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COP Note 7 describes the basic approach and philosophy
for testing COPS microcontrollers. This application brief is
intended to complement and expand COP Note 7. It is as-
sumed that the reader is familiar with and has access to
COP Note 7.

TEST MODE

On COPS microcontrollers, test mode is entered by forcing
the SO output to a logic “1” when it should otherwise be a
logic “0”. The easiest way to do this is to hold the COPS
device in reset, hold the RESET pin low, and pull SO up to a
logic “1” level. WARNING: Do not force more than 3.0V on
SO, as damage to the device may occur. SO should be
forced to approximately 2.5V to guarantee entry into test
mode and to protect the device from damage.

Once the device is in test mode, the state of the S| input
controls the type of test. Sl at a logic “1”” (high level) condi-
tions the device to accept instructions from an external
source via the L port. In test mode, when Sl is high, the
internal ROM is disabled. Sl at a logic “0” (low level) forces
the device to dump the internal ROM to the L port where the
user can read and verify the ROM contents.

INSTRUCTION INPUT

With the device in test mode and Sl at a logic “1”, the
microcontroller will read the data at the L port as instruc-
tions. The instructions must be presented at the beginning
of each cycle time and must remain valid during the whole
cycle time. The chip SK output is the instruction cycle clock
in test mode and can be used as the timing reference. Fig-
ure 1 indicates the timing for instruction input using the
chip’s SK output as the reference. A new instruction must
be valid at the L inputs within approximately 200 ns of the
rising edge of SK. The user should make every effort to
make this time (t2 in Figure 7) as short as possible.

It is possible to create an external SK signal which more
closely duplicates the internal SK. This requires building a
divider from CKI and synchronizing the resultant signal with
the device under test. This is significant because it is the
internal version of the SK signal which is the master timing
signal for the microcontroller. The short time from the rising
edge of the SK output to instruction valid is necessary be-
cause the actual objective is to provide new instructions at
the rising edge, or close to it, of the internal timing signal. If
the user creates the external timing signal, the 200 ns time
is not applicable. A new instruction, or ROM word, would be
presented at each rising edge of the external signal. A
method for generating and using this external SK is de-
scribed in COP Note 7.

ROM DUMP

With S| at logic “0” in test mode, the microcontroller will
dump the ROM to the L port. ROM will be dumped sequen-
tially, one word at a time, starting at whatever value the
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program counter contains. A new ROM word appears at the
L lines every falling edge of the chip SK signal. The output
timing (t1 in Figure 1) is the L output timing as found in the
various device data sheets. The device will remain in ROM
dump mode as long as Sl is at logic “0” in test mode. The
program counter will wrap around from the maximum ad-
dress to 000 and ROM dump will continue.
To get a ROM dump, the user cannot simply enter test
mode and force Sl to logic “0”. Some conditioning of the
device is necessary. This requires that the user first go into
instruction input mode and set up the device. The suggest-
ed sequence is as follows:
1. Enter test mode—pull RESET low, force SO to about
2.5V.
2. Force Sl to logic “1”” and force Os on L lines—RESET still
low.
3. Force RESET high and input the following sequence to
the device:
CLRA
JMP
LQID
0O44H
LEI 4
NOP
4. During the NOP, change SI from high to low as shown in
Figure 2. The ROM dump should start at address 000H at
the time shown in Figure 2.
Figure 3 presents a general timing diagram for the entire
sequence above. The jump instruction (JMP 3FC) in the se-
quence is used merely to position the program counter so
that the ROM dump will begin at a specified location. That
jump will be modified to reflect different ROM sizes or differ-
ent desired starting locations for the ROM dump.

CHANGING BETWEEN INSTRUCTION INPUT AND ROM
DUMP

The change from instruction input to ROM dump is accom-
plished according to the timing in Figure 2. It is necessary to
do this to perform a valid ROM dump. However, it is not
recommended to go the other direction, from ROM dump to
instruction input, “on the fly”. The instruction input mode
should only be entered while the device is reset, RESET line
low, to guarantee proper timing.

CONCLUSION

With COP Note 7 and this application brief, the user should
be able to create a workable functional test for his COPS
microcontroller. The relative timing is presented here and
general techniques and sequences are provided in COP
Note 7.

3FC  (modify for ROM size)
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FIGURE 1. Basic Test Mode Timing
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FIGURE 2. Timing for Changing from Instruction Input to ROM Dump—Test Mode

CHIP
SK

RESET I

S0 =2.5V|
sl /
CLRA JmP
w7 0 0 1

3FC_LQID 044  LEI 4 NOP

ROM DUMP STARTS
\ ! HERE AT ADDRESS 000H
|
I
[ XX

1 0 0 0 0

|
S
L6 [l‘l I~D‘1\0'1 ‘l:

[} 0

0I1 1\0 0 0 0

[ XX

L2 0

n[l

8] 0

U e’

TL/DD/5146-3

FIGURE 3. Relative Timing for Suggested Sequence to Generate ROM Dump
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NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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