;

assign write_address=reg_addra;

reg [2:0]write_flag_count=0;

reg [0:0]write_flag=0;

always@(posedge clka or posedge rstn) begin
if (rstn)begin

write_flag=1' b0:

write_flag_count<=0:e

else if(vrite flag_ cuumﬁs b100) begin
write_flag <= 1'bl e

else

rite_flag_count(zvrite_flag_count+l’ bl;
en

alvays@(posedge clka or posedge rstn) begin
if (rstn)begin

reg_addra<=19’ b0;

en

else if (reg_addra==332802)begin
reg_addra<=332802;

end

else if( write_flag)begin
reg_addra<=reg_addra+1’bl;end

else begin

end

end

reg [2:0]read_flag_count=3" b000;

reg [0:0]read flag=1"bO;

always@(posedge clkb or posedge rstn) begin

if (rstn) begin

read_flag<=0;

read_flag_count<=0;end

else if (read flag count==3"b000 && write flag)begin

Figure 6. RAM self-contained test program and waveform simulation diagram
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Figure 7. Digital intelligent detection model diagram
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Figure 8. Digital twin model diagram
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Figure 9. Digital twin architecture diagram
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