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The landscape of wireless communication security has undergone a radical transformation over the last three 

decades. In the early stages of remote-access technology, particularly in consumer applications like garage door 

openers and automotive keyless entry systems, security was often an afterthought. However, as the ubiquity of low-

cost radio frequency (RF) hardware grew, so did the sophistication of potential attackers. This evolution 

necessitated the shift from primitive fixed-code systems to dynamic, cryptographically secure mechanisms. Among 

the most influential technical blueprints for implementing these systems is the Atmel AVR411 Application Note, 

which provides a definitive framework for a Secure Rolling Code Algorithm designed for wireless links using 

tinyAVR and megaAVR microcontrollers.

1. The Vulnerability of Fixed-Code Systems

To understand the significance of the AVR411 protocol, one must first analyze the fundamental flaws of its

predecessor: the fixed-code system. In a fixed-code environment, the transmitter (remote) sends the exact same

binary string to the receiver (base station) every time a button is pressed. This static identifier functions like a

password that is shouted across a room.

The primary threat to fixed-code systems is the Replay Attack. Using a simple RF receiver and a logic analyzer, an

attacker can capture the transmission packet. Once recorded, the attacker can replay that packet at a later time to

gain unauthorized access. Because the receiver lacks any mechanism to verify the "freshness" of the signal, it

treats the replayed packet as a legitimate command. This vulnerability rendered millions of early garage door

openers and vehicle locks insecure, leading to the development of rolling code (or hopping code) technology.

2. Architectural Foundations of Rolling Code Algorithms

The rolling code algorithm, as described in the AVR411documentation, solves the replay attack problem by

ensuring that every transmission is unique and valid only once. The security of this system relies on a shared

secret and a synchronized counter between the transmitter and the receiver.

2.1 Core Components of the AVR411 Framework

•  The Counter (Sequence Number): A non-volatile value that increments with every button press. This ensures 

that even if the same command (e.g., "Unlock") is sent twice, the resulting ciphered packet is entirely different.

•  The Serial Number: A unique identifier for the transmitter, allowing the receiver to distinguish between multiple 

authorized remotes.

•  The Secret Key: A cryptographic key stored in the secure memory of both the transmitter and the receiver. 

This key is never transmitted over the air.

•  The Encryption Engine: A mathematical function (often a block cipher or a proprietary nonlinear algorithm) 

that blends the counter, serial number, and status bits with the secret key to produce the rolling portion of the code.

3. Technical Breakdown: The AVR411 Transmission Protocol

The AVR411 implementation focuses on unidirectional wireless communication, where the transmitter sends



data and the receiver listens without an acknowledgment back-channel. This requires a robust method for

maintaining synchronization despite potential packet loss.

3.1 Data Packet Structure

In a typical AVR411-compliant implementation, the transmitted packet is divided into two primary segments: the 

Plaintext Header and the Encrypted Payload. The plaintext portion typically contains the serial number, allowing

the receiver to look up the corresponding secret key in its database. The encrypted portion contains the

incrementing counter and functional bits (button states).

3.2 The Cryptographic Process

The AVR411 algorithm often utilizes a 64-bit block size. When a user activates the transmitter, the following steps

occur:

1.  The microcontroller wakes from power-down mode.

2.  The current 16-bit or 32-bit counter is retrieved from EEPROM.

3.  The counter is incremented by one.

4.  The new counter value, along with function bits, is encrypted using the device-specific Secret Key.

5.  The resulting ciphertext is combined with the Serial Number and transmitted via RF (usually 433MHz or 

315MHz).

6.  The new counter is written back to EEPROM to ensure persistence through power cycles.

4. Comparison Matrix: Fixed Code vs. Rolling Code vs. High-Security AES

The following table illustrates the technical differences and security levels of various wireless protocols commonly 

discussed in the context of the AN2600/AVR411 application notes.



Feature Fixed Code Systems Rolling Code (AVR411) Advanced (AES-128/
CMAC)

Data Uniqueness Static; never changes. Dynamic; changes per 
press.

Dynamic; cryptographically 
strong.

Replay Attack Resistance None. High (Counter-based). Very High (Time/Nonce-
based).

Key Management None (DIP switch). Device-specific derived 
keys.

Advanced Key Exchange/
PKI.

Common Use Case Legacy Gate Openers. Modern RKS / Garage 
Doors.

Smart Locks / Industrial 
Access.

5. Synchronization and the Window of Acceptance

A significant challenge in unidirectional systems is the "Desynchronization Problem." If a user presses the button

on their remote while out of range of the receiver, the transmitter's internal counter increments, but the receiver's

stored counter does not. When the user returns to range, the transmitter's counter will be ahead of the receiver's

expectation.

5.1 The Sequential Window

To solve this, AVR411 implements a Look-Ahead Window. The receiver does not look for the exactnext counter

value; instead, it checks a range (e.g., the next 256 possible counter values). If the received counter falls within this

window, the receiver accepts the command and updates its internal counter to match the new value. This allows

the user to press the button multiple times while away from the receiver without losing access.

5.2 The Resynchronization Logic

If the counter falls outside the standard look-ahead window, the system enters a resynchronization mode. In some

implementations, this requires a "double-click" or a specific sequence. The receiver captures two consecutive valid

encrypted packets. If the second packet contains a counter value exactly one greater than the first, the receiver

assumes a legitimate resync attempt and updates its records. This prevents an attacker from simply jumping the

counter forward to a random high value.

6. Implementation Details on AVR Microcontrollers

The Atmel STK512 starter kit is specifically designed to demonstrate the AVR411 algorithm. It utilizes the 

hardware features of the ATtiny and ATmega series to optimize security and power consumption.

6.1 Memory Considerations

Because the algorithm requires persistent storage of counters and keys, the EEPROM (Electrically Erasable 

Programmable Read-Only Memory) is critical. AVR microcontrollers are well-suited for this because they offer 

robust EEPROM endurance. Technical writers and engineers must ensure that the software includes Wear 

Leveling or integrity checks (like CRC) to prevent EEPROM corruption from locking out a user.

6.2 Power Management

Transmitters are typically battery-powered. The AVR411 implementation leverages the Power-Down Sleep Mode

of the tinyAVR. The device remains in a deep sleep, consuming micro-amps, until a pin-change interrupt (triggered



by a button press) wakes the CPU. The entire encryption and transmission cycle is completed in milliseconds to

maximize battery life.

7. Analyzing the "Rolljam" Attack and Modern Vulnerabilities

Despite the robustness of the AVR411 rolling code, security researcher Samy Kamkar demonstrated a 

sophisticated bypass known as the Rolljam Attack. Understanding this attack is vital for any SEO or technical

strategist focused on modern security hardware.

The Rolljam attack works by using a signal jammer and a radio sniffer simultaneously. When the user presses the

button:

1.  The attacker jams the receiver's frequency, preventing it from hearing the signal.

2.  The attacker simultaneously records the valid rolling code.

3.  The user, seeing their door didn't open, presses the button again.

4.  The attacker jams the second signal and records it, but immediately replays the first recorded signal.

5.  The door opens, and the user is satisfied. However, the attacker now possesses a second, valid, and unused 

rolling code which can be used to open the door later.

Mitigation Strategy: To counter Rolljam, modern implementations are moving toward bidirectional communication 

(where the receiver acknowledges the code) or using Time-Based One-Time Passwords (TOTP), where the code

expires after a few seconds regardless of whether it was used. While the basic AVR411 is unidirectional, its

principles can be extended with timestamping if the receiver and transmitter have synchronized clocks.

8. Step-by-Step Implementation Guide for Engineers

For those looking to deploy a system based on AN2600 / AVR411, follow this high-level procedure:

Step 1: Key Generation and Injection

During the manufacturing phase, generate a unique Device Key for every remote. This is usually derived from a 

Master Manufacturer Key and the device's Serial Numberusing a Secure Hash Algorithm (SHA-256). Store this

key in the protected EEPROM area.

Step 2: Designing the RF Physical Layer

Select a modulation scheme, typically Amplitude Shift Keying (ASK) or On-Off Keying (OOK). Ensure the

preamble and sync-word are distinct enough to prevent the receiver from being triggered by background RF noise.

Step 3: Firmware Integration

Integrate the encryption library (the core of AVR411) into your firmware. On an ATtiny85, for example, the code

must be highly optimized to fit within the 8KB of Flash memory while leaving room for the RF driver logic.

Step 4: Receiver Side Logic

Develop the receiver's database management. The receiver must be able to store the Serial Number and Counter

for multiple transmitters (e.g., a garage door that can be opened by four different remotes). Implement a secure

"Pairing Mode" where the receiver learns new serial numbers.

9. Broader Implications for IoT and Wireless Security

The principles outlined in the AVR411 application note remain relevant today, even as we transition toward more 

complex Internet of Things (IoT) ecosystems. The shift from fixed codes to rolling codes was the first major step in 



securing the "Wireless Link." Today, these concepts have evolved into CMAC (Cipher-based Message 

Authentication Code) and AES-CCMmodes, which provide not only confidentiality (through encryption) but also

integrity and authenticity.

As the barrier to entry for RF hacking continues to lower with tools like Software Defined Radio (SDR), the reliance 

on robust, well-documented algorithms like those found in the Atmel/Microchip ecosystemis more critical than

ever. Engineers must not only implement the algorithm correctly but also account for the physical security of the

microcontrollers, ensuring that the secret keys cannot be extracted via power-analysis or side-channel attacks.

In summary, while the AVR411 is a legacy document, its architectural approach to solving the replay attack remains

a cornerstone of embedded security. By combining non-volatile counters, unique device identifiers, and robust

block ciphers, the rolling code algorithm provides a formidable defense against unauthorized access in

unidirectional wireless systems. As we move forward, the integration of these principles with modern cryptographic

standards will continue to safeguard the physical world from digital threats.
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