IPC-TM-650: The Scientific Language and
Engineering Foundation of PCB Quality

Control

In the field of electronic manufacturing, reliability is the lifeline of products. The failure of a
circuit board may cause the entire machine to malfunction, and 70% of the disputes in failure
analysis stem from inconsistent testing methods. IPC-TM-650 was born to address this pain point
- as a globally recognized testing method "code" in the electronics industry, it uses over 400
standardized testing methods to establish a quantifiable and reproducible technical language for
the entire process quality of PCB from materials to finished products.

1. Standard Core: Testing Methodology System for

Penetrating Mist

IPC-TM-650 is not a single standard, but a comprehensive set of testing methods covering the
four dimensions of physics, electrical, environmental, and chemistry. Its core value lies in:
-Eliminating ambiguity: For example, in the peel strength test (IPC-TM-650 2.4.8), the sample size
is strictly defined as 50.8 X 50.8mm, and the transverse/longitudinal mechanical properties
need to be distinguished to avoid data comparability bias;

-Accelerate technology collaboration: When the supplier declares that the PP sheet contains
52% adhesive, the customer can retest according to the testing process of IPC-TM-650 2.3.16 to
ensure data homology;

-Risk prediction: Simulate ion migration under high temperature and high humidity conditions
through CAF (Conductive Anode Wire) testing (IPC-TM-650 2.6.25), and predict the risk of
multi-layer board insulation failure 10 years in advance.

Table: Correspondence between Key Testing Methods and Application Scenarios

Failure Mode Test Method Number Core Parameters

Layering of laminated board 2.4.24.1 T288  Layering  time>20
minutes

Pad detachment 2.4.8 Peel strength>1.0N/mm

High frequency signal | 2.5.5.3C Loss tangent <  0.002 at

distortion 1GHz

Salt spray corrosion 2.6.7 Resistance change rate after
96 hours test<10%




2, Standard Practice in Manufacturing Difficulties

1. Compression process: precise control of PP sheet

characteristics

In multi-layer board compression defects, resin voids and white edges and corners account for
65% of failure cases, and their root cause is often due to the out of control parameters of PP
(semi cured sheet):

-Adhesive content (RC%): Tested by IPC-TM-650 2.3.16, the error should be < £ 3%. A
deviation of 5% in adhesive content will result in excessive or insufficient flow of adhesive,
leading to interlayer voids;

-Gel time (GT): Determine the curing time at 170 ‘C according to IPC-TM-650 2.3.18. GT too
short (<60s) can easily cause delayed heating and insufficient curing of the press;

-Volatile matter (V.C%): Control residual solvents according to IPC-TM-650 2.3.19. V. When
C%>0.35%, volatile gases form micropores at high temperatures, becoming the conductive
pathway for CAF.

Table: Testing methods and tolerances for key parameters of PP sheets

Parameters Testing Methods Standard Range Impact of Exceeding
Standards

Adhesive content IPC-TM-650 2.3.16 50 £ 3% Interlayer  bonding
strength | 30%

Gel time IPC-TM-650 2.3.18 90 X 15s Insufficient resin

curing degree —

delamination

Volatile matter IPC-TM-650 2.3.19 < 0.35% Micropore rate t —
CAF risk doubles

2. Environmental reliability: Quantitative resistance to salt

spray corrosion

Salt spray corrosion accounts for up to 42% of electronic device failures in coastal areas. The salt
spray test (2.6.7) of IPC-TM-650 achieves precise evaluation through triple standardization:
-Solution: 5% NaCl solution, pH strictly locked at 6.5-7.2 to avoid acid-base interference;

-Temperature control: 35 + 2 ‘C constant temperature spray, temperature fluctuation>3 C




will accelerate corrosion distortion;
-Judgment: Grading evaluation of "corrosion area proportion" and "resistance change rate", for

example, medical equipment requires a resistance change of << 5% after 96 hours of testing.

3. High frequency performance: microsecond level control of

dielectric properties

The millimeter wave transmission of 5G base station PCB requires a fluctuation of dielectric
constant (Dk) < 0.02. IPC-TM-650 2.5.5.3C adopts the dual fluid pool method:

-Using air as the reference fluid and Dow 200 silicone oil as the second fluid to eliminate
thickness measurement errors;

-For ultra-low loss materials such as PTFE, it can achieve 0.0005 level loss tangent (Df) detection
with an accuracy 30% higher than conventional instruments.

3. Implementation Path: From Standard Text to

Production Line Quality Control

P Construction of data traceability system

Leading PCB factory binds IPC-TM-650 method with MES system:

-Enter the gel content/gel time test data of each batch of PP tablets, and automatically match the
pressing parameter library;

-The thermal stress test (IPC-TM-650 2.6.8) data is correlated with drilling quality to warn of the
risk of copper cracking in the borehole.

P Intelligent optimization of process window

Training Al models with massive data based on standard testing:

-Dynamically adjust the amount of brown micro corrosion by analyzing the correlation between
peel strength and Tg value;

-Optimize the warp and weft density of glass cloth in reverse based on CAF test results to
improve insulation reliability.



4, Future Evolution: Integration of Standards and

Intelligent Manufacturing

-Machine vision replaces manual interpretation: such as salt spray corrosion level determination,
Al recognition accuracy has reached 99.5% (surpassing human eyes by 23%);

-Digital Twin Acceleration Verification: Running IPC-TM-650 environment testing in a virtual
environment reduces the cycle by 70%;

-Green detection technology: Develop a cyanide free electroplating porosity detection method
(replacing IPC-TM-650 2.3.24.2 nitric acid vapor method) to reduce waste liquid toxicity by 90%.

Conclusion: Using standards as a boat, heading

towards the deep sea of reliability

The essence of IPC-TM-650 lies in transforming "experience intuition" into a "data language",
allowing invisible failure mechanisms to manifest and clarifying blurred process boundaries.
When a circuit board works continuously for ten years in a 10000 meter deep sea probe, or
transmits millisecond level instructions in the oscillation of a Mars rover - behind these extremely
reliable standards is the rigorous micrometer scale in each testing method, and the precise
adherence to seconds in each thermal cycle.

>Japanese quality master Noriaki Kano once declared:
>Standards are not the shackles of innovation, but the starting point for breaking through the
boundaries of reliability

The testing method and parameters in this article are validated based on IPC-TM-650 2023
Chinese version
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