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Foreword

This clause to be completed by the ETSI secretariat at the time of publication.

Introduction

Optional clause.

1
Scope

This European Telecommunication Standard (ETS) defines the aspects of the Electrical and Physical characteristics of a Smart Card – Terminal Interface. It specifies the electrical and physical requirements necessary for interoperation of Smart cards and Terminals.

2
Normative references

This ETS incorporates by dated and non-dated reference, provisions from other publications. This normative reference is cited at the appropriate places in the text and the publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply to this ETS only when incorporated in it by amendment or revision. For non-dated references the latest edition of the publication referred to applies.

[1]
ISO 7816‑2 (1988): "Identification cards ‑ Integrated circuit(s) cards with contacts, Part 2: Dimensions and locations of the contacts".

[2]
ISO/IEC 7816‑3 (1997): "Identification cards ‑ Integrated circuit(s) cards with contacts, Part 3: Electronic signals and transmission protocols".

[3]
ISO/IEC 7816‑4 (1995): "Identification cards ‑ Integrated circuit(s) cards with contacts, Part 4: Interindustry commands for interchange ".

[4]
ISO/IEC 7816‑5 (1994): "Identification cards ‑ Integrated circuit(s) cards with contacts, Part 5: Numbering system and registration procedure for application identifiers ".

3
Definitions, abbreviations and symbols

3.1
Definitions

For the purposes of this ETS  the following definitions apply.

3V technology Smart Card: A Smart Card operating at 3V ± 10% and 5V ± 10%.

1.8V technology Smart Card: A Smart Card operating at 1.8V ± 10% and 3V ± 10%.

3V technology Terminal: A terminal operating the Smart Card - Terminal interface at 3V ± 10% and 5V ± 10%.

1.8V technology Terminal: A terminal operating the Smart Card - Terminal interface at 1.8V ± 10% and 3V ± 10%.

3.2
Abbreviations

For the purposes of this ETS the following abbreviations apply.

ATR
Answer To Reset

CLK
Clock

IC
Integrated Circuit

I/O
Input/Output

TE
Terminal Equipment

TS
Terminal Station

SC
Smart Card

RST
Reset

ICC
Integrated Circuit Card

3.3
Symbols

For the purposes of this ETS the following symbols apply.

tF
fall time

tR
rise time

VIH
Input Voltage (high)

VIL
Input Voltage (low)

VOH
Output Voltage (high)

VOL
Output Voltage (low)

4
Interface Operational Procedures

4.1
Activation and deactivation

The TE shall activate the ICC according to ISO/IEC 7816-3 [2]. Supply voltage switching shall take place prior to any further activity not related to the supply voltage switching.

4.2
ATR Content 

This section will specify the interface related parameters (such  as specified in the ATR according to ISO/IEC 7816-3).

Character
Contents
sent by 

the card
a)
evaluation by the ME 

b)
reaction by the ME

1.
Initial character 


TS
coding convention for all subsequent characters (direct or inverse convention)
always
a)
always

b)
using appropriate convention

2.
Format 

character


T0
subsequent interface characters, number of historical characters
always
a)
always

b)
identifying the subsequent
characters accordingly

3.
Interface 

character 

(global)


TA1
parameters to calculate the work etu
optional
a)
always if present

b)
if TA1 is not '11' or '01', PPS procedure
shall be used (see subclause 5.8.2)



4.
Interface 

character 

(global) 


TB1
parameters to calculate the programming voltage and current
optional
a)
always if present

b)
if PI1 is not 0, then reject the SIM (in accordance with subclause 5.10)

5.
Interface 

character 

(global)


TC1
parameters to calculate the extra guardtime requested by the card; no extra guardtime is used to send characters from the card to the ME
optional
a)
always if present

b)
if TC1 is neither 0 nor 255, then reject the SIM (in accordance with subclause 5.10); see the note after the table

6.
Interface 

character


TD1
protocol type; indicator for the presence of inter‑ face characters, specifying rules to be used for transmissions with the given protocol type
always, if T=15 indicated in TDi
a)
always if present

b)
identifying the subsequent characters accordingly

7.
Interface 

character 

(specific)


TA2
not used for protocol T=0
optional
a)
optional

b)
‑‑‑‑‑‑‑‑

8.
Interface 

character 

(global)


TB2
parameter to calculate the programming voltage
never
the allowed value of TB1 above defines that an external programming voltage is not applicable

9.
Interface 

character 

(specific)


TC2
parameters to calculate the work waiting time
optional
a)
always if present

b)
using the work waiting time accordingly

10.
Interface 

character 


TDi


(i>1)
protocol type; indicator for the presence of interface characters, specifying rules to be used for transmissions with the given protocol type
optional
a)
always if present 

b)
identifying the subsequent characters accordingly






(continued)

Character
Contents
sent by 

the card
a)
evaluation by the ME 

b)
reaction by the ME

11.
Interface 

character


TAi, TBi, TCi 

(i>2)
characters which contain interface characters for other transmission protocols. If TD(i-1) indicates T=15 TAi is interpreted as global interface character
optional/Always if TD(i-1) indicates T=15
a)
always

b)
If T=15 is indicated in TD(i-1). TAi indicates:

           XI clock stop indicator over b8 b7

           UI class indicator over b6 to b1

12.
Historical 

characters


T1,...,TK
contents not specified in ISO/IEC
optional
a)
optional

b)
‑‑‑‑‑‑‑‑

13.
Check 

character


TCK
check byte (exclusive ‑ORing)
not sent if only T=0 is indicated in the ATR; If T=0 and T=15 are present and in all other cases TCK shall be sent
a)
optional

b)
‑‑‑‑‑‑‑‑

NOTE:
According to ISO/IEC 7816‑3:1997 N=255 indicates that the minimum delay is 12 etu for the asynchronous half‑duplex character transmission protocol.

4.3
Supply voltage switching

The TE initially activates the ICC with the lowest voltage class available. If no ATR is received the ICC is deactivated and activated with the next higher class, if supported by the TE. If an ATR is received at the first applied voltage class the contents of the ATR is analysed by the TE. If the operating class used by the TE is not supported by the ICC the TE shall deactivate the ICC and activate it with a supply voltage class indicated by the ICC. If the ATR is corrupted the TE shall repeat the procedure at least 3 times using the same operating class before rejecting the ICC. In case of 3 consecutive corrupted ATR the TE may activate the ICC with the next higher class. The TE is restricted not to use but the next higher class in the retrial attempt in this case.

4.3.1
Supply Voltage Classes

A supply voltage class is indicated in the ATR by the ICC. Alternatively in existing applications it may be indicated in the status response when the MF or DF is selected. 

If supply voltage class indication is not present in the ATR the TE shall use the alternative method for determine the supply voltage class. This method is based on the response to a STATUS command when a MF or a DF is selected. If the supply voltage class is not indicated in the ATR the TE shall select the MF or a DF in an application and perform a STATUS command. The supply voltage class is indicated in byte 14 in the response data see section 4.5.The TE shall support this supply voltage class indication for compatibility with existing applications.

Table 1 Supply Voltage Classes indicated in ATR

Symbol
Minimum
Maximum
Unit
Class
Encoding (Binary)

Vcc
4,5
5,5
V
A
00 0001

Vcc
2,7
3,3
V
B
00 0010

Vcc
1,62
1,98
V
C
00 0100

Vcc
RFU
RFU
V
D
00 1000

Vcc
RFU
RFU
V
E
01 0000

Note: 
Class A and B values are according to ISO/IEC 7816-3. Class C and D is a further evolution of value specified in ISO/IEC 7816-3. It is possible to support a range of classes. The support must be consecutive e.g. AB, BC etc. A combination like AC is not allowed.

Table 2 Supply Voltage Classes indicated STATUS response

SIM Supply Voltage
Bit 7
Bit 6
Bit 5

5V only SIM
0 (RFU) 1
0 (RFU) 1
0 (RFU) 1

3V Technology SIM
0 (RFU) 1
0 (RFU) 1
1

1.8V Technology SIM
0 (RFU) 1
1
1

Future Class
1
1
1

4.3.2
Power Consumption Classes

The power consumption of the ICC during ATR is specified in Table 3. Power consumption Class I is for supply voltage class A, class II is for supply voltage class B etc. The ICC power consumption during the ATR shall conform to the power supply class indicated in the ATR. If the ICC supports several supply voltage classes it shall conform to the corresponding power consumption classes. The terminal is not aware of the power consumptions of the ICC until the ATR is received and an application is selected. Therefore the specification in Table 3 is mandatory for the ICC during the ATR.

Table 3 Power Consumption classes that applies during ATR

Symbol
Voltage Class
Maximum
Unit
Class
Encoding

Icc
A
10
mA
I


Icc
B
6
mA
II


Icc
C
4
mA
III


Icc
D
RFU
mA
IV


Icc
E
RFU
mA
V


4.4
Application Related Electrical Parameters

The power consumption of an ICC is depending upon the voltage class and the application it is running. The power consumption of the ICC is restricted to the values indicated in Table 3 until an application is selected. An application is considered selected when the access condition is successfully verified. If no access condition is required for the application the application is considered selected when an application related command is executed within the selected application. Selecting the application and performing a STATUS command is not an execution of an application command.

The TE retrieves the application power consumption requirements by selecting the application and performing a STATUS command within the application. The power consumption parameters are returned by the card in the response to STATUS command. This information will be located in the response to a STATUS command issued at a DF or EF level.

In case of a multiapplication ICC where the application selection according to ISO/IEC 7816-5 [4] is used the application power consumption is to be indicated in the information elements of the application identifier stored in EFDIR as defined in ISO/IEC 7816-4 [3].

If no power consumption indication is available in the card the terminal shall assume the application power consumption as specified in Table 4 .

Table 4 Power Consumption during the Application Session

Symbol
Voltage Class
Maximum
Unit
Remark

Icc
A
60
mA


Icc
A
10
mA
GSM Application

Icc
B
50
mA


Icc
B
6
mA
GSM Application

Icc
C
20
mA


Icc
C
4
mA
GSM Application

Icc
D
RFU
mA


Icc
E
RFU
mA


4.5
Application dependent electrical parameter indication

The application dependent electrical parameters are returned in the response to the STATUS command. The STATUS command is issued in a DF or EF of the selected application in order to retrieve the required information. The response is as indicated.

Response parameters/data in case of an MF or DF:

Byte(s)
Description
Length

1 ‑ 2
RFU
2

3 ‑ 4
Total amount of memory of the selected directory which is not allocated to any of the DFs or EFs under the selected directory
2

5 ‑ 6
File ID
2

7
Type of file
1

8 ‑ 12
RFU
5

13
Length of the following data (byte 14 to the end)
1

14 ‑ 34
GSM specific data
21

Application specific data:

Byte(s)
Description
Length

14
File characteristics (see detail 1)
1

15
Number of DFs which are a direct child of the current directory
1

16
Number of EFs which are a direct child of the current directory
1

17
Number of CHVs, UNBLOCK CHVs and administrative codes
1

18
Application Power Consumption (see detail 2)
1

19
CHV1 status 
1

20
UNBLOCK CHV1 status 
1

21
CHV2 status 
1

22
UNBLOCK CHV2 status 
1

23
RFU
1

24 ‑ 34
Reserved for the administrative management
0 ( lgth ( 11

Detail 1: File characteristics

┌──┬──┬──┬──┬──┬──┬──┬──┐

│b8│b7│b6│b5│b4│b3│b2│b1│

└┬─┴┬─┴┬─┴┬─┴┬─┴┬─┴┬─┴┬─┘

 │  │  │  │  │  │  │  └── Clock stop (see below)

 │  │  │  │  │  │  └───── For running the authentication algorithm,

 │  │  │  │  │  │ 



a frequency is required of at





                            │  │  │  │  │  │   


least System clock/8 MHz if b2=0 and System   │  │  │  │  │  │



clock/4 MHz if b2=1

 │  │  │  │  └──┴──────── Clock stop (see below)

 │  └──└──└────────────── for coding see table 2

          └─────────────────────── b8=0: CHV1 enabled; b8=1: CHV1 disabled

The coding of the conditions for stopping the clock is as follows:
 Bit b1  Bit b3  Bit b4

    1        0         0        clock stop allowed, no preferred level

    1        1         0        clock stop allowed, high level preferred

    1        0         1        clock stop allowed, low level preferred

    0        0         0        clock stop not allowed

    0        1         0        clock stop not allowed, unless at high level

    0        0         1        clock stop not allowed, unless at low level


If bit b1 (column 1) is coded 1, stopping the clock is allowed at high or low level. In this case columns 2 (bit b3) and 3 (bit b4) give information about the preferred level (high or low, respectively) at which the clock may be stopped.


If bit b1 is coded 0, the clock may be stopped only if the mandatory condition in column 2 (b3=1, i.e. stop at high level) or column 3 (b4=1, i.e. stop at low level) is fulfilled. If all 3 bits are coded 0, then the clock shall not be stopped.

Detail 2: Application Power Consumption

┌──┬──┬──┬──┬──┬──┬──┬──┐

│b8│b7│b6│b5│b4│b3│b2│b1│

└┬─┴┬─┴┬─┴┬─┴┬─┴┬─┴┬─┴┬─┘

 │  │  └──└──└──└──└──└── Application Power Consumption (mA)

 └──└──​────────────────── RFU

The value '00' or 'FF' is ignored by the terminal. A value > '3C' is not interpreted by the terminal and shall not be used. The terminal may still accept the application.

5
Physical Characteristics

5.1
ID-1 Card

The ID-1 card physical characteristics is according to ISO/IEC 7816-2 [1]

5.2
ID-000 Card, Plugin

The physical characteristics of the ID-000 card is defined in the present document.
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Figure 1 Plugin SIM

6
Electrical specifications of the Smart Card - Terminal interface

The electrical specification given in this ETS covers the supply voltage range from 4.5V to 5.5V, 2,7V to 3,3V and 1.62V to 1.98V. For each state (VOH, VIH, VIL and VOL) a positive current is defined as flowing out of the entity (TE or ICC) in that state. Vpp is not supported by the 3V and 1.8V technology TE or the 3V and 1.8V technology ICC. 

When the Smart Card is in idle state the current consumption of the card shall not exceed 200 µA at 1 MHz at +25°C. When the SIM is in clock stop mode the current consumption shall not exceed 100 µA at +25 °C. 

The clock duty cycle shall be between 40 % and 60 % of the period during stable operation. A clock cycle is defined at 50% of Vcc from rising to rising edge or falling to falling edge. When switching clock frequencies MEs shall ensure that no pulse is shorter than 100 ns which is 40 % of the shortest allowed period.

The TE supporting 3V or 1.8V need not provide contact C6 (Vpp). Contact C6  shall not be connected in the TE if provided.

6.1
Electrical Specification of the 5V Smart Card – Terminal Interface

6.1.1
Supply voltage Vcc (contact C1)

The ICC shall be operated within the following limits:

Table 5 Electrical characteristics of Vcc under normal operating conditions

Symbol
Minimum
Maximum
Unit

Vcc
4,5
5,5
V

The current consumption of the ICC shall not exceed the value given in table 3 during the ATR (including activation and deactivation).

When the ICC is in idle state (see below) the current consumption of the card shall not exceed 200 µA at 1 MHz and 25°C. If clock stop mode is allowed, then the current consumption shall also not exceed 200 µA while the clock is stopped.

The TE shall source the maximum current requirements defined above. It shall also be able to counteract spikes in the current consumption of the card up to a maximum charge of 40 nAs with no more than 400 ns duration and an amplitude of at most 200 mA, ensuring that the supply voltage stays in the specified range.

NOTE:
A possible solution would be to place a capacitor (e.g. 100 nF, ceramic) as close as possible to the contacting elements.

6.1.2
Reset (RST) (contact C2)

The TE shall operate the ICC within the following limits:

Table 6 Electrical characteristics of RST under normal operating conditions

Symbol
Conditions
Minimum 
Maximum

VOH
IOHmax = +20 µA
Vcc‑0,7
Vcc (note)

VOL
IOLmax = ‑200 µA 
0V (note)
0,6 V

tR tF
Cout = Cin = 30 pF

400 µs

NOTE:
To allow for overshoot the voltage on RST shall remain between ‑0,3 V and Vcc+0,3 V during dynamic operation.

6.1.3
Programming voltage Vpp (contact C6)

The ICC shall not require any programming voltage on Vpp. The TE need not provide contact C6. If the TE provides contact C6, then, in the case of the ID‑1 SC the same voltage shall be supplied on Vpp as on Vcc, while in the case of Plug‑in ICC the TE need not provide any voltage on C6. Contact C6 may be connected to Vcc in any TE but shall not be connected to ground.

6.1.4
Clock CLK (contact C3)

The TE shall support 1 to 5 MHz. The clock shall be supplied by the TE. No "internal clock" ICC shall be used.

The duty cycle shall be between 40 % and 60 % of the period during stable operation.

The TE shall operate the SC within the following limits:

Table 7 Electrical characteristics of CLK under normal operating conditions

Symbol
Conditions
Minimum 
Maximum

VOH
IOHmax = +20 µA
0,7xVcc
Vcc (note)

VOL
IOLmax = ‑200 µA 
0 V (note)
0,5 V 

tR tF  
Cout = Cin = 30 pF

9 % of period with a maximum of 0,5 µs

NOTE:
To allow for overshoot the voltage on CLK shall remain between ‑0,3 V and Vcc+0,3 V during dynamic operation.

6.1.5
I/O (contact C7)

Table 4 defines the electrical characteristics of the I/O (contact C7). The values given in the table have the effect of defining the values of the pull‑up resistor in the TE and the impedances of the drivers and receivers in the TE and ICC.

Table 8 Electrical characteristics of I/O under normal operating conditions

Symbol 
Conditions
Minimum 
Maximum 

VIH
IIHmax = ± 20 µA (note 2)
0,7xVcc
Vcc+0,3 V

VIL
IILmax = +1 mA
‑0,3 V
0,8 V

VOH (note 1)
IOHmax = + 20µA
 3,8 V
Vcc (note 3)

VOL
IOLmax = ‑1 mA
 0 V (note 3)
0,4 V

tR tF
Cout = Cin = 30 pF

1 µs

NOTE 1:
It is assumed that a pull‑up resistor is used in the interface device (recommended value: 20 kohms).

NOTE 2:
During static conditions (idle state) only the positive value can apply. Under dynamic operating conditions (transmission) short term voltage spikes on the I/O line may cause a current reversal.

NOTE 3:
To allow for overshoot the voltage on I/O shall remain between ‑0,3 V and Vcc+0,3 V during dynamic operation.

6.2
Electrical Specifications of the 3V Smart Card – Terminal Interface

6.2.1
Supply voltage Vcc (contact C1)

Table 9 Electrical characteristics of Vcc under normal operating conditions

Symbol
Minimum
Maximum
Unit

Vcc
2,7
3,3 
V

The TE shall source the maximum current as defined in table 4. It shall also be able to counteract spikes in the current consumption of the card up to a maximum charge of 12 nAs with no more than 400 ns duration and an amplitude of at most 60 mA, ensuring that the supply voltage stays in the specified range.

6.2.2
Reset (RST) (contact C2)

Table 10 Electrical characteristics of RESET (RST) under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VOH
IOHmax = + 20 µA
0,8 x Vcc
Vcc (Note)
V

VOL
IOLmax = -200 µA 
0 (Note)
0,2 x Vcc
V

tR tF
Cin = Cout = 30 pF

400
µs

NOTE:
To allow for overshoot the voltage on RST should remain between -0,3V and Vcc +0,3V during dynamic operations.





6.2.3
Clock CLK (contact C3)

Table 11 Electrical characteristics of Clock (CLK) under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VOH
IOHmax = + 20  µA
0,7 x Vcc
Vcc (Note ) 
V

VOL
IOLmax = - 20 µA 
0 (Note )
0,2 x Vcc
V

tR tF
Cin = Cout = 30 pF

50  
ns

NOTE:
To allow for overshoot the voltage on CLK should remain between -0,3V and Vcc+0,3V during dynamic operations.







6.2.4
I/O (contact C7)

Table 12 Electrical characteristics of I/O under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VIH
IIHmax = ± 20 µA (Note 2)
0,7 x Vcc
Vcc+0,3 
V

VIL
IILmax = + 1 mA 
- 0,3
0,2 x Vcc
V

VOH (Note 1)
IOHmax = + 20 µA
0,7 x Vcc
Vcc (Note 3)
V

VOL
IOLmax = - 1mA
0 (Note 3)
0,4
V

tR tF
Cin = Cout = 30 pF

1
µs

NOTE 1:
It is assumed that a pull-up resistor is used on the interface device (recommended value: 20 k ).

NOTE 2:
During static conditions (idle state) only the positive value can apply. Under dynamic operating conditions (transmissions) short term voltage spikes on the I/O line may cause a current reversal. 

NOTE 3:
To allow for overshoot the voltage on I/O shall remain between -0,3V and Vcc+0,3V during dynamic operation.





6.3
Electrical Specifications of the 1.8V Smart Card – Terminal Interface

6.3.1
Supply voltage Vcc (contact C1)

Table 13 Electrical characteristics of Vcc under normal operating conditions

Symbol
Minimum
Maximum
Unit

Vcc
1,62
1,98 
V

The TE shall source the maximum current as defined in table 4. It shall also be able to counteract spikes in the current consumption of the card up to a maximum charge of 12 nAs with no more than 400 ns duration and an amplitude of at most 60 mA, ensuring that the supply voltage stays in the specified range.

6.3.2
Reset (RST) (contact C2)

Table 14 Electrical characteristics of RESET (RST) under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VOH
IOHmax = + 20 µA
0,8 x Vcc
Vcc (Note)
V

VOL
IOLmax = -200 µA 
0 (Note)
0,2 x Vcc
V

tR tF
Cin = Cout = 30 pF

400
µs

NOTE:
To allow for overshoot the voltage on RST should remain between -0,3V and Vcc +0,3V during dynamic operations.





6.3.3
Clock CLK (contact C3)

Table 15
Electrical characteristics of Clock (CLK) under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VOH
IOHmax = + 20  µA
0,7 x Vcc
Vcc (Note ) 
V

VOL
IOLmax = - 20 µA 
0 (Note )
0,2 x Vcc
V

tR tF
Cin = Cout = 30 pF

50  
ns

NOTE:
To allow for overshoot the voltage on CLK should remain between -0,3V and Vcc+0,3V during dynamic operations.





6.3.4
I/O (contact C7)

Table 16
Electrical characteristics of I/O under normal operating conditions

Symbol
Conditions
Minimum
Maximum
Unit

VIH
IIHmax = ± 20 µA (Note 2)
0,7 x Vcc
Vcc+0,3 
V

VIL
IILmax = + 1 mA 
- 0,3
0,2 x Vcc
V

VOH (Note 1)
IOHmax = + 20 µA
0,7 x Vcc
Vcc (Note 3)
V

VOL
IOLmax = - 1mA
0 (Note 3)
0,4
V

tR tF
Cin = Cout = 30 pF

1
µs

NOTE 1:
It is assumed that a pull-up resistor is used on the interface device (recommended value: 20 k ).

NOTE 2:
During static conditions (idle state) only the positive value can apply. Under dynamic operating conditions (transmissions) short term voltage spikes on the I/O line may cause a current reversal. 

NOTE 3:
To allow for overshoot the voltage on I/O shall remain between -0,3V and Vcc+0,3V during dynamic operation.
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