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Automating with Step 7 in STL and SCL on Simatic S7 300/400
Programmable Controllers

When it comes to industrial automation, Siemens Simatic S7 300 and S7 400 PLC families remain a benchmark for
reliability, scalability, and versatility. Their programming environment, Step 7, offers multiple languages that cater to
different levels of abstraction: the low level Statement List (STL) and the high level Structured Control Language
(SCL). Mastering these two languages allows engineers to write efficient, maintainable, and robust control logic,
whether they are working on a simple conveyor system or a complex process plant.

This article dives deep into the world of STL and SCL programming within Step 7, exploring their syntax, use
cases, strengths, and pitfalls. By the end, you'll have a clear understanding of how to choose the right language for
each task, how to structure your projects for long term success, and how to leverage best practices that keep your
automation solutions fast, readable, and easy to debug.

1. Overview of Siemens Simatic S7 300/400

The Simatic S7 300/400 series is designed for a broad spectrum of automation tasks, ranging from simple machine
controls to complex process automation. Key features include:

e Modular architecture: CPU, power supply, I/O modules, and communication modules can be mixed and
matched.

 High processing speeds: CPUs can handle thousands of instructions per second.

¢ Robust communication: Supports Profibus, Profinet, Ethernet/IP, and more.

e Extensive library support: Function blocks for motion control, PID, safety, and more.

Step 7, the integrated development environment (IDE) for these controllers, provides a unified platform for
designing, debugging, and deploying PLC programs. Within Step 7, the programmer can choose from several
languages—Ladder Diagram (LD), Function Block Diagram (FBD), Statement List (STL), and Structured Control
Language (SCL). While LD and FBD are graphical and intuitive, STL and SCL offer different levels of textual
abstraction that can be advantageous for certain tasks.

2. Step 7: The Programming Environment

Step 7 is more than a text editor; it is a comprehensive tool that includes:

» Project Navigator: Organizes all program blocks, data blocks, and hardware configuration.

« Editor: Supports syntax highlighting, auto completion, and inline documentation for all languages.
¢ Simulation: Allows you to run the program on a virtual PLC to test logic before deployment.

¢ Debugging Tools: Watch windows, breakpoints, and real time variable monitoring.

* Version Control: Integrates with Git, Subversion, or local file systems.

Within a Step 7 project, you typically create Organization Blocks (OBs) that define the program flow (e.g., OB1 for
cyclic execution) and Function Blocks (FBs) or Program Blocks (PBs)that contain reusable logic. STL and SCL are



used inside these blocks to implement the control algorithm.

3. STL (Statement List) Programming

3.1What is STL?

STL is a low level, assembly style language that maps directly to the PLC's instruction set. Each line of STL
corresponds to a single instruction, and the programmer must manage program flow explicitly using jumps, labels,
and conditionals.

Typical STL syntax looks like this:

LD 10.0
AND 10.1
OUT Q0.0

Here, LD loads a value into the accumulator, AND performs a logical AND, and OUT writes the result to an output.

3.2 Advantages of STL

e Fine grained control: Every instruction is visible, making it ideal for performance critical loops or custom timing.
e Compact code: For simple logic, STL can be more concise than higher level languages.
e Legacy support: Many older projects and libraries were written in STL, so maintaining them often requires

STL expertise.

3.3 Common STL Use Cases

1. Bit wise operations: Direct manipulation of individual bits or bitfields.

2. Timing and counters: Implementing precise counters, timers, or event sequences.

3. Low level I/0O handling: Directly reading or writing to specific addresses.

4. Custom function blocks: When you need a specialized algorithm that isn’t covered by standard libraries.

3.4 Example: Simple Motor Control in STL

LD 10.0 // Start button
AND 10.1  // Stop button not pressed
OUT Q0.0  // Motor output

In this example, the motor starts when the start button is pressed and stops when the stop button is activated. The
logic is expressed in three clear instructions.

4. SCL (Structured Control Language) Programming

4.1 What is SCL?

SCL is a high level, structured language similar to Pascal or C. It supports variables, data types, functions, and
control structures (if then else, loops, etc.). SCL code is compiled into STL before execution, providing the
performance of STL with the readability of a structured language.

4.2 Advantages of SCL

¢ Readability: Clear syntax and structured blocks make code easier to understand.



¢ Maintainability: Functions and modules can be reused across projects.
e Debugging: Step by step debugging is supported, and variables can be inspected in real time.
¢ Type safety: Strong data type checking reduces bugs.

4.3 Common SCL Use Cases

Complex algorithms: PID control, motion profiles, or advanced data processing.
Data handling: Arrays, structures, and string manipulation.

Modular design: Encapsulating logic into functions or sub routines.

Integration with external libraries: Using Siemens libraries or custom DLLs.
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4.4 Example: Simple Motor Control in SCL

IF 10.0 AND NOT 10.1 THEN

Q0.0 :=TRUE;
ELSE

Q0.0 := FALSE;
END_IF;

Here, the same motor logic is expressed in a single, self explanatory block. The use of IF and logical operators
improves readability, especially for new developers.

5. Choosing Between STL and SCL

Deciding whether to use STL or SCL depends on several factors:

* Project size: Small, straightforward logic often benefits from STLs brevity, while large, complex projects are
more manageable in SCL.

¢ Performance requirements: STL can be slightly faster for tight loops, but the difference is usually negligible on
modern CPUs.

e Team skill set: Teams familiar with high level languages may prefer SCL; legacy teams may stick to STL.

¢ Maintainability: SCLs structured approach reduces long term maintenance costs.

* Debugging needs: SCL offers richer debugging tools, making it easier to trace issues.

In practice, many developers adopt a hybrid approach: use STL for low level I/O and timing, and SCL for business
logic and data processing.

6. Best Practices for STL

6.1 Keep Instructions Short

Limit each instruction to a single logical operation. Avoid chaining multiple operations in one line, as this makes
debugging harder.

6.2 Use Descriptive Labels

When using jumps, label your target lines clearly:

LABEL START_PROCESS

JMP END_PROCESS



6.3 Avoid Magic Numbers

Replace hard coded addresses or constants with named data blocks or constants. This improves readability and
reduces errors during hardware changes.

6.4 Document Inline
Use comments to explain non obvious logic:

; Check if the safety interlock is active
LD 10.5

AND 10.6

OUT Q0.2

6.5 Test Incrementally

Compile and run small sections of code before adding more complex logic. This helps isolate faults early.

7. Best Practices for SCL

7.1 Use Strong Typing
Declare variable types explicitly (BOOL, INT, REAL, etc.) to catch type mismatches at compile time.

7.2 Modularize with Functions

Encapsulate reusable logic into functions or sub routines. This reduces duplication and simplifies unit testing.

7.3 Follow Naming Conventions

Adopt a consistent naming scheme (e.g., iStartButton, bIMotorRunning) to indicate data type and purpose.

7.4 Use Structured Comments

Document the purpose, inputs, outputs, and assumptions of each function block.

7.5 Leverage Built in Libraries

Siemens provides a rich set of function blocks for motion, PID, safety, and more. Use them instead of reinventing
the wheel.

8. Debugging and Testing

Effective debugging is critical for reliable automation. Both STL and SCL benefit from Step 7’s debugging tools:

e Watch Windows: Monitor variable values in real time.

¢ Breakpoints: Pause execution at specific lines to inspect state.

e Simulation: Run the program on a virtual PLC with simulated 1/0.
e Trace Logs: Capture execution traces for post mortem analysis.

When debugging STL, pay attention to the accumulator’s state after each instruction. In SCL, use the STEP
function to step through code line by line.
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