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In the rapidly evolving landscape of industrial automation, the ability to program Programmable Logic Controllers
(PLCs) with precision and efficiency is a cornerstone of modern engineering. Among the various tools available, the
SIMATIC STEP 7 software suite, particularly when used with Statement List (STL) and Structured Control
Language (SCL), remains a gold standard for managing complex automation tasks within the Siemens ecosystem.
This guide provides an in-depth technical analysis of these text-oriented programming languages, drawing upon
the authoritative frameworks established by industry experts like Hans Berger.

Understanding the SIMATIC STEP 7 Ecosystem

SIMATIC STEP 7 is the primary software environment for configuring and programming Siemens SIMATIC S7-300
and S7-400 controllers. While graphical languages like Ladder Logic (LAD) and Function Block Diagram (FBD) are
popular for their visual simplicity, text-oriented languages such as STL and SCL offer unparalleled flexibility and
power for sophisticated algorithmic processing and hardware-level optimization.

The Role of Hans Berger in PLC Education

The name Hans Berger is synonymous with Siemens PLC documentation. His seminal works, such as
"Automating with STEP 7 in STL and SCL", serve as the definitive manuals for engineers. These texts bridge the
gap between theoretical computer science and practical industrial application, detailing how the SIMATIC Manager
integrates various tools like S7-GRAPH and S7-SCL into a unified professional edition (e.g., Edition 2010 SR1).

Core Concepts of Statement List (STL) Programming

Statement List (STL)is a low-level, machine-oriented programming language. It is analogous to assembly
language in the world of general computing. Every instruction in STL corresponds to a specific operation performed
by the PLC's central processing unit (CPU).

The Accumulator Model

One of the most critical concepts in STL is the use of Accumulators (ACCU 1 and ACCU 2). The CPU uses these
registers to perform arithmetic, comparisons, and data transfers. For example, to add two integers, the first integer
is loaded into ACCU 1, transferred to ACCU 2 when the second integer is loaded into ACCU 1, and then the
addition result is stored back in ACCU 1.

Binary and Digital Operations

STL excels at high-speed binary logic. Key instructions include:

e A (And): Checks if a bitis 1.

AN (And Not): Checks if a bit is 0.

O (Or): Logic OR operation.

¢ = (Assign): Writes the result of the logic operation to a memory bit or output.

L (Load) and T (Transfer): Used for moving data between memory areas and accumulators.



Deep Dive into Structured Control Language (SCL)

Structured Control Language (SCL) is a high-level, PASCAL-based programming language that complies with
the IEC 61131-3standard. It is designed specifically for complex data processing, mathematical algorithms, and
management of large data arrays that would be cumbersome to implement in STL or LAD.

Syntax and Structure

SCL uses human-readable code structures, making it the preferred choice for engineers coming from a traditional
software development background. It supports:

e Control Structures: IF..THEN...ELSE, CASE, FOR, WHILE, and REPEAT loops.
¢ Complex Data Types: Arrays, Structures (STRUCT), and User-Defined Types (UDT).
e Mathematical Functions: SIN, COS, TAN, SQRT, and complex polynomial calculations.

When to Use SCL over STL

While STL provides maximum control over the CPU's execution cycle and memory, SCL is superior for readability
and maintainability. In modern automation, SCL is frequently used for calculating setpoints, managing recipes, and
performing statistical analysis of process data.

Technical Analysis: Comparing STL and SCL

To understand which language to choose for a specific automation project, engineers must evaluate performance,
readability, and hardware constraints. The following table provides a side-by-side comparison of Statement List
and Structured Control Language.



Feature Statement List (STL) Structured Control Language (SCL)

Abstraction Level Low (Machine-oriented) High (Problem-oriented)
Hardware Efficiency Excellent (Direct CPU access) Good (Compiled results)
Complexity Management Difficult for large algorithms Excellent for structured code
Mathematical Logic Manual (Accumulator based) Native (Algebraic expressions)
Standard Compliance Siemens Specific IEC 61131-3 Compliant
Learning Curve Steep Moderate (Easier for IT staff)

Architectural Framework of SIMATIC S7-300 and S7-400

The application of STL and SCL is deeply intertwined with the hardware architecture of the S7-300 and S7-400
series. The S7-300 is a modular mini-controller for the lower and medium performance ranges, whereas the S7-400
is the most powerful PLC in the SIMATIC family, designed for high-end system solutions.

Memory Organization

Both systems utilize several types of memory areas that programmers must manage using STL or SCL:

Process Image (Input/Output): Cyclic updates of digital and analog signals.

Bit Memory (M): Internal relay memory for storing intermediate logic states.
Data Blocks (DB): Global or instance memory for structured data storage.
Local Data Stack (L): Temporary memory used within a block during execution.
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Program Execution Flow

SIMATIC controllers operate on a cyclic execution model. The Organization Block 1 (OB1) is the main cyclic
program. Programmers use STL/SCL to build Function Blocks (FB) and Functions (FC) that are called from OB1.
FBs are particularly powerful when used with SCL, as they allow for encapsulated code with dedicated Instance
Data Blocks.

Practical Implementation: A Step-by-Step Field Guide

Implementing an automation solution requires a disciplined approach to software engineering. Below is a
procedural guide for developing a structured program in STEP 7.

Step 1: Project Configuration in Simatic Manager

Initialize the hardware configuration, defining the CPU model (e.g., CPU 315-2 DP) and assigning I/O addresses to
signal modules. Ensure the S7-SCL and S7-GRAPHpackages are installed within the STEP 7 Professional
environment.

Step 2: Defining the Data Structure

Before writing code, define the global Data Blocks (DB). For example, create a DB for "Motor_Parameters"”
containing variables like Speed (Real), Status (Bool), and Operating_Hours (DInt). Using SCL to access these
structures is far more intuitive than calculating offset addresses in STL.



Step 3: Writing the Algorithmic Logic in SCL
For a PID control loop or a complex sorting algorithm, create an SCL source file. Example SCL snippet for a
temperature check:

IF  (Current_Temp &gt; Max_Limit) THEN&nbsp;&nbsp;Alarm := TRUE;&nbsp;&nbsp;Heater_Control :=
FALSE;END_IF;

Step 4. Optimizing Critical Paths in STL

If a specific logic section requires high-speed execution or direct register manipulation, implement that specific
block in STL. This is common in high-speed packaging or motion control applications where every millisecond of
scan time counts.

Step 5: Compilation and Debugging

Compile the SCL source into a block (FB/FC). Use the "Monitor" function in SIMATIC Manager to observe variable
states in real-time. The Trial DVDincluded in Hans Berger's books often contains these tools for educational
purposes.

Case Studies and Troubleshooting

Scenario: Handling Indirect Addressing Errors

In STL, engineers often use Address Registers (AR1 and AR2)for indirect addressing. A common error is the
"Area Length Error," which occurs when a pointer attempts to access memory outside the defined range of a Data
Block.

Solution and Prevention

« Verification: Always verify pointer limits before execution using comparison instructions.

e Transition to SCL: For complex array indexing, migrate the logic to SCL, where the compiler handles range
checking automatically, significantly reducing the risk of CPU stops.
Scenario: Optimizing Scan Time in S7-400 Systems

In large-scale S7-400 systems, a long scan time can lead to sluggish response. By analyzing the compiled code of
SCL blocks, engineers might find that certain loops are inefficient. Re-writing specific mathematical kernels in STL
can shave off critical microseconds from the cycle time.

Mathematical Principles in PLC Programming

Effective automation often relies on mathematical modeling. For instance, scaling an analog input (0-27648) to a
physical value (0-100 Bar) follows the linear equation:

y=mx+c

In SCL, this is expressed as: Pressure := (Input_Raw / 27648.0) * 100.0;. In STL, this requires multiple Load,
Multiply, and Transfer operations, emphasizing the algebraic advantage of SCL.

The Future of STEP 7: Transitioning to TIA Portal

While STEP 7 V5.5 and the S7-300/400 series remain widely used in legacy systems, Siemens has transitioned
newer projects to the TIA Portal (Totally Integrated Automation). However, the core principles of STL and SCL
remain remarkably consistent. Mastering these languages in the classic environment provides a seamless



transition to S7-1200 and S7-1500 controllers, where SCL has become the primary language for many developers.

In conclusion, the dual mastery of Statement List and Structured Control Language represents the pinnacle of PLC
programming expertise. STL provides the engineer with a microscope to view and control the minute details of CPU
execution, while SCL provides the telescope to manage large, complex, and highly structured automation
architectures. By leveraging the foundational knowledge found in the SIMATIC STEP 7 documentation and the
authoritative guides by Hans Berger, engineers can build robust, efficient, and future-proof industrial systems that
stand the test of time.
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