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NCNG6004A

Dual SAM/SIM Interface
Integrated Circuit

The NCN6004A is an interface IC dedicated for Secured Access
Module reader/writer applications. It allows the management of two
external ISO/EMV cards thanks to a simple and flexible
microcontroller interface. Several NCN6004A interfaces can share a
single data bus, assuming the external MPU provides the right Chip
Select signals to identify each IC connected on the bus. A built in
accurate protection system guarantees timely and controlled shutdown
in the case of external error conditions.

On top of that, the NCN6004A can independently handle the power
supply, in the range 2.7 V to 5.0 V input voltage, provided to each
external Smart Card. The interface monitors the current flowing into
each Smart Card, a flag being set in the case of overload.

Features

® Separated, Built—in DC/DC Converters Supply Vcc Power to
External Cards

100% Compatible with ISO 7816-3, EMV and GIE-CB Standards
Fully GSM Compliant

Individually Programmable ISO/EMV Clock Generator

Built—in Programmable CRD_CLK Stop Function Handles Run or
High/Low State

Programmable CRD_CLK Slopes to Cope with Wide Operating
Frequency Range

Programmable Independent V¢ Supply for Each Smart Card
Support up to 65 mA V¢ Supply to Each ISO/EMV Card
Multiple NCN6004A Parallel Operation on a Shared Bus

8 kV/Human Model ESD Protection on Each Interface Pin
Provides C4/C8 Channels

Provides 1.8 V, 3.0 V or 5.0 V Card Supply Voltages

Pb—Free Package is Available*

Typical Applications

® Set Top Box Decoder

® ATM Multi Systems, POS, Handheld Terminals
Internet E-commerce PC Interface

Multiple Self Serve Automatic Machines
Wireless Phone Payment Interface

Automotive Operating Time Controller

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.
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A = Assembly Location
WL = Wafer Lot
YY =Year
WW = Work Week
G = Pb-Free Package

ORDERING INFORMATION

Device Package Shipping?

NCN6004AFTBR2 TQFP48 [ 2000/Tape & Reel

NCN6004AFTBR2G [ TQFP48 | 2000/Tape & Reel
(Pb—Free)

1For information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.

Publication Order Number:
NCN6004A/D
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Figure 2. Typical Application
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PIN DESCRIPTION

NCNG6004A

Pin

Symbol

Type

Description

1

A0

INPUT

This pin is combined with CS, A1, A2, A3, CARD_SEL and PGM to program the chip
mode of operation, the CRD_VCC voltage value, and to read the data provided by the
internal STATUS register (Table 1).

Al

INPUT

This pin is combined with CS, A0, A2, A3, CARD_SEL and PGM to program the chip
mode of operation, the CRD_VCC voltage value, and to read the data provided by the
internal STATUS register (Table 1).

A2

INPUT

This pin is combined with CS, A0, A1, A3, CARD_SEL and PGM to program the chip
mode of operation, the CRD_VCC voltage value, and to read the data provided by the
internal STATUS register (Table 1).

A3

INPUT

This pin is combined with CS, A0, A1, A2, CARD_SEL and PGM to program the chip
mode of operation, the CRD_VCC voltage value, and to read the data provided by the
internal STATUS register (Table 1).

CARD_SEL

INPUT

This pin provides logic identification of the Card #A/Card #B external smart card. The
logic signal is set up by the external microcontroller.

CARD_SEL = High — selection of the Smart Card A connected to pins 20, 21, 22, 23, 24,
29 and 30 (respectively CRD_DET_A, CRD_C8_A, CRD_C4_A, CRD_RST_A,
CRD_IO_A, CRD_VCC_A and CRD_CLK_A).

CARD_SEL = Low — selection of the Smart Card B connected to pins 41, 39, 40, 31, 38,
37, and 32 (respectively CRD_DET_B, CRD_C4_B, CRD_C8_B, CRD_CLK_B,
CRD_RST_B, CRD_IO_B, and CRD_VCC_B).

‘U
Q)
<

DIGITAL INPUT

This pin is combined with CS, A0, A1, A2, A3, and CARD_SEL to program the chip mode
of operation and to read the data provided by the internal STATUS register (Figure 4 and
Table 1).

PGM = H— the NCN6004A is under normal operation and all the data with the external
card can be exchanged using any of the Smart Card A or Smart Card B Lines

PGM = Low — the NCN6004A runs the programming mode and related parameters can
be re programmed according to a given need. In this case, the related card side logic
signals are latched in their previous states and no transaction can occurs.

The programmed states are latched upon the PGM rising slope (Figure 4).

DIGITAL INPUT

This pin provides the Chip Select Function for the NCN6004A device.

CS = High — Pins A0, A1, A2, A3, CARD_SEL, PGM, PWR_ON, RESET_A, RESET_B,
C4_A,C4 B, C8_A, C8 B, I/0O_A and I/0O_B are disabled, the pre activated CRD_VCC
maintains it's currently programmed value.

CS = Low — Pins A0, A1, A2, A3, CARD_SEL, PGM, PWR_ON, RESET_A, RESET_B,
C4_A,C4 B, C8_A, C8 B, I/O_A and I/O_B are activated, all the functions being
available.An internal pull up resistor, connected to Vg, provides a logic bias when the
external uP is in the high impedance state.

PWR_ON

DIGITAL INPUT

This pin activates or deactivates the DC/DC converter selected by CARD_SEL upon
positive/negative going transient.

PWR_ON = Positive going High — DC/DC Activated

PWR_ON = Negative going L — DC/DC switched Off, no power is applied to the
associated output CRD_VCC pin.

Since uncontrolled action could take place during the rise voltage of the related
CRD_VCC_x output, care must be observed to avoid a PWR_ON negative going
transient during this period of time. To avoid any logical latch up, using @ minimum 1.0 ms
delay is recommended prior to power down the related DC/DC converter following a
power up command (Figure 12).

I/O_A

INPUT/OUTPUT

This pin carries the data transmission between an external microcontroller and the
external smart card #A.

A built-in bi-directional level translator adapts the signal flowing between the card and
the MCU. The level translator is enabled when CS = Low. Since a dedicated line is used
to communicate the data between the MPU and the smart card, the user can activate the
two channels simultaneously, assuming the uP provides a pair of I/O lines.

When MUX_MODE = High, this pin provides an access to either card A or B I/O by
means of CARD_SEL selection bit. On the other hand, the internal pull up resistor is
automatically disconnected when MUX_MODE = High, avoiding a current overload on
the I/O line, regardless of the EN_RPU logic level.

This pull up resistor is under the EN_RPU control when MUX_MODE = Low.
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PIN DESCRIPTION (continued)

NCNG6004A

Pin

Symbol

Type

Description

10

RESET_A

INPUT

The signal present on this pin is translated to the RST pin of the external smart card #A. The
CS signal must be Low to validate the RESET function, regardless of the selected card.
Assuming the uP provides two independent lines to control the RESET pins, the
NCNB6004A can control two cards simultaneously.

When MUX_MODE = High, this pin provides an access to either card A or B Reset by
means of CARD_SEL selection bit.

The associated pull up resistor is either connected to Vgg (EN_RPU = H) or
disconnected when EN_RPU = Low.

11

C4_A

INPUT

This pin controls the card #A C4 contact The signal can be either de-multiplexed, at MPU
level, or is multiplexed with C4_B, depending upon the MUX_MODE logic state.

When MUX_MODE = High, this pin provides an access to either card A or B C4 channel
by means of CARD_SEL selection bit.

The associated pull up resistor is either connected to Vgg (EN_RPU = H) or
disconnected when EN_RPU = Low.

12

C8 A

INPUT

This pin controls the card #A C8 contact. The signal can be either de-multiplexed, at MPU
level, or is multiplexed with C8_B, depending upon the MUX_MODE logic state.

When MUX_MODE = High, this pin provides an access to either card A or B C8 channel
by means of CARD_SEL selection bit.

The associated pull up resistor is either connected to Vg (EN_RPU = H) or
disconnected when EN_RPU = Low.

13

CLOCK_IN_A

Clock Input,
High Impedance

The signal present on this pin comes from either the MCU master clock, or from any
signal fulfilling the logic level and frequency specifications. This signal is fed to the
internal clock selection circuit prior to be connected to the external smart card #A. Each
of the external card can have different division ratio, depending upon the state of the
CRD_SEL pin and associated programming bits. The built—in circuit can be programmed
to 1/1, 1/2, 1/4 or 1/8 frequency division ratio.

This input is valid and routed to either CRD_CLK_A _DIVIDER or
CRD_CLK_B_DIVIDER regardless of the MUX_MODE state, depending upon the
CLK_D_A/CRD_D_B and CARD_SEL programmed states (Table 1).

Although this input supports the signal coming from a crystal oscillator, care must be

observed to avoid digital levels outside the specified V|y/V)_ range. Similarly, the input
clock signal shall have rise and fall times compatible with the operating frequency.

14

ANLG_GND

POWER

This pin is the ground reference for both analog and digital signals and must be
connected to the system Ground. Care must be observed to provide a copper PCB layout
designed to avoid small signals and power transients sharing the same track. Good high
frequency techniques are strongly recommended.

15

CLOCK_IN_B

Clock Input,
High Impedance

The signal present on this pin comes from either the MCU master clock, or from any
signal fulfilling the logic level and frequency specifications. This signal is fed to the
internal clock selection circuit prior to be connected to the external smart card #B. Each
of the external card can have different division ratio, depending upon the state of the
CRD_SEL pin and associated programming bits. The built—in circuit can be programmed
to 1/1, 1/2, 1/4, or 1/8 frequency division ratio.

This input is valid and routed to either CRD_CLK_B_DIVIDER or CRD_CLK_A_DIVIDER
regardless of the MUX_MODE state, depending upon the CRD_D_B/CRD_D_A and
CARD_SEL programmed states (Table 1).

Although this input supports the signal coming from a crystal oscillator, care must be
observed to avoid digital levels outside the specified V|u/V)_ range. Similarly, the input
clock signal shall have rise and fall times compatible with the operating frequency.

16

C8 B

INPUT

This pin controls the card #B C8 contact. The signal can be either de —multiplexed, at
MPU level, or is multiplexed with C8_A, depending upon the MUX_MODE logic state.
When MUX_MODE = High, this pin is internally disable, a pull up resistor is connected to
Vg (regardless of the logic state of EN_RPU is), and the access to card B takes place
by C8_A associated with CARD_SEL selection bit.

The associated pull up resistor is either connected to Vg (EN_RPU = H) or
disconnected when EN_RPU = Low.

17

C4 B

INPUT

This pin controls the card #B C4 contact. The signal can be either de —multiplexed, at
MPU level, or is multiplexed with C8_A, depending upon the MUX_MODE logic state.
When MUX_MODE = High, this pin is internally disable, a pull up resistor is connected to
Vce, (regardless of the logic state of EN_RPU), and the access to card B takes place by
C4_A associated with CARD_SEL selection bit.

The associated pull up resistor is either connected to Vg (EN_RPU = H) or
disconnected when EN_RPU = Low.
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PIN DESCRIPTION (continued)

NCNG6004A

Pin

Symbol

Type

Description

18

RESET_B

INPUT

The signal present on this pin is translated to the RST pin of the external smart card #B.
The CS signal must be Low to valid the RESET function, regardless of the selected card.
Assuming the uP provides two independent lines to control the RESET pins, and
MUX_MODE = Low, the NCN6004A can control two cards simultaneously.

When MUX_MODE = High, this pin is internally disable, a pull up resistor is connected to
Vce, (regardless of the logic state of EN_RPU), and the access to card B takes place by
RESET_A associated with CARD_SEL selection bit.

The associated pull up resistor is either connected to Vgg (EN_RPU = H) or
disconnected when EN_RPU = Low.

19

1/0_B

INPUT/OUTPUT

This pin carries the data transmission between an external microcontroller and the
external smart card #B.

A built-in bi-directional level translator adapts the signal flowing between the card and
the MCU. The level translator is enabled when CS = Low. The signal present on this pin
is latched when CS = High. Since a dedicated line is used to communicate the data
between the uP and the smart card, (assuming MUX_MODE = Low) the user can
activate the two channels simultaneously, assuming the uP provides a pair of I/O lines.
When MUX_MODE = High, this pin is internally disable, the pull up resistor is connected
to Vgg, (regardless of the logic state of EN_RPU), and the access to card B takes place
by 1/0_A associated with CARD_SEL selection bit.

20

CRD_DET_A

INPUT

This pin senses the signal coming from the external smart card connector to detect the
presence of card #A. The polarity of the signal is programmable as Normally Open or
Normally Close switch. The logic signal will be activated when the level is either Low or
High, with respect to the polarity defined previously. By default, the input is Normally
Open. A built—in circuit prevents uncontrolled short pulses to generate an INT signal.
The digital filter eliminates pulse width below 50us (see spec).

21

CRD_C8_A

OUTPUT

This pin controls the card #A C8 contact, according to the ISO7816 specifications. A
built—in level shifter is used to adapt the card and the uC, regardless of the power supply
voltage of each signals.

The signal present at this pin is latched upon either CARD_SEL =L, or CS =H or

PGM = L, and resume to a transparent mode when card #A is selected and operates in
the transfer mode.The pin is hardwired to zero, the bias being provided by the Vg
supply, when either the V¢ voltage drops below 2.7 V, or during the CRD_VCC_A
startup time.

22

CRD_C4_A

OUTPUT

This pin controls the card #A C4 contact, according to the ISO7816 specifications. A
built—in level shifter is used to adapt the card and the MCU, regardless of the power
supply voltage of each signals.

The signal present at this pin is latched upon either CARD_SEL =L, or CS = H, or
PGM = L, and resume to a transparent mode when card #A is selected and operates in
the transfer mode.

The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_A startup time.

23

CRD_RST_A

OUTPUT

This pin is connected to the external smart card #A to support the RESET signal. A
built—in level shifter is used to adapt the card and the MCU, regardless of the power
supply voltage of each signals.

The signal present at this pin is latched upon either CARD_SEL = Low, or when CS or
PGM returns to a High, and resume to a transparent mode when card #A is selected. The
pin is hardwired to zero, the bias being provided by the Vg supply, when either the Voo
voltage drops below 2.7 V, or during the CRD_VCC_A startup time.

24

CRD_IO_A

INPUT/OUTPUT

This pin carries the data serial connection between the external smart card #A and the
microcontroller. A built—in bidirectional level shifter is used to adapt the card and the
MCU, regardless of the power supply voltage of each signals.

This pin is biased by a pull up resistor connected to CRD_VCC_A. When CS = High, the
CRD_IO_A holds the previous I/O logic state and resume to a normal operation when this
pin is reactivated.

The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_A start-up time.

25

PWR_GND

POWER

This pin carries the power current flow coming from the built in DC/DC converters. It is
associated with the external card # A. It must be connected to the system Ground and care
must be observed at PCB layout level to avoid the risk of spike voltages on the logic lines.

26

L2 A

POWER

Connects one side of the external DC/DC converter inductor #A (Note 1).

27

L1_A

POWER

Connects one side of the external DC/DC converter inductor #A (Note 1).

1.

The external inductors shall preferably have the same values. Depending upon the power absorbed by the load, the inductor can range

from 10 uH to 47 uH. To achieve the highest yield, the inductor shall have an ESR < 1.0 Q.
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PIN DESCRIPTION (continued)

NCNG6004A

Pin

Symbol

Type

Description

28

PWR_VCC_A

POWER

This pin is connected to the positive external power supply. The device sustains any
voltage from +2.7 V to +5.5 V. This voltage supplies the NCN6004A internal circuits and
is regulated by the internal DC/DC converter to provide the DC voltage to the external
card. A high quality capacitor must be connected across pin 28 and PWR_GND, 10
uF/6.0 V ceramic X7R or X5R type is recommended.

Note: The voltage present at pin 28 and 33 must be equal to the voltage present at pin 42.

29

CRD_VCC_A

POWER

This pin provides the power supply to the external smart card #A. The Vg voltage is
defined by programming the NCN6004A accordingly. Since the cards have independent
DC/DC converter, the output voltage can have any value independently from CARD_B.

A high quality, low ESR capacitor is mandatory to achieve the V¢ specifications. Using
two 4.7 uF/6.0 V ceramic X7R or X5R capacitors in parallel is recommended.

30

CRD_CLK_A

OUTPUT

This pin is connected to the CLK external smart card #A pin. The signal comes from the
built-in frequency divider dedicated to the #A card. The clock is selected and controlled by
setting the logic inputs according to Table 1. The slope of the output clock can be selected
between one of the two programmable mode: SLOW or FAST (Table 8). The pin is
hardwired to zero, the bias being provided by the Vg supply, when either the Vg voltage
drops below 2.7 V, or during the CRD_VCC_A startup time.

31

CRD_CLK_B

OUTPUT

This pin is connected to the CLK external smart card #B pin. The signal comes from the
built-in frequency divider dedicated to the #B card. The clock is selected and controlled by
setting the logic inputs according to Table 1. The slope of the output clock can be selected
between one of the two programmable mode: SLOW or FAST (Table 8). The pin is
hardwired to zero, the bias being provided by the Vg supply, when either the Vg voltage
drops below 2.7 V, or during the CRD_VCC_B startup time.

32

CRD_VCC_B

POWER

This pin provides the power supply to the external smart card #B. The Vg voltage is
defined by programming the NCN6004A accordingly. Since the cards have independent
DC/DC converter, the output voltage can have any value independently from CARD_A.

A high quality, low ESR capacitor is mandatory to achieve the V¢ specifications. Using
two 4.7 uF/6.0 V ceramic X7R or X5R capacitors in parallel is recommended.

33

PWR_VCC_B

POWER

This pin is connected to the positive external power supply. The device sustains any
voltage from +2.7 V to +6.0 V. This voltage supplies the NCN6004A internal circuits and
is regulated by the internal DC/DC converter to provide the DC voltage to the external
card. A high quality capacitor must be connected across pin 33 and PWR_GND,

10 uF/6.0 V ceramic X7R type is recommended.

Note: The voltage present on pin 28 and 33 must be equal to the voltage present on pin 42

34

L2b

POWER

Connects one side of the external DC/DC converter inductor #B (Note 1).

35

L1b

POWER

Connects one side of the external DC/DC converter inductor #B (Note 1).

36

PWR_GND

POWER

This pin carries the power current flow coming from the built in DC/DC converters. It is
associated with the external card # B. It must be connected to the system Ground and
care must be observed at PCB layout level to avoid the risk of spike voltages on the logic
lines.

37

CRD_IO_B

INPUT/OUTPUT

This pin carries the data serial connection between the external smart card #B and the
microcontroller. A built—in bi-directional level shifter is used to adapt the card and the
MCU, regardless of the power supply voltage of each signals.

This pin is biased by a pull up resistor connected to CRD_VCC_A. When CS = High, the
CRD_IO_A holds the previous I/O logic state and resume to a normal operation when this
pin is reactivated.

The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_B startup time.

38

CRD_RST B

OUTPUT

This pin is connected to the external smart card #B to support the RESET signal. A
built—in level shifter is used to adapt the card and the MCU, regardless of the power
supply voltage of each signals.

The signal present at this pin is latched upon either CARD_SEL or CS or PGM positive
going transient and resume to a transparent mode when card #B is selected.

The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_B startup time.

1. The external inductors shall preferably have the same values. Depending upon the power absorbed by the load, the inductor can range
from 10 uH to 47 uH. To achieve the highest yield, the inductor shall have an ESR < 1.0 Q.
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PIN DESCRIPTION (continued)

NCNG6004A

Pin

Symbol

Type

Description

39

CRD_C4 B

OUTPUT

This pin controls the card #B C4 contact, according to the ISO specification. A built-in level
shifter is used to adapt the card and the MCU, regardless of the power supply voltage of
each signals. The signal present at this pin is latched upon either CARD_SEL or CS or
PGM positive going transient and resume to a transparent mode when card #B is selected.
The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_B startup time.

40

CRD_C8_B

OUTPUT

This pin controls the card #B C8 contact, according to the ISO specification. A built—in
level shifter is used to adapt the card and the MCU, regardless of the power supply
voltage of each signals. The signal present at this pin is latched upon either CARD_SEL
or CS or PGM positive going transient and resume to a transparent mode when card #B
is selected.

The pin is hardwired to zero, the bias being provided by the Vg supply, when either the
V¢ voltage drops below 2.7 V, or during the CRD_VCC_B startup time.

41

CRD_DET_B

INPUT

This pin senses the signal coming from the external smart card connector to detect the
presence of card #B. The polarity of the signal is programmable as Normally Open or
Normally Close switch. The logic signal will be activated when the level is either Low or
High, with respect to the polarity defined previously. By default, the input is Normally
Open. A built-in circuit prevents uncontrolled short pulses to generate an INT signal. The
digital filter eliminates pulse width below 50 us.

42

ANLG_VCC

POWER

This pin is connected to the positive external power supply. The device sustains any
voltage from +2.7 V to +5.5 V. This voltage supplies the NCN6004A internal Analog and
Logic circuits. A high quality capacitor must be connected across this pin and
ANLG_GND, 10 uF/6 V is recommended. A set of extra pins (28 and 33) are provided to
connect the power supply to the internal DC/DC converter.

Note: The voltage present at pin 28 and 33 must be equal to the voltage present at pin 42

43

ANLG_GND

GROUND

This pin is the ground reference for both analog and digital signals and must be
connected to the system Ground. Care must be observed to provide a copper PCB layout
designed to avoid small signals and power transients sharing the same track. Good high
frequency techniques are strongly recommended.

44

MUX_MODE

INPUT

This pin selects the mode of operation of the card signals from the MPU side. When
MUX_MODE = Low, all the card signals are fully de—-multiplexed and data transfers can
take place with both cards simultaneously. On top of that, both cards can be accessed
during the programming sequence, assuming the external microcontroller is capable to
run multi tasks software.

When MUX_MODE = High, all the card signals are multiplexed and the communications
with the cards shall take place in a sequential mode. The card is selected by setting
CARD_SEL high or Low. The internal logic will disable the CARD_B inputs and use
CARD_SEL inputs as a single channel to controls both output smart cards sequentially
when MUX_MODE = H.

Moreover, when MUX_MODE = High, all the B channel uP dedicated pins, except
CLOCK_IN_B, pin 15, are forced to a high level by means of internal pull up resistors. It
is not necessary to connect these pins (16, 17, 18 and 19) to an external bias voltage, but
it is mandatory to avoid any connections to ground. On the other hand, in this case the
internal pull up resistor connected across I/O_A, pin 9 and Vg is automatically
disconnected to avoid a current overload on the 1/O line.

45

EN_RPU

INPUT

This pin provides a logic input to valid or not the internal pullup resistors connected
across each I/0O, RESET, C4 and C8 lines and ANLG_VCC.

When EN_RPU = High, the pull up resistors are connected

When EN_RPU = Low, the pull up resistors are disconnected and it is up to the designer
to set up the external resistor to cope with the ISO/EMV specifications.

The logic signal must be set up prior to apply the ANLG_VCC supply. Once the logic
mode has been acknowledged by the internal Power On reset, it cannot be changed until
a new startup sequence is launched.

46

STATUS

OUTPUT

This pin provides a logic state related to the card [A or B] insertion, the VCC_OK, the
CRD_VCC value and the current overflow powered to either card [A or B]. The internal
register can be read when PGM = High. The logic level is forced to High when the input
voltage drops below the Vpgt min (2.0 V), thus reducing the stand by current, assuming
the STATUS pin is not pulled down externally.

The associated pullup resistor is either connected to Vg (EN_RPU = H) or disconnected
when EN_RPU = Low.
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PIN DESCRIPTION (continued)

NCNG6004A

Pin Symbol Type

Description

47 INT OUTPUT

This pin is activated LOW when a card has been inserted and detected in either of the
external ports. The signal is reset by either a positive going transition on pin CS, or by a
High level on pin PWR_ON combined with CS = Low.

Similarly, an interrupt is generated when either one of the CRD_VCC output is overloaded.
On the other hand, the pin is forced to a logic High when the input voltage Vg drops
below 2.0 V min.

The associated pull up resistor is either connected to Vg (EN_RPU = H) or
disconnected when EN_RPU = Low.

48 ANLG_GND GROUND

This pin is the ground reference for both analog and digital signals and must be
connected to the system Ground. Care must be observed to provide a copper PCB layout
designed to avoid small signals and power transients sharing the same track. Good high
frequency techniques are strongly recommended.

MAXIMUM RATINGS (Note 2)

Rating Symbol Value Unit
Power Supply Input Supply Voltage Veeo 6 Vv
Vin Digital Input Pins -0.5V < Vi< Vg +0.5 0V, Vv
but<6.0 V
Power Supply Input Current Voo 500 mA
Digital Input Pins Vin -0.5<VggorVgg<5.5 Vv
In +5 mA
Digital Output Pins Vout -0.5<VggorVeg <55 \
lout £10 mA
Card Interface Pins Veard -0.5V < Varg < CRD_VCC +0.5V \Y
lcard 15 mA (internally limited) mA
ESD Capability, Human Body Model (Note 3) VEsp
Standard Pins 2 kV
Card Interface Pins (Card A or B) 8 kV
TQFP48
Power Dissipation @ Tab = +85°C Pp 800 mwW
Thermal Resistance Junction—to—Air Ryea 50 °C/W
Operating Ambient Temperature Range Ta -40to +85 °C
Operating Junction Temperature Range Ty -401to +125 °C
Maximum Junction Temperature (Note 4) Tymax +150 °C
Storage Temperature Range Tag -651to +150 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

2. Maximum Electrical Ratings are defined as those values beyond which damage(s) to the device may occur at Tp = +25°C.
3. Human Body Model, R = 1500 Q, C = 100 pF.
4. Absolute Maximum Rating beyond which damage(s) to the device may occur.
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NCNG6004A

POWER SUPPLY SECTION General test conditions, unless otherwise specified: Operating temperature: —25°C < Tp < +85°C,
Voo = +3.0 V, CRD_VCC_A = CRD_VCC_B = +5.0 V.

Rating Symbol Pin Min Typ Max Unit
lout = 2 X 65 mA (both external cards running simultaneously) CRD_VCC | 29, 32 \
@3.0V<Vgc<b5V 4.6 - 5.4
lout = 2 x 55 mA per pin (both external cards running) CRD_VCC | 29, 32 \
Vout defined @ CRD_VCC =3.0V@ 3.0V <Vgc<55V 2.7 - 3.3
lout = 2 X 35 mA per pin (both external cards running) CRD_VCC | 29, 32 \Y
Vout defined @ CRD_VCC =180V @ 3.0V <V <55V 1.65 - 1.95
Output Card Supply Voltage Ripple (per CRD_VCC outputs) @ : mV

Lout = 22 uH, Lgsg < 2.0 @, Coyt = 10 uF per CRD_VCC (Note 5)
lout = 35 MA, Vout = 1.80 V Vora 29 - - 50
lout =55 MA, Vout = 3.0V VoRB 32 - - 50
lout = 65 MA, Vout = 5.0V - - 50
DC/DC Dynamic Inductor Peak Current @ Vpgt = 5.0 V, Loyt = 22 uH, lecov 29, 32 mA
Cout= 10 uF
CRD_VCC=1.8V - 200 -
CRD_VCC=3.0V - 280 -
CRD_VCC=5.0V - 430 -
Standby Supply Current Conditions (Note 5): Ibp 42, 28, uA
ANLG_VCC = PWR_VCC =3.0 V - 33
PWR_ON = H, STATUS =H,CS=H - 20

Card A and Card B CLOCK_IN = H, I/O = H, RESET = H - -
All Logic Inputs = H, Temperature range = 0°C to +50°C - -

ANLG_VCC = PWR_VCC =5.0V
Temperature range —25°C to +85°C - 50
All other test conditions identical - -

ANLG_VCC = PWR_VCC =18V
Temperature range —25°C to +50°C - 5.0
All other test conditions identical - -
Note: This parameter is guaranteed by design, not production tested.

Operating Supply Current IpDop 42, 28, mA

ANLG_VCC = PWR_VCC=5.5V 33
@ CRD_VCC_AB =50V
@ CRD_VCC_A/B=3.0V
@ CRD_VCC_A/B=1.85V

ooo
NNN

ANLG_VCC = PWR_VCC =33V
@ CRD_VCC_A/B=5.0V 0.2
@ CRD_VCC_AB=3.0V 0.2
@ CRD_VCC_A/B=1.85V 0.2

PWR_ON = H, CS = H, CLK_A = CLK_B = Low, all card pins unloaded

Vpat Under Voltage Detection Positive Going Slope VpatLH 42 2.1 - 2.7 \

Vpat Under Voltage Detection Negative Going Slope VpatLL 2.0 - 2.6 \

Vpat Under Voltage Detection Hysteresis VbatHY - 100 - mV

Note: The voltage present in pins 28 and 33 must be equal to or
lower than the voltage present in pin 42.

Output Continuous Current Card A or Card B (both cards can be lecp 31,42 mA
operating simultaneously) @ 3.0 < Vgc <5.5V
Output Voltage = 1.85 V 35
Output Voltage = 3.0 V 55
Output Voltage = 5.0 V 65

Output Over Current Limit (A or B) lecov 31,42
Vpat=3.3V,CRD_VCC=18V,3.0Vor50V 100 mA
Vpat =5.0V, CRD_VCC=1.8V,3.0Vor50V 150

Output Over Current Time Out Per Card lidoft 31,42 4.0 ms

Output Card Supply Turn On Time @ Lgyt = 22 uF, Coyt = 10 uF Ceramic. | VecTon 31,42 us
Voo =2.7V,CRD_VCC =5.0V (A orB) 500

5. Assuming ANLG_VCC and PWR_VCC pins are connected to the same power supply.
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NCNG6004A

POWER SUPPLY SECTION General test conditions, unless otherwise specified: Operating temperature: —25°C < Tp < +85°C,
Voo = +3.0 V, CRD_VCC_A = CRD_VCC_B = +5.0 V. (continued)

Rating Symbol Pin Min Typ Max Unit
Output Card Supply Shut Off Time @ Vectorr | 31,42 us
Cout = 10 uF, ceramic. 100 250
Voc=2.7V,CRD_VCC =5.0V, Vocore < 0.4 V (A or B)
DC/DC Converter Operating Frequency (A or B) Fsw 31,42 600 kHz

5. Assuming ANLG_VCC and PWR_VCC pins are connected to the same power supply.

DIGITAL INPUT/OUTPUT SECTION
2.70 < Vgg < 5.50 V, Normal Operating Mode (-25°C to +85°C ambient temperature, unless otherwise noted)

Rating Symbol Pin Min Typ Max Unit
A0, A1, A2, A3, CARD_SEL, PWR_ON, PGM, CS, MUX_MODE, 1,2,3,
EN_RPU, RESET_A, RESET_B, C4_A, C8_A, C4_B, C8 B 4,5, 6,
High Level Input Voltage Vi 7,8, 0.7 * Vpat Vpat \
Low Level Input Voltage Vi 44, 45, 0.3 * Vpat \
Input Capacitance Cin 10, 18, 10 pF
11, 12,
16,17
STATUS, INT 46, 47 \
Output High Voltage @ Ioy = -10 uA VoH Vpat =1.0 V
Output Low Voltage @ lpy = 200 nA VoL 0.40
STATUS, INT
Output Rise Time @ Cqyt = 30 pF trsta, trint 5 us
Output Fall Time @ Cq,t = 30 pF tfsta, tfint 100 ns
CLOCK_A Asynchronous Input Clock @ DC = 50% +1% FoLkINA 13 40 MHz
CLOCK_B Asynchronous Input Clock @ DC = 50% +1% FoLking 15 40 MHz
I/O_A, 1/0O_B, both directions @ Cqt = 30 pF us
1/0O Rise Time trioAs trioB 9,19 0.8
I/O Fall Time tfioA. tioB 0.8
STATUS Pull Up Resistance Rsta 46 35 50 kQ
INT Pull Up Resistance RINT 47 35 50 kQ
1/0O_A Pull Up Resistance Rioa 9 14 20 35 kQ
1/0_B Pull Up Resistance Rios 19 14 20 35 kQ
RESET_A Pull Up Resistance RRrsTA 10 60 100 kQ
RESET_B Pull Up Resistance RRrsTB 18 60 100 kQ
C4_A Pull Up Resistance Rcaa 1 60 100 kQ
C8_A Pull Up Resistance Rcsa 12 60 100 kQ
C4_B Pull Up Resistance Rcas 17 60 100 kQ
C8_B Pull Up Resistance Rcss 16 60 100 kQ
CS Pull Up Resistance Rcs 7 60 100 kQ
CRD_DET_A and CRD_DET_B Pull Up Resistance RpeTa 20 500 kQ
Rpets 41 500 kQ
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NCNG6004A

CARD INTERFACE SECTION @ 2.70 < V¢ < 5.50 V, Normal Operating Mode (—25°C to +85°C ambient temperature, unless

otherwise noted) CRD_VCC_A =CRD_VCC_B=1.8Vor3.0Vor50V

Rating Symbol Pin Min Typ Max Unit
CRD_RST_A, CRD_RST_B Output Voltage
Output RST High Level @ Irst = -200 pA Vou 23,38 | CRD_VCC-0.5 CRD_VCC | V
Output RST Low Level @ Irst = 200 uA VoL 23, 38 0 0.4 Vv
CRD_RST_A, CRD_RST_B Rise and Fall time
RST Rise Time @ Cqyt = 30 pF trrst 23, 38 100 ns
RST Fall Time @ Cqyt = 30 pF tfrst 23, 38 100 ns
CRD_CLK_A, CRD_CLK_B QOutput Clock 30, 31
Output Operating Clock Card A and Card B Feoka, FokB 20 MHz
Output Operating Clock DC, Card A and Card B 45 55 %
(Input DC = 50%, +1%)
Note: This parameter is guaranteed by design, functionality 100%
tested at production.
Output Operating Clock Rise Time SLOW Mode trclka, trelkb 16 ns
Card A and Card B
Output Operating Clock Fall Time SLOW Mode ticlka, tfclkb 16 ns
Card A and Card B
Output Operating Clock Rise Time FAST Mode trclka, trelkb 4 ns
Card A and Card B
Output Operating Clock Fall Time FAST Mode ticlka, tfclkb 4 ns
Card A and Card B
Output Clock High Level, Card A and Card B, @ Iclk = 200 pA Vou CRD_VCC-0.5 CRD_VCC | V
Output Clock Low Level, Card A and Card B, @ Iclkc = 200 uA VoL 0 0.4 \Y
CRD_IO_A, CRD_IO_B Data Transfer 24,37
Data Transfer Frequency, Card A and Card B Fioa, Fios 400 kHz
Data Rise Time, Card A and Card B, @ Cq; = 30 pF trioa, triob 0.8 us
Data Fall Time, Card A and Card B, @ Cq; = 30 pF tfioa, thiob 0.8 us
Data Output High Level, Card A and Card B @ Icrd_io = —20 pA Vou CRD_VCC-0.5 CRD_VCC | V
Data Output Low Level, Card A and Card B @ lcrd_io = 20 pA VoL 0 0.4 Vv
CRD_IO_A and CRD_IO_B Output Voltages 24,37 \Y
I/O_A=1/0_B=0,lg_=500uA VoL 0.40
CRD_C4_A, CRD_C4_B Output Voltages 22, 39
Output C4 High Level @ Irst = -200 pA VoH CRD_VCC-0.5 CRD_VCC | V
Output C4 Low Level @ Irst = 200 uA VoL 0 0.4 "
CRD_C4_A, CRD_C4_B Rise and Fall time
C4 Rise Time @ Cqyt = 30 pF trca 100 ns
C4 Fall Time @ Cqyt = 30 pF tfcy 100 ns
CRD_C8_A, CRD_C8_B Output Voltages 21,40
Output C4 High Level @ Irst = -200 pA VoH CRD_VCC-0.5 CRD_VCC | V
Output C4 Low Level @ Irst = 200 uA VoL 0 0.4 Vv
CRD_C8_A, CRD_C8_B Rise and Fall Time
C8 Rise Time @ Cqyt = 30 pF trcg 100 ns
C8 RST Fall Time @ Cgqyt = 30 pF tfcg 100
Pull Up resistance, CS = Low, PWR_ON = High kQ
CRD_IO_A RoLa 24 14 20 35
CRD_IO_B RoLs 37 14 20 35
Card Detection Bias Pull Up Current, Card A or Card B IDETA 20 15 uA
CRD_DET A, CRD _DET B IDETE 41 15
Card Insertion/Extraction Negative Going Input Low Voltage V\LDETA 20 0 0.30 * Vgt \
ViLDETB 41 0 0.30 * Vgt
Card Detection Insertion/Extraction Digital Filtering Delay us
CRD_DET_A tdcina 20 50
CRD_DET_B tdcinb 41 50
CARD_A or CARD_B short circuit current: mA
CRD_IO, CRD_RST, CRD_C4, CRD_C8 Ishort 15
CRD_CLK Ishortclk 70

(According to ISO and EMV specifications)
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NCNG6004A

DIGITAL DYNAMIC SECTION NORMAL OPERATING MODE

Rating Symbol Pin Min Typ Max | Unit

Card Signal Sequence Interval, CRD_VCC_A and CRD_VCC_B: tdseq 24, 23, us

CRD_IO_A, CRD_RST_A, CRD_CLK_A, CRD_C4_A, CRD_C8_A 30, 37, 0.5 2

CRD_IO_B, CRD_RST_B, CRD_CLK_B, CRD_C4_B, CRD_C8 B 38, 31 0.5 2
Internal RESET Delay tdreset 1.0 us
Internal STATUS Delay Time tdready 46 1.0 us
PWR_ON Low State Pulse Width (Figure 11), Assuming CRD_VCC tpwriow 8 us
reservoir capacitor = 10 uF. 5
PWR_ON High State Pulse Width (Figure 11) tpwrset 8 200 ns
PWR_ON Preset Delay (Figure 11) tpwrpre 57,8 300 ns
PWR_ON Programming Hold Time (Figure 11) tpwrhold 57,8 100 ns
PWR_ON to CARD_SEL Change Delay Time (Figure 12) teseldly 56,8 100 ns
PGM to PWR_ON Delay Time (Figure 12) tpgmdly 5,6,8 300 ns
PWR_ON internal Set/Reset Pulses Width (Figure 12) tpwrp 8 20 ns

DIGITAL DYNAMIC SECTION PROGRAMMING MODE

Rating Symbol Pin Min Typ Max | Unit

Data Set-up Time, Time Reference = PGM, A0, A1, A2, A3, CARD_SEL, tsmod 8,46,1,2, | 100 ns
and CS. 3,4,5,6

Data Signal Rise and Fall Time tsmodtr 50 ns
Data Hold Time, Time Reference = PGM, A0, A1, A2, A3, CARD_SEL, tsmod 8,46,1,2, | 100 ns
and CS. tsmodtr ,4,5,6 50 ns
Chip Select CS Low State Pulse Width twes 7 300 ns
CS Signal Rise and Fall Time trfcs 50 ns
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NCNG6004A

PROGRAMMING AND STATUS FUNCTIONS

The NCN6004A includes a programming interface and a
status interface. Figure 4 illustrates the sequence one must
follow to enter and exit the programming mode. Table 1 and
Table 2 provide the logical functions associated with the

Examgle:
Set CRD_VCC_A=3.0V

input and output signals. The parameters are latched upon
the rising edge of the PGM signal, the CS pin being held low.
Any number of programming sequences can be performed
while the CS pin is Low, but the minimum timings must be
observed.

ExamBIe:
Set CRD_CLK_B =1/8

A0 7//////// 7/// ////// /

w v v

w 22222222 v o,

A3 Bm ///A m

CARD_SEL 7//////// 7/// ////// /
| | Parameters are latched upon PGM rise slope

@ |

N

tsprg —®— 1€ twes — P —1%— thprg

Figure 4. Programming Sequence

On the other hand, since the programming data are latched
upon the rising edge of the PGM signal, the most up to date
selected card (using CARD_SEL = H or L) is used to
activate the associated card. Consequently, when both cards
must be updated with the same programmed content, a dual
PGM sequence must be carried out, changing the
CARD_SEL signal during the High level state of the PGM
pin.

Although selecting a card in possible during the same
Chip Select sequence (as depicted here above), the user must

Table 1. Programming and Reading Basic Functions

make sure that no data will be present to a card not ready for
such a function. As a matter of fact, all the card signals are
routed to the selected card immediately after a CARD_SEL
change, the NCN6004A taking no further logic control prior
to activate the swap. To avoid any risk, one can run a
sequence with the selected card, return CS to High, change
the CARD_SEL according to the expected card selection,
and pull CS to Low to activate the selected card.

Select #A | Select Vg Program Poll Card Status Poll Igc Overload ANLG_VCC

Pin Name #B ON/OFF CLOCK_IN #A or #B #A or #B Input Voltage OK

7 CS 0 0 0 0 0 0

46 STATUS - - - READ READ READ

1 A0 0/1 0/1 0/1 1 0 0

2 Al 0/1 0/1 0/1 1 1 0

3 A2 0/1 0/1 0/1 X X

4 A3 0/1 0/1 0/1 X

5 CARD_SEL 0/1 0/1 0/1 0/1 0/1 0/1

6 PGM 0/1 0/1 0/1 1 1 1

http://onsemi.com
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Table 2. Programming Functions (Conditions at start-up are in Bold)

NCNG6004A

CRD_Vcc | CRD_VCC | cRD_CLK | CRD_CLK | CRD_DET | CRD_DET | CLOCK
(HEX) | PGM | A3 | A2 | A1 | AO | CARD_SEL #A #B #A #B #A #B SLOPE
00 0 0 0 0 1 1.80 V - - - - _ _
01 0 0 0 o0 1 1 3.0V - - - - - -
02 0 0 0 1 0 1 5.0V - - - - _ -
03 0 o0 1 1 1 - - - - - SLOW
00 0 0 0 0 O© 0 - 1.80 V - - - _ _
01 0 0 0 o0 1 0 - 3.0V - - - - -
02 0 0 0 1 0 0 - 5.0V - - _ -
03 0 o0 |1]1 0 - - - - - - SLOW
04 0 [0|1]0]|0O 1 - - 11 - - -
05 0 [0|1]0]|1 1 - - 172 - - _ _
06 o [0]|1]1]0 1 - - 1/4 - - _ _
07 0 [0 |1 |11 1 - - 1/8 - - _
04 0 [0|1]0]|0O 0 - - - 111 - - -
05 0 [0|1]0]|1 0 - - - 1/2 - - _
06 o [0]|1]1]0 0 - - - 1/4 - - _
07 0 |01 ]1]1 0 - - - 1/8 _ _ _
08 0o |1|0o|o0]o0 1 - - START - - - -
09 0 |1 |0]o0]1 1 - - STOPL - - - -
0OA | 0 |1 |0]1]o0 1 - - STOPH - - - -
0B o [1]|0] 11 1 - - - - _ _ FAST
08 0 [1|0]0 |0 0 - - - START - - -
09 0o [1|0]0]|1 0 - - - STOPL - - _
0OA | 0 [1|O0]|1]o0 0 - - - STOPH - - _
0B 0 110 |1 1 0 - - - - - - FAST
oc | 0o |1[1|0]0 1 - - - - NO - -
ob | 0 |1 [1]|0]1 1 - - - - NC _
oc | 0o |1[1|0]0 0 - - - - - NO -
oo | 0 |1 [1]|0]1 0 NC _
OE 0 [1|1]1]0 1 - - CLK_D_A - - - -
OF 0 [ 11|11 1 - - CLK_D_B - - _ _
OE 0o |1 [1]1]o0 0 - - - CLK_D_B - - -
OF 0o [ 11|11 0 - - - CLK_D_A - _ _
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NCNG6004A

Table 3. Status Pins Data

STATE
(HEX) PG A3 A2 A1l A0 CARD_SEL STATUS #A STATUS #B
00 1 X X 0 0 X Vee_Vpat OK Pass = Low
VCC_OK Fail = High
01 1 X X 0 1 1 CRD_VCC_A In Range
Pass = High Fail =Low
02 1 X X 1 0 1 CRD_VCCA Overloaded
Pass = High Fail = Low
03 1 X X 1 1 1 CRD_DET_A
Card Present = High
00 1 X X 0 0 X VCC_OK Pass = Low
VCC_OK Fail = High
01 1 X X 0 1 0 CRD_VCC_B In Range
Pass = High Fail =Low
02 1 X X 1 0 0 CRD_VCC_B Overloaded
Pass = High Fail = Low
03 1 X X 1 1 0 CRD_DET_A
Card Present = High

*The STATUS register is not affected when the NCN6004A operates in any of the programming mode.
Initialized conditions upon start-up are depicted by bold characters in Table 2 and Table 4.

Typical ANLG_VCC Operating Voltage
Min. ANLG_VCC Under Voltage

A
330V ¥ ——
270V —— 1 ¥

240V Vv
200V - ————_

C Max. ANLG_VCC Under Voltage

Vbat

Vbat_OK 1
Vbat STATUS

The input power supply voltage monitoring applies to the card selected.
Figure 5. Reading ANLG_VCC Status (monitoring ANLG_VCC input voltage)

SYSTEM STATES UPON UPON START-UP
Table 4. Operating Conditions Upon Start-up

CRD_VCC_A 3.0V
CRD_VCC_B 3.0V
CRD_CLK_A 1/1 Ratio
CRD_CLK_B 1/1 Ratio
CRD_CLK_A START (clock is valid)
CRD_CLK_B START (clock is valid)
CRD_CLK_A Low Speed Slope
CRD_CLK_B Low Speed Slope
CLOCK Route Direct (CLK_A — A, CLK_B — B)

Depending upon the logic state at turn on present on
pin 44, the system will run into a parallel mode
(MUX_MODE =L) or a multiplexed mode
(MUX_MODE = H). It is not possible to change the logic
state once the system is running.

Similarly, depending upon the logic state present pin 45,
the internal pull up resistors (I/O_A and I/O_B line) will be
either connected to ANLG_VCC voltage (EN_RPU =H) or
disconnected (EN_RPU =L). It is not possible to change this
operating condition once the system is running.
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NCNG6004A

PARALLEL/MULITPLEXED OPERATION MODES
The logic input MUX_MODE, pin 44, provides a way to
select the operation mode of the NCN6004A. Depending
upon the logic level, the device operates either in a parallel
mode (all the card pins, on the uP side, are fully independent)

or in multiplexed mode (all the logic card pins, on the uP
side, share a common bus). Figure 6 shows a simplified
schematic of the multiplex circuit built in the NCN6004A
chip.

(ORS 0
RESET_A [10 } 20 i
C4 A [T} < to —{22]
C8_A[12} lo 20 21
- ° I/0_A
10_A 9} ” BUFFER
I/0_B
1/0_B 19} BUFFER[ 2]
A
— 3]
REST_B [18} 9 Q1 A oo, Eo
-0 Eda) e
—0 Eo I
C4.B[17} 9 Q2 5 ok 28 -
—0 [40 ]
C8_B 3
B Le] MULTIPLEXER 2 ©
MUX_MODE
CARD_SEL [15 }
CLK_A
CLK_IN_A BUFFER
CLOCK_DIVIDERS
& MULTIPLEXER
CLK_B
CLK_IN_B BUFFER[ 1S

Figure 6. Simplified MUX_MODE Logic and Multiplex Circuit

In both case, the device is programmed by means of the
common logic controls pins (A0, Al, A2, A3, PGM,
PWR_ON, CARD_SEL and CS). On the other hand, the
logic status returned by the interface (STATUS pin 46) is
shared by the two channels and can be read independently
by setting CARD_SEL accordingly.

The card related signals connected on the uC side are
multiplexed or independent, depending upon the
MUX_MODE state as described here below.

MUX_MODE = Low — PARALLEL MODE

When pin 44 is low, the device operates in the parallel
mode. The transfer gate Q4 and the multiplexer circuit are
disconnected and all the data will be carried out through their
respective paths. The switches Q1, Q2 and Q3 are flipped to
the B position, thus providing a direct connection from port
B control signals to CARD_B

All the CARD_A and CARD_B signals are independent
and both cards can operate simultaneously, the data

transaction can take place at the same time and processed
independently. Of course, the microcontroller must have the
right data bus available to handle this process.

However, it is not possible to change the operating mode
once the system has been started. If such a function is
needed, one must pull down the related NCN6004A power
supply, change the MUX_MODE logic level, and re—start
the interface.

MUX_MODE = High — MULTIPLEXED MODE

When pin 44 is High, the device operates in a multiplexed
mode and all the card signals are shared between CARD_A
and CARD_B, except the input clocks which are
independent at any time. The RST_B, C4_B and C8_B pins
are preferably left open at PCB level. The I/O_B pin must be
left open and cannot be connected to any external signal or
bias voltages.

The transfer gate Q4 is switched ON and, depending upon
the CARD_SEL logic level, the I/O data will be transferred
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to either CARD_A or CARD_B. It is neither possible to
connect directly I/O_A to I/O_B nor to connect the I/O_B
pin to ground or voltage supply.

The multiplexer is activated and the CARD_SEL signal is
used to select the card in use for a given transaction. The
switches Q1, Q2 and Q3 and swapped to the A position, thus
providing a path for the control signals applied to the
CARD_A side.

When the CARD_SEL signal flips from one card to the
other, the previous logic states of the on going card are
latched in the chip and the related output card pin are
maintained at the appropriate levels. When the system
resumes to the previous card, the latches return to the
transparent operation and the signals presented by the uP
take priority over the previously latched states.

On the other hand, the input clocks (CLK_IN_A and
CLK_IN_B) are maintained independent and can be routed
to either CARD_A or CARD_B according to the
programming functions given in Table 2.

CARD POWER SUPPLY TIMING

When the PWR_ON signal is high, the associated
CRD_VCC_A or CRD_VCC_B power supply rise time
depends upon the current capability of the DC/DC converter
together with the external inductors L1/L.2 and the reservoir
capacitor connected across each card power supply pin and
GROUND.

On the other hand, at turn off, the CRD_VCC_A and
CRD_VCC_B fall times depend upon the external reservoir
capacitor and the peak current absorbed by the internal
NMOS device built across each CRD_VCC_A/
CRD_VCC_B and GROUND. These behaviors are depicted
by Figure 7, assuming a 10 uF output capacitor.

Since none of these parameters can have infinite values,
the designer must take care of these limits if the tgn or the
torr provided by the data sheets does not meet his
requirement.

v
CRD VCC=5V —| ——
CRD VCC =475V —|————
|
|
CRD_VCC =0.40 V — |- :
500 us Max |
D ———
Turn ON |

1
|, | 250 us Max
| Shut OFF

Figure 7. Card Power Supply Turn ON and Shut
OFF Typical Timings

POWER DOWN OPERATION

The power down mode can be initiated by either the
external MPU or by the internal error condition. The
communication session is terminated immediately,
according to the ISO7816-3 sequence. On the other hand,
the MPU can run the Stand By mode by forcing CS = H,
leaving the chip in the previous operating mode.

When the card is extracted, the interface will detect the
operation and will automatically run the Power Down
Sequence of the related card as described by the ISO/CEI
7816-3 sequence depicted in Figure 8 and illustrated by the
oscillogram in Figure 9.

CARD EXTRACTION DETECTED

CRD_DET ™\
CRD_RST \
Force RST to Low CRD_CLK |_|_K
Force CLK to Low, unless it is already in this state
Force C4 and C8 to Low CRD_C4 | A

Force CRD_IO to Low
Shut Off the CRD_VCC Supply

CRD_VCC

CRD_CS8 | \

CRD_IO I__l_\

T
I I
—»} |« — Internal Delay

400 ns typ.

Figure 8. Card Power Down Sequence
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On the other hand, the Power Down sequence is

present on the control pins, or when the related
automatically activated when the Vy,¢ voltage drops below

CRD_VCC_x output voltage reaches the overload

the VCC_OK level, regardless of the logic conditions condition.
cxp_vee \
| CRD_RS5T

ED_ CLECHIHI

c4 |

ct |

CRD_IO

Figure 9. Power Down Sequence

Figure 10. Power Down Sequence: Timing Details

http://onsemi.com
19



NCNG6004A

CARD DETECTION

The card detector circuit provides a constant low current to
bias the CRD_DET_A and CRD_DET_B pins, yielding a
logic High when no card is present and the external switch is
Normally Open type. The internal logic associated with pins
20 and 41 provides a programmable selection of the slope
card detection. The transition is filtered out by the internal
digital filter circuit, avoiding false interrupt. In addition to
the typical 50 us delay, the MPU shall provide an additional
delay to cope with the mechanical stabilization of the card
interface (typically 1 ms), prior to valid the CRD_VCC_A or
CRD_VCC_B supply.

INTERRUPT
ACKNOWLEDGE

|

When a card is inserted, the detector circuit asserts
INT =Low as depicted before, the external uP being
responsible to clear the interrupt signal, taking the
necessaries actions. When the NCN6004A detects a card
extraction, the power down sequence is automatically
activated for the related interface section, regardless of the
PWR_ON state, and the INT pin is asserted Low. It is up to
the external MPU to clear this interrupt by pulsing the CS

pin.

CARD IDENTIFICATION
& PROCESSING

__ CARD EXTRACTED

| —>|—|<— |
| |50us<T<150us
CRD_DET_A | .

||
| 50 us < T < 150 ps
_"_

)

NS
A\

High

High

117 7T

High

A2
A3

IRRELEVANT

CARD_SEL /

High = Card A

STATUS

CLEAR INTERRUPT J
CARD PRESENT: STATUS =

CLEAR INTERRUPT

|
I
i
I
\_AI_
T
|
I
|
I
| IRRELEVANT
|

CARD NOT PRESENT: STATUS =0

Figure 11. Typical Interrupt Sequence

The interrupt signal can be cleared either by a positive
going slope on the Chip Select pin as depicted in Figure 11,
or by forcing the PWR_ON signal High (keeping CS = Low)
for the related card.

Table 5. Card Detection Polarity

The polarity of the card detection switch can be either
Normally Open or Normally Close and is software
controlled as defined here below and in Table 2.

CS PGM A3 A2 A1 A0 CARD_SEL CRD_DET_A CRD_DET_B
1 X X X X Qn -1 Qn -1
0 1 X X X X X Qn -1 Qn -1
0 0 1 1 0 0 1 Normally Open Qn -1
0 0 1 1 0 1 1 Normally Close Qn -1
0 0 1 1 0 0 0 Qn -1 Normally Open
0 0 1 1 0 1 0 Bn -1 Normally Close

*The polarity change is validated upon the next positive PGM transient.
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POWER MANAGEMENT

The main purpose of the power management is to provides
the necessary output voltages to drive the 1.80 V, 3.0 V or
5.0 V smart card types. On top of that, the DC/DC converter
efficiency must absorb a minimum current on the Vi,
supply.

Beside the power conversion, in the Stand by mode
(PWR_ON = L), the power management provides energy to
the card detection circuit only. All the card interface pins are
forced to ground potential, saving as much current as
possible out of the battery supply.

In the event of a power up request coming from the
external MPU (CARD_SEL =H/L., PWR_ON =H, CS=L),
the power manager starts the DC/DC converter related to the
selected interface section.

When the selected section (either CRD_VCC_A or
CRD_VCC_B) voltage reaches the programmed value
(1.8 'V, 3.0 V or 5.0 V), the circuit activates the card signals
according to the following sequence:

CRD_VCC_x— CRD_IO_x — CRD_C4_x — CRD_C8_x
— CRD_CLK_x — CRD_RST_x

The logic level of the data lines are asserted High or Low,
depending upon the state forced by the external MPU, when

the start—up sequence is completed. Under no situation the
NCN6004A shall automatically launch a smart card ATR
sequence.

At the end of the transaction, asserted by the MPU
(CARD_SEL =H/L, PWR_ON =L, CS = L), or under a card
extraction, the ISO7816-3 power down sequence takes
place:

CRD_RST x — CRD_CLK x — CRD_C4 x —
CRD_C8_x — CRD_IO_x — CRD_VCC_x

When CS = H, the bi—directional I/O lines (pins 9 and 19)
are forced into the High impedance mode to avoid signal
collision with any data coming from the external MPU.

OUTPUT VOLTAGE PROGRAMMING

The internal logic provides a reliable circuit to activate
any of the DC/DC converters safely. In particular, the Turn
On/Turn Off of these converters is edge sensitive and
controlled by the rising/falling edges of the PWR_ON signal
applied with Chip Select pin Low. The CARD_SEL signal
is used to select either CRD_VCC_A or CRD_VCC_B as
defined by the functions programming in Table 2.

Cs | | | [
CARD, SEL | I A
pwRoON |— L] L L
SET U U U U
£ j
RESET
| see ote!'l LI | LI
pEass |
| | | |
_/ N | /_
CRD_VCC_A I : : | | .
L N \M
CRD_VCC_B : : : : : I
RD_VGC No Ch |
CRD_VCC Rise Time ] e _CRD-VCC No Change. e BCCtON
VCCton ) VCCtoff
CRD_VCC_A PWR DOWN

Note : minimum 1 ms delay before to send a power Off command to the same
selected output is recommended.

Figure 12. Card Power Supply Controls

Although it is possible to change the output voltage
straightly from 5.0 V to 1.80 V, care must be observed as the
stabilization time will be relatively long if no current is
absorbed from the related output pin.

According to the typical sequence depicted, it is not
possible to program simultaneously the two DC/DC

converters, but two separate sequences must take place. On
top of that, since the circuit is edge sensitive, the PWR_ON
signal must present such a transient when a given state is
expected for the converter. The PWR_ON and CS timings
definitions are given in Figure 13.

http://onsemi.com

21



NCNG6004A

ST [
CARD_SEL i I
|| tpwrset | tpwrlow |

tpwrpre —>|-I<———>]< ————— »I--I< tpwrhold

pwRoN — L[ L |

[

L

ser |l U I I
Nl
RESET i i i U U
—>n<— tpwrp
NOTE: tpwrset: This delay is necessary to latch—up the PWR_ON condition
and does not represent the CRD_VCC output voltage rise time.
tpwrlow: This delay includes the internal ISO7816-3 power down
sequence to make sure the DC/DC converter is fully deactivated.
Figure 13. Power On Sequence Timings
_ Chip Selected
cs P |
CARD_SEL | : I [
|_>|_-,<— teseldly
tpwrhold —>|—-l<—|
L
I
PWR_ON | I H
togmdly || 1 1 tpwrw
Programming T T
PGM | Sequence |
NOTE: tpwrw: This delay represents the minimum pulse width needed
to write the PWR_ON status into the associated DC/DC latch
Figure 14. Power On and CARD_SEL Sequence Timings
DC/DC CONVERTER

The power conversion is carried out either in step up or
step down mode. The operation is fully automatic and,
beside the output voltage programming, does not need any
further adjustments.

The simplified DC/DC converter, given in Figure 15, is
based on a full bridge structure capable to handle either step
up or step down power supply using an external inductor.
This structure brings the capability to operate from a wide
range of input voltage, while providing the accurate 1.80 V,
3.0 V or 5.0 V requested by the smart cards. Beside the
accuracy, the major aim of this structure is the high
efficiency necessary to save energy taken from the battery.
On the other hand, using two independent converters
provides a high flexibility and prevent a total system crash
in the event of a failure on one of the card connected to the
interface.

OPERATION

NOTE: Described operation makes reference to
CARD_A and can be applied to CARD_B.
The system operates with a two cycles concept:
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1. Cycle 1: Q15 and Q4 are switched ON and the

inductor L1 is charged by the energy supplied by
the external battery. During this phase, the pairs
Q1/Q16 and Q2/Q3 are switched OFF.

The current flowing into the two MOSFET Q1 and
Q4 is internally monitored and will be switched OFF
when the Ipeak value (depending upon the
programmed output voltage value) is reached. At
this point, Cycle 1 is completed and Cycle 2 takes
place. The ON time is a function of the battery
voltage and the value of the inductor network (L and
Zr) connected across pins 26/27 and 34/35.

A 4 us time out structure makes sure the system does
run in a continuous Cycle 1 loop.

. Cycle 2: QI and Q16 are switched ON and the

energy stored into the inductor L1 is dumped into
the external load through Q16. During this phase,
the pair Q15/Q4 and the pair Q2/Q3 are switched
OFF.

The current flow period is constant (900 ns typical)
and Cycle 1 repeats after this time if the CRD_VCC
voltage is below the specified value.



When the output voltage reaches the specified value
(1.80 Vor3.0Vor5.0V),Ql and Q16 are switched
OFF immediately to avoid over voltage on the output
load. In the mean time, the two extra NMOS Q2 and
Q3 are switched ON to fully discharge any current
stored into the inductor, avoiding ringing and

NCNG6004A

The control block gives the logic states according to the
bits provided by the external uP. These controls bits are
applied to the selected DC/DC converter to generate the
programmed output voltage. The MOS drive block includes
the biases necessaries to drive the NMOS and PMOS
devices as depicted in the block diagram given Figure 15.

voltage spikes over the system. Figure 16 illustrates
the theoretical basic waveforms present in the

DC/DC converter.
Vee CRD_VCC_A
[z}
10 uF Qi5 Q16 | Q5 10 uE
:[01 +—i
= L1 < '})_ |- Cc2
GND —
: R13 G
S o oo
PWR_ON
= < 8Gf°3‘|:‘_-H-_’:|*|:‘_-H-_’:
I+ | R2§
PGM ——, Vo o z
€ < G HIZ PWR_GND Q77—
V1 b 3 ] L |_’_
CARD_SEL —— 3= 8 GND
Overload 2 G_Q4
o) . R3
AQ ——] O o G.Q2 ~
VCC_OK S E car GND
Al ——] ch Q6 p
| - oof ]
A2 —— g Voltage Regulation U1.|. I R4
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= Vref 1.8/3/5 V GND= L
CS = 8 50V GND
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B n Vee [32]
—
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'% Ics +— I
o GND L2 |D_ |- ¢
2 : "3 Go
5] Q —
° ;—.‘? G Q1 GND
PWR_ON
S P L ey
< 18 -
o 36| PWR_GND
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V1 = E o - T il
8= 8 GND
Overload o 3G Q4 § R7
6 [a] =
vec ok | 9 g a2 GND
s G_Q7 Voo
- 13
| D/]

U2
Voltage Regulation +

Vref_1.8/3/5V GND=

5.0V

30V

Figure 15. Basic DC/DC Converter Diagram
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Since the output inductor L1 and the reservoir capacitor
C1 carry relative high peak current, low ESR devices must
be used to prevent the system from poor output voltage
ripple and low efficiency. Using ceramic capacitors, X5R or
X7R type, are recommended, splitting the 10 uF in two
separate parts when there is a relative long distance between

the CRD_VCC_x output pin and the card VCC input. On the
other hand, the inductor shall have an ESR below 1.0 Q to
achieve the high efficiency over the full temperature range.
However, inductor with 2.0 Q ESR can be used when a slight
decrease of the efficiency is acceptable at system level.

b cnamecmovoe | oRD voo orared | e oo voc onase
| o, Toff | (Time is not to scale)
T T

|
|
:\
Y
/
|

CRD_VCC Voltage Regulated —

CRD_VCC

lpeak — —»

Figure 16. Theoretical DC/DC Operating

When the CRD_VCC is programmed to zero volt, or when
the card is extracted from the socket, the active pull down Q5
rapidly discharges the output reservoir capacitor, making
sure the output voltage is below 0.40 V when the card slides
across the contacts.

Based on the experiments carried out during the
NCNG6004A characterization, the best comprise, at time of
printing  this  document, is to use two
4.7 uF/10 V/ceramic/X7R capacitor in parallel to achieve
the CRD_VCC filtering. The ESR will not extend 50 mQ2

Table 6. Ceramic/Electrolytic Capacitors Comparison

over the temperature range and the combination of standard
parts provide an acceptable —20% to +20% tolerance,
together with a low cost. Table 6 shows a quick comparison
between the most common type of capacitors. Obviously,
the capacitor must be SMD type to achieve the extremely
low ESR and ESL necessary for this application.

Figure 17 illustrates the CRD_VCC ripple observed in the
NCN6004A demo board running with X7R ceramic
capacitors.

Manufacturer Type/Series Format Max Value Tolerance Typ. Z @ 500 kHz
MURATA CERAMIC/GRM225 0805 10 uF/6.3 V -20% /+20% 30 mQ
MURATA CERAMIC/GRM225 0805 4.7 uF/6.3 V -20% /+20% 30 mQ
VISHAY Tantalum/594C/593C 1206 10 uF/16 VvV 450 mQ
VISHAY Electrolytic/94SV 1812 10 uF/10 VvV -20%/+20% 400 mQ
Miscellaneous Electrolytic Low Cost 1812 10 uF/10 vV —35%/+50% 20Q
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CED_¥CC = 5.0

| CRD_VCC =3.0V

Ref2 100my 5.00us

NOTE: Operating conditions under full output load.

Figure 17. Typical CRD_VCC Ripple Voltage

respupyed
- CRD_RST
I i U DU UUU. SUNUEEN FUS SRRS PPN
© CRD _VCC =18V - .
: e
.................... . _
4o : :
1Ch 1 IR A T — WME00ps Chi s dmv Chi 200V &% ChZ 5.00V  WM50.00s CRi 7 520mV
M 500V & Chd 500V &

Figure 18. Typical Card Voltage Turn ON and Start-up
Sequence

5.00V
5.00V &

“WMS0.00s Chi v 4.0V

Figure 19. Typical Card Supply Turn OFF

74 T
Vout= 3.0V __d—" .
72 —
/ Vout = 5.0 V
70 7~
/
68 r/ ~
< 66 / ~
i / Vour=1.8V
64 /’ AN
62
Lout =22 uH
60 ESR=2Q
58 |
25 3.0 3.5 4.0 4.5 5.0 5.5
Vat (V)
Figure 20. CRD_VCC Efficiency as a Function of the
Input Supply Voltage

The curves in Figure 20, illustrate the typical behavior
under full output current load (35 mA, 60 mA and 65 mA),
according to EMV specifications.

During the operation, the inductor is subject to high peak
current as depicted in Figure 21 and the magnetic core must
sustain this level of current without damage. In particular,
the ferrite material shall not be saturated to avoid
uncontrolled current spike during the charge up cycle.
Moreover, since the DC/DC efficiency depends upon the
losses developed into the active and passive components,
selecting a low ESR inductor is preferred to reduce these
losses to a minimum.
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