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Abstract : Flip-chip microbump vibration signals are characterized by microscale features, strong interference in acquired signals, and
severe confusion of multi-modal components, which give rise to complicated mapping relationships of defect features and a remarkable
drop in defect recognition accuracy. It severely restricts the accuracy of defect identification and industrial applicability, becoming a key
bottleneck that urgently needs to be addressed in the field of micro-nano electronic manufacturing defect detection. To tackle the
deficiencies of existing knowledge distillation, including insufficient exploitation of logical knowledge, weak utilization of inter-class
relationships, and limited capacity to achieve accurate defect identification, this article proposes a feature logic space grouping
distillation (FLSGD) algorithm. This algorithm analyzes explicit and implicit knowledge around the logic of knowledge transfer, and
projects interactive information into three probability spaces, namely target space ¢, intra-class space o\i and outer-class space c\o. It
decouples the traditional Kullback-Leibler (KL) divergence to realize directed learning of logical features. The subjective and objective
weighting method is adopted to quantify the weights of the three spaces and determine the parameter guidance values, so as to flexibly
regulate the focus of knowledge transfer. To verify the effectiveness of the proposed algorithm, experiments are conducted on two
ultrasonic vibration datasets derived from PCB substrate chip and silicon-based dummy chips. A single/dual-source ultrasonic excitation
detection platform is established for validation, which verifies that the target space plays a dominant role in FLSGD, while the intra-class

and outer-class spaces serve auxiliary functions. Experimental results demonstrate that FLSGD outperforms mainstream feature distillation
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methods in terms of recognition accuracy across various teacher-student network combinations, achieving a maximum accuracy of 96. 47%

and 97. 69% on the two datasets, respectively. FLSGD can effectively exploit the modal characteristics of vibration signals, enhance the

perception of key features, improve defect recognition accuracy and accelerate model convergence speed without introducing additional

computational modules or increasing computing power consumption, thus providing an effective solution for lightweight defect detection in

industrial applications.
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Fig. 1 Research status of knowledge distillation
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Fig. 4 Single source ultrasonic vibration detection system
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Fig.5 Recognition accuracy under different parameter

configurations

ARFFTH Y FLSGD 78 T-S 2 8] A A 2 i 15 B
fEHIRE T, &0 it REHE A — R, 5 LR i gh
— 3R R 2 PR a K TEUSEHAL, B TKD [ OKD
5 CKD HEZ OKD 5 CKD BUE Z (B 7E7E— i RIS

x2 EEWUMESW

Table 2 Subjective and objective weight analysis

AR AT s TKD () OKD (B) CKD (v)

CRITIC 51.65% 24. 84% 23.51%

A2 5 ROk 35.65% 35.32% 29. 03%

RPN I 35.33% 34.78% 29. 89%

AHP 42. 48% 31.25% 26.27%

FEWUNE 41. 36% 31.53% 27.11%
ESME 1.00 0.76 0. 66
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Table 3 KD detection result under different T-S

FRIBUMAE T-S B8 FHIEZE1R
T size/M S size/M ERNIEES RS AT CRD
27.1 5.95 Densenet 97. 37% (.. 199 MobilenetV2 95.70% (., 36) 96. 09% (.0, 1) 96. 12% (.0, 24)
217.0 8.76 Alexnet 96. 79% (. o0 ) MobilenetV3 94. 40% (.o 420, 94.94% (10.300) 94. 54% (0. 06%)
42.7 6.03 Resnet18 97.23% (.o 17,) Shufflenet 94. 72% (.o 150 92.65% (40.350) 93.62% (40, 27)
KD DKD RKD FLSGD1 FLSGD2

95.94% (£0.11% )
93.40% (10, 27%)
92.65% (10370

96. 21% (.o, 01%)
95.28% (40, 20%)
93.69% (.0.57%)

95.78% (+0.37%)
96.35% (.0.28%)
93.04% (.0, 20%)

95. 58% (40.30%)
95.93% (10.05%)
93.89% (0. 14% )

96. 20% (., 05% )
96. 47% (40, 244)
94. 16% (£0.04% )

1 FLSGD1 FslSEURYE F & WAL : {a=1.00, B=0.76, y=0.66| , FLSGD2 F/n#ESHk H TPE,

BARRAE AL
ARG PN

Ko scsiohiRd

Fig. 6 Experimental data collection
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Fig.7 FLSGD coefficient evaluation results
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Table 4 Weight analysis result
/B0 TKD 43 OKD 434t CKD 434
LIRS A B C A B C A B C
CRITIC 29.56 54.32 29. 49 27.42 18. 18 36. 81 43.02 27.49 33.70
A5 5 A 52.63 51.62 53.74 15.52 15.79 33.82 31.85 32.60 12. 44
VAR RS 18.38 56.78 39.12 40. 82 17.72 34.40 40. 80 25.50 26.47
AHP 35.82 55.49 35.89 29.71 17. 84 32.05 34.46 26. 66 32.06

7. T-S 414 A :Densenet-MobilenetV2 ; T-S Z1 4 B: Alexnet-MobilenetV3; T-S 14 C: Resnet18-Shufflenet
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A SE g IAE [A] — K P B bR AT It T aa 4 2R

iR 8 AR,
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Table 5 Lightweight indicators under different T-S

combinations

R/ AL AR bR

HEWR/%  BAR/NM S50/

Alexnet 97. 34 217. 00 61.10
ZIfEAL Densenet 97.94 27.10 7.98
Resnet18 97. 11 42.70 11.69
MobilenetV2 93.42 5.95 3.50
LR MobilenetV3 93.09 8.76 5.48
Shufflenet 95. 83 6.03 7.39
1.0 1.0
0.9 —— KD(93.19) 0.9 KD(92.42)
0.8 —+— DKD(95.54) 0.8 —s— DKD(95.37)
g o7 —4— RCD(95.10) g 07 —i— RCD(%4.52)
& ’ —v— RKD(%4.21) b ' —w— RKD(94.57)
0.6 —— AT(95.21) 0.6 —— AT(95.36)
e —«— FLSGD1(94.35) 05 —<— FLSGD1(94.95)
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Fig. 8 Distillation results under different T-S combinations
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Fig. 9 Convergence k, result
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Table 6 Convergence quotient under different T-S

SN M./ % M,/ % k
KD 93. 65 73 1.28
DKD 95.19 67 1.42
CRD 94. 65 69 1.37
RKD 94.58 68 1.39
AT 94. 80 71 1.34
FLSGD1 95.07 69 1.38
FLSGD2 96. 16 63 1.53
3.3 i i

FRA RS m s e oA, vl LIS 4598 . 28R &
FLZHIMLE | Z2 7 R 2f A R4 A R R, 200 9 4%
PEOE T RA (R SO BT vA B KD Uik iE
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AR A O 2 2 B2 2 R R, e A SRR R il
VUM B HER T, 32 H KD 7 ik se B s A 2% 22k
BT 2 > AR ER R BOIM N4 e Tk 2 A N 48 B
PP ASTRIEICHRE 9 2 R 3 A Tl R 2 5 e 02 T o 141
WA 58 N H H &% PCB JEAR B 288 H Shufflenet 1
SR TR 2 O, ok B CWRU B9 28 2l K B
G SR a I A IS, X EOR ik,
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