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1. INTRODUCTION

1.1. AsstrACT

SpringCard E663 OEM Module is an OEM RFID and NFC reader module designed to be operated
through the network. SpringCard E663 OEM Module embedds a complete Ethernet 10/100 stack
(MAC & PHY) and supports the TCP/IP protocol stock (IPv4).

This document provides all necessary information to integrate the E663 OEM Module into your
design, and take benefit from all its features.

1.2. PRrobuCT IDENTIFICATION
1.2.1. Hardware

To date, only one hardware version of the E663 OEM Module exist:

E663S ' output is balanced (symmetrical) so it could drive a directly-matched, balanced
antenna. The distance between the module and the antenna shall not exceed 20cm.

1.2.2. Firmware

There are two firmware available for the E663 OEM Module:
E663 (rx62n_rc663_e663_M-mm), the Coupler firmware used in PC/SC and alike systems,

E663/RDR (rx62n_rc663_e663-rdr_M-mm), the Smart Reader firmware used for
standalone reader mode.
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1.2.3.

Related products

Form Factor / platform

With E663 FW

With E663/RDR FW

TwistyWriter IP

TwistyWriter-IP PC/CSC
OEM Network RFID/NFC PC/SC Coupler
(#SC16091)

TwistyWriter-IP NFC
OEM Network RFID/NFC Smart Reader
(# TBD)

FunkyGate IP

FunkyGate-IP PC/SC

Wall-mounted network RFID/NFC PC/SC
Coupler

(# SC16092)

FunkyGate-IP NFC

Wall-mounted network RFID/NFC Smart
Reader

(# SC14002)

FunkyGate IP with POE

FunkyGate-IP PC/SC

Wall-mounted network RFID/NFC PC/SC
Coupler (Power Over Ethernet)

(# SC16093)

FunkyGate-IP+POE NFC
Wall-mounted network RFID/NFC Smart
Reader (Power Over Ethernet)

(# SC14003)

1.3.

RELATED DOCUMENTS

a. With E663 FW

Editor Doc # Description

SpringCard PMA16384 |E663 PC/SC Developer’s Reference Manual

SpringCard PMD15282 |Zero-driver couplers - CCID low-level implementation
b. With E663/RDR FW

Editor Doc # Description

SpringCard PMA13257 |FunkyGate-IP NFC Integration and Configuration Guide
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1.4. |MPORTANT — READ ME FIRST

1.4.1. Antenna design

The E663 OEM Module needs an external antenna to work as a contactless (RFID / NFC) coupler.
The antenna has to be designed carefully for the target module and depending on your own
specifications (size constraints, expected operating distance), but flexibility is limited to some
extent due to the requirements of the ISO standards and the EMC regulations.

SpringCard engineers have a strong experience in antenna design. Do not hesitate to consult us
any time you need a custom design.

SpringCard also offers a wide range of ready-to-use products, using the E663 OEM Module core;
please visit www.springcard.com and look for the FunkyGate IP and TwistyWriter IP families.

1.5. Aubience

This manual is designed for use by electronic hardware integrators. It assumes that the reader has
expert knowledge of digital electronics.

1.6. SuPPORT AND UPDATES

Related documentation (e.g. product datasheets, application notes, sample software, HOWTOs
and FAQs...) is available at SpringCard’s web site:

www.springcard.com

Updated versions of this document and others are posted on this web site as soon as they are
available.

For technical support enquiries, please refer to SpringCard support page, on the web at

www.springcard.com/support
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2. Harbpware AnD pinouT - E663S

2.1. Dimensions
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NB: the E663S's main power supply is 5V DC (VCC_5V), but its core CPU operates at 3.3V. In the
drawing above, the asterisk (*) denotes a 3.3V-only input pin (where the other input pins are 5V
tolerant).
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Table 2: pinout details for E663S

PIN NAME Type Description Remark See §
1 SIG_M Analog Symmetric antenna 5.1
2 SIG_P Analog Symmetric antenna 5.1
3 VCC Power Power supply 4.1.2
4 GND Ground Ground
5 3V3_OuT Power Out 3.3V output Max 100mA
6 GND Ground Ground
7 RFU Leave unconnected
8 MODE IN Firmware upgrade mode Internal pull-up to VCC 4.7
9 BUZZER ouT Buzzer output 4.4
10 /FLASH IN Firmware upgrade Internal pull-up to VCC 4.7
11 USB_VCC Power Bus power supply for USB link 4.6
12 USB_DP IN/OUT USB D+ 4.6
13 USB_DM IN/OUT USB D- 4.6
14 /USB_PWRD IN E663 is powered by the bus Internal pull-up to 3V3 4.6.2
15 JE_PWR_EN ouT Peripherals power management
16 RFU Leave unconnected
17 RFU Leave unconnected
18 RFU Leave unconnected
19 E_SC_SCL IN/OUT I°C SCL Internal pull-up (10kQ) to VCC
20 E_SC_SDA IN/OUT I’C SDA Internal pull-up (10kQ) to VCC
21 SER_RX IN Serial port — host to E663 Internal pull-up (4.7kQ) to 3V3 4.5
22 SER_TX ouT Serial port — E663 to host 4.5
23 RFU Leave unconnected
24 /LED3 ouT LED 3 BLUE 4.3
25 /RESET IN E663 reset Internal pull-up to VCC 413
26 RFU Leave unconnected

Table continuing next page




sprinQcard

page 11 of 28

SeringCarp E663 OEM Mobute - Hardware Integration Guide

Table 2 (continuing)

PIN NAME Type Description Remark See §
27 /LED1 ouT LED 1 RED 4.3
28 /LED2 ouT LED 2 GREEN 43
29 GND Ground Ground

30 VCC Power Power supply 4.1.2
31 JLED_ACT ouT Ethernet Activity LED 4.2
32 /LED_LINK ouT Ethernet Link LED 4.2
33 ETH_PWRD IN E663 is powered by a POE supply | Internal pull-up to 3v3

34 ETH_RXN IN To RJ45 4.2
35 ETH_RXP IN To RJ45 4.2
36 ETH_TXN ouT To RJ45 4.2
37 ETH_TXP ouT To RJ45 4.2
38 PWR_MODE ouT E663 is in low power mode

39 RFU Leave unconnected

40 RFU Leave unconnected

NB: for correct operation, all VCC pins (#3, #30) shall be connected to power supply, and all GND
pins (#4, #6, #29) shall be connected to ground.
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3.  ELECTRICAL CHARACTERISTICS

3.1. ABSOLUTE MAXIMUM RATINGS

Stresses beyond those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to
the device. This is a stress rating only and functional operation of the device at these conditions is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

SYMBOL Parameter Min Max Unit
VCC,ygs DC supply voltage with respect to ground -0.3 6.0 \Y
VN5 ABS Voltage to any pin with respect to ground -0.3 VCC+0.3 \Y
Pins 8, 10, 11, 5V-tolerant input pins
19, 20, 25
ViN3.ABS Voltage to any pin with respect to ground -0.3 3,6 \Y
Pins 12, 13, 3.3V-only input pins
14, 21, 33
IOUT’ABS Total DC output current on all I/O pins 200 mA
ls1GNAL PEAK Peak current delivered by the SIGNAL pin 200 mA
TororAGE Storage temperature -20 +70 °C

3.2. OPERATING CONDITION RANGE

SYMBOL Parameter Condition Min Typ Max Unit
ToperATION Operating temperature -20 +25 +70 °C
VCC Supply voltage 45 5.0 5.5 \Y
ICC Power supply current VCC=5.0V 150 250 mA
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3.3. INPUT PIN CHARACTERISTICS

Pins /RESET and /FLASH have 5V TTL input characteristics.

SYMBOL Parameter Min Max Unit
Vi LOW-level going threshold 0.8 \
Viy HIGH-level going threshold 2.0 Vv
| eak Input leakage current 4 MA
3.4. OUTPUT PIN CHARACTERISTICS
Pins TX and /LEDx have TTL output characteristics.
SYMBOL Parameter Min Max Unit
Voo Output LOW-level 0.4 \Y
Vou Output HIGH-level 2.4 \"
lo Output current source or sink 4 mA

SPRINGCARD, the SPRINGCARD logo are registered trademarks of SPRINGCARD SAS
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4. INTEGRATION GUIDE

4.1. GenerAL

4.1.1. Minimal schematics

This is the minimal schematics to integrate the E663S in your design:

vce

+33V

SIG_M s— SIG_M
SIG_P < {SIG_P

c1
100nF

° 1
100nF

.|”_|

Decoupling capacitors C1, C2 and C3 shall be placed as closed as possible to the E663S.
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4.1.2. Power supply

SpringCard recommends to use a DC/DC converter to provide a clean VCC to the E663S. A noisy or
unstable VCC is the primary cause for reduced operating distance or communication errors.

Observe the following schematics, based on a LTC3115 chip. The E663S's PWR_MODE output pin
(#33) is dedicated to drive the LTC3115 either in low current or high current mode (for reduced
overall consumption).

Vin \% L2

T D5 B230A - ) 1~ 2 A
10pH
2 1 1 2 A L3
ﬂ NP - v2 l BLM31PGEOTSNIL +5_EXT
2 c10 15 2 c11 T
1.1A
100nF swi swz 100nF 2~ ] .
@ o 13 fgsr1 gsT2 12
10uF/50V SMAT24V c12 - - « o
10, 3 33pF e
c18 o~ I 14 Vin PVout ¢15 S—
100nF vce = = PVin 6 RO S ez 10pF - -
o] ve = ™M W7uF/10V
16 Cc14 100K R10
"”—| l— PVCC PWM/SYNC 330F RS 15K <% cir
= 100nF 22nF
RIT 1M v 1| un s LT
R12 PVCC, +5_EXT
) 10M o Pvee I T 06 R14
s . l}ai 8 | ar 582 V& 9 1 2 249K
DC_MODE [+ N o 568
LT ZHCS400
o R15 R16 NS 1
u3 ne 33K = =
74vC1G07 |
= = == ¢c19
47
= LTC3115|EDHD/IDHD uF
4.1.3. Reset

The E663S has its own reset supervisor. The /RESET pin (#25) shall be used only if a manual reset is
needed. Otherwise, cycling the power is enough to ensure a proper reset of the module.

Tip: if you don’t have to be able to reset the module externally, you may leave the /RESET pin
unconnected.

When /RESET is set to LOW, the E663S’s CPU stops. When /RESET is set to HIGH again, firmware
execution restarts. Depending on the firmware release and the activated options, the E663S needs
50 to 250ms to be ready after a reset — and then its starts working only after the Ethernet link
comes up.

Note that the /RESET pin has no effect on the RF front-end. If the RF field was ON before reset, it
remains ON until the firmware instructs it to go OFF, or the module is powered down.

SPRINGCARD, the SPRINGCARD logo are registered trademarks of SPRINGCARD SAS
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4.2,

ETHERNET

4.2.1. Connecting the E663S to a standard RJ45 socket
ETH_AVDD ETH_AVDD
J1 ~
R1
10
a1 -
TX+ 5
J4
\AAL
Js - TXC 4
I ~~
Jz2 T* 6
-
J3
RX+ 1
= AN le 1 AN
Js [ RXC 3
aan
J6 Lr
rx |2
VC+ 9
ve- 10
;g g::gtg% %GREEN é E YRLLOW E’ _ cs
L vo : NO ,_< 7459210123 _—l_ 10nF
=0 - bt - bt =
R6 R7 +33V
330 +33V 330 T
< JETH.ACT ETH_LINK
4.2.2. Behaviour of the Ethernet LEDs

[To be written]

+3.3V

UCLAMP3301D
D1

D2
UCLAMP3301D

R4

ETH_AVDD
499 ?

VB2
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4.2.3. Power Over Ethernet (POE)

To implement the POE feature, SpringCard recommends the SI3402 chip.

5v_POE
vep.P
L4 5V_POE
BLM21PG331SN1B ) [
2 1 c2 -
Vet [+~ R17
VB2 1 2 100nF 0 s
C I —n R1
BLM31PGE01SN1L U o o b 287K
5 2 I PN I < -
c21 ' - = D7
FAoV== == y 2 25 8 & " PDS5100 -
s g FBI—{__JFB R1g —C25
2 cn 2 o ] 1ouF
7 1nFr00v : 66K o
v POE 1 se1 swo |2 L2 ;
sP2
L6 FB1
? 1 2 R0255K 6 - @ 1 33H BLM21PG220SN18 =
g S— 1723 =
o 5 ngT go g o a8 é EROUT ﬂ
100nF/100V o S5 & 2 22 8 c20
C27 ——=—=c28 R21 P S I 33nF VDD_P
4700V 10uF/100V 127 SI3402 -7l -
; ;F 4 c30 R22 c31
77 ) 150pF Ll 30.1K T 100nF
<4W (3 |

If you want your device to support both POE and external-power mode, use a LTC4416 chip to

select automatically between the two power sources.

Qt fo%)
5V_POE IRLML6402 IRLML6402
o
3 2 2 3
5V_POE
us T f - vce
> H1 G1 [0 T 7
E1 Vi
'|[I“ = GND Vs
Ls— = V2 +5_EXT
+5_EXT — H2 G2 |2 T_ ::032
LT44T6IMS l { 100nFRSY
3, I 2 2, T3 .3 »
IRLML6402 LD“‘ LK]_‘ = o
) IRLML6402 =
o =
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4.2.4. Powered by the POE, or external power

The ETH_PWRD pin (#33) tells the firmware whether the E663S has an external power supply
(LOW) or is powered by the POE (HIGH).

The schematics below shows how to inform the E663S what the primary power source is.

5V_POE vce C33
(o] 100nF-16V-10%- 0402

i

2

1 4
>0 {1 et PwrD
U6
RS 7ALVCIGOBGY
10K R26
NC

\o /s
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4.3. LED privers
E663S's LED output pins are active LOW and must be buffered to drive the LEDs.

Use N-channel mosfet transistors, as follow:

vce
o

ILED1

4.4, Buzzer

E663S's BUZZER output pin is intended to drive a Piezo buzzer through a driver. To make the
buzzer sound, a square wave at approx. 4.1kHz is generated.

vcec vcec
C34
22nF

R36 "”L{
™

u7
SN74AHCT1G02DCKR/SC70

BZ1

PIEZZO Imax 10mA
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4.5. SERIAL INTERFACE

The E663S features a serial communication for debugging and in case a custom firmware is
running.

Observe the following schematic to implement this interface according to RS-232 specifications
(+12V/-12V, DB9 plug).

+33v
c35
= 22nF us
- MAX3221ECAE SSOP16
RXQ32 Ké RIN Q TIN y:‘g X
TX232 TOUT > ROUT RX
2l c1s - P1
Cc36 INVALID ||| o
100nF | 51 o
J .
ci-
5 ™[> 315
c2+ [ Iy A— 1
ca7 61°,
100nF G vee 1
n EN [Ir 1) o
6
c2-
AN . rorceon 2 DB9 FEMALE
"
ﬁ V. %  ForceorF |12

C38 C39
100nF

14

100nF

-

i
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4.6. USB InTERFACE

The USB interface is used for firmware upgrade only, i.e. it shall be used only when the /FLASH pin
is tied to a O level.

I All USB pins shall be left unconnected when the device is not in the firmware-upgrade mode.

4.6.1. Schematics

The E663S features a USB 2.0 device interface. Observe the following schematics to implement
this interface according to USB hardware specifications.

2 L7 F2

2-1 1O/v2 . J

I—
USB_D+ cad FERRITE BEAD 500mA -

10nF o Z4
MOLEX 500075-1517 o

D BRWN =

4.6.2. Powered by the bus, or external power

The /USB_PWRD pin (#14) tells the firmware whether the E663S must be powered by the bus, or
has another power supply (external power supply, or POE).

You must either tie the /USB_PWRD pin to the value depending on your hardware setup (LOW
level if powered-by-the-bus, HIGH level if an external power supply is present).

Alternatively, you may also implement the following schematics to let the device detect
automatically how it is powered:

vce C42
100nF-16V-10%- 0402

-

0|

VCC_USB
[ Zy o >ot —
! /USB_PWRD
R38

U9

74LVCIGOBGY
10K R39
N.C
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4.7. FIRMWARE UPGRADE

The /FLASH pin (#10) is intended to put the E663S in firmware upgrade mode. Set /FLASH to LOW
and reset the module (or cycle power) to enter this mode.

The firmware upgrade is made through the USB interface. The E663S must be flashed using
Renesas Flash Development Toolkit (FDT) version 4.09 and onwards. The CPU in the E663 is a
Renesas RX62N. Please refer to the page “E663 firmware upgrade procedure” hosted on
SpringCard's developer blog for details.

IMPORTANT DISCLAIMER:

DO NOT TRY TO UPGRADE THE FIRMWARE while the RF field is switched ON. To enter firmware
upgrade mode safely, please either cycle power after setting the /FLASH pin to low, or switch RF
field to OFF by sending appropriate software commands before any action on the /RESET pin.

SPRINGCARD, the SPRINGCARD logo are registered trademarks of SPRINGCARD SAS
All other brand names, product names, or trademarks belong to their respective holders
Information in this document is subject to change without notice. Reproduction without written permission of SPRINGCARD is forbidden.
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4.8. Recommenoeo BOM

[To be written]

Component

Value

Tolerance

Recommended part #

Manufacturer

Information in this document is subject to change without notice. Reproduction without written permission of SPRINGCARD is forbidden.
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5.  Symwmetric (BALANCED) ANTENNA (E663S)

5.1. Tue SIG_P anp SIG_M rins
E663’s SIG_N pin (#1) and SIG_P pin (#2) are designed to drive a balanced antenna.

The antenna shall be connected to the module with 50mm maximum distance.

MATCHING CIRCUIT SYMETRIC ANTENNA
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5.2. ANTENNA TOPOLOGY
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5.2.1. Shielding

This antenna does not need ground plane protecting against H field like Unbalanced Antenna (see
6.2.2).

When P_Antenna has positive H field emission, the N_Antenna has an opposite H field emission,
doing H fields vanish.

5.2.2. Matching and tuning circuit

This circuit has two roles:

Tune up P_antenna and N_Antenna as a band-pass filter centred on 13.56MHz (C4, C9, C8,
C10) with a quality factor (Q) of approx. 40 (R1, R3).

Match P_antenna and N_Antenna to 100Q (C2, C3, C12, C13).

5.3. ANTENNA REFERENCE

¥¥-65]£5vd
AN LDY-0Hd
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5.4. Recommenoeo BOM

Component Value Tolerance Recommended part # Manufacturer
C2,C9, C10,C13 Unmounted
R2 Unmounted
C3,C12 33pF/100V 2% 06031U270GAT2A AVX
C4,c8 12pF/100V 2% 06031U150GAT2A AVX
R94 4,7 5% 232273464708 PHYCOMP

5.5. DESIGNING A CUSTOM ANTENNA

Designing an antenna for 13.56MHz RFID or NFC applications requires expertise and can’t be
improvised. A poorly designed antenna may be the cause of a too-short operating distance, ‘holes’
in the operating volume, excessive power consumption and overheating, damages in the module’s
output stage, non-compliance with I1SO standards and EMC regulations.

As reference documentations, please refer to NXP (formerly Philips Semiconductors) application
notes on the subject:

NXP AN 077925 : Directly matched antenna design
http://www.nxp.com/documents/application_note/077925.pdf

NXP AN 78010 : 13.56MHz RFID proximity antennas
http://www.nxp.com/documents/application_note/78010.pdf
The RF chipset in H663 is NXP CLRC663. Please take into account RC663’s limiting

characteristics. SpringCard engineers have a strong experience in antenna design. Do not
hesitate to consult us any time you need a custom design.



http://www.nxp.com/documents/application_note/78010.pdf
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DiscLaiver

This document is provided for informational purposes only and shall not be construed as a commercial offer, a license,
an advisory, fiduciary or professional relationship between SPRINGCARD and you. No information provided in this
document shall be considered a substitute for your independent investigation.

The information provided in document may be related to products or services that are not available in your country.

This document is provided "as is" and without warranty of any kind to the extent allowed by the applicable law. While
SPRINGCARD will use reasonable efforts to provide reliable information, we don't warrant that this document is free
of inaccuracies, errors and/or omissions, or that its content is appropriate for your particular use or up to date.
SPRINGCARD reserves the right to change the information at any time without notice.

SPRINGCARD doesn't warrant any results derived from the use of the products described in this document.
SPRINGCARD will not be liable for any indirect, consequential or incidental damages, including but not limited to lost
profits or revenues, business interruption, loss of data arising out of or in connection with the use, inability to use or
reliance on any product (either hardware or software) described in this document.

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
product may result in personal injury. SPRINGCARD customers using or selling these products for use in such
applications do so on their own risk and agree to fully indemnify SPRINGCARD for any damages resulting from such
improper use or sale.

COPYRIGHT NOTICE

All information in this document is either public information or is the intellectual property of SPRINGCARD and/or its
suppliers or partners.

You are free to view and print this document for your own use only. Those rights granted to you constitute a license
and not a transfer of title: you may not remove this copyright notice nor the proprietary notices contained in this
documents, and you are not allowed to publish or reproduce this document, either on the web or by any mean,
without written permission of SPRINGCARD.

Copyright © SPRINGCARD SAS 2017, all rights reserved.
EDITOR'S INFORMATION
SPRINGCARD SAS company with a capital of 227 000 €
RCS EVRY B 429 665 482
Parc Gutenberg, 2 voie La Cardon

91120 Palaiseau — FRANCE

CONTACT INFORMATION
For more information and to locate our sales office or distributor in your country or area, please visit

www.springcard.com
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