How to Design a NFC Reader Application

A Step by Step Approach

Dan Merino
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Defining Design Requirements
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Defining Design Requirements

AEnd Product

A Payment
A General Purpose

ACommunication Protocol
A1SO 14443 A/B
A 1SO 15693
A Felica
A AP2P.



Defining Design Requirements

ASystem constraints
A Antenna Size

A Environmental Conditions

A Metal
A LCD screen
A Antenna placement

ADesign Trade-offs
A Antenna size
A Read Range
A Current Consumption

Lys
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System Block Diagram
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System Block Diagram
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Design Tools
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AST25R3911B Discovery
A Software GUI
A Source code downloadable
A Design files downloadable

AST25R3911B Nucleo Shield

A Firmware available
A Design files downloadable

AST25R3916 Discovery
A Software GUI
A Source code downloadable

G A Design files downloadable
> /4
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EMVCo Reference

design e *

g O ‘
A Hardware eval board e s 2L/

StartUp TTALL Dynamic Config DPO

A Software GUI

Demo Board Information

Firmware Version ‘ 113 ‘

A L1 Stack .
A Available only by Request

Measure Supply
VDD: 5.016 V VDD_A: 3.281V VDD_D: 3.375V
VDD_RF: 4.758 V VDD_AM: 4.641V
vtemp: 42 °C veurr1: 0 mA
Identify
Output 8 x

ST25R 3916 based EMVCo Ref Firmware v1.1.3

Mode data loaded from file ST25R3916_EMVCo_v0.5.xml

Writing mode data to board.

RAW String:

> 00 00 06 00 00 07 07 00 01 18 18 00 6a ff 80 00 28 f0 70 00 28 0f 0100 45 40 40 01010100 03 0400 01020100 0a 0400 01 12 06 00 0b ff 08 00 Oc ff 2d 00 0d ff 00 00 Oe ff 00 00 4c ff 5100 4d ff00 02010100
03040402020100 0a 0400 02 12 06 00 0b ff 04 00 Oc ff 3d 00 0d ff 00 00 Oe ff 00 00 4c ff 1b 00 4d ff 00

VDD: 5.016 V, VDD_A: 3.281V, VDD_D: 3.375 V, VDD_RF: 4,758 V, VDD_AM: 4.641V, vtemp: 42 °C, veurr1: 0 mA

Ready T =

,’ *ST25R3916 recommended for EMVCo 3.0 and above
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Design Tools

AAntenna Design Matching tool

A Calculates matching components

| ST25R Antenna Matching Tool =G 52|

A Includes simulation program

Antenna parameters

. . Antenna inductance 925 [nH] —”W{I'
A Available on ST25R3911B landing oormance @ O |

Parallel resistance 1500 [Ohm] 10 pF

Lys
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Save & Simulate Circuit

Start Ques

030
p ag e Self resonance 62667000 [HZ] 220 nH 0sa
120 pF
Matching inputs RFO1 | > ] J l_
Preset h 800 pF 171 pF
EMC Inductor 220 [InH] -1 f—
+ DC Resistance 300 [mOhm]
EMC fiter 12000 [z —I ]
Target matching 2 30 [Ohm]
Target antenna Q 25 — o
800 pF 171 pF
120 pF N
02 |:> Y YL | |
Calculate matching values 220 nH 050
030 10 pF
Notes RFI2 |: I I
150 pF




Matching network
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Matching Circult

Zour Z10AD MATCHED EMC Z104D
Reader IC EMC filter Matching circuit Antenna
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Matching Circult

GND

= | RF Input
— Matching Tgﬁl Signal Conditioning
TRIMI Serial Cap e

2 Antenna Loop

a2 Y 0
RFOI Y a {W_. *
170m o I3 s iR9 ¢ Lant = 990 nH
::-ﬁﬂﬂp ——C40s] M Rsdc = 0.6 Ohm
= lewe 70 | PR L | Sem
2 Filter | caos C407 : c100 AL: 1 chosed s = 20 kOhm
L4 | ssop ﬁg o 130p Eﬂ? 1405
= LY a0
270n ¢ I atching EFéCtOT clmur‘
. arallel Cap), Adjsutment/
- Ifﬁ‘ﬁlﬂ
——can
| RF Input
m \ D ) Signal Conditioning
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Matching Circuit

AAntenna
A Two Turn
A Typical Inductance 200nH i 2uH

AEMC Filter

A Reduces harmonics of the RFO output stage
A Target Cutoff Frequency about 13.56Mhz

AMatching Serial Cap
A Impedance match from EMC filter to antenna resonator circuit
A Cuts DC path from RFO1 to RFO2

Lys
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Matching Circuit

AQ Factor adjustment
A Sets System Q (antenna Q should always be higher than System Q)
A Higher Q > More Field Strength > Lower Datarate
A Lower Q > Faster rise/fall times > Higher Datarate

A Target Values

A Upto 106kbps i 25
A Up to 848kbpsi 12-16
A Upto 3.4Mbps - 8

ARFI Input Conditioning
A Reduces Antenna Voltage to < 3.0Vpp for RFI input

Lys
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Matching Circuit

ATarget Matching impedance
A Higher > less field strength > less power consumption > higher efficiency
A Lower > higher field strength > higher power consumption > less efficiency
A Range 81 120 ohms
A Typically between 10 i 30 ohms

AS3911 Output Power and PAE
2,000 | | | | I r 90,0
1,800 80,0
1,600 4 70,0
1,400 \ 60,0
S \\
_ 1,200 50,0
@ \
3 1,000 N 40,0
o N— ’
0,800 N~ 30,0
0,600 20,0
‘--__l-_____-
0,400 10,0
2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0 18,0 20,0
Matching Impedance [Q]

Lys
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Antenna Parameters

Parameter Action Effect on parameter Q factor

Increase trace width

Q factor - - Increases
Increase gap width
Larger antenna

Inductance Decrease trace width Increases Decreases
Decrease gap width
Larger antenna

Series DC resistance Decrease trace width Increases Decreases
Decrease gap width

_ Decrease trace width

Parallel resistance - Increases Increases
Increase gap width
Smaller antenna

Resonance frequency Increases Increases

increase gap width




Antenna Matching
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Measure the following Parameters with a VNA
A DC resistance

augmented

A Inductance

A Self resonance frequency

Madg

53,729,
FL L'
rP 0.08*
Z 2196,
Rs 2195.
b o 65.
Swr 43.9:

Magqg 0.

DC Resistance

Xs @13.56MHz

used to Xs = jwlL
calculate L = E
inductance jow

Self Resonant
Frequency

Parallel
Resistance

ar
Stop

1,000,000H2
79,935, 53212




Antenna Measurements

" 8 ST25R Antenna Matching Tool ESNRC )
File  Help
Input antenna  __ S —— "
) 929 In —
paramete I‘S Antenna inductance 150 pF
DC resistance 329 [mOhm] RFIL D
Parallel resistance 1500 [Ohm] 03n E pF
Self resonance 62667000 [Hz] 220 nH 050
120 pF
. Matching inputs RFO1 D—(WV“- I I
Set pre-conditions Preset — c00pF =
ﬁ EMVCo EMC Inductor 290 [nH] -IT- —_
A General Pupose . DC Resisance | 300] monm o
VH B R EMC filter 12000 [kHz] _||| —||| -
Target matching Z 30 [Ohm]
Target antenna Q 25 200 F:: 71 F::
p p
Calculate 120 pF
matching values w02 [ >N | !
\ Calculate matching values 220 nH R 050
030 10 pF
Notes RFI2 I—\ I I
0 150 pF
. ii
Simulate I ¥
(opens QUCs) \
” Save & Simulate Circuit Start Ques

life.augmented



Lys

life.augmented

Antenna Simulation

Simulations Antenna - Trim
|Egustion Egustion |Equstion
Eqnid Eand Eang
|ac simulationl |transient S_paran_leter trim3=56 p Ctrimpars3=1.5p Rontrim3=ges ~ on =14 off = 55
simulation simulation timZ=2Tp  Ctrimpars2=i.5p Rentim2=Ses  on =28 off =525
AC1 - trimi=12 p Ctrimparai=1.5p Rontrimi=Ses ~ on=50; off = 58
Type=iin TR1 sP1 tim0=5.8p  Ctrimpara0=1.5p RontrimQ=525  on=100; off = fed
Start=1 MHz Type=iin Type=iin
Stop=25 MHz Start=0 Start=1 MHz
Feints=1001 Stop=d us Stop=20 MHz
Nets==mo Foints=1024 Foint==1001 Capacitive Voltage Divider |
1
|Quaton
Eqnz
Component-Values V_rfinV_rfiVt + 1.5 C[}m pDnE"t— VHIUES \ L
|Eguation |Egustion |Egustion |Eustion |Equstion
EqniT Egn20 Egnzz Eqnis Eqnzi — Calounat
Zmatch=50 Lemci=220n Csi=39p Cvdrl=10p  Cant1=T.88 mpedance Calculation i 1 i i 1
e min CED R S |Equation Eqguation Eguation Eqguation Eqguation
Zchiphalf=1.5 Cemci=T43p Rdamp=0.50 Ranti=3282 |Equstion
AnzlogSugplyVoitage=4.5 Eant p— Eqn17 Eqnz0 Eqnz2 Eqn18 Egn2a
Zrtoz 1.11P1.2),
Y L Zmatch=50 Lemci1=220n Cs1=106p Cwdr1=10p Cant1=8.02p
AC Equations Zchip=3 RLemc1=0.3 Cp1=157 p Cydr2=150p Lant1=1000n
— [Eguation SarameteqEqualons Zchiphalf=1.5 Cemc1=749 p Rdamp=045 Rant1=2863
Eqns ) )
St i i [Equatin [Equatin AnalogSupplyvoltage=4.5
y . phaseZin=phase{{V_in_ac.v)Pra.i} =
magZin=mag({V_in_ac.vJ/Pri3.) phas=CapDiff=phase((V_rii_ac v)/Frid) Egnd Egnzd g PP W g
) phaseDiff=phas=CapDiff - phasaZin+150 ) dBST1=48(8[3,3]) myphase=ph
[Equstion phaseZemc=phas=((V_emc_ac.vMPra.i} |Egustion 4BS21=48{S[4,3]) rymag=ma;
Eqnd phaseZout=phase{(V_out_sc.v)/Pra.j) Eqnis ‘
mag_V_out=mag({V_out_ac.v}) (s 3} 1 -))))'Z)I Tern .
plste Version: 1.2
S-Parameter [ZMatch]
Source EMC Filter Matching Metwork AAT Metwork C-Voltage Divider Antenna
c1g
- - L
cer + FuL HJ- FmL F!IL
C=Cemci CT3 C19
C=Cp1 Ra1 B C=Cvdr1
T T R=Rdamp Ctrim1_8 tnn_llj' trin_llj tm!llj V—m'%
D_m. I E C=trim3 T C=trim2 T C=trim1 T C=trim{Q
RET 23 cs |
R=RLemgil=leme] C=Cs1 ] Cantt
c=cantt [[J|F2
P —— Num=2 Ls
Num=1 T ™ z=Ranti 4L=Laml
ME 7=Zmatch
P=27 dBm Lzz c9
L=Lemc1 C=Cs1 |
|
R?—m‘ i — Crimz_4 Crimz_3 Ctimz_2 Ctimz_1 =D
ReRlemei R C=tim3 Catrim2 Catrimi Catrimd AR
—Rdamp
cs6 cT4
- e - R Rl R
C16
o T T IT TT c-cvaz




Antenna Simulation



