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Mobile Phone Bank Card Reader Application Report

This solution demonstrates the hardware design and firmware design of mobile phone card reader, and
includes an Android application to test and evaluate. The solution features low power and low cost, very
few components in the BOM list, and only consumes around 1 µA standby current supplied by a CR2032
battery.

Figure 1. Card Reader Kit
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1 Hardware Block Diagram
This solution decodes track 2 of the magnetic identification card using software. In addition to the
magnetic reader, a single-channel OP amp is required for conditioning the signals extracted from the card.
Inside the MCU, the analog-to-digital converter (ADC) peripheral is needed to sample the extracted signal.
Then, the firmware running on the MCU decodes the information contained in the card. Finally, the MCU
notifies the host mobile phone via the microphone port whether the decoding is successful or not.

Figure 2. Hardware Block Diagram
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2 Schematic
The schematic for the hardware has 11 resistors (two are for testing and should be removed) and four
capacitors (see Figure 3).

Figure 3. Schematic

Figure 4. PCB Layout
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3 Firmware
The card reader has four states in its life cycle: standby, idle, decode, and locked.

Standby: When the reader is removed from the mobile phone and put into storage, it consumes as little
power as possible, around 1 µA on average. During this stage the MCU wakes up every second to see if it
is attached to the audio jack. If yes, the reader goes into an idle state.

Idle: When attached to a mobile phone, the reader goes into idle mode and tries to detect a card-swiping
activity. During this stage, the reader consumes more power, around several hundred micro amps of
current. If the card is swiped in this stage, the reader tries to decode and validate the information that
resides in the IC card. The firmware reports the result (fail or success) to the host mobile phone via the
microphone port. For low power consideration, or if the reader is idle for around one minute, it shuts down
to locked mode and stops responding to user input.

Decode: In this stage, the MCU runs faster to do decoding work. For single track decoding, the reader
requires at least 4 MHz of MCLK. In this case, as MSP430G2432 does not have a calibrated 4 MHz DCO
on-chip parameter, a 8 MHz DCO was used instead, although this may take more power than the 4 MHz
DCO. The decode progress uses an internal timeout of several milliseconds to several seconds,
depending on different swiping speeds. After the decode process completes (whether it is successful or
not), the reader returns to idle mode and waits for another trigger.

Locked: When the reader is attached to the mobile phone and is not operated for approximately one
minute, it reverts to a locked stage to minimize power consumption. The power consumption in this state
is the same as with standby mode. In this mode, the reader does not respond to any input. Unplug the
reader to exit this mode and return to standby mode.

Figure 5. State Machine
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4 Android Application
The Android application was developed to test and evaluate the card reader solution. The user can find
information on track data and failure rate statistics on this easy-to-use application.

To read out the bank card content, follow these steps:
1. Run the application.
2. Plug in the reader (the user can also do this before step 1).
3. Swipe the card. Touching the bottom edge of the card with the bottom of the slot and moving smoothly

will help. If successful, the card information is shown on the screen (see Figure 6). If not, “No data” is
shown.

Figure 6. GUI Application for Android
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5 System Power Consumption
As stated before, use an 8 MHz calibrated DCO for stable communication with the host mobile phone. In
decode stage, the system runs under 4 MHz MCLK and SMCLK, dereived from the DCO divided by two.
The current is directly measured from battery output, providing the entire system's power consumption
data. Table 1 shows that the peak current consumed is less than 2 mA, which is within the capability of
this type of battery (CR2032).

Table 1. Power Consumption

STATE CLOCKS AVERAGE CURRENT PEAK CURRENT CONDITION
Standby VLO/DCO at 1 Mhz 1 µA 656 µA FLUKE-287C, DC, uA / mA

Idle DCO at 1 Mhz 407 µA 780 µA
Decode DCO at 8 Mhz MCLK = 1.75 mA 1.91 mA

4 Mhz
Locked VLO/DCO at 1 Mhz 1 µA 666 µA

6 Bill of Materials

Table 2. Bill of Materials

CBItem Quantity Reference Value Part Description Manufacturer Part Number Footprint
1 1 C4 2.2 nF CAP CER 2.2 NF 6V 10% 0603 NC N/A 0603
2 1 C3 22 nF CAP CER 22 NF 6V 10% 0603 NC N/A 0603
3 2 C1, C2 0.1 uF CAP CER 0.1 UF 6V 10% 0603 NC N/A 0603

RES 0.0 OHM 1/16 W JUMP4 2 R2, R10 0 NC N/A 06030603 SMD
RES 100K OHM 1/16 W 06035 2 R7, R8 100k NC N/A 0603SMD
RES 10K OHM 1/16 W 06036 1 R11 10k NC N/A 0603SMD
RES 1K OHM 1/16 W 06037 2 R3, R6 1k NC N/A 0603SMD

RES 200K OHM 1/16 W 06038 1 R11 200k NC N/A 0603SMD
RES 200K OHM 1/16 W 06039 1 R5 2K2 NC N/A 0603SMD
RES 330 OHM 1/16 W 060310 1 R4 330 NC N/A 0603SMD
RES 47K OHM 1/16 W 060311 1 R9 47k NC N/A 0603SMD

MSP430G2 Texas MSP430G2432-12 1 U2 432- MCU TSSOP14-PW TSSOP14Instruments TSSOPTSSOP
Texas13 1 U1 OPA348 Opa amplifier SOT23-5- OPA348 SOT23-5Instruments
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity
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