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Neo900 supports up to two SIM cards, one under the battery and one in a slot-in holder accessible
from the outside. The hardware supports the following operations:

• The modem accessing either SIM, under CPU control,1

• generic smartcard reader mode by the CPU, and

• independent access of NFC (through SWP) to a secure element contained in the SIM.

This document specifies how access to these two cards is implemented in the Neo900 hardware.

The following drawing illustrates the general situation: we have modem, CPU, and NFC that each
may need to access one of the SIM cards, be it for communication, for supplying power, or both.
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We use A/B for the buses that are affected by the switch, and 1/2 for the SIM side and for signals
or buses that are not affected by the switch.

∗Concept and design requirements.
†Specification details and illustrations.

1 To the modem, this looks like the user removing one SIM and inserting another. Depending on the availability
of modem variants natively supporting two SIMs, details of which are not yet available at the time of writing,
additional functionality may be available.
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Depending the module version, the modem may have one or two SIM interfaces. The system
is designed such that no invalid configurations occur even if the systems involved should fail to
coordinate their activities.

Please note that connections that are shown as going to the CPU may in fact be handled through
an IO expander. Furthermore, signal or bus names used in this document have been assigned
somewhat arbitrarily, and may be harmonized with the naming chosen for the Neo900 schematics
at a later point in time.
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1 Connections

The following drawing shows the eight contacts of a typical SIM card:

C6 (SWIO)

C5 (GND)

C7 (IO)

C8 (IC_DM) C4 (IC_DP)

C3 (CLK)

C2 (RST)

C1 (VCC)

We discuss the characteristics of the various signals and how they relate to the Neo900 hardware
design in the next sections.

1.1 Power (C1, C5)

The SIM card is powered by the terminal. Of the supply voltage classes specified in section 6.2.1
of [1], we support class B (nominally 3 V) and class C (1.8 V).

1.2 Card detection

Access to a SIM card must be stopped before it can be safely removed or swapped. In order to
ensure that the entity controlling a card can perform a clean shutdown, a card detection signal may
warn of imminent card removal.

Of the two SIM holders in Neo900, SIM #2 is equipped with a card detection switch. SIM #1 has
no such switch but its location ensures that the SIM can only be released after battery removal.

We may introduce an added safeguard in the form of a battery detection signal that acts as card
detection for SIM #1.

1.3 SIM data interface (C2, C3, C7)

This is the principal communication interface of a SIM card. It is used by the modem to perform
all the authentication, storage, etc., operations that are used in mobile telephony. For lack of a
better term, we call this the “SIM data interface”.

This interface can also be accessed by the CPU for generic smartcard reader purposes. In this case,
card removal is signaled to the modem and both SIMs are then disconnected from it.

The voltage levels on these signals are defined in section 5 of [1] as functions of the supply voltage.
Therefore, level shifting is required when the CPU accesses a class B (3 V) card.
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1.4 SWIO (C6)

SWP (Single Wire Protocol) provides a channel that operates in parallel with and that is largely
independent from the principal SIM data interface. It is used by NFC for communication with a
Secure Element that is (optionally) contained in the SIM card.

SWP is specified in [2]. We discuss various implementation considerations in section 6 of [3].

While there are small differences between class B (3 V) and class C (1.8 V),2 SWP basically
operates in the 1.8 V domain in either case. It connects only to the NFC subsystem which also
operates at 1.8 V. Therefore, no level shifting is required for SWP. The one signal SWP uses (in
addition to power) is named SWIO. We use the terms SWP and SWIO largely interchangeably in
this document.

1.5 Unused contacts (C4, C8)

Contacts C4 and C8 are reserved for the USB interface specified in [4]. We do not support this
functionality and leave these contacts (if present) unconnected.

2 See section 6.1 of [3].
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2 Terminal

While the Neo900 appears as a single terminal to a SIM card, the entity that speaks to the SIM
card may be the modem, the CPU, or NFC – the latter either alone or concurrently with modem
or CPU.

2.1 Modem

The modem connects to all the contacts described in the section 1, except for SWP and the USB
interface. I.e., there is power, the SIM data interface, and card detection.

Depending on which modem version will be available at the time the design is implemented, the
modem may have one or two SIM interfaces. If the modem has only one interface, the CPU will
coordinate access to the SIM cards, and a card switch will appear to the modem like the removal
of the old card followed by the insertion of the new card:

SIM #1

SIM #2

CPU

Modem

Control

SIM

Change

In addition to the card change signals from the SIM cards, the hardware generates a card change
indication before the switch is operated.

In case the modem supports two SIM interfaces, the switch can still be used to swap the SIMs,
should such functionality be desired. Also in this case a card removal indication is generated before
any switch configuration changes are carried out: 3

3 At the time of writing, it is not clear whether the modem would use only one SIM at a time in this case, i.e., similar
to the functionality we provide if the modem has only a single SIM interface, or whether it would be able to use
both SIMs in parallel. It will also be necessary to determine, when using a modem module that is not dual-SIM
capable, whether the pads used for the second SIM bus can be safely connected to the SIM switch or whether the
signals will have to be isolated.
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2.2 CPU

Like the modem, the CPU connects to the SIM data interface (as defined in section 1.3), to card
detection, and it can request power to be provided to the SIM (see section 2.2.1).

CPU access is mutually exclusive with the modem. This gets ensured on a hardware level by giving
only one of these two subsystems access to the SIMs at a time. Further details regarding the
implementation can be found in section 3.1.

In the following sections, we discuss each type of connection and the circuits needed before going
to the main switch.

2.2.1 CPU-controlled power

The CPU requests power delivery to the SIM from the power selection logic described in section
3.2.

2.2.2 CPU data

Since the SIM data interface may operate at either 1.8 or 3 V while the CPU always operates
at 1.8 V, we need to provide level shifting. Tables 5.8 and 5.12 in sections 5.2.4 and 5.3.4 of [1],
respectively, consider the use of a 20 kΩ pull-up resistor on the IO contact. We can therefore use
the bi-directional level shifting circuit described in [5]:

T1

1.8V VSIMCPU

Switch

20k

R2

CPU

20k

R1

For simplicity, we can also use the same type of level shifter for RST and CLK, given that they use
the same voltage levels and operate at the same or a lower frequency.
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In order to reduce the circuit footprint and the number of components, integrated level shifters from
the TI LSF family [6] could be used instead of the discrete circuit shown above. The programmable
pull-up resistors built into the CPU can be used for R1, further reducing the component count.

Section 3.4 describes how to obtain VSIMCPU.

2.2.3 CPU card detect

In order to ensure that the CPU can properly shut down any SIM card it is accessing when that
card is being removed, the CPU needs to have access to the card detect signals.

Since the CPU controls the state of the switch, software can simply decide which card detect signal
belongs to which SIM card, and no hardware selection is necessary.

2.3 NFC

Since the NFC subsystem provides two separate SWP channels and SWP is not used by anything
else, it can simply connect to both SIM cards and let software select which channel to use.

The power management subsystem monitors the two SWP lines and supplies power (if not already
present) if detecting activity. This power supply remains active until explicitly reset by a signal
from the NFC subsystem. This is explained in more detail in section 3.2.
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3 The switch

The switch consists of three parts: a pair of analog switches for the SIM data interface and the
card detection signals, the power selection logic, and the power distribution circuit. The following
diagram refines the overview from the introduction and shows how the various elements are related.

Modem

NFC

CPU

Power

selection distribution

Power

Data/CD

SWP 1/2

Control

Control

Power A/B

Detect A

 Data A

Data B

Detect B

Data

Control

Detect 2

Data 1

Data 2

Power 1/2

SIM#2

SIM#1

Detect 1

The Switch

3.1 Data switching and card detection

The following diagram shows the switching of data and card detection signals. A pair of Fairchild
FSA2866 analog switches [7] performs the actual switching.
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The control logic ensures that a card change is signaled to the modem during at least 500 ms before
the switch configuration is changed. For regulatory considerations, this logic should be implemented
with discrete logic.

The level shifters for CPU SIM are discussed in section 2.2.2.

Please note that, in the FSA2866 serving the modem, we use the lines intended for switching power
for the card detection signal instead. This is to ensure that the switching of data and of card
detection can never disagree.

3.2 Power selection

The following diagram shows the power selection logic. The entire circuit can be implemented with
a single Silego SLG46721 mixed-signal array [8].
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Since power can be requested by various entities, we do not route modem power directly through
the switch but instead measure the voltage the modem outputs and request the corresponding
voltage from the following stages. (Block “Voltage detection”.)
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Since the analog input voltage must not be greater than VDD, the voltages output by the modem
must be divided by at least ÷2.

The resulting request signals, corresponding to the modem’s SIM buses A and B, are then routed
(block “Switch”) towards the respective SIM, according to the setting of the data switch (SEL Q).

The per-SIM request signals from the modem are then merged with the request signals from CPU
and NFC, and for each SIM, the highest selected voltage is requested from the power distribution
subsystem. (Block “Voltage selection”.)

The CPU simply indicates whether it wants to request SIM power, and which voltage. This
information is then routed to the corresponding SIM according to the switch setting (SEL). The
CPU must keep CPU PWR EN low while CPU nMODEM Q is low.

NFC is not affected by the switch setting, and activity on the respective SWIO line generates an
1.8 V request for the respective SIM. This request remains active until explicitly reset by asserting
SWP nRESET.

Regarding the outputs, we show a configuration where each channel has an enable signal and a volt-
age selection signal, suitable for interfacing with the circuit described in section 3.3. Alternatively,
one could use one enable signal for each voltage, e.g., to control individual switches.

3.3 Power distribution

SIM power is provided by voltage regulators – one for each SIM – that are configured according to
what the power selection subsystem requests. As an example, the Texas Instruments TPS728180300
[9], available in a 1.4 mm2 5-BGA package, could be used:

From power selection

EN VSET

OUT

after reset

Hold EN low

TPS728180300

3.3V

VSEL_x_EN

VSEL_x_3V_n1V8

To SIM
VSIM_x

IN

This regulator outputs either 1.8 V or 3.0 V. When disabled, it discharges its output through a
60 Ω resistor.
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There are also similar dual-voltage regulators specifically designed for use with SIM cards, with
enhanced ESD protection, and that also include level shifters, e.g., the Texas Instruments TXS4555
[10].4

We will use this regulator with built-in level shifters, but since our design is more complex than
the type of SIM applications this chip is designed for, the level shifting capabilities are of no use
and are ignored.

From power selection

To SIM
VSIM_x

EN SEL

after reset

Hold EN low

VSEL_x_EN

VSEL_x_3V_n1V8

IO

CLK

RST

SIM_IO

SIM_CLK

SIM_RST

Vcc

VSIM

VBATT

TXS4555

1.8 V 3.3 V or VBAT_SWITCHED

3.4 Level shifter voltage

The last missing piece is the high-side voltage for the level shifters between CPU and the switch.
Since this voltage has to match the supply voltage of the currently selected SIM, we can simply
pass the SIM supply voltage back through the analog switch that also selects the data signals.

The analog switch serving the CPU shown in section 3.1 can therefore be completed as follows:

3

3

33 H1 C1

FSA2866

H2 C2

nOESEL
VSIMVSIM

VSIMVSIM

SIM_1

SIM_2

VSIM_1

VSIM_2

Level
Shifter

1.8V

CPU_SIM

C
P

U

S
IM

 c
a

rd
s

From control

VSIMCPU

4 Many other companies offer 4555 chips as well. However, most use a 9 mm2 16-QFN footprint while – for space
reasons – we use the 3.4 mm2 12-QFN package only offered by Texas Instruments.
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Note: to keep things clear and simple, these power connections are not shown in the overview
diagram in section 3.
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