NCN6001

AN b RARR—bF-hH—F -
42327 x—XIC

NCN6001LiEZ, A~—h « WI—R A HTxz—R T 7Y
r—va VEAOEBEE T, ZOTF AL AL, YT
THMip~f/nary b —7 « A X T x2—A&E@ELT,
HOWAHAFEDOA~w—F « I—FREMELET, 51T,
WETF 7« kL7 bk, EEOD 7T E2WHNC
B cEx 7,

DT NRA AL, KaA b AKENT TV r—3a I
WL TR, FIEEBRNZT DO TIERWEZD Ny 7 U Hmn
KRIEIIER S IVET,

"R

e 1SO 7816-3ik%. EMVEIF, I8 K UGIE-CBHIASIZ100% VL
® SERGSMYEHL

o RNy T UEEIREEH#E © 27<Vec<b5V

7'v /7~ 7 /)LCRD_VCC&EJRTL8V, 3.0V, F7/iF50VD

71— REVEIT KRG

o T AMRERN L ENVEBIOELE TR I—R 7
v s Aa—77

o Yl I<T) . p— K-y rhE

e NEF v 7 kL7 k- ayyZICkitdh 7Y TH)
VED Al BE

o J— F « B NTK T HESDIR#B.OKV., AKET L)

® S KRAOMHzZA )7 1 v 77 YR — b

o NjEi 712/ 5~7/LCRD CLKA b v FHREN FATIREE X 7213
(EARN T usE

o JR\WENEE B EEBH XN T A Te DT e ST~ T
CRD_CLKZ 11—

® HHCRD VCCH — AV BLOF —v A7 « —F R

o RV — TNAR

REHT7IVS—2 30
O Eav—RA AU H T —RA

o & HETELMBATM)A~— K « I— R

® Point of Sales(POS)> A7 A

o AT L YRAT L

© Semiconductor Components Industries, LLC, 2014 1

October, 2014 — Rev. 6

ON Semiconductor®

Www.onsemi.jp

TSSOP-20
DTB SUFFIX
CASE 948E

PIN CONNECTIONS

o[ 1] o 20] CRD_IO
INT| 2| 19] CRD_RST
CLK_IN| 3 18] CRD_DET

Mosi[ 4] 17] crD_cLk
cm_sm% % GND
EN_RPU[ 6 15| C4/S0

Miso|[ 7] 14] cars1

cs[s] 13] cRD_vce
VCCE E Lout H

Lout_L|10 11| PWR_GND

(Top View)
MARKING DIAGRAM

200AAAAAAAR

NCN
6001
ALYWs=

o .
LLEEEELLL

A = Assembly Location
L =Wafer Lot

Y =Year

W = Work Week

= = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 32 of this data sheet.

Publication Order Number:
NCN6001JP/D
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PIN FUNCTIONS AND DESCRIPTION

TSSOP

Name

Type

Description

1

lfe}

Input/Output
Pullup

This pin is connected to an external microcontroller interface. A bidirectional level translator
adapts the serial 1/0 signal between the smart card and the microcontroller. The level
translator is enabled when CS = L, the sub address has been selected and the system
operates in the Asynchronous mode. When a Synchronous card is in use, this pin is
disconnected and the data and the transaction take place with the MISO b3 register.

The internal pullup resistor connected on the uC side is activated and visible by the selected
chip only.

z
_|

OUTPUT
Pullup

This pin is activated LOW when a card has been inserted and detected by CRD_DET pin.
Similarly, an interrupt is generated when the CRD_VCC output is overloaded, or when the card
has been extracted whatever be the transaction status (running or standby).

The INT signal is reset to High according to Table 7 and Figure 10. On the other hand, the pin
is forced to a logic High when the input voltage V¢ drops below 2.0 V.

CLK_IN

CLOCK
INPUT
High
impedance

The built-in Schmitt trigger receiver makes this pin suitable for a large type of clock signal
(Figure 29). This pin can be connected to either the microcontroller master clock, or to a
crystal signal, to drive the external smart cards. The signal is fed to the internal clock selector
circuit and translated to the CRD_CLK pin at either the same frequency, or divided by 2 or 4,
depending upon the programming mode.

Note: The chip guarantees the EMV 50% Duty Cycle when the clock divider ratio is 1/2 or 1/4,
even when the CLK_IN signal is out of the 45% to 55% range specified by ISO and EMV
specifications.

Care must be observed, at PCB level, to minimize the pick-up noise coming from the CLK_IN
line.

MOSI

INPUT

Master Out Slave In: SPI Data Input from the external microcontroller. This byte contents the
address of the selected chip among the four possible, together with the programming code for
a given interface.

CLK_SPI

INPUT

Clock Signal to synchronize the SPI data transfer. The built—=in Schmitt trigger receiver makes
this pin compatible with a wide range of input clock signal (Figure 29). This clock is fully
independent from the CLK_IN signal and does not play any role with the data transaction.

EN_RPU

INPUT, Logic

This pin is used to activate the 1/O internal pullup resistor according to the here below true
table:

EN_RPU = Low — I/O Pullup resistor disconnected

EN_RPU = High — 1/O Pullup resistor connected
When two or more NCN6001 chips shares the same 1/O bus, one chip only shall have the
internal pullup resistor enabled to avoid any overload of the I/O line.
Moreover, when Asynchronous and Synchronous cards are handled by the interfaces, the
activated 1/O pullup resistor must preferably be the one associated with the Asynchronous
circuit.
On the other hand, since no internal pullup bias resistor is built in the chip, pin 6 must be
connected to the right voltage level to make sure the logic function is satisfied.

MISO

OUTPUT

Master In Slave Out: SPI Data Output from the NCN6001. This byte carries the state of the
interface, the serial transfer being achieved according to the programmed mode (Table 2),
using the same CLK_SPI signal and during the same MOSI time frame. The three high bits
[b7:b5] have no meaning and shall be discarded by the microcontroller. An external 4.7 k2 Pull
down resistor might be necessary to avoid misunderstanding of the pin 7 voltage during the
High Z state.

INPUT

This pin synchronizes the SPI communication and provides the chip address and selected
functions.

All the NCN6001 functions, both programming and card transaction, are disabled when
CS=H.

Vee

POWER

This pin is connected to the NCN6001 supply voltage and must be bypassed to ground by
a 10 uF/6.0 V capacitor.

Since tantalum capacitors have relative high ESR, using low ESR ceramic type (MURATA
X5R, Resr < 100 mQ) is highly recommended.

10

Lout L

POWER

The Low Side of the external inductor is connected between this pin and pin 12 to provide the
DC/DC function. The current flowing into this inductor is internally sensed and no external
shunt resistor is used. Typically, Lout = 22 uH, with DSR < 2.0 Q, yields a good efficiency
performance for a maximum 65 mA DC output load.

Note: The inductor shall be sized to handle the 450 mA peak current flowing during the DC/DC
operation (see CoilCraft manufacturer data sheet).




NCN6001

PIN FUNCTIONS AND DESCRIPTION (continued)

TSSOP

Name

Type

Description

11

PWR_GND

POWER

This pin is the Power Ground associated with the built—in DC/DC converter and must be
connected to the system ground together with GROUND pin 16. Using good quality ground
plane is recommended to avoid spikes on the logic signal lines.

12

Lout_H

POWER

The High Side of the external inductor is connected between this pin and pin 10 to activate the
DC/DC function. The built-in NMOS and PMOS devices provide the switching function
together with the CRD_VCC voltage rectification (Figure 16).

13

CRD_VCC

POWER

This pin provides the power to the external card. It is the logic level “1” for CRD_IO,
CRD_RST, CRD_C4, CRD_C8 and CRD_CLK signals.

The energy stored by the DC/DC external inductor Lout must be smoothed by a 10 uF/Low
ESR capacitor, connected across CRD_VCC and GND. Using ceramic type of capacitor
(MURATA X5R, ESR < 50 mQ) is strongly recommended. In the event of a CRD_VCC Uy_ow
voltage, the NCN6001 detects the situation and feedback the information in the STATUS bit.
The device does not take any further action, particularly the DC/DC converter is neither
stopped nor re programmed by the NCN600L1. It is up to the external MPU to handle the
situation.

However, when the CRD_VCC is overloaded, the NCN6001 shuts off the DC/DC converter,
runs a Power Down 1SO sequence and reports the fault in the STATUS register.

Since high transient current flows from this pin to the load, care must be observed, at PCB
level, to minimize the series ESR and ESL parasitic values. The NCN6001 demo board
provides an example of a preferred PCB layout.

14

C8/s1

110

Auxiliary mixed analog/digital line to handle either a synchronous card, or as Chip Select
Identification (MISO, Bit 0): see Figure 8. The pin is driven by an open drain stage, the pullup
resistor being connected to the CRD_VCC supply. When the pin is used as a logic input
(asynchronous cards), the positive logic condition applies:

Connected to GND — Logic = Zero

Connected to V¢ or left Open — Logic = One
A built=in accelerator circuit makes sure the output positive going rise time is fully within the
ISO/EMV specifications.

NOTE: The pin is capable of reading the logic level when the chip operates an asynchronous
interface, but is not intended to read the data from the external card when operated in
the synchronous mode. It merely returns the logic state forced during a write
instruction to the card.

15

C4/S0

110

Auxiliary mixed analog/digital line to handle either a synchronous card, or as Chip Select
Identification (MISO, Bit 1): see Figure 8. The pin is driven by an open drain stage, the pullup
resistor being connected to the CRD_VCC supply. When the pin is used as a logic input
(asynchronous cards), the positive logic condition applies:

Connected to GND — Logic = Zero

Connected to V¢ or left Open — Logic = One
A built-in accelerator circuit makes sure the output positive going rise time is fully within the
ISO/EMV specifications.

NOTE: The pin is capable of reading the logic level when the chip operates an asynchronous
interface, but is not intended to read the data from the external card when operated in
the synchronous mode. It merely returns the logic state forced during a write
instruction to the card.

16

GND

SIGNAL

The logic and low level analog signals shall be connected to this ground pin. This pin must be
externally connected to the PWR_GND pin 12. The designer must make sure no high current
transients are shared with the low signal currents flowing into this pin.

17

CRD_CLK

OUTPUT

This pin is connected to the CLK pin of the card connector. The CRD_CLK signal comes from
the clock selector circuit output. An internal active pull down NMOS device forces this pin to
Ground during either the CRD_VCC startup sequence, or when CRD_VCC =0 V.

The rise and fall slopes, either FAST or SLOW, of this signal can be programmed by the MOSI
message (Table 2).

Care must be observed, at PCB level, to minimize the pick—up noise coming from the
CRD_CLK line.
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PIN FUNCTIONS AND DESCRIPTION (continued)

TSSOP

Name

Type

Description

18

CRD_DET

INPUT

The signal coming from the external card connector is used to detect the presence of the card.
A built=in pullup low current source biases this pin High, making it active LOW, assuming one
side of the external switch is connected to ground. A built—in digital filter protect the system
against voltage spikes present on this pin.
The polarity of the signal is programmable by the MOSI message, according to the logic state
depicted Table 2. On the other hand, the meaning of the feedback message contained in the
MISO register bit b4, depends upon the SPI mode of operation as defined here below:
SPI Normal Mode: The MISO bit b4 is High when a card is inserted, whatever be the polarity
of the card detect switch.
SPI Special Mode: The MISO bit b4 copies the logic state of the Card detect switch as
depicted here below, whatever be the polarity of the switch used to handle the detection:
CRD_DET = Low — MISO/b4 = Low
CRD_DET = High — MISO/b4 = High
In both cases, the chip must be programmed to control the right logic state (Table 2).
Since the bias current supplied by the chip is very low, typically 5.0 uA, care must be observed
to avoid low impedance or cross coupling when this pin is in the Open state.

19

CRD_RST

OUTPUT

This pin is connected to the RESET pin of the card connector. A level translator adapts the
RESET signal from the microcontroller to the external card. The output current is internally
limited to 15 mA.

The CRD_RST is validated when CS = Low and hard wired to Ground when the card is
deactivated, by and internal active pull down circuit.

Care must be observed, at PCB design level, to avoid cross coupling between this signal and
the CRD_CLK clock.

20

CRD_IO

110
Pullup

This pin handles the connection to the serial I/O pin of the card connector. A bidirectional level
translator adapts the serial 1/0O signal between the card and the microcontroller. An internal
active pull down MOS device forces this pin to Ground during either the CRD_VCC startup
sequence, or when CRD_VCC =0 V. The CRD_IO pin current is internally limited to 15 mA.

Care must be observed, at PCB design level, to avoid cross coupling between this signal and
the CRD_CLK clock.




NCN6001

MAXIMUM RATINGS (Tp = +25°C unless otherwise noted)

Rating Symbol Value Unit

Power Supply Voltage Vee 6.0 Vv
Power Supply Current Ibat 500 mA
Note: This current represents the maximum peak current the
pin can sustain, not the NCN6001 average consumption.
Power Supply Current lcc 150 (Internally Limited) mA
Digital Input Pins Vin -0.5V <V, <Vec+0.5V, but< 6.0V \
Digital Input Pins lin 5.0 mA
Digital Output Pins Vout -0.5V <V, <Vcc+0.5V, but< 6.0V \
Digital Output Pins lout +10 mA
Card Interface Pins Veard -0.5V <Vcarg <CRD_VCC +0.5V \Y,
Card Interface Pins, excepted CRD_CLK lcard 15 (Internally Limited) mA
Inductor Current ILout 500 (Internally Limited) mA
ESD Capability (Note 1) VEsD

Standard Pins 2.0 kv

Card Interface Pins 8.0 kv

CRD_DET 4.0 kv
Power Dissipation @ Tamb = +85°C Pps 320 mwW
Thermal Resistance, Junction—to—Air (Rgja) Rgia 125 °C/W
Operating Ambient Temperature Range Ta -25to +85 °C
Operating Junction Temperature Range T, -25to0 +125 °C
Maximum Junction Temperature (Note 2) T Imax +150 °C
Storage Temperature Range Tstg —65 to +150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

(BER)

RAEREBRZDRAMLRIE, TRARICHA—DEEZLBREPHYET . CNOOEREXZRBAIBEE. T/N\1 AOHEEKEZEE
BW, FA—DHRELEY., EEEICEEEZRETAEBRESHY ET,

1. Human Body Model, R = 1500 , C = 100 pF.

2. Absolute Maximum Rating beyond which damage to the device may occur.



NCN6001

DIGITAL PARAMETERS @ 2.7 V < V¢ <5.5V (-25°C to +85°C ambient temperature, unless otherwise noted).
Note: Digital inputs undershoot < - 0.3 V to ground, Digital inputs overshoot < 0.3 V to V¢c.

Rating Pin Symbol Min Typ Max Unit

Input Asynchronous Clock Duty Cycle = 50% 3 FcLkin MHz

@ Vcc = 3.0 V Over the Temperature Range - - 30

@ Vcc = 5.0 V Over the Temperature Range - - 40
Input Clock Rise Time 3 Fir 25 - - ns
Input Clock Fall Time Fit 25 - - ns
Input SPI Clock 5 FcLkspi - - 15 MHz
Input CLK_SPI Rise/Fall Time @ Cout = 30 pF 5 trspiy tspi - - 12 ns
Input MOSI Rise/Fall Time @ Cout = 30 pF 4 trmosis - - 12 ns

tfmosi
Output MISO Rise/Fall Time @ Cout = 30 pF 7 trmisos - - 12 ns
tfmiso

Input CS Rise/Fall Time 8 trsty, thstr - - 12 ns
1/0 Data Transfer Switching Time, both directions 1,20

(I/0 and CRD_I0), @ Cout = 30 pF
I/O Rise Time * (Note 4) triO - - 0.8 us
I/O Fall Time trio - - 0.8 us
INT Pullup Resistance 2 RiTa 20 50 80 kQ
Positive Going Input High Voltage Threshold 2,3,4,5, Via \%
(CLK_IN, MOSI, CLK_SPI, EN_RPU, CS) 6.8 0.70 * Ve - Vee
Negative Going Input High Voltage Threshold 2,3,4,5, ViLLa \%
(CLK_IN, MOSI, CLK_SPI, EN_RPU, CS) 6,8 0 - 0.3 *V¢e
Output High Voltage 2,7 VoH \%
WT, MISO @ OH =-10 MA VCC -1.0V - VCC
Output Low Voltage 2,7 VoL \%
INT, MISO @ Oy = 200 nA - - 0.4
Delay Between Two Consecutive CLK_SPI Sequence 5 tdgik 33 - - ns

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

3. Since a 20 kQ (typical) pullup resistor is provided by the NCN6001, the external MPU can use an Open Drain connection. On the other hand,
NMOS smart cards can be used straightforward.



NCN6001

POWER SUPPLY @ 2.7 V < V¢ < 5.5V (-25°C to +85°C ambient temperature, unless otherwise noted).

Rating Pin Symbol Min Typ Max Unit
Input Power Supply 9 Vce 2.70 - 5.50V \%
Standby Supply Current Conditions: 9 ICCgp UA

INT = CLK_IN = CLK_SPI=CS =H

1/0 = MOSI = EN_RPU = H, No Card Inserted
Vec=3.0V - 25 50
Vec=5.0V - 35 60

DC Operating Current 9 ICCop mA
CLK_IN = Low, All Card Pins Unloaded
@ Vec=33V,CRD_VCC=50V - - 0.5

@ Vec=5.5V,CRD_VCC =50V - - 15

Vcc Under Voltage Detectionyign 9 VCCn 2.20 - 2.70 \
Ve Under Voltage Detection o, VCC 2.00 - 2.60
Vcc Under Voltage (Note 6) VCCpoRr 1.50 - 2.20

Output Card Supply Voltage 13 \%
@27V<Vcc<55V -
CRD_VCC =1.8V @ lload = 35 mA Vo 1.65 1.80 1.95
CRD_VCC =3.0V @ lload = 60 mA VesH 2.75 3.00 3.25
CRD_VCC =5.0V @ lload = 65 mA Vesy 4.75 5.00 5.25

Maximum Continuous Output Current 13 ICC mA
@ CRD _ VCC=1.8YV 35 - -
@ CRD_VCC=3.0V 60 - -
@ CRD_VCC=5.0V 65 - -

Output Over Current Limit 13 Iccov mA
Vce=3.3V,CRD_VCC=18V,3.0Vor50V - 100 -
Vecc=5.0V,CRD_VCC=18V,3.0Vor50V - 150 -

Output Dynamic Peak Current 13 Iccd mA
@ CRD_VCC=1.8V,3.0Vor5.0V, Cout=10uF 100 - -
(Notes 4 and 5)

Output Card Supply Voltage Ripple 13 - mV
@ Vce =3.6V, Lout =22 uH, Coutl = Cout2 = 4.7 uF
Ceramic X7R, lout = 55 mA

CRD_VCC=5.0V - 35 -
CRD_VCC = 3.0 V (Note 4) - 35 -
CRD_VCC=1.8V - 35 -
Output Card Supply Turn On Time @ 13 VCCron us
Lout = 22 uF, Coutl = 10 uF Ceramic - - 500
Vec =2.7V,CRD_VCC =50V
Output Card Supply Shut Off Time @ 13 VCCroFF us
Coutl = 10 uF, Ceramic - 100 250

Vee = 2.7V, CRD_VCC =5.0 V, VCCopr < 0.4 V

4. Ceramic X7R, SMD type capacitors are mandatory to achieve the CRD_VCC specifications. When an electrolytic capacitor is used, the
external filter must include a 220 nF, max 50 mQ ESR capacitor in parallel, to reduce both the high frequency noise and ripple to a minimum.
Depending upon the PCB layout, it might be necessary to use two 4.7 uF/6.0 V/ceramic/X5R/SMD 0805 in parallel, yielding an improved
CRD_VCC ripple over the temperature range.

5. Pulsed current, according to ISO7816-3, paragraph 4.3.2.

6. No function externally available during the Vcc POR sequence.




NCN6001

SMART CARD INTERFACE @ 2.7 V < V¢ < 5.5V (-25°C to +85°C ambient temperature, unless otherwise noted).
Note: Digital inputs undershoot < -0.3 V to ground, Digital inputs overshoot < 0.3 V to V¢c.

Mode @ CRD_VCC =3.0Vor=5.0V
CRD_CLK

Rating Pin Symbol Min Typ Max Unit

CRD_RST @ CRD_VCC=1.8V,3.0V,5.0V 19

Output RESET Vpp @ Irst = =200 pA VoH CRD_VCC-0.5 - CRD_VCC \Y

Output RESET Vg @ Irst = 200 uA VoL 0 - 0.4 \%

Output RESET Rise Time @ Cout = 30 pF tr - - 100 ns

Output RESET Fall Time @Cout = 30 pF te - - 100 ns
CRD_CLK as a function of CRD_VCC 17
CRD_VCC =+5.0Vor3.0Vor1.8V

Output Frequency FcrbcLK - 20 MHz

Output Vo @ lerd_clk = =200 pA VoH CRD_VCC-0.5 CRD_VCC \Y

Output Vo @ lcrd_clk = 200 pA VoL 0 +0.4 \
CRD_CLK Output Duty Cycle

CRD_VCC=5.0V Fcrppc 45 55 %

CRD_VCC=3.0V 40 60 %

CRD_VCC = 1.8 V (Note 7) 40 60 %
Rise & Fall time @ CRD_VCC =180V to5.0V

Fast Mode

Output CRD_CLK Rise time @ Cout = 30 pF tress - 2.1 4 ns

Output CRD_CLK Fall time @ Cout = 30 pF ties - 1.9 4 ns
Rise & Fall time @ CRD_VCC =180V 1t0 5.0V

Slow Mode

Output CRD_CLK Rise time @ Cout = 30 pF tills - 11.5 16 ns

Output CRD_CLK Fall time @ Cout = 30 pF tulsa - 10.8 16 ns
CRD_IO @ CRD_VCC=1.8V3.0V,50V 20
CRD_IlO Data Transfer Frequency Fio - 400 - kHz
CRD_IO Rise time @ Cout = 30 pF trRIO - - 0.8 us
CRD_IO Fall time @ Cout = 30 pF trio - - 0.8 us

Output Vo @ lerd_clk = =20 pA VoH CRD_VCC — 0.5 - CRD_VCC Vv

Output Vo, @ lcrd_clk =500 A, V)L =0V VoL 0 - 0.4 \
CRD_IO Pullup Resistor 20 RcrDPU 14 20 26 kQ
CRD_CS8 Output Rise and Fall Time @ Cout = 30 pF 14 trcs, trcs - - 100 ns
CRD_C4 Output Rise and Fall Time @ Cout = 30 pF 15 trca, trca - - 100 ns
CRD_C4 and CRD_C8 Data Transfer Frequency 14, 15 Fcas - 400 - kHz
CRD_C8, CRD_C4 Output Voltages 14,15 | Vou VoL

High Level @ Irst = =200 uA CRD_VCC-0.5 - - \%

Low Level @ Irst = +200 pA 0 - 0.4 \%
C8/S0 and C4/S0 Address Bias Current (Note 8) 14,15 lbcacs - 1.0 - uA
Card Detection Digital Filter Delay: 18

Card Insertion TcrDIN 25 50 150 us

Card Extraction TCRDOFF 25 50 150 us
Card Insertion or Extraction Positive Going Input High Voltage 18 V\HDET 0.70 * V¢ - Vee \Y,
Card Insertion or Extraction Negative Going Input Low Voltage 18 V\LDET 0 - 0.30 * Ve \Y,
Card Detection Bias Pullup Current @ Vcc =5.0V 18 IDET - 10 - uA
Output Peak Max Current Under Card Static Operation 1,20 lcrd_iorst - - 15 mA
Mode @ CRD_VCC=3.0Vor=5.0V
CRD_RST, CRD_IO, CRD_C4, CRD_C8
Output Peak Max Current Under Card Static Operation 17 lerd_clk - - 70 mA

7. Parameter guaranteed by design, function 100% production tested.
8. Depending upon the environment, using and external pullup resistor might be necessary to cope with PCB surface leakage current.
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Table 1. WRT_REG BITS DEFINITIONS

bO, If (b7 + b6 + b5) <> 110 and (b7 + b6 + b5) <> 101 and (b7 + b6 + b5) <> 111 then
bl Case 00
CRD_VCC=0V
Case 01
CRD_VCC=18V
Case 10
CRD_VCC =30V
Case 11
CRD_VCC =50V
Else if (b7 + b6 + b5) = 110 then
b1l drives C4
b0 drives C8
Else if (b7 + b6 + b5) = 101 then
Case (b4 + b3 + b2 + b1 + b0) = 0000
CRD_DET =NO
Case (b4 + b3 + b2 + bl + b0) = 0001
CRD_DET=NC
Case (b4 + b3 + b2 + bl + b0) = 0010
SPI_MODE = Special
Case (b4 + b3 + b2 + bl + b0) = 0011
SPI_MODE = Normal
End if
b2, If (b7 + b6 + b5) <> 110 and (b7 + b6 + b5) <> 101 and (b7 + b6 + b5) <> 111 then
b3 Case 00
CRD_CLK =L
Case 01
CRD_CLK = CLK_IN
Case 10
CRD_CLK = CLK_IN/2
Case 11
CRD_CLK = CLK_IN/4
Else if (b7 + b6 + b5) = 110 then
b3 drives CRD_CLK
b2 drives CRD_IO
Else if (b7 + b6 + b5) = 101 then
Case (b4 + b3 + b2 + bl + b0) = 0000
CRD_DET = NO
Case (b4 + b3 + b2 + bl + b0) = 0001
CRD_DET =NC
Case (b4 + b3 + b2 + bl + b0) = 0010
SPI_MODE = Special
Case (b4 + b3 + b2 + bl + b0) = 0011
SPI_MODE = Normal
End if
b4 Drives CRD_RST pin (Note 10)
b5, 000 Select Asynchronous Card #0 (Note 9), four chips bank CS signal
b6, 001 Select Asynchronous Card #1 (Note 9), four chips bank CS signal
b7 010 Select Asynchronous Card #2 (Note 9), four chips bank CS signal
011 Select Asynchronous Card #3 (Note 9), four chips bank CS signal
100 Select External Asynchronous Card, dedicated CS signal
110 Select External Synchronous Card, dedicated CS signal
101 Set Card Detection Switch polarity, Set SPI_MODE normal or special. Set CRD_CLK slopes Fast or Slow.
111 Reserved for future use

9. When operating in Asynchronous mode, [b5:b7] are compared with the external voltage levels present pins C4/S0 and C8/S1 (respectively
pins 15 and 14).

10.The CRD_RST pin reflects the content of the MOSI WRT_REG[b4] during the chip programming sequence. Since this bit shall be Low to
address the internal register of the chip, care must be observed as this signal will be immediately transferred to the CRD_RST pin.
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Table 2. WRT_REG BITS DEFINITIONS AND FUNCTIONS

ADDRESS PARAMETERS
CHIP MOSI bits MOSI bits MOSI bits
BANK [b3:b2] [b1:b0] [b7:b0]
1 b7 | b6 | b5 b4 b3 b2 | bl | bo CRD_CLK CRD_VCC CRD_DET
1 0 X X RST 0 0 0 0 Low 0 -
1 0 X X RST 0 1 0 1 1/1 1.8V -
1 0 X X RST 1 0 1 0 1/2 3.0V -
1 0 X X RST 1 1 1 1 1/4 50V -
1 1 0 1 0 0 0 0 0 - - NO
1 1 0 1 0 0 0 0 1 - - NC
1 1 0 1 0 0 0 1 0 - - Special
1 1 0 1 0 0 0 1 1 - - Normal
1 1 0 1 0 0 1 0 0 - - SLO_SLP
1 1 0 1 0 0 1 0 1 - - FST_SLP
1 1 1 1 - - - - - - - RFU
2 1 0 0 RST 0 0 0 0 Low 0 -
2 1 0 0 RST 0 1 0 1 171 1.8V -
2 1 0 0 RST 1 0 1 0 1/2 3.0V -
2 1 0 0 RST 1 1 1 1 1/4 50V -
2 1 1 0 RST CLK 110 C4 c8 - - Data to Sync. Card
2 1 0 1 0 0 0 0 0 - - NO
2 1 0 1 0 0 0 0 1 - - NC
2 1 0 1 0 0 0 1 0 - - Special
2 1 0 1 0 0 0 1 1 - - Normal
2 1 0 1 0 0 1 0 0 - - SLO_SLP
2 1 0 1 0 0 1 0 1 - - FST_SLP
2 1 1 1 - - - - - - - RFU

11. Chip Bank 1 = Asynchronous cards, four slots addresses 1 to 4.
Chip Bank 2 = Asynchronous or synchronous card, single slot.

12.Address 101 and bits [bO : b4] not documented in the table are reserved for future use.

Address 111 is reserved for future use.

%LIIXXXXX 22— RZ&HEH 9% Z & 1%, NCN6001
YU OBENLIIMESH Y FHAN, AT
B s RAZIEF L TWNWAEAL LV EZ T 22— ADEHAR
BEREELBEIBET A7 DICEENRSLETY, 203
— KBTI e XA EITHB EE, CSEFEILE
LTCWAA %7 x—ADCRD RSTIE 5%, +<I
MOSIE > RbAL AKX DF I H L« a VTV k
kL E, FEkC, A1 %7 2 —ADMOSI
LY RAZEISPIAR— bk EIZH Y £, ZoORER, VA
FLANERDOF v F v LT ke TAUEENTD
A, MISOL )L TOT — X @22 L EHLRGE/R

11

— REMERFAET D ATREME H D £97, $111xxxxx =
— RZHEHT 2L ICER S I ANEER ISR LT
%, HHDOCSE y h&aFATT 52 L 2R L £
R

— ., FoTONE L RAENRRIRENN— R =
7 {KAE(NO/NC, Special/Normal, SLO_SLP/FST_SLP)
WZRHET DX 97 v s 7 885 &, CRD_RSTE
Tl —lcmil S ET, —MKIT, O LD etk
X, XU —F> - Uty FhoOCRD_RSTORE) % [A]
BT D=0 TbRE T,
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)—F-LZPRX4 - READ_REG
READ_REGL Y AFIZIE, A1 v Z 7 =2 —AB LW
SN — RN DREARAENT T — 2 BN EENTVE
9, MOSI> —/% > A(CS = Low)H', IR
A2 HZIBMOSIE ARk S E T, Table3lZE > MiE
FrERLET,

a7 ASIHTWAHSPI_MODEIZIH LT,
READ_REGDOWNZEIL, CLK_SPUE Z D EH#EITA T —

7’(SPI_MODE = Special) ¥ 7= (3 AT A 1 — 7
(SPI_MODE = Normal) >\ 17> TMISOT 1 > k%
Rk SN ET, B3NS NMIIIED T — 2R E
EFnTWaWnWew, AlivA7rar he—J32
NHEMELET,

Table 3. MOSI AND MISO BITS IDENTIFICATIONS AND FUNCTIONS

MOSI b7 | b6 | b5 b4 b3 b2 bl b0 Operating Mode
0 0 0 RST CLK CLK Vce Vee Asynchronous, Program Chip
0 0 1 RST CLK CLK Vee Vee Asynchronous, Program Chip
0 1 0 RST CLK CLK Vce Vce Asynchronous, Program Chip
0 1 1 RST CLK CLK Vee Vee Asynchronous, Program Chip
1 0 0 RST CLK CLK Vee Vee Asynchronous, Program Chip
1 1 0 RST CLK 1/0 C4 Cc8 Synchronous, Sets Card Bits
MISO z z z Card Detect lfe} C4 Cc8 PWR Monitor Read Back Data
ERBE—F MAOEED T 1 77 I 7%, Table 1& Table 2127¢

ZOE— FTIE, & K4DODNCN600LID /S 7 H3
RMUTYHN - N2EWGT5H L&, CRD_CAE
LCRD C8E VAL TA U H 7 = — ADWET
RUANERINET,

FE#E—F

ZDOF— RNTiE, CRD C4r" L CRD C8E >N A
~— bk« = RIS, CSEBEZMDT A X
AT HZLITTERLI R ET, ORI,
AET 2= AN LVTENEE— R TEMET D & &
X, BHOF 7 - L7 MEB R LT T
72 ) F 8 A(Figure 33),

—J, MOSILV YA D E > Fba-bOlIZIZ A~ —
ke = RKOF—HREENTWSHT=H CRD_VCC

#i -
LDAA
STAA
LDAA
STAA
LDAA
STAA

#%10010111
MOSI
#%11010011
MOSI
#%00111110
MOSI

12

ST, UBIOMOSIA vt —P 2% ETHZ LIk
> TThILET,

CRD RSTV NI F w7 - Tl oI 0 « —7r
> A%, MOSI WRT_REG[b4]DNE % e L %
T, FyTONTFLIAZET NLRAEET S
Wi, 2Oy b —TRIFI7R 5720z d),
ZOEENEBICCRD RSTE U ICHEEESN D X H1E
BEAMETT,

Ty TN OE— NTEET S L ZIIMET N
AMMIFIELIRND T, MOSILVY AT T —~ v
F%I0OXXXXXZEH L CF v 72 7T a /I hd 5
WEERH D T (%1007 Y 7 4 v 7 A XXXXXT —
)

;Set RST =H, CLK=1/1, VCC=5.0V
;SYNC. Card: set RST=H,CLK=L,10=L,C4=H,C8=H

:ASYNC. Card: set RST=H, CLK=7,VCC=3.0V
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REIFDT 74U MREE

EENFIZVecBIRN A 272 5 & NEPORIAIES
WTF v T aTable ATER S NDT 7 4V MREBIZE

ﬁz]\/\ij—o

Table 4. STARTUP DEFAULT CONDITIONS

CRD_DET Normally Open
CRD_VCC Off
CRD_CLK t, and t;= SLOW
CRD_CLK Low
Protocol Special Mode
H— FO%H

J— RIINERA A » FITHERE S T2 B 18 T
ENET, NEIEENS Z O OIERA 7 R & 17t
L. AR OmIEIZMOSIZ 1 h =L k- T,
Table 2iZ/RT BV 7/ T ATEET,

NA T ZAEFTLO WAGERE) T, 2oL r T
%W@)~7%EELT n Yy 7 KR A MR 5
TeDIZEEDLETT, FrlC, K/ E—F R -
7n%7@10Mm%ﬁm75k\?ﬂy7$Kﬁ
PEARBEEMENE LD NS £9, vl I A
ENTWVDHREITIE U T, I— RIZERRAAL v F
(77 4V MR FERAA A v FONT T
mémiﬁuwmao*ﬁ\mwovyx&@eyb

IEEND T4 — RN 7 « AvbE—VDOEK

i UUTFICERT DSPIEMEE— RICk o TRZRY %
D
SPI Normal Mode : 7 — R A A > F Ot 2 Btk
2, W= FBFHASH TS EE, MISOE ¥ |
b4t/ A TT,

SP Snecial Mode : f LB IZEH S D A A v F D
FRVEICBIR 72 <. MISOE v b4k, kD LBV B
— FRHEAAL v Fouyy 7 REEZaY—LET,
CRD_DET = Low — MISO/b4 = Low
CRD_DET = High — MISO/b4 = High

L eRp ven
S A ; : CRD_CLK

. CRD_IO

S00v  Msoops oHi 7 2.52V

200ma,

CRD_VCCHEiE

WEDC/DC = > /X — X |, CRD_VCCTE/E % #fik
L. ATEEVce2.7V~55VO#PFHN & E L
T, 1.8V, 3.0V, 5.0 VD3I ODEDWT ILH%E FET

?éibﬁfnﬁ?Af%iﬁowfﬂﬁ%é%\
i A R & 42, CRD_VCCOE EfL N
THhivE 3, *ji AN ) EVee & Hjjj 5 R
CRD_VCCO ()& LT, *ﬁﬁﬁiﬂrﬁw%%
R BEEEEE — N2 0B 5 X 9z, BEIMIC
DEEHY £9,

CRD_VCCH /7%, Table 5i27r9 &L 9 1ZVec A
THMEDBI¥ T,

Table 5. CRD_VCC OUTPUT VOLTAGE RANGE

CRD_VCC Comments

1.80V Maximum Output DC Current = 35 mA
3.0V Maximum Output DC Current = 60 mA
50V Maximum Output DC Current = 65 mA

CMLWIMﬁ%EK%%E<\W@3VNV~
KN, EIE 75“507816—3/EMV&$§@%EIV\W‘&;5:
LEHRLET, 205 e/ N e RAE O FEFH N T 72w
% \[mm01j7aﬁb\ﬂv By e v—Ir
yxﬁ%ﬁéh\mﬁﬁdfﬁbﬁﬁﬁﬁébi
7,

NI—=F7y T =R

N —T w7« —/4 2 ATiL, CRD_VCCIE#
fFru—Fh, F_XTOH— RE#EER R —Th
HZEEMRLET, CRDVCCH(Tm T T LS
TWAHCRD_VCCIEIZJG U/ N EEBIEEH 2 5
L. INLOTAUREMEINET,

ERDID e b D]
1 : : ; ; H ; ; : : 1
eepore; b ¢ m
. — +— T
anf CRD_YTE R S
rhi s5.00W .00 =

Figure 3. Typical Startup CRD_VCC Sequence
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N —7 v FHEOCRD_VCCEJESL H 7% 0 HEH]
i NERA > Z 7 ZLUZEHR T ADC/IDC = /R — X
HEITAES]. B L O'CRD_VCC & GROUNDIZ #5¢ =
M#J%—A-:/T/ﬁ RF L E T, EEIEEC
VAT MIEAMBER SIS EIRETHE, O
= A O ¥ N ) X300 mA(KE )
(Figure 3) T4, &Iz, 77U r—var - Y7k
Tz T BRAT—h - I— RNEHET—F7 v ARG L
3

—J5. X — A T7EDOCRD_VCCI.H R8s 0 HER
X, Y =N a5 Y B K OCRD_VCC
& GROUNDZ# A A E N TZNEINMOS k7 > ¥ &
A THIREINHE— 7 EBRIEKTFLEST, 260
IREEZFigure 4127 L £,

EHIFITIS U T, 2B D 8T A =2 |ZITA[R
BERH DB, ZitEIIT—% - — FCTRRtEh

Do E T2 idtoped B 0 DB 2 72 S 72 WA T,
INLORMEEZZRE LR TER0 A,

EE 1dov

m1}|3_-

W Toops ohd b L6V

EE 100w

Figure 4. CRD_VCC Typical Rise and Fall Time

CRD_RET:

j.lsm
Chy 5.00V¥ E!E 2.00V

Figure 5. Startup Sequence with ATR
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RIT—=E9 o=
NCN6001i, 1SO7816-3fLkkIZfiE > CH B/ (D —
Hoy = ARE/RL, BEtyva VITE
BIZKTLET, 20— A%, I— RRglx
Wiul- & &, £721ZCRD_VCCEE )N ith & ik g
1272 % & LLFICRTISO/CEl 7816-3% — /47 o AT
ik Ensd vk Lx9,
I1SO7816-3> — /47 A
—RST% 1 —|ZJ#H|
SCLKAFEF r—I27 > TWWRWNWES . CLKE =
DARBE TR
—-C4 L C8% 1 —|Z il
—-CRD_I0% = —|Z 5l
—CRD_VCCEFZ v v v b4~

FEDOH— FOFBAEZIEB K THET P HZ L -
TANENT IT 4TI 5720, — Kogl &k
DILTH 550 us(EEHE) B I BRI 72 B > — 77 v A
DT 7T 47720 F7, YRZRD L, MPUREIX
BN —F 0 v BT 586, 20X ) 2Rt

I3AFE L £ A, Figure 612, NCN6001FE « R— R
TREEINTEA T ey 057 LET,

Cout = 10 uF & i€ L C, CRD_VCC & GNDIZ#%#¢
SENTRET 75 47 « TILZ 7 NMOSH, HMET
U=

a7 Y 2100 us(FEYE) THIE L £7,

Typical delay between each signal is 500 ns

Figure 6. Typical Power Down Sequence

Cout =10 uF & i/ L C, CRD_VCCEGNDIZHERE SN T 7 7 4 7« T2 7 NMOSHIMH U —

« AT 2100 us(BRYE) THE L £
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F—ARIIOLR)L - T4

LL s U7 HE, vA/raryiie—J LA ISO7816-3fLARIZHE - T, il O EHEITIE E % F2 it
— bk« I — FHEICHEET D RN S D EEEEH LE$, ERBRIOL L - o7 & %Figure 7125
WLET, "ULRAR T 27R®T L—ZNEEEI, L7,

Vee

Ve o 1
9

6 1
EN_RPU .
O

200 ns 200 ns CRD_VCC
13
Q1 Q2
R2< 18 k
R1 <18k A A
10 o—o" o . &9+ 0 CRDIO
1 A 20
3] |4 J

SYNC ) CARD ENABLE ) ‘ Q5
LOGIC AND

POR
v LEVEL SHIFT

J 0% SEQ1 )

oVo
PMOS

— A~

GND

MOSI/b2 Q5
VCC

From MOSI
decoding

MOSI/b3 )

Figure 7. Basic I/O Internal Circuit

cNovHTvaii, FyT kLI R EURR
—DLEEFAHT, WOEEZIITWThoALA—TF > - K
LAY =T « =)L T,

TDOTNRAL RIS TN e H— R e VAT AEIT
TNTF =R VAT LAOWTINTEETE A0
T, CRD_IOERIEA T 2 b <7 D3R AT T
WET, BIRENZEEE— FEERM £ 721X R
LT, I—FRIHOT A 3FnEhn, oY 1F 720
MOSIL YA Z « XA RO Ey P2IZEHSNET, i
FF. A—FRUOIFEET e Y v 7 « LULbid, MOSI
LYAZDOEy ’3ENMLTCUCIZZ 4 — Ry 7 &5
T, EUBIIIFEIETHEY v - LoULiT, Table6
WRTERBY ., RETVT v 7O A HIE L £,

Table 6. 1/0 PULLUP RESISTOR TRUE TABLE thi~ 160V WIE 106V Soons Ch3 7 160V

. Devpe NOTE: Both sides of the interface run with open drain load
EN_RPU I/0 Pullup Resistor Operation (worst case condition).
Low Open, 18 kQ disconnected Parallel Mode
- - - - Figure 8. Typical I/O Rise and Fall Time
High Internal 18 kQ pullup active Single Device

NOTE: 18k typical value
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SLFICRD_C4# & U'CRD_C8
INB2ROE L, GAbnicA v H T =—AD

7 KL A(#iPH$00~$11) 2 EHR T H-dDOE Y v 7

ANELT, FFFA~Y—F « I— FOF ¥ R~

DIEUCAIC8T 7 A L LT TE £,
INHDE S NIVecERICEEER TEHD T,
Figure 9l & B0, MO NEITIAAL vF b
NMOS/PMOS F—F o « IR—/L THEER S N E 1,

[Vce Vinax { CRD_VCC
LElLEL L J
WRT_C4 >
[WRT_| SHIFTER {><> U3 | SWITCHED
BIAS
R1
B —VWW—C4 |
ADDRESS 1 500 R
CONTROL > . 3
2| ua ﬂm

READ_C4

uz2

CRD_VCC

!r

I—lA

e B

ESD

Figure 9. Typical CRD_C4 Output Drive and Logic Control

CAr° LC8E T, B U nA—T Uil vy
12T D X ICHNHERR TR, T AINET
o ZOEE, WKW T v R v E—F
A&EBEHELT, BUBEREICNNA -rYy T - X
MR BEHDEBETDHILENRDY T, 2L, A
FIRA T AR B EVee(Ny 7 VU BRI
LT, aly 7 ANENA - LoYULIZHEFIT B
Z LN TEET, CONTROLNEBE B DI 0T T,
VAT ATHEBICEEE—RN(F v T - T KL AE
T —2EE)EMALET, V-7 BRERNT
BTV LR DEXIT, Ny T UG
INHDOE L ENAT AT L2 DA 2B G
sHENBZEIEH Y FHA,
DD ENDEGNDI
7 U IR Bl uAMERES 7 F
7

T DL, Ny
BRI S E

17

AA F ko h—=FT v« N—= &L, T —HiR
R B N A IRRE ISR S D &L mERO
IEETIERE AL L 7, KA1 v B —F 2 20N CaE
7ZIEC8E M LT/ I v Rt SN 584,
ISO7816-3fLAkIZ1E - T, it~ 7 —I1X15 mAIZHIE
SnET,
2ROWHAE T, M~ A vz bue—Ihb
N—RIZTF—2 &k L, avy 7 REEZ Y — KA
v TBHIERNTEETN, ForrbiilAr~—
e =R bDOTFT—XEHAHrNDZ LT TEER
Ao G, CALCBIZELL L ATIR Y v 7 HFt
HBZENTE, LIzRoTEHEZLNTETF v 7T OWHE
T RV AEFRAEND ZENRTEET,

:ﬂ%@eytﬁﬁéMTwémwame@t
B, ANEIFEDOMOSY — kN Z{R#ET D IR0
PREEREEQIN I N TV ET,
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Y AH

VAT LADEREAND L, PORIEBZ(E I LAEBEEINETA, TO/ME. DL
INTEUPANAICHRESNET, I— FKBRHAE WA TIET <IZ, uCATITEIVIALNRHEAE L E
el &zt &, »5HWVWIECRD_VCCH EE R
TREENFAELZE X, BIVIAAE L2 —I(C Table 712 R T & MHEDLIONB-EN 5 &
i ENET, ZOEBIEICSESELELF YT - TR IINAIZZ7 )T ENET,

Table 7. INTERRUPT RESET LOGIC

NT/E &

Interrupt Source CS CRD_VCC Chip Address
Card Insertion L >0 Selected Chip MOSI[b7 : B5] = 0xx or MOSI[b7 : B5] = 101
Card Insertion L =0 Selected Chip MOSI[b7 :B5] = Oxx or MOSI[b7 : B5] = 101
Over Load L =0 Selected Chip MOSI[b7 : B5] = Oxx or MOSI[b7 : B5] = 101

WO A 25 72— ARFA LT Y HMUCA R E A LTOB5AE, EI0AR Y — 2 &Z#lAIT 5 72 OMISO
VYRS EERLTF Y 7E R 2 /T B0, VT =T OREITT,

T0 T1 T2 T3 T4 TS T6 T8 T9 TI10 T11
Ci /
INT E' \ //’ //' /_\\\ —/
CRD_D
MOSI_b0 —s |
MOSI_b1 —] /
1 . |
2
J 7
CRD_VCC >0V
CRD_VCC =0V M
OVER LOAD
CRD_VCC |

Figure 10. Basic Interrupt Function

Table 8. INTERRUPT RESET LOGIC OPERATION

TO A card has been inserted into the reader and detected by the CRD_DET signal. The NCN6001 pulls down the interrupt line.

T1 The uC sets the CS signal to Low, the chip is now active, assuming the right address has been placed by the MOSI register.

T2 The uC acknowledges the interrupt and resets the INT to High by the MOSI [B1 : B0 ] logic state: CRD_VCC is programmed
higher than zero volt.

T3 The card has been extracted from the reader, CRD_DET goes Low and an interrupt is set (INT = L). On the other hand, the
PWR_DOWN sequence is activated by the NCN6001.

T4 The interrupt pin is clear by the zero volt programmed to the interface.

T5 Same as TO

T6 The uC start the DC/DC converter, the interrupt is cleared (same as T2)

T7 An overload has been detected by the chip : the CRD_VCC voltage is zero, the INT goes Low.

T8 The card is extracted from the reader, CRD_DET goes Low and an interrupt is set (INT = L).

T9 The card is re-inserted before the interrupt is acknowledged by the uC: the INT pin stays Low.

T10 The uC acknowledges the interrupt and reset the INT to High by the MOSI [B1 : BO ] logic state: CRD_VCC is programmed
higher than zero volt.

T11 The Chip Select signal goes High, all the related NCN6001 interface(s) are deactivated and no further programming or
transaction can take place.
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SPIR— b

IEXEEAR - A & T =2—R - T b HAHZHDCLK SPIZ A ECST A &AL T,
PEALT, YUTA YTk o THER~A 7 NCN6001 TR S E T, AR EA IV T %
nay he—7 LE LET, CLK.SPULT A K Figure 11 & Figure 12|12k L £9°, ¥ A7 A%, MOSI
RREDM, v —F 721X A TJ, NCN6001|L~ A ¥ T —4% EMISOT — Z \ZBE T 22 DONER L A ¥
caryhe—J L LTEETAZEEZERLELD PRERALCEIEL £9,
TIEHY FHEALD, MPURL D o< REFEITLE WRT REGIZ. MOSIF—# DO EXALEF L R

?LELK SPIfZ 5. TSIER. L UMOSIHE &3 e
_SPUE . By BEO ERCAE e = 2k o
f/aay b a—FOREFICh Y 4. MISOE F;E?%;EGM‘ MISO7 2 RO e

T T=H A FTHEITESNLE Y FERISES

CS MPU Asserts Chip Select

MPU Enables

SPI_CLK Clock | —| |_| |—| |—|

|
MPU Sends Bit —|
|

MOSI \_)(j

-<—— NCN6001 Reads Bit

XXXXXXX/Q

I
I
I
I
| tclr —>|_|<—
I
I

RST_COUNTER

I
|
NCN6001 Sends Bit |
from READ_REG |

-<—— MPU Reads Bit

MISO e XX X XX/
Figure 11. Basic SPI Timings and Protocol
CSTA WA DEXIL, SPIR— K ETTF—4 [FIRFMISOREF )T 2 72DIz, WEir vy 7 M
DEZAHBRLHELBRV T TEET A, 2007 —X BERICTF 7 - T R A& B LUEEE3E v &
« 74 VIECS=LowD L XTIV T 4 TR Ao TTa—RT2), 74 EIZhHHELWT
N7 b - LRI Y7 &, #BFIZCSE= — X2 EHEMELET, LER-T, T—H « 74—

DAy TR ESNET, MOSIZA > EIZH D <~ MIMSB7 7 —A R TH Y, KAIDIS>DEE

T —XZ1X, CLK SPIZ v v 27 DAy I THENE Zt v FB5, B6, B7& L Catrli £9, Zon

72E&4, WILCLK_SPIZ & v 7 DIRDIET ¥ T Vo IJENSTF T T RLART a— KNI,

7K LURKZHERESNET, CA4LC8DRREICH>TF v 7240 L £
(Figure 12),

CsS MPU Asserts Chip Set

| B7 B6 B5 B4 B3 B2 Bl BO

MPU Enables Clock |
SPI_CLK i

| CHIP | |
I |= ADDRESS =I= COMMAND AND CONTROL =|
MOSI \_)l( M|SB X X : X X X X X LSlB/
ADDRESS |_|
DECODE \ The Chip Address is decoded on the third clock pulse.
MISO MISO Line = High Impedance ~ \ X X X X /

\ The MISO signal is activated and data transferred

Figure 12. Chip Address Decoding Protocol and MISO Sequence

19



NCN6001

8ty MEENTET T 5L, CSEFDIET Yy VT
WESS 7k« LY RZORNENRT v F S, £hiZ
it > TNCN60O1REIE R RE S BT S E 7,

f Select Chip from SYNCHRONOUS Bank >|
I . I . ||
o Chip Nx —»r— tdolk —sle— Chip Ny 47
cs | | | [
MPU Enables|B7 B6 B5 B4 B3 B2 Bl BO |[B7 B6 B5 B4 B3 B2 Bl BO
SPI_CLK Clock
I crip | COMMAND | | I
| ADDRESS |  AND CONTROL | I I
|<—>'<—>|
MOSI \_XMX:)@ X X X XisB XmseX X X[ X X XT Xise/
I
SET_RST I X X X1 X
|
SET_CLK | X X X i XX
[l
SET_vCC ! X | D G
ADDRESS '| |'| I
DECODE — |
MISO MISO Line = High Impedance
Special Mode MISO Line = High Impedance X X X:X X_
MISO — |
Normal Mode X X:X X X:X | Special Mode: MISO
| Normal Mode: MISO is synchronized with is synchronized with
the SPI_CLK Negative going slope the SPI_CLK Positive
going slope
Figure 13. Basic Multi Command SPI Bytes
RN 7 NDAH>DF » T EBI O ET R L 2ODSPINA FAMOSIZ A & B IERERE S D

AEFFS>TWAHDT, Figure 13IZRT B0, v A EXE, Zovay s oEHEOLR EB ST
TAEFRUCS7 L—LNTT—H « a7 Yk i}, CLK_ SPIv—47 v A% BT 24BN H D £5
FTaZ L2k, 26D F v 7D LDV D (tde/ N7 A — & 1R,

MEGIET S Z N TEET, By MIBEERIZT Figure 14 & Figure 150 4> 11 7' 5 A%, SPL#{E 7
a— NI, FRCE- T, BEST LY T - T ry g kb &R LT E 9 (H 0 NCN6001T < » R —
I NEHFENET, SPIO—iLkEIcE ST, CS R)o

MWANADEXT, EOF v a— 7774

BT TSN ERT A

Umﬂmmm ECLK_SPI
29[

z 555IJ 0 em
B IIII

Figure 14. Programming Sequence, Chip Address = $03
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Chi 5.00v EOE S.00% Ch3 5.00V iﬂ T
Protocol: Special Mode Protocol: Standard SPI
Figure 15. MISO Read Out Sequences
DC/DCEfE

PRI R F 72X EEIROWT U0 & LB as oIy oMc, ENLULEOFREERLELHD E
TEL 70 - 7Y v UHEIC %Oé‘iff A,
(Figure 16), BfEIZERICHBITH Y . H1EE

Vee CRD_VCC
o
GT 13
10 uFfCl :% 0—|_< c2 10 uF
— 2
~ GND L }_ l_ GND
L1
pa u
O L P bl
: e [ 1o o [ [ o |ow
m
[cmp_s.0v)— —
g oo —] iy +—]
2 .
z ‘ .
3 G_HIz 119 PWR_GND
O]
(@) =
GND
3 G_Q4
2 G_Q2
= G_Q7
Figure 16. Basic DC/DC Converter
EMVAEERIZfE > T, CRD_VCC#%400 mVIZ k& CRD_VCC YHF—nNearrF o Va2 mELET,

% D1Z250 us(maxtime) & EL T 5722, 77T « ZOXA I ZIRI0uFR RAR U =X e 3T
7« TNEZ 7 U NMOS(QT)NELE S TE Y, M6 PEIZ 3 U CTPRAE S AUV T U E §(Figure 4),
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VAT WF2Y A 7 RS TEE L 9 (2 A > T 97X T, Figure 16 & Figure 172 Bg3H),
1-H 47 QLEQANAA vy F AL L, NNy T U DL SIND =RV —TA VX7 XLLNKE

L1

NET, Z2O7=2—XTlE, <7Q2/Q3L <7 Q5/Q6lLAA vF A7 LET,
2 OMDMOSFET QL1 & Q4% JiiiL 5 EIRANE TE =4 I i1,

Ipeakfl (7' v 77 LS TWH )

BIEEIKANCET DAL v F A7 LET, ZORRT, A7 VUIET L, A 7120

Rfranxd, A HrH
(LB L UZnNEDREIZ 72 v £7,

X, Ny T VEEE EI0MLCER SNTA LV Z I X « 2y NT—7

AusH A LT U MEEIZ, VAT ARERY A 7NV V—TTEWET S Z L ARIEL TV ET,

2- A7
L2

Bl A I N1E IR L FET,

QLEQINAAL v F AL L, A7 ZLUC
VTENET, 20T =2—ATlE, _XT7QLQAL LT Q5/Q6ITAA vF AT LET,

w7 v — X —E C(EEXEI00 ns), CRD_VCCHEJENBIEMEL T O%E X

T ST =RV F—H3Q2% 18 U THMI AT IZ ¥

. 2 ORF OR%E

HBEENBEME@.8V, 3.0V, £7/-135.0V)ICiET S &, HOAROIBEEZEREST 5720

QEQNESIZAAL, v TF AT LET, %@Fﬁ
R R
Dumﬁ/ﬂ%ﬁfﬁiﬁéﬁaﬁﬁﬁﬁ

/L A H T HIZ
ZlEhEE L F9,

EMsh-E
Figure 17(Z.

Charge CRD_VCC

_| CRD_VCC ChargedJ‘

%WD?O@NMOSQMbiUQ&%X4/ﬁ?ﬁ
VAT LD X T LBEANSNALD
RLET,

jﬁ'ﬂf'

Next CRD_VCC Charge

QUQ4

| I (Time is Not to Scale)I

Q2/Q3

Q5/Q6

CRD_VCC

Figure 17. Theoretical DC/DC Operating Waveforms

CRD_VCCAOVIZFu T A& 5b0, H— KR
y&yﬁﬂ%%%%#hé£\77?47 TNH
TUQIMH AN =N e o T YA LEITRE L
T\ﬁ—FﬁBM£ﬁ%X?4F¢5t% I E
JEMR0AVELTIZ/ D KX oI LET,

NCN600LAFFME A H 12 S S AL 72 SEBRIZHES < |
AREOHIRE S TOREOHIL, 2{8D4.7 uF/10 V/
T v IIXTIRa T Y &SN A LT, CRD
VCCT7 4 &) 7 aFEHRTHZ L TT, ESRITA
{5 FEFEPH CT50 mQ A JEIE L7220 T, FERES— Y Of
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HEDRHIZ I - T, ZIF ANATEEZR-20%~+20% D
TFRAEMET A b EOFE TR S EJ, Table 912
LR A T DT Y O A
RLFET, ZOT 7V r— a I ERIETICIE
WESREESLZ LT DI, 2227 3SMD ¥
A T TRITNIT 620 EdBHLNTT,
Figure 18!1C, HABIEDO 7 4 VX |[ZHEHAT a5
/%@&47 Zhn U T, NCN6001T & « 7R — R Tl
W Xi7=CRD_VCCY v 7 &R LET,
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Table 9. CERAMIC/ELECTROLYTIC CAPACITORS COMPARISON

Manufacturers Type/Series Format Max Value Tolerance Typ. Z @ 500 kHz
MURATA CERAMIC/GRM225 0805 10 uF/6.3V —20%/+20% 30 mQ
MURATA CERAMIC/GRM225 0805 4.7 uF/6.3 V —20%/+20% 30 mQ
VISHAY Tantalum/594C/593C - 10 uF/16 V - 450 mQ
VISHAY Electrolytic/94SV - 10 uF/10 V —20%/+20% 400 mQ

- Electrolytic Low Cost - 10 uF/10 vV —-35%/+50% 20Q
Figure 19i127r 9 X 912, DC/IDC= > /N — & |, ZOBITIH, VAT ANBunbihEt s L X,
CRD_VCCHI T A i 2 Bl L7 IRRE THREN T A N—=Z TR RAM R S L ET,
7.
: : : : ; : : | : ST
: : ; : i . : : : [ Cout=2x4.TuF | ;
RZ»WWWMW i;:u:‘;sm Ve =38V, : :
All curves : 100mVidiv : + : : : : To=35ma . . . ‘
Ch3s 5.00¥ ' i : : ‘
B R
' i . PFinl0
J AR P B 0 1L
S T " S S L s
A e e v m’li.nn’v”” T sy
5.00v

Test Conditions: Cout = 2x 4.7 uF/6 V/ceramic X7R,
Temp = +25°C
lout = Maximum Specification
Figure 19. Output Voltage Startup Under Full Load
Figure 18. Typical CRD_VCC Ripple Voltage Conditions

74 IO IX. EMVIEERIZE > T, A JERR
‘ A
ol Vow=30V '/’ T AM(35 MA, 60 mA, 33165 mA)ZIIT D — %Y
N TerpE A R L CDVET,
70 7 Vout =5.0V ‘
68.// 74\/7\\
% 66 // Vour=1.8V \\
64 // AN
62
60
58
2.5 3.0 35 4.0 45 5.0 5.5

Vpat (V)
Loyt =22 WH/ESR =2 Q

Figure 20. CRD_VCC Efficiency as a Function of the
Input Supply Voltage
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NCN6001

WENEFf L Ciden ¥ A, X512, DC/IDCRhH
ISHEENRE T L ZIFE T CORETIHRRIEGFET DD
T, INHLOREE F/NRICIMA 57912, KESR
AVETEERINTHZENEE LWVWEEZET,

it % B BN B

774k

RIL e+

s oous CRa FF0mA
Load Current = 65mA, any waveform

200mA
5.00s

Chd

Ref2 200mA

Test Conditions: Input VCC voltage = 5.0 V
Current = 200 mA/div
Tamb = +20°C

Figure 21. Typical Inductor Current

|awmﬁ3ﬁ%kEmv&% s T, A F T =

— AT AR AE TOCRD_VCCH /1 & it 2200 mA
(B SOIZHIFR L £9°, NCN600LIZ Z D & 5 7A2/8F &
— X &P AR—FLTEY, Figure 22127 L 512,
IR I I A IR & W EBIEIC X > TR Y £97,

180

160 Vo=5.0V

140 Vo=3.0V

_—
120 ———
100 A —

\
4

80 -

60
40

20

0

2 3 4 5
Vpat
lomax = F (Vbat)

Figure 22. Output Current Limits

ﬂﬁjf BT SR EGRA CRERSTFE LRV E
IZEFFENTWET, EE, BEREI R LEH
77 BRI < 72 W £ 97, Figure 23% 2R L T

<TEEW,
160 |
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\\
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< V,=3.0V
E 130 -
_‘g / ——
120 Vo=18V
— T
110
100

25 -5 15 35 55 75 95 115
TEMPERATURE (°C)

Figure 23. Output Current Limit as a Function of
the Temperature

24



NCN6001

AY—br-HhH—F-o0v95FE%
WEZ 2y 7 « Vxpxb—XDOERHMEZ, RD3
DTT,
1. EBEL~L - 7 HEFEHLT, MPUE X<
— b« I — FMIZHFET D REMEO & 5 BT
ZITRHL L FT,
2. A=w— |k « — REWMEREEENT 7 v > o
s V= ZANDBEY AT T O O JER IS B A 4T

HLEI,

3. AV —h « I— RIS T, Z7mr v IR
REz il L ET,

X BT, NCN6OOLIZ~A 7 arat v b nfE

B AP L T, 1SO7816-3{LEHEDERIZH - TT =
—T A AN T RO RS LET,

SPIAN— kDA NNE, B23 L UB3IL., Figure
25 Figure 2412~ 9L B0 CSAR—D & X271
TIIVIHEEFEITLET, v ANE
(CLK_IN) %% K20 MHz D &8 I #5045 =5 2 AL P-4 % =
ENRTE, HEMIILADHR AR TE £, B
BRBRL, Bz T TV r—a rTEEIND
A — Db« = RIZHHLT 572010, ZomFEILT
VUSTMERLRITNERLT, WAL AT
HH )7 v v 7 [CRD_CLK]IZ#x K20 MHzIZ il R4
HMENH Y 9, CRD_CLKZ A > THRAET Hdl/dt
LdvidVE i/ NRICEN 2 B 72012, BT R 7
L7 7V r—vaiiRlTrry 7{gEO AT —
T hG S DREREN S ENTWET, o
BlXZ ey 7 0 EICERAR <, MOSIL Y R 4
(Table 2: WRT_REG Bits Definitions and Functions)(Z &
STCFmrIr3hEdT, Av—h =R
ISO7816-3{LEEAN DT = —F ¢ « YA 7 V% [alES
L0, FlEwmiIEEO 7Y v 7 - 7 a7 TCH

VCC

HMEnEd, 2ok T, EEICERERL —
ELTES0%T 2—T 4 « A VR AERENFET
(Figure 24), = D#55., H7JCRD_CLKJE £ 5 H11%
4 CLK_INZS VAT BN D /RN H Y . ~ A1 7
naryta—7 -7 N7 EHERT—4% ¢« b
FUW v a vy ERET LA, ZOERIEEBET
HRENBHY ET, i, wELEBLIOSER LW
ANTF 2—F 4 « A 7 NWAEED346~56% D HiFH N
WZRWEA, HWEET 2a—F 4 « %4 7 L50%1%
RAESNEHA,

AJME BCLK_INF L O'MOSI/b31E., #ifEE— FiZ
Wr Ty« 7 & EHIEIT v v 7 IZHEMIZ
EINET,

CLOCK_IN
CLOCK: 1
CLOCK: 2 Internal

CLOCK
Divider
cock:a | || L] ||
|
B2 T .
| | These bits program
| CLOCK = 1:1 ratio
B3

l«— Clock is updated upon
| CLOCK: 4 rising edge

CRD_CLK |

[v\ CLOCK programming is activated
by the B2 + B3 logic state

Figure 24. Typical Clock Divider Synchronization

ASYNC

Programming
CRD_CLK
Division
SYNC

SYNC )

[ BO
[B1

Programming
CRD_CLK Slope

DIGITAL_MUX

{ CRD_VCC

Ul

LEVEL SHIFTER
AND CONTROL

NOTE: Bits [BO...B3] come from SPI data

Figure 25. Basic Clock Divider and Level Shifter
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ANh7rwvay 273, A< hF—FK+« RZA4NZH
mEn s, BEB27 7Y r—a sigs
T, 11, 12, £7-13U4THETE £+, 5.
37 v v 7 (CRD_CLK)D IEHEST 2 1 — 7 & £3E4T
2u—F, FyTOEUEEREILTH LI e

NCN6001

7T A TEEI(Table10), 17 vy 7 DA~
IZ. CRD_VCCEJEF - IFEER B £ & 132 L
T, BifEPic 7y n /7 A T& £4 78, CRD_RSTIX
MOSIb4L P2 Z Dw vy 7 IREE & KM 5 O T
BERLETT,

Table 10. OUTPUT CLOCK RISE AND FALL TIME SELECTION

CRD_CLK CRD_CLK CRD_CLK
BO B1 Division Ratio SLO_SLP FST_SLP
0 0 - Output Clock = Low Output Clock = Low
0 1 1 10 ns (typ.) 2 ns (typ.)
1 0 1/2 10 ns (typ.) 2 ns (typ.)
1 1 1/4 10 ns (typ.) 2 ns (typ.)
" CLE_SPI

. CLK_SPI

- MOSI

MOSI

| CRD_CLK

Ch3 5.00V MiE] S.00V

~WZo0ps Chiv 3.2V

Figure 26. Force CRD_CLK to Low

. CRD_CLK

’ ——Thz
Ch3 5.00V Ch4

500V M 1.00ps Chiv 3.2V
500 v

Ch3z 5.00V¥ Ch4]

ChZ 5.00V M Z.00ps ChT v 3.2V
5.00 v

Figure 27. Force CRD_CLK to Active Mode

e

Ch1EPRT
Ref1

200V

960mV
25.0ns

Note: Waveforms recorded without external compensation

Figure 28. CRD_CLK Programming

network.

Figure 29. CRD_CLK Operating Low Speed (Top Trace),
Full Speed (Bottom Trace)
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R#ELET, BET LI OEER L AT v 7§
P % Figure 30127k L 97,
HAME X, ATEEN0.70*VecE B2 D & A
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D2 EDRIESILET,

OUTPUT
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Figure 30. Typical Schmitt Trigger Characteristic
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Figure 31. NCN6001 Engineering Test Board Schematic Diagram

28



NCN

6001

sonsllusred ab 219

3225 tmill

Al 3-b- O05-H- 030518

ZRAFR iml

O sooosooooelooe -
FEEEEEEEY) @ BOOLCOODE S -
T e—
'a o
11}
0.33 o
Eaz|le el
nacs o b
go” o °
- o ©
LAk “
a o
- o
o —
22
S

TERATITHOH 0T
™,

e

Component Side (Top) Copper Side (Bottom)

& +

™,
O DRDRNODDL L RODDARDDOO S0
- g g-3-3-0-2 -2 -F-R-X-F-T+1-3-3-K-X-F -3 -X-X-F-F-]
| . e
* * Y e "
o]
& E N o
00 0000 s o
5 ¢ ¢ 3
2 .
. 2 ’ * o oo E
o - - Ly e
g= B +e "’ * - E °
X LIE A &
-] - .ﬂ, ° *
[+ - @ .
o s i
j+ ]
® OnO
L goke o L+ ] oo L
Top side

Figure 32. NCN6001 Demo Board Printed Circuit Board Layout

29



Table 11. DEMO BOARD BILL OF MATERIAL

NCN6001

Desig. Part Type Footprint Description Supplier Part Number
C1 10 uF 1206 Capacitor MURATA GRM40-X5R-106K6.3
C2 10 uF 1206 Capacitor MURATA GRM40-X5R-106K6.3
C3 22 pF 805 Capacitor MURATA
Cc7 4.7 uF 1206 Capacitor MURATA GRM40-034X5R-475K6.3
C8 4.7 uF 1206 Capacitor MURATA GRM40-034X5R-475K6.3
D1 Vce SIP2 LED Diode Radio Spares 180-8467
D4 CRD_VCC SIP2 LED Diode Radio Spares 180-8495
J1 CONTROL & 1/0 IDC50 Fujitsu FCN-704Q050-AU/M
J4 SMARTCARD SMARTCARD_ISO Smart Card Connector FCI 7434-L01-35S01
J5 CLK_SEL SIP3 Connector
J9 GROUND GND_TEST Connector
L1 22 uH 1008 Inductor CoilCraft 1008PS-223-M
P1 EX_CLK SMB SMB Connector Radio Spares 112-2993
Q1 2N2222 TO-18 NPN ON Semiconductor
R1 2.2kQ 805 Radio Spares
R4 2.2kQ 805 Radio Spares
R5 4.7 kQ 805 Radio Spares
R6 47 kQ 805 Radio Spares
R7 47 kQ 805 Radio Spares
R8 47 R 805 Radio Spares
R9 1.0 kQ 805 Radio Spares
TP1 CLK_IN TEST_POINT TEST_POINT Radio Spares 203-4910
TP10 RST TEST_POINT TEST_POINT Radio Spares 203-4910
TP11 CLK TEST_POINT TEST_POINT Radio Spares 203-4910
TP12 C4 TEST_POINT TEST_POINT Radio Spares 203-4910
TP13 Cc8 TEST_POINT TEST_POINT Radio Spares 203-4910
TP14 VCC TEST_POINT TEST_POINT Radio Spares 203-4910
TP15 GND TEST_POINT TEST_POINT Radio Spares 203-4910
TP2 INT TEST_POINT TEST_POINT Radio Spares 203-4910
TP3 110 TEST_POINT TEST_POINT Radio Spares 203-4910
TP4 CS TEST_POINT TEST_POINT Radio Spares 203-4910
TP5 MISO TEST_POINT TEST_POINT Radio Spares 203-4910
TP6 CLK_SPI TEST_POINT TEST_POINT Radio Spares 203-4910
TP7 MOSI TEST_POINT TEST_POINT Radio Spares 203-4910
TP8 DET TEST_POINT TEST_POINT Radio Spares 203-4910
TP9 CRD_IO TEST_POINT TEST_POINT Radio Spares 203-4910
Ul NCN6001 ON Semiconductor

13. All resistors are +5%, Y4 W , unless otherwise noted. All capacitors are ceramic, £10%, 6.3 V, unless otherwise noted.

30




NCN6001

MULTIPLE SMART CARD READER
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Figure 33. Typical Multiple Parallel Interfaces
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ABBREVIATIONS
Lout_L and Lout_ H | DC/DC External Inductor
Cout Output Capacitor
Class A 5V Smart Card
Class B 3V Smart Card
CRD_C4 Interface IC Card Digital Control
CRD_C8 Interface IC Card Digital Control
CRD_CLK Interface IC Card Clock Input
CRD_DET Card Insertion/Extraction Detection
CRD_IO Interface IC Card Data Link
CRD_RST Interface IC Card RESET Input
CRD_VCC Interface IC Card Power Supply Line
CRD_Vc¢c Card Power Supply Input
Cs Parasitic Stray Capacitance
CS Chip Select
EMV Europay Master Card Visa
FST_SLP CRD_CLK Fast Slope (t; and t;)
GIE-CB Groupement Inter Economique — Carte Bancaire
ICC Current at Card V¢ Pin
INT Interrupt
I1ISO International Standards Organization
uC Microcontroller
MISO Master In Slave Out: Data from the Interface
MOSI Master Out Slave In: Data from the External Microcontroller
NC Normally Close
NO Normally Open
POR Power On Reset
RFU Reserved Future Use
SPI Serial Port Interface
TO Smart Card Data Transfer Procedure by Bytes
T1 Smart Card Data Transfer Procedure by Strings
SLO_SLP CRD_CLK Slow Slope (t; and tf)
VCC MPU Power Supply Voltage

ORDERING INFORMATION

Device Package Shipping’
NCN6001DTBR2G TSSOP-20 2,500 / Tape & Reel
(Pb-Free)

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