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Automating with Step 7 in STL and SCL: A Comprehensive Guide

In the world of industrial automation, Siemens’ SIMATIC Step 7 is a cornerstone for programming PLCs

(Programmable Logic Controllers). Whether you are a seasoned engineer or a newcomer to PLC programming,

mastering the two primary programming languages within Step 7—Statement List (STL) and Structured Control

Language (SCL)—is essential. This article provides a deep dive into automating processes using STL and SCL,

covering fundamentals, practical examples, best practices, and advanced tips that will help you streamline your

automation projects and achieve higher reliability.

What is Siemens Step 7?

Siemens Step 7 is the integrated development environment (IDE) for programming SIMATIC PLCs. It supports

multiple programming languages defined by the IEC 61131 �3 standard, including Ladder Diagram (LD), Function

Block Diagram (FBD), Sequential Function Chart (SFC), Statement List (STL), and Structured Control Language

(SCL). Step 7 provides tools for project management, code editing, simulation, debugging, and device

configuration, making it a comprehensive platform for industrial automation.

Understanding Statement List (STL)

What is STL?

Statement List is a low-level, assembly-like language that offers fine-grained control over PLC operations. It is often

compared to the way a microcontroller’s firmware is written, providing direct access to registers and memory. STL

is ideal for tasks that require precise timing, bit-level manipulation, or when you need to optimize performance for

complex logic.

Syntax and Structure

STL syntax is compact and uses mnemonic instructions. A typical STL program block looks like this:

LD  I0.0

AND I0.1

OUT Q0.0

END

Each line consists of an instruction, optional operands, and optional comments. Common instructions include:

•  LD – Load

•  AND – Logical AND

•  OR – Logical OR

•  OUT – Output

•  NOP – No operation (used for timing)

•  JMP – Jump



•  CALL – Call subroutine

Practical Example: Simple Motor Control

Below is a concise STL routine that starts a motor when both start buttons are pressed and stops it when the stop

button is pressed:

LD  I0.0   // Start button 1

AND I0.1   // Start button 2

OUT Q0.0   // Motor output

LD  I0.2   // Stop button

OUT Q0.0   // Reset motor output

END

Understanding Structured Control Language (SCL)

What is SCL?

SCL is a high-level, structured programming language similar to Pascal or C. It was introduced to provide a more

readable and maintainable alternative to STL while still offering the power needed for complex logic. SCL is

especially useful for data manipulation, mathematical calculations, and when you need to write code that

resembles traditional programming.

Syntax and Structure

A typical SCL program block is organized into sections: VAR for variable declarations, BEGIN for the executable 

code, and END to close the block. Here’s an example that calculates the average of three sensor readings:

VAR

  Sensor1 AT %IW0 : INT;

  Sensor2 AT %IW4 : INT;

  Sensor3 AT %IW8 : INT;

  Avg     : INT;

END_VAR

BEGIN

  Avg := (Sensor1 + Sensor2 + Sensor3) DIV 3;

END

Practical Example: Temperature Regulation

The following SCL routine demonstrates how to implement a simple PID controller for temperature regulation:

VAR

  Setpoint   AT %IW0 : REAL;   // Desired temperature

  ProcessVar AT %IW4 : REAL;   // Current temperature

  Integral   : REAL := 0;

  Output     : REAL;

END_VAR



BEGIN

  // Proportional term

  VAR P : REAL := Setpoint - ProcessVar;

  

  // Integral term

  Integral := Integral + P * 0.1; // Assuming 0.1s cycle time

  

  // Derivative term (not implemented for simplicity)

  

  // Compute output

  Output := 2.0 * P + 0.5 * Integral; // Example gains

  

  // Write to output coil

  IF Output &gt; 100 THEN

    OUT Q0.0;

  ELSIF Output &lt; 0 THEN

    OUT Q0.1;

  END_IF;

END

Benefits of Automating with Step 7 in STL and SCL

•  Performance Optimization: STL allows direct hardware manipulation for time-critical tasks.

•  Readability and Maintainability: SCL’s structured syntax makes code easier to read and debug.

•  Flexibility: You can mix STL and SCL within the same project, leveraging the strengths of each language.

•  Rapid Development: Step 7’s debugging tools and simulation environment accelerate development cycles.

•  Scalability: Both languages support modular design, facilitating large-scale automation projects.

Step-by-Step Guide to Automating with Step 7 in STL

1. Project Setup

1.  Open Step 7 and create a new project.

2.  Define the target PLC (e.g., SIMATIC S7-1200).

3.  Configure the hardware profile to match your physical setup.

2. Create a Program Block

1.  Navigate to the Program folder.

2.  Right-click and select Insert !’ Program.

3.  Choose Statement List as the language.

4.  Name the block (e.g., MotorControl).

3. Write STL Code

Insert your STL logic into the editor. Use comments to describe each step. For instance, a simple motor start/stop

routine can be written as shown in the earlier example.



4. Compile and Validate

1.  Click the Compile button.

2.  Review the compile log for errors or warnings.

3.  Resolve any issues before proceeding.

5. Download to PLC

1.  Connect to the PLC via Ethernet or serial link.

2.  Use the Download function to transfer the program.

3.  Confirm that the download completes successfully.

6. Test and Debug

1.  Enter Run mode on the PLC.

2.  Monitor inputs and outputs using the Monitoring window.

3.  Use Step Execution to trace STL instructions.

4.  Adjust logic as needed based on observed behavior.

Step-by-Step Guide to Automating with Step 7 in SCL

1. Project Setup

Follow the same initial steps as with STL, ensuring the target PLC and hardware profile are correctly configured.

2. Create a Program Block

1.  Right-click the Program folder and select Insert !’ Program.

2.  Choose Structured Control Language as the language.

3.  Name the block (e.g., TemperaturePID).

3. Write SCL Code

Use the SCL editor to write your logic. Leverage the VAR section for variable declarations and the BEGINsection

for executable code. Insert comments to describe each variable and step.

4. Compile and Validate

Click Compileand address any syntax errors. SCL’s compiler provides detailed feedback, making it easier to spot

issues.

5. Download to PLC

Transfer the compiled code to the PLC using the Downloadfunction. Verify that the download completes without

errors.

6. Test and Debug

Run the PLC and use the Monitoringwindow to observe variable values. The SCL debugger allows you to set

breakpoints and step through the code line by line.

STL vs. SCL: A Comparative Overview

•  Readability: SCL is more readable due to its structured syntax; STL resembles assembly and can be harder 

to parse.

•  Performance: STL offers lower-level control and can be optimized for speed; SCL may introduce overhead but 

is usually sufficient for most applications.

•  Debugging: Both languages provide debugging tools, but SCL’s high-level nature makes stepping through 



logic easier.

•  Use Cases: STL is ideal for simple bitwise operations or when hardware constraints demand it; SCL excels in 

complex calculations, data handling, and modular programming.

Common Pitfalls and Best Practices

•  Neglecting Variable Initialization: Always initialize variables, especially in SCL, to avoid undefined behavior.

•  Overcomplicating STL: Use STL for simple logic; otherwise, consider SCL or a higher-level language.

•  Ignoring Cycle Time: When writing loops or time-dependent logic, account for the PLC’s cycle time to prevent 

timing issues.

•  Hardcoding Addresses: Prefer symbolic names and address mapping to improve code portability.

•  Skipping Simulation: Use Step 7’s simulation mode to catch errors before deploying to hardware.

Advanced Tips and Tricks
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