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LESSONS
FROM THE

memory is expensive per bit (you find
32-Kb devices for less than $2 in low
volume). Some CPU devices now come
with their own EE memory.

In this article, I'd like to present the
overall picture of how you can add an
external EE memory device to your
design. I'll show you how to interface
the device, along with the software, to
support system requirements.

Let’s start with the hardware inter-
facing details. I'll present the most
involved design approach. If your hard-
ware offers more support, you can sim-
plify what | describe by using the delete
key. I'm using Microchip’s 24C32P.
Figure 1 shows you the pinout for this
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Working With a Little EE

ast month, | FOIF
promised that I'd A o5
- look at how to chart M1 B[]veoe
When it comes to with this data-logger a2 1 [N
0 - program, but | ran into some m
data_logglng prOJECtS, problems. | thought | could use Al |3 E’ 8 [1sCl
it'e | Microsoft’s Chart command, but | got —
IS ImpOtant o be able nowhere and Microsoft offered little e il i
to store data and set- (no) help. | started looking for other

shareware charting stuff, but | haven't
had any luck there yet either. And, |
didn’t want to just write about my
troubles, so | switched gears.

Have you ever been asked to design
an embedded system that needed to
remember some data or settings even
after the power cycles off? How about
saving calibration constants or system
configuration?

If you've ever faced these or similar
system requirements, you've probably )
cznsidereg electrically erasable (EE) ferred t_o or from the de_wpe, gnd the
memory. Certainly, a disk or battery- clock.pm serves as a bldlrectlonall out-
backed-up SRAM would do the job, but put pin from the CPU. The data signal

. . : from or write it to
not every system is equipped with those> used .to read data
ysy quipp the device.

Figure 1— The Microchip 24C32P offers electrically
erasable memory. Each chip contains three address
lines that can be uniquely identified through values
included in the address.

tings, even when the
power cycles off. Elec-
trically erasable
memory offers a solu-
tion to this problem.
This month, George
shows us how to inter-
face with an electri-

8-pin integrated circuit.

THE BASICS

The data exchange with the 24C32P
is through the SCL (serial clock) and
SDA (serial data) pins. The clock signal
indicates when data should be trans-

cally erasable device
to support your data-
logger’s requirements.
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devices.

EE memory can be written to in the
system and retain the data without
power for 200 years. In the overall
picture of system-cost allocation, EE

When data is written to the memory,
the CPU outputs a one or zero to the
memory. When data is read from the
memory, the CPU writes a high to the
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Qata pin andhen rea_tds it as an Function Prototype infrequent that it wasn™t neces-
input. The merory drives the sary. Also, | reserved a place for
data pin either high or low for Start an EE transfer void EE_start(void) a delay routine that wasn'’t
the CPU to read. Up to eight gf:diﬂe'fitkfg:ﬂ:; . ‘C’Eg‘rfi—dﬁggﬁ‘g\%‘% needed since the microprocessor
24C32P dewces_can_have their Write an EE bit g voidwr_EEbit(char b) d|d_ not exceed the tlmlng_re-
clock and data pins tied to- Read an EE bit char rd_EEbit(void) quirements of the EE device.
gether and, by using address Read a character char EEread_char(int )
pins A0, Al, and A2 as hard- Write a character void EEwrite_char(inti, char c) DEBUGGING YOUR READS
wired 1 of 8 decode-logic in- , , . - AND WRITES
s Table 1—All it takes is a few routines to manage Microchip's 24C32P. .
puts, each Chlp _m_emory can Download EEmem.c to see how I've implemented the routines into my ] If you_ rea_d my ear“er_commns
be accessed individually. code. in the Circuit Cellar Design
Let me point out that, as Forum (www.cir-cuitcellar.com),
you read and write this type of memory  After every byte transfer, the 24C32Pyou know | love debugging embedded
(flash memory works this way t00), acknowledges the transfer, indicating code on the desktop with Turbo C.
there’s a lot going on in the back- that it went well. If you don’t get an When you see references to Intel and
ground. A write command may actually acknowledgement, you can assume  Turbo C, you know what I'm up to.
perform a read-modify-write or an there’s been an error. Also, when | need to pass a bit of
erase-write cycle. You only receive a Other types of memory have differ- data, | use an entirehar. Don't forget
busy/ready indication, signifying ent command sequences, so don't just that some of the new high-performance
completion of the operation. blindly type in commands. Instead, lookCPUs take just as much time and code,
carefully at the datasheet. Also, the if not more, to passhars asints.
THE READ/WRITE SEQUENCE 24C32P supports block reading and ~ Check the output of your compiler and
On powerup, put the device in writing. You only need to write the make sure you're not adding unneces-
standby mode by raising the clock and command and address once. After thatsary delays.
the data lines. In this state, no read or you can speed up transferring large When I'm desk debugging with all
write activity takes place. blocks of data by using multiple read orTurbo C flags enabled, I'm simulating
The first command written to the  write operations. EE memory with a big character array.
device isStart Data Transfer, All the reads and writes are from that
which is activated by lowering the data GETTING THE ROUTINE DOWN array:
line while the clock is high. After At a quick glance, it's encouraging
you've lowered the clock line, setthe to be able to write just a few routines toRead a characterhar
data line (either high or low), and then manage the device. Table 1 extracts EEread_char(int 1)
give the last command,top Data some of the routines developed in Write a charactevoid
Transfer, which raises the data line. ££mem. c. EEwrite_char(int 71,
One bit is then transferred to or from These are basic bit operations, which char c)
the device. This serial sequencing con-can be built into larger functions.
tinues until all the data is transferred. Check out the datasheet Use error checking. EE memory is
Let's look at the requirements for  (www.microchip.con); there are some  supposed to acknowledge each byte it
reading a byte of data. The read se-  timing requirements to consider: reads. If one of these is missing, it's an
qguence consists of the following opera- error. By giving each place a different
tions: Clock high (min): 4000 ns error value, igreatly aids in debugging
Clock low (min): 4700 ns the design.
Send Start Data Transfer Output valid from clock (max): You should also notice in the write-
Send Control Byte 3500 ns a-character routine that there's a timer.
Send Address Byte 1 Bus free time (min): 4700 ns EE memory takes 1 ms to write. In this
Send Address Byte 0 project, | reset a timer that was incre-
Read Data Byte The EE memory I'm writing about mented in the real-time interrupt rou-
Send Stop Data Transfer/ has a vintage 1995 datasheet. The mi-tine every millisecond to increment at

croprocessor | used is an 80C196, operthe value of 2. With this method, the
The write sequence looks very simi- ating at about 10 MHz. As you can see code just waits for the timer to expire.

lar: in the code, | don’t have to worry about It's not the most clever real-time effort,
going too fast for the device. Because but it was all this project needed.
Send Start Data Transfer 1995 is ancient history in today”s world When you're accessing the EE mem-
Send Control Byte of technology, check and double-check ory, the address is an integer (16 bits in
Send Address Byte 1 your datasheets. this design). Be careful if you're using
Send Address Byte 0 | didn’t attempt to streamline these bigger EE memory devices. The address
Write Data Byte routines in any way. For my project, themight not fit into an integer, and you
Send Stop Data Transfer/ EE memory’s reads and writes were so might need to use a 32-bit address.
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The other routines found in this
module just support the read and write
character operations.

COMING UP

Now that the EE memory is under
control and performing basic opera-
tions, such as reading and writing one
byte of data, I'll move on to cover the
EE memory from a system point of
view. Next month, I'll look at issues like
how to save floating-point data and
how toknow if the data in memory is
valid.
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