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Optimizing Serial Bus Operations with Proper Write Cycle Times

SERIAL EEPROM WRITE TIME
REQUIREMENTS

Elements of the Write Cycle Time

The total write operation time for a Serial EEPROM is
determined by three main elements:

* Number of bytes to load for each write operation
« Bus clock speed at which the write operation is loaded

« Fixed internal write cycle timer required for the pro-
gramming operation

The load component of the write command consists of
the control byte, address, and the data of up to 16 bytes.
The time required to load the operation depends on the
number of bytes to load at one time and the bus clock
speed. After this load is complete, the part commences
the internally controlled write cycle and the bus and
system are free to perform other tasks. The internal
write cycle timer is a fixed time delay which is required
to program the EEPROM memory cells. Table 1 gives
examples of total write time for 1 and 16 bytes for various
parts at fast and normal clock speeds.

* Load time (time at bus free) is the time the part is
being loaded with the instruction, address, and data.
The bus is free after this time interval, and the part
commences the internally controlled write cycle se-
quence.

TABLE 1 - WRITE OPERATION TIME COMPARISON

Write timer (worse case) indicates the time the part
is in the internally controlled write cycle allowing for
the maximum specified datasheet requirements.

Write timer (typical) indicates the time the part is in
the internally controlled write cycle assuming nominal
conditions and utilizing write cycle polling.

Total write time is the combined load time and typical
internal write cycle time.

MINIMIZING SERIAL BUS
COMMUNICATION TIME IN A
SYSTEM

Utilizing the Page Write Option

The original Microchip Serial EEPROM products, though
utilizing a page buffer, only write bytes sequentially. This
means the time required to write 8 bytes is 8 ms, worse
case. The new 24LCXX products incorporate a page
mode that allows simultaneous writes of up to 16 bytes.
This allows the programming of up to 16 bytes in one
write cycle (10 ms) compared to 16 write cycles (16 ms)
for the original 24CXX products. Microchip uses an 8
byte page in the 24LC01 and 24LC02, and a 16 byte
page in the 24LC04 and higher densities. What this
means to a system designer is a write of 8 bytes in a
24L.CO1 or 24LC02 would take 10 ms, worse case,

Page | # Bytes | Speed| Load time (ms) | Write timer (ms) | Write timer (ms)| Typical total

Product | Width | toload | (KHz) | time at bus free Worse case Typical (25C) | write time (ms)
24CO01A 2 1 100 0.28 1 0.4 0.68
8(4x2)| 100 1.12 1 0.4 4.32
24L.C01 8 1 100 0.28 10 3 3.28
8 100 0.91 10 3 3.91
1 400 0.07 10 3 3.07
8 400 0.23 10 3 3.23
24C04A 8 1 100 0.28 1 0.4 0.68
16 (2 x 8)[ 100 1.82 1 0.4 8.22
24L.C04 16 1 100 0.28 10 3 3.28
16 100 1.63 10 3 4.63
1 400 0.07 10 3 3.07
16 400 0.41 10 3 341
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versus 8 ms, worse case, in either a 24C01A or 24C02A.
Loading the entire memory of an original 24C04A takes
512 ms, but the same operation on a new 24LC04 is
reduced to only 320 ms, assuming worse case. As Table
1 shows, the difference is even greater using typical
numbers.

The 93LCXX products do not utilize a page mode.
However, in 16 bit mode, all 16 bits are written simulta-
neously. The original 93CXX products write the 16 bits
in 2 write cycles, so the write cycle time increase of the
new products is only 5 X (3.5 X typical).

Utilizing Write Cycle Polling

One powerful method of increasing programming effi-
ciency is by periodically polling the part to determine if
the write cycle has completed. To poll the 24LCXX
series products, a control byte is sent and the acknowl-
edge bit from the partis read. If the part acknowledges
(pulls SDA low), it is ready to accept a new command.
The part will not acknowledge while in the internally
timed write cycle.

To poll the 93LCXX series products, the chip select is
pulled high after the write cycle commences, and the
data out line is read for the ready/busy status. If the part
is still busy, it will pull the data line low. When the
internally timed write cycle is complete, the part will
pull the data line high, indicating it is ready for a new
command.

Serial EEPROM System Optimization

Serial EEPROMSs are used in systems for two purposes:
storing data and reading back data. Read operations
are at full clock speed, so the only methods for optimiza-
tion are to run the clock at maximum frequency and to
utilize sequential read whenever possible. Sequential
read allows a continuous output data stream on one
command.

The write operation, with its internal write timer compo-
nent, needs special consideration when designing the
control software. Efficient operation can be accom-
plished using both the page mode and write cycle
polling. The following example shows a typical fetch-
store operation in a system and how optimization can be
incorporated. In the example system, the microcon-
troller must fetch bytes of data from a sensor and send
the bytes to a EEPROM for storage. Two cases are
shown in Figure 2: case 1 uses a 24CO1A with no
optimization; case 2 uses a 24LC01B with the available
page mode and write cycle polling.

By utilizing the available page write mode and by polling
for the write cycle completion, nearly four times as many
bytes can be initially loaded to the serial EEPROM in the
same time interval. Continuous operation for the opti-
mized case 2 takes only 0.49 ms per byte compared to
1.28 ms per byte for the non-optimized case 1.
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FIGURE 2 - CASE COMPARISON

CASE 1 (NO OPTIMIZATION): CASE 2 (USING PAGE MODE AND POLLING):
Operation Serial Bus Time Operation Serial Bus Time
fetch byte fetch byte
load to serial 0.28 ms fetch byte
fetch byte fetch byte
wait for write timer 1ms fetch byte
load to serial 0.28 ms fetch byte
fetch byte fetch byte
wait for write timer 1ms fetch byte
load to serial 0.28 ms fetch byte
fetch byte load 8 bytes to serial 0.91 ms
wait for write timer 1ms fetch byte
load to serial 0.28 ms fetch byte
fetch byte fetch byte
wait for write timer 1ms fetch byte
load to serial 0.28 ms fetch byte
fetch byte fetch byte
wait for write timer 1ms fetch byte
load to serial 0.28 ms fetch byte
fetch byte poll for write timer <3 ms typical
wait for write timer 1ms load 8 bytes to serial 0.91ms
load to serial 0.28 ms
fetch byte
wait for write timer 1ms
load to serial 0.28 ms
First 8 bytes loaded in 9.24 ms First 16 bytes loaded in 4.82 ms

Author: Lenny French

Memory Products Division
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NOTES:
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV Certification, Inc. DNV MSC
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KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.
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In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
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MXDEYV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.
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Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.
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