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EXECUTIVE SUMMARY

This document establishes the authoritative reference framework for OEM

Manufacturing Quality Control Metrics and Defect PPM (Parts Per Million)

Allocation governing the production, testing, and delivery of carrier-grade

telecom hardware platforms. It defines the standardized quality gates, statistical

process controls, and defect allocation methodologies applied across all tiers of

hardware manufacturing—from printed circuit board assembly (PCBA) through

system-level integration, environmental stress screening, and final factory

acceptance testing. The PPM allocation model described herein provides a

transparent, auditable mechanism for tracking defect density across

component, sub-assembly, and finished-goods levels, ensuring alignment with

Telcordia GR-78-CORE, IPC-A-610 Class 3, and ISO 9001:2015 quality

management system requirements. This reference is intended for OEM partners,

contract manufacturers, quality assurance engineers, and supply chain

stakeholders engaged in the production of enterprise routing, switching, and

optical transport hardware.



QUALITY CONTROL ARCHITECTURE & STATISTICAL PROCESS CONTROL

The OEM quality control architecture is structured as a multi-stage gate model,

with each gate comprising defined inspection criteria, sampling plans, and

defect classification thresholds. The architecture is governed by a closed-loop

feedback system that continuously updates process parameters based on

real-time defect data.

STAGE 1: INCOMING COMPONENT INSPECTION

All incoming components are subject to AQL-based sampling per ANSI/ASQ

Z1.4, with critical components (ASICs, optics, power modules) receiving 100%

incoming inspection. Supplier PPM is tracked on a rolling 90-day basis, with a

maximum acceptable threshold of 500 PPM for passive components and 100

PPM for active semiconductors.



STAGE 2: IN-PROCESS QUALITY CONTROL

SMT lines employ automated optical inspection (AOI) and solder paste

inspection (SPI) at a 100% coverage rate. X-ray inspection is applied to BGA and

QFN packages. Statistical process control (SPC) charts monitor solder joint

quality, placement accuracy, and reflow profile conformance. Any process

drifting beyond ± 3 sigma triggers an immediate line halt and root-cause

analysis.

STAGE 3: SYSTEM-LEVEL ASSEMBLY & TEST

Completed PCBAs undergo in-circuit test (ICT), boundary scan (JTAG), and

functional test (FCT). System-level integration includes thermal cycling,

vibration screening, and burn-in per Telcordia GR-63-CORE. All units receive a

minimum 8-hour burn-in at 55°C ambient before final calibration and firmware

provisioning.

STAGE 4: FINAL FACTORY ACCEPTANCE TEST (FAT)

Every finished unit undergoes 100% FAT covering all interfaces, line-rate

forwarding verification, power redundancy failover, and management plane

validation. FAT yield is tracked daily, with a target first-pass yield (FPY) of ≥

98.5%. Units failing FAT are routed to a rework cell with defect code attribution

for PPM allocation.



DEFECT PPM ALLOCATION METHODOLOGY

The defect PPM allocation model provides a standardized, auditable

methodology for attributing defect density across the manufacturing lifecycle.

PPM is calculated as:

PPM = (Number of Defective Units / Total Units Produced) × 1,000,000

Defects are classified into three severity tiers:

CRITICAL (Class 1): Defects causing safety hazards, regulatory non-compliance,

or complete functional failure. Target PPM: ≤ 50. Escalation: Immediate

containment, supplier notification within 24 hours, 8D report within 5 business



days.

MAJOR (Class 2): Defects causing partial functional degradation, intermittent

failures, or cosmetic non-conformances exceeding specification. Target PPM: ≤

500. Escalation: Root-cause analysis within 48 hours, corrective action plan

within 10 business days.

MINOR (Class 3): Defects not affecting form, fit, or function, including

documentation errors and minor cosmetic anomalies. Target PPM: ≤ 2,000.

Escalation: Tracked via Pareto analysis, addressed in quarterly continuous

improvement reviews.

PPM allocation is further segmented by defect origin:

- COMPONENT PPM: Defects attributable to incoming materials (supplier

responsibility)

- PROCESS PPM: Defects introduced during manufacturing operations

(OEM/CM responsibility)

- DESIGN PPM: Defects traceable to hardware or firmware design marginality

(OEM engineering responsibility)

- LOGISTICS PPM: Defects arising from handling, packaging, or transportation

Each category carries a distinct corrective action workflow and financial



chargeback model, ensuring accountability and driving continuous

improvement across the supply chain.

KEY FEATURES

- Multi-Stage Quality Gates: Four distinct inspection and test stages with

defined pass/fail criteria and automated data capture at each gate.

- Real-Time SPC Monitoring: Continuous process capability (Cpk) tracking with

automatic line-halt triggers for out-of-control conditions.

- Tiered PPM Allocation: Critical, Major, and Minor defect classification with

differentiated targets and escalation paths.

- Origin-Based Defect Attribution: Segmented PPM tracking by component,

process, design, and logistics origin for precise accountability.

- Closed-Loop Corrective Action: 8D problem-solving methodology integrated

with CAPA (Corrective and Preventive Action) tracking.

- Audit-Ready Documentation: All quality records, test logs, and PPM reports

are retained for a minimum of 7 years, compliant with ISO 9001 and TL 9000

traceability requirements.

COMPLIANCE & STANDARDS

The OEM Manufacturing Quality Control Metrics and Defect PPM Allocation

Reference is designed to comply with the following international standards and



industry specifications:

- ISO 9001:2015: Quality Management Systems — Requirements

- TL 9000: Quality Management System Requirements for Telecom

- IPC-A-610 Class 3: Acceptability of Electronic Assemblies (High Reliability)

- IPC/JEDEC J-STD-001 Class 3: Requirements for Soldered Electrical and

Electronic Assemblies

- Telcordia GR-78-CORE: Generic Requirements for Physical Design and

Manufacturing of Telecom Equipment

- Telcordia GR-63-CORE: Network Equipment-Building System (NEBS) Physical

Protection

- Telcordia GR-1089-CORE: Electromagnetic Compatibility and Electrical Safety

- ANSI/ASQ Z1.4: Sampling Procedures and Tables for Inspection by Attributes

- ISO 14001:2015: Environmental Management Systems

- RoHS Directive 2011/65/EU: Restriction of Hazardous Substances

- REACH Regulation (EC) No 1907/2006: Registration, Evaluation, Authorisation

and Restriction of Chemicals

TECHNICAL SPECIFICATIONS

The following table summarizes the key quality control parameters and PPM

allocation thresholds defined in this reference.



Parameter Specification

Incoming Component PPM Target ≤500 PPM (passive), ≤100 PPM (active

semiconductors)

In-Process AOI Coverage 100% of SMT lines

SPC Control Limits ±3 sigma with automatic line-halt

Burn-In Duration ≥8 hours at 55°C ambient

Final Factory Acceptance Test (FAT) 100% of finished units

First-Pass Yield (FPY) Target ≥98.5%

Critical Defect PPM Target (Class 1) ≤50 PPM

Major Defect PPM Target (Class 2) ≤500 PPM

Minor Defect PPM Target (Class 3) ≤2,000 PPM

8D Report Turnaround (Critical) 5 business days

Root-Cause Analysis (Major) 48 hours

Quality Record Retention 7 years minimum

Applicable Standards ISO 9001:2015, TL 9000, IPC-A-610

Class 3, Telcordia GR-78-CORE

ORDERING SKU INFORMATION

This reference document is available in the following configurations for OEM



partners and contract manufacturers:

- QCM-PPM-REF-001: Standard Digital Edition (PDF) — Single-user license

- QCM-PPM-REF-002: Standard Digital Edition (PDF) — Enterprise license (up

to 50 users)

- QCM-PPM-REF-003: Print Edition — Bound hardcopy with tabbed sections

- QCM-PPM-REF-004: Training Package — Digital edition plus 4-hour recorded

training module

- QCM-PPM-REF-005: Audit Package — Digital edition plus audit checklist

templates and CAPA forms

- QCM-PPM-REF-006: Custom Edition — Tailored PPM thresholds and defect

classification for specific product lines

For OEM partners requiring integration with existing MES (Manufacturing

Execution System) or QMS (Quality Management System) platforms, please

contact your assigned OEM Program Manager for API specification and data

schema documentation.
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