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Abstract—This report presents a hardware driver for the 

Ramtron Ferroelectric RAM (FRAM, FeRAM) chips for use in 

TinyOS according to TinyOS' Hardware Abstraction 

Architecture. FRAM is a replacement for flash memory, suitable 

for usage in Wireless Sensor Networks (WSNs) for its properties. 

The properties of FRAM and flash are shortly depicted and 

compared. The design of the driver implementation is described, 

including a chip clustering method to circumvent the capacity 

limitation. The driver offers the DirectStorage interface and the 

BlockStorage interface for usage by applications. Comments on 

the suitability of the provided interfaces, intended for flash 

memory originally, for FRAM are given.  

I. INTRODUCTION 

In this report, TinyOS, TinyOS drivers and FRAM are 
introduced shortly. Then, the architecture of the driver 
implementation is shown, the clustering of several chips is 
described and finally the suitability of existing TinyOS flash 
storage abstractions is assessed. 

A. TinyOS and its Driver Model 

TinyOS is an operating system and library of code 
components for sensor networks. The further development is 
done by working groups and by user contributions. Working 
groups can issue TinyOS Extension Proposals (TEPs), 
specifying best practices for new code contributions. 

TEP2 [1] is one of the central TEPs for TinyOS 2.0. It 
describes a hardware abstraction architecture (HAA). The 
HAA specifies a three-layered architecture for driver 
implementations. The three layers comprise the hardware 
presentation layer (HPL), which exposes the hardware's 
capabilities directly, the hardware adaptation layer (HAL) 
which abstracts the hardware and allows to maintain states in 
software, and the hardware interface layer (HIL) which offers 
a standardized platform-independent interface for applications, 
irrespective of the underlying hardware components. Drivers 
reside in a chip directory by convention, with some additional 
code in a platform directory where code is placed which states 
the platform specifics, like specific hardware pins. 

B. Ferroelectric RAM (FRAM) 

FRAM is a relatively new memory technology which 
combines the best from static RAM memory (fast, energy 
efficient) and flash memory (non-volatile). It is based on a 
ferroelectric material which retains its state even when 
currentless. FRAM is a suitable replacement for flash. 

Table I. shows a simplified comparison between flash and 
FRAM memory properties. Please note that the values for a 
specific application have to be taken from the actual datasheet 
of the actually used chip. Values may vary greatly, especially 
for the energy consumption per stored bit as this depends not 
only on the used chip, but also on the calculation model, e.g. 
the assumptions made with respect to read-write cycle times 
and the assumed bus speed. Hence, the data is only given to 
stress some main differences. These are: (1) the durability in 
terms of write cycles. This is irrelevant for many applications 
however. (2) The capacity which is in favor of flash memory 
since being in a later stadium of the development cycle and the 
smaller manufacturing processes. (3) The energy effort to store 
a bit. This is an important quantity in WSNs for the power 
limitations imposed to the system owing to the desired 
autonomous operation over long time periods. 

TABLE I.  SIMPLIFIED FLASH–FRAM COMPARISON 

Comparison with 

respect to … 

Type of Non-Volatile Memory 

flash FRAM 

Available Interfaces SPI/I2C/Parallel SPI/I2C/Parallel 

Sleep Mode Current 1 A 1 A 

Data Retention > 10 a > 10 a 

Write Cycles ~ 105 ~ 1010 

Capacitya 
! 32 Gibit (parallel) 

! 128 Mibit (SPI) 

! 4 Mibit (parallel) 

! 2 Mibit (SPI) 

! 1 Mibit (I2C) 

Energy 

Consumptionb 
90 nJ/bit 1.1 nJ/bit 

Write Speed/bytec ~ 10 s ~ 400 ns 

a. Development is making rapid progress. This is a snapshot view only. Capacity varies 

with physical chip/die size. 

b. These values differ greatly with the usage model used for calculation and the actual chip. 

c. Depending on bus speed, data unit size and others. 

 

Ramtron, Colorado Springs, CO offers FRAM chips with 
SPI bus which are meant to replace serial flash memory. The 
SPI protocol used is similar to the one of flash chips. Pin 
compatibility is also given. It is therefore easy to replace flash 
by FRAM. The realization here is for the FM25H20 type. 

II. IMPLEMENTATION 

The implementation follows that of the STM25P flash chip 
by Hui [2]. The components should reside in tinyos-
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uint8_t --> uint32_t
uint16_t --> uint32_t

or
larger sector size but less flexible



Thank you!


