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Design of an NFC Baseband Modem for Software
Overhead Minimization
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ABSTRACT

Tt
Youngsun Han

Because there are numerous near field communication (NFC) technical standards and each standard
has an independent communication protocol, an NFC software for controlling the protocols are significantly
complicated. Especially, the anticollision algorithm for establishing the initial communication connection
is classified into bit-oriented or time slot method according to the technical standards. Moreover, the
anticollision algorithm is generally manipulated in software because of its complexity. In addition, since
one host processor is shared by multiple modems in a connectivity SoC, embedding several communication
modems with an NFC modem, the spare computing resources can be utilized for other modems by reducing
the software cost to control the NFC modem. In this paper, we propose new design methods of the NFC
modem for supporting anticollision, framing and bit rate detection in the hardware to reduce the software
overhead. Therefore, the utilization of the NFC technology is enhanced in the connectivity SoC by

minimizing the cost of software.
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Table 1. Characteristics of representative NFC standards

14443A ‘ 14443B 18092
Operating mode Reader/Tag Peer to peer
Power of response Passive Active
Bit rate (Kbps) 106, 212, 424
Modulation 100% ASK 10% ASK 100% ASK
Demodulation Load Load 100% ASK
Encoding Modified Miller NRZ M"dlﬁjniﬁi (rlOGk)’
Decoding Subcarrier, Manchester Subcarrier, BPSK MOdliZjﬂg}ilsire?%k)'
Error detection CRC-A CRC-B CRC-A(106k), CRC-B
Anticollision Bit-frame Time-slot Time-slot
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(a) ISO/IEC 14443 type A (b) 1SO/IEC 14443 type B (c) ISO/IEC 18092

PCD PICC1, PCD PICC1, Initiator Targetl,2
Anticollision REQB ATR_REQ
ID: #ofSlots: 1, Slot#: 1 kNG . [RnGl
-
Anticollision ATQB 1 2 No Response 2
1D : 00010100 Slot #:1, 1D : 0001 @ Because no target has slot 2
= Slot#:1,1D: 0011 >
REQB ,N_.l ATR_R,ES
Anticollision FofSlot: 4, Sot #: 1 9 Targetl's ID
D : 00010 RNG “ Target2’s ID
Anticollision No Response 2 ATR_REQ
ID: 100 RNG
Stet af ATR_RES
Select Slot# i ° TargetI’s ID 1
1D : 00010100 ATQB o)
STot #: 2, 1D ; 0001 p
SAK i No Response
ATTRIB 5 Because some targets has
1D : 0001 w \ already responded at slot 1

Name of command or response
Content of command or response

RNG| : Random number Generator

Fig. 1. The anticollsion procedures of each standard.
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Fig. 2. Block diagram of integrated connectivity device,
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Fig. 3. State machine of ISO/IEC14443 type A module,

2ol Al e D= Y BER B 4w
B AYstel He o2 o 2=k AYdch
Fig. 3014 o), 144370 AHimA e 5%

oy obﬂ HE} A HWH
FEo] HASH T AXE HAZ=EH A AR

S2E ZRAMERE FFE HA AF AT} Al
28l ag 53 el A= e Al
71(IDLE) el A REQA B3 A% Fej=2 H%
Atk AEo] 98H T ATRA SHS Hg wtow
ID ARE aAste= WHAJ ANTICOLLISION
w‘ﬁﬂ% AE3. Wk PICC ¥4 59 olf=
F218kA 33 EFYd oF2-(timeout) ©]
AL oA 7] e R AskEr
ANTICOLLISION $FoA FEO H“& 3}::4
ANTICOLLISION %H3<& gA A4 }&l
t}. o] W, ANTICOLLISION "33 -& A
o] TS A 7R 9] ID= A A3

ANTICOLLISION 3#¢ 39 %‘H
A SA] Gg-o] ERIEE SELECT H#E &

rlo

¢
ok

o
i)

i) rE
> o 2
ofy i ol ofr
o o M ok

AZEQI0 HIgE 2ASkok=

NFC JIMOH 28 &A1 1551

I SAK $%< 7199 SAK S92 53 PICC=
EE ID7} A4E A=A uid_complete A ZE 53
G FT ID FAlo] R A e wAlS SELECT
JHE ASEIT JAEHEE YA S2EA
tl o] HEol }%% el

UE AFole
COLLISION ¥ % A 5 g

S ANTI-

3.2 ISO/IEC 14443 EIl B 2= A

§ v s 7R, ol9) o %o, LD &
A ZeolY RES EFHES HAHA o

= 14443A9] ZHd FxE IAHHS YA,

LR ot d &
=9, SOF (Start of frame)l% EOF(end of frame)2]
Aol7} 7t oln A&Ex 7}5dith. EGTlextra
gaurd time)®] A% wRZIAZ 1 Aot 7FH A
olth. £4l Al SOF, EOF, 183l EGTe] Aole
w2 g HX2=H groll oJa) 2- Jlsst=
F AAEAT. FARA 2 HolHE F=35
= ZE2 SOF, EOF, 1811 EGTY] Zol& A&
OS2 A 7 JAEE AAHAT X, 14443B=

8 f=2 J2E WES A9F CRCTE A3,
FTE WA Ve B €5 B Age &
F % Fig. 40 £89 Feirdlel] o) A5o=

B
g3
g€
all_slots_checked& % K7}
(collisionltime_out) ]
s
P |
@EOB) (Rx_ATQB
A ”
start_ac
5
time_out & iz
num_slots == .
Y
IDLE )< (SELECT

time_out | crc_error

Fig. 4. State machine of ISO/IEC14443 type B module,



1552 ZEDICINES ==X X18A X125(2015.12)

249t 2 HA Vs T
Tx_REQB AHZ 0|53t &
2 12 4439 REQB =
Rx_ATQB “JHlolA S&& 74 &

EBM E}/\l HEQBE zal OSH:}, e I
g A$ Tx SLOT HHE o538t T & €& W5
=z ATQB S3S QA3 mE A =]

Eo] YA A dAHoE &

7‘4 A FERAE S

3.3 ISO/IEC 18092 =& AA|
180929] FE WA 7|%s

o] 9lo] Fig. 5} 2ol H&E AL 213 Femile

TZ7F @ttt FEo] TS LAV = ATR

REQ W35 A 43

18092 &2 14443 A/B &9l vl & A%
L5 Adst=s AAHNY. A" 7lee] EF
A A S5l w2t Fog s 289 728
=27 gdoleta o A x5 A" B 2o
d2d dA=E Y g Tl WA Thsst=s A
At FARE AFor AF S8 AL F
s3tE FYEE A FHU

Fig. 62 A& &=ol we} FolsiAl Fastd 4l
TE HoE AE £5E AToE AASE BE
< b A gk A A Aol o] AR S SlA]
o} b oA o] M-S A7 b EE SAsa
#*e 1Y ¢ vuste HE F71E

A

ofr
2V
2
kv

4r

2

Fig. 7oll4 B%o0], 18092¢] Z# Y2
ng AR 8 F2E 71 106K A

r{o
ol 1
o

collision
A
@ATR D) C Rx_@
A ”
start_ac

5

time_out 2
8

Y
IDLE )< (SELECT
release

Fig. 5. State machine of ISO/IEC18092 module,
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Fig. 6. Encoding method of each bit rate,
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NFC, Wi, BT 43 AZEQ| HIE 2N
connectivity SoC NFC antenna board

Table 3= 712 48 NFC 2513} B =R A
A NFC ZHlS AT Eg o] H|& ZHo)A vug
A#}Z BojZET) Table 3914 9139 48 NFC 3
2 NFC # AzAA EA1% NFC 3 Sl 74
B2 ZFS Adste FolH & A xAY OE
NFC A= ¥3 71%5S AF3shr] wio] vla o
Ao g AALAT B =R Aoty mule 7E

= gl F718h
2 oramesons N Bl I A oY ZEE FRlEte] o3 E A shH=
Fig. 8. Test board for verifying the NFC modem, 7S ATt ZH oA o]t 7FS AlFsH]
ol AZE oA ZHds APAY ol
Table 2, Area and power consumption of each module IFE=E ALESE H8S E9FT FUMHoE B =
Module Area (um?) Power (mW) ol A AAE 2R 7] 48 NFC 25l o=
14443A 15452.84 0.156 A TF WA 75S 75 Fol FAlEeE S5l
14443B 1241632 0.162 w2t o BH e AToR Ygsy] WEl T
18092 15937.60 0.227 WA BE SRS Flstn B3-S e IS
A~ZEAHOE A Fart ok T3, 18092
o B9 AW BAY A £ng Yy, o T RES FUAS K58 ATS e
4 =219 Synopsys DesignCompiler[9]el 4] 71eE AQE] e dE £x=8 A7) A
=A% 70|t 14443B B 59 HAo] IL o] G A g 2Ae AT da glo] A S0
% A o] Beshe 1443A0) wishH gre TR TR elE muY TEst sE gA S He
IDE AL23H7] W 2ot} 18092 B Eo] T2 mEo| st dlo|ElE FEdTh o9}k 2 7S AT
s AYLEI} B ol f ¥ AssEE Ay WECI NFC AU/ HIS AHE ), 2244
7] 98 2ee BRehA 2n gy Wory, O ARLE AL s mel AxH 02 Bk
) o)z 228 4 3l

Table 3. Comparison of functionality with commercial

NFC modem
TRF7970[5] | PN532[6] | Ours
Anticollision S/W S/W H/W
Framing H/W
Error code H/W
Bit rate detection Not supported H/W
14443A
144437 14443B | 14443A
Supported 14443B
Standard 18092 18092 14443B
andards lsgo3 | MIFARE | 18092
FeliCa
Fig. 9. layout of the NFC modem. Bit rate (Kbps) 106,212,424
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