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SECS/GEM
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Why SEMI Built a Universal Tongue

Standardization needed

In the 1980s, semiconductor
manufacturing faced significant
challenges due to proprietary
communication protocols used by
different equipment manufacturers.
This led to interoperability issues
and complex integration processes,
making it difficult to achieve
seamless communication between
devices and factory systems.

SEMI's Solution

To address these challenges,
SEMI, the global semiconductor
manufacturing industry association,
initiated the development of a
universal communication standard.
This standard aimed to provide a
common language for equipment
and factory systems, facilitating
smoother integration and
automation.
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Impact on Industry

The creation of SECS/GEM
revolutionized the industry by
enabling standardized
communication between devices
and factory systems. It reduced
integration time, improved yield,
and laid the foundation for modern
automated manufacturing
processes in semiconductor, SMT,
PV, and other industries.
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Typical FAB Communication Structure
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Why SEMI Built a Universal Tongue

SECS/GEM CPU Unit

SMT Machine
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PC sends command

to machine via
SECS

PC receives
data/events/alarms
from machine via
SECS
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SEMI Standards Overview

Relevant SEMI standards

service
SECS/GEM is composed of several key SEMI standards:

for TCP/IP transport, for message grammar, geplicatiaglicve
for behavior rules, and for legacy serial
communication. Each standard plays a crucial role in defining how

data link layer
equipment communicates with factory systems.
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SEMI Standards Overview

E5 SECS-II
GEM
HSMS
Process Job Management
Control Job Management
Carrier Management
Substrate Tracking
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HSMS(E37)

HSMS Overview

HSMS, defined by SEMI E37, is a TCP/IP-based
protocol that replaced the older serial SECS-I. It
provides high-speed communication between
equipment and factory systems, ensuring
efficient data transfer.

Key Timers

HSMS includes several key timers such as T3,
T5, T6, T7, and T8. These timers manage
communication delays and ensure that
messages are sent and received within
acceptable time frames, maintaining system
responsiveness.
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Connection Management

The Select.Request and Select.Response
mechanism in HSMS ensures reliable
connections between equipment and factory
systems. This handshake process is critical for
establishing and maintaining communication
links.

Network Considerations

Understanding HSMS is essential for configuring
firewalls, VLANs, and VPNs in manufacturing
environments. Proper setup ensures that
equipment can communicate seamlessly with
factory systems despite network complexities.
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SECS-II(E5)
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Encoding

Fill in the business data into List Iltem according to the E5 template, and then
convert it to binary

Sending

Insert the Stream/Function into the HSMS header, and the Payload will be
the just-encoded ltem stream

Decoding

After receiving the message, first unpack it according to the Item syntax, and
then map it to the business object

Answering

Odd functions must return even functions. When W-Bit=1 times out, a retry or

an error must be reported

Unrestricted | © Siemens 2025 | Zhu Jiaxing | FT RPD CED INW-CN | 2025-10-31

SIEMENS




Packet Format

SECS-II

Max. 3 Bytes

E5 Data Format
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Upper session ID

Lower session ID

PType
SType
System Bytes
System Bytes
System Bytes
System Bytes

Dict Data
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GEM(E30)

Control online Identification S1F1, S17,...

Error Message S9 Spolling S6F23, S2F43
Establish Communication S1F13
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Open Source Implementation
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secsdnet

secs4dnet is a LGPL 2.1 licensed

NET implementation of
SECS-II/HSMS-SS/GEM.

Pro
To our knowledge this is the most
complete Open Source

implementation. Actual
documented usage in the field.

Con
.NET doesn’t fit well into our Edge
Stack.
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<

C % github.com/mkjeff/secs4net &R a %

56509

3 common.sml reorganize folder structure 4 years ago

Y globaljson add .net 8.0 support 2 years ago Languages

©  mEy i

[ secs4netsin update README 2 years ago

® C#90.0% ® Standard ML 10.0%

[0 README  5[8 MIT license =

secs4net

Project Description

SECS-1I/HSMS-SS/GEM implementation on .NET. This library provides an easy way to communicate with
SEMI-standard compatible devices.

Getting started

Install Nuget package

> dotnet add package Secs4Net

ithub.com/mkjeff/secs4net
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https://github.com/mkjeff/secs4net

secsgem

< C 2% github.com/bparzella/secsgem & aa ©®  smEm i

secsgem IS a M IT Ilcensed Python [ README.md Prepare release 0.3.0 ast year &‘@ @ @
| i b ra ry th at Offe r.S n ative asyn CiO Y poetry.lock Update ruff and fix warnings 11 months ago a e
Support for SECS/GEM_ O pyproject.toml ate ruff and fix warnings s ago

[0 README &8 LGPL-2.1 license

Languages

® Ppython 99.3%

Pro

. secsgem
Far easier to use on our Edge

Simple Python SECS/GEM implementation

stack, though still not optimal

implementation for us. SECS or not.

This module is still work in progress. I'd love to get your input, your use case, whether you are experienced in

Installation

Con
More or less single maintainer.
Not feature complete

$ pip install secsgem

https://github.com/bparzella/secsgem
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https://github.com/bparzella/secsgem

No FAB, no Problem
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Interaction without real machines

Certifications

SEMI certification involves rigorous testing of timing, recovery, and edge cases. This ensures

that SECS/GEM implementations meet industry standards for reliability and performance.

Simulation tooling

Free test tools are available. These tools help developers simulate various scenarios and

identify potential issues before submitting their implementations for certification.
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= gicode.com/Universal-Tool/3181

ErgoTech o re

) Issues Pull Requests i
Home Managed OPC-UA Cloud Server 0T & Cloud Semiconductor SECS/GEM Request a Demo/Trial About ErgoTech Contact ErgoTech
B LICENSE Initial commit

B README.md add README.md

B README s M B README

O AnE

SECS Emulator secs gemifif TE 4
SECS torE—¥ W IR, HE HER 1§ Thisk. ZTRAITRIFFA, &
When youTe ready for more.. ERSMLISEE, SHSSECS-I/SECS-I/HSMS-SSEMM, LURSMLIESE, LA RS EA AR MIE N, THERR

The SECS Toter i buil with our TransSECS and MiStudio products and you can easly buld automation solutons thesame way.
| | xmea NNVANSN
s B 99 !
=Y : .

ErgoTech's TransSECS software is the fastest way to create both equipment and host SECS/GEM interfaces. TransSECS always includes the ability to simulate either your tool o host applications. S
. + SECS EmulatorFE:

o ZHSWE DI TELRSECS1/SECS-1I/HSMS-SS
With the TransSECS editor you build complete SECS/GEM interfaces within the editor. You can go live-online with the tool for characterization and testing. You can then use the TransSECS generated int
with ll0T/Cloud applications, PLCs, REST, MQTT, databases and many other automation systems. If you need user interfaces or automation and control, you can build applications programmatically in J M SECS RATE
cal. drag-and-drop application builder tor create complete tool or host applications without pragramming - even with Cloud deployment. .
TransSECS can also be part of your full Industry 4.0 or Vision. e

standalone tool to validate communication to process equipment

widely used in the Semiconductor and Electronics asserbly industries

TEfEMSECS Emulator2 i, WHERBEH 3 iR, BIRIEE, EFMNGE, ABESECS RIEHOTS
NEBXETREH,

TransSECS SECS/GEM interfaces can be deployed on any Windows, Unix or Linux platform (including the Raspberry ) and on many em! ud platform. You can even run the

applications on Android

he TransSECS editor changes the generalities of the SECS/GEM standard R ARRRBBNERERE, URENANBERIGENRS .

Google Transite
FRTAE/ HSHIREEAPRASSECSG-
EQUIPMENT SOFTWARE ~ FABAUTOMATION  ITSERVICES ~PORTFOLIO  CONTACTUS ~COMPANY &= Q

@ 8 Issues Pull Requests e
B READMEmd add README.md

(D) SECSComenable.rar dd bl o5

EIGEMSim

= [ README

EIGEMSim is a SECS/GEM simulator software that is used for testing SECS/GEM compliance of your equipment
software, It simulates Factory Host with most SECS messages that are used for testing pre-bundled.

FSIREEAPRSZSSECS/GEMMAT A
&

FOERMT M ERESHTLIRIHITEEA 5 SECS/GEM] SIREEARRSTHLTHSHEM HFHEAP
BEIMEBER, BARERTSECS/CEMBRMI,

b
TEERR
o SEC SHSECSGEMEAMIIEH SN, HRBASEEATRL,

o REWE THSIMLTLSEMEAPRE, BRAEMS EKOTHER.

SECS/GEM Communication Simulator Software « SN BEFEEERN,
-Day Free Trial o fERIREA

We use cookies to enstre that we give you the best experience on our website. Ifyou continue to use this sile we il assume that you are happy with it. | Ok e L FHAELE: NABET

(0pen-source toolkiyd243,
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https://ergotech.com/secstesterdownload
https://www.einnosys.com/eigemsim/
https://gitcode.com/Universal-Tool/3181f
https://gitcode.com/Universal-Tool/3181f
https://gitcode.com/Universal-Tool/3181f
https://gitcode.com/open-source-toolkit/d4343
https://gitcode.com/open-source-toolkit/d4343
https://gitcode.com/open-source-toolkit/d4343
https://gitcode.com/open-source-toolkit/d4343
https://gitcode.com/open-source-toolkit/d4343

Old, yet still evolving
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GEM3000 and beyond

GEM300

As manufacturing processes become more complex, GEM300 standards are essential for
carrier ID, substrate tracking, and recipe approval. These enhancements support advanced

automation and data management in modern fabs.

Looking ahead
SECS/GEM is evolving to integrate with communication technologies like OPC-UA and MQTT.
This integration will enable more efficient data exchange and control, supporting the next

generation of smart manufacturing.
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Protocol Availability
Evaluation of niche protocols is easier than ever with open available implementations.
We prefer running code over extensive documentation.

Check your “supplier”

Rating the quality of a project is a non-trivial task. Good starting points are: repository
activities, error reports, source of commits (individual contributor vs. professional).
SCES/GEM papers should be .

Mature simulation eco-system

If you like to look behind the scene of a fab but you can’t afford the actual machines,
you can abuse the simulation tooling traditionally used for certification processes.
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Thanks and any questions?

You probably will never use SECS/GEM directly.
But your tape-out is only possible because of it.
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