How to Design a NFC Reader
Application

A Step by Step Approach
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ember 12th, 2019
a Clara Convention Center - Mission City Ballroom
a Clara, CA

ep
an
an

wnww;mwww
—_ =+ =+

Conference

‘ ’ l ST Developers
life.augmented



Agenda

Presentation

N
/ \
Vi \
7 \
1 \
1 \
1 1
1 1
1 1
1 1
1 1
1 1
\ 1
‘\
1
\‘ /

Defining Design Requirements Dan Merino

Design tools

Matching Network

Antenna Matching

Layout suggestions

Lys

life.augmented



Defining Design Requirements
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Defining Design Requirements

* End Product

 Payment
» General Purpose

« Communication Protocol
« |SO 14443 A/B
« SO 15693
* Felica
- AP2P.



Defining Design Requirements

« System constraints
* Antenna Size

* Environmental Conditions
* Metal
« LCD screen
* Antenna placement

- Design Trade-offs
« Antenna size
 Read Range
« Current Consumption

Lys

life.augmented



System Block Diagram
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System Block Diagram

Digital power RF power | Differential
supply supply - lines

EMC Jmig Matching
SPI/12C circuit . (SIS

attenuation

I

I

Digital part |
o J >

Analog RF part




Design Tools
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- ST25R3911B Discovery
« Software GUI
« Source code downloadable
* Design files downloadable

« ST25R3911B Nucleo Shield

* Firmware available
 Design files downloadable

- ST25R3916 Discovery
« Software GUI
« Source code downloadable
» Design files downloadable

Lys
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Design ToolS mm
- EMVCo Reference

design 5
- Hardware eval board ¥ O IS77

Register Map Readout Registers

- Software GUI T e

Demo Board Check

.augmented

Demo Board Information

e |1 Stack i [T \

Demo Board Version |5T25R39 16 based EMVCo Ref Firmware v1.1.3 ]

sTM32UD [2do0: 343393420 |
.
 Available only by Request
Measure Supply

VDD: 5.016V VDD_A: 3.281V VDD_D: 3.375V S I 25 R39 I 6 E Mv

VDD_RF: 4,758V VDD_AM: 4.641V

vtemp: 42 °C veurr1: 0 mA

Identify

Output 8 x
ST25R3916 based EMVCo Ref Firmware v1.1.3 ) H
Mode data loaded from file ST25R3916_EMVCo_v0.5.xml . . v i
Writing mode data to board. i ' X
R Somo: 2 oF ST25R3916
> 00 00 06 00 00 07 07 00 01 18 18 00 6a ff 80 00 28 0 70 00 28 0f 0100 45 40 40 010101 00 03 0400 0102 0100 0a 04 00 01 12 06 00 Ob F 08 00 Oc F 2d 00 0d £ 00 00 Oe fF 00 00 4c ff 5100 4d 00 02010100 Prig AL
03 040402020100 0a 0400 02 12 06 00 Ob ff 04 00 Oc ff 3d 00 0d ff 00 00 Oe ff 00 00 4c ff 1b 00 4d ff 00 EMV e e e

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, vcurr1: 0 mA

Ready N 5 = S

’ *ST25R3916 recommended for EMVCo 3.0 and above
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Design Tools

+ Antenna Design Matching tool
« Calculates matching components

. . # ST25R Antenna Matching Tool [=/@] = |
* Includ mulat m
Nnciudes simuiation progra Fie Hel
Antenna parameters
M M ) I
+ Available on ST25R3911B land e 3 1 e
vallaplie on andin 150 oF
DC resistance 329 [mOhml o > I |l
; [Ohm]
p ag e Parallel resistance 1500 T 10 pF
Self resonance 62667000 [Hz] 220 nH pr— 050
pi

Meching nput wror [N 1 -

Preset - 800 pF 171 pF

EMC Inductor 220 [nH] T- e

+ DC Resistance 300 [mOhm] undamped Q
EMC fitter 12000 [kHz] l —“' 25
Target matching 2 30 [Ohm]

Target antenna Q 25 — 1

800 pF 171 pF
120 pF N
RFO2 > LYY 1l .
Calculate matching values 220 nH 050
030 10 pF
Notes - 1
150 pF
I "
i !
Save & Simulate Circuit Start Qucs

Lys
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Matching Network
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Matching Circuit

Z1.04AD

Reader IC Antenna
—
ZI'JUT La
UGUT - - Rﬂ.
Zout = Z10AD
L
A Z10AD
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Matching Circuit

Zour Z1.0AD MATCHED Z104AD

Reader IC Matching circuit Antenna

| = T =
[

C. .
Zoyr \ / : - Cp Lq

Impedance seen

- at these sides - 1 -
UGUT - f— ﬂ'p Rﬂ.
ES
“ =
» e

:| Z ouT = Z LOAD MATCHED I:
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Matching Circuit

Zour ZL0AD_MATCHED_EMC Z10aD
Reader IC EMC filter Matching circuit Antenna
» i =
| L [ -
€ L
Zoyr TG La
) - -:L— by .
Laq || L a
11 C
> i " — -
g I o
z
ZIN 7
\
RX attenuation [° S
RX branch

affects Zioap

Lys
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Z = 7
OUT = 4LOAD_MATCHED|




Matching Circuit

GYD
= RF Input
: L Signal Conditionin
- Matching Iﬁf g °
s Serial Cap o
/_ Y y. Antenna Loop
J40
i 1 s+ = %,J
m s e s iR = Lant = 990 nH
::-ﬁﬂﬂp ——C408] HMm Rsdc =10.6 Ohm
i = S G G I W
2 FI Iter s ca07| _Lmng. AL 1 chpsed s = 20 kOhm
— Hnp. 150p] GND
40 680p cHo R402 Ja03
SN P '—D—'é - a0
arallel Cap) Adjsutment/

— Calllﬂ
RED I“’P
——C412
| RF Input
‘_ oo Signal Conditioning
v/ —
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Matching Circuit

* Antenna
« Two Turn
* Typical Inductance 200nH — 2uH

« EMC Filter

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

» Matching Serial Cap
* Impedance match from EMC filter to antenna resonator circuit
e Cuts DC path from RFO1 to RFO2

Lys
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Matching Circuit

* Q Factor adjustment

Sets System Q (antenna Q should always be higher than System Q)
Higher Q > More Field Strength > Lower Datarate
Lower Q > Faster rise/fall times > Higher Datarate
Target Values
* Up to 106kbps — 25
« Up to 848kbps — 12-16
 Upto 3.4Mbps - 8

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

Lys

life.augmented



Matching Circuit

- Target Matching impedance
« Higher > less field strength > less power consumption > higher efficiency

« Lower > higher field strength > higher power consumption > less efficiency
 Range 8 — 120 ohms

» Typically between 10 — 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
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
DC resistance

augmented

Inductance

Self resonance frequency

Parallel R @ Fsr

1,000,
-0.

4.

6.

Xs 6.
Swr T1.
Mag 0.

13,563,
RL -0.
RP 55.
z 95.
Rs 3.
e 94.
SwWEL 1Y,
Mag 0.

53,7129,
EL -0.

000H =
24ds
79°
in

in
2:d
D72
694z
23de
51°
00

10

9n

rap !
974
443z
40ds

rP 0.08°

Z 2196,
Rs 2195.
is 65.

Swr 43.9:

Mag 0.

DC Resistance

Xs @13.56MHz
used to
calculate
inductance

Self Resonant
Frequency

Parallel
Resistance

Xs=jwlL
Xs

L=—
jw

Start
Stop

1,000, 000Hz|
79,935 ,532H2]
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Input antenna  ___

-
& ST25R Antenna Matching Tool

Antenna Measurements

= | B |

parameters

Set pre-conditions

« EMVCo
* General Pupose
« VHBR

Calculate

matching values \

Simulate

(opens QUCs) \

File  Help
Artenna parameters
_ |

Antenna inductance g29 [nH] 150 pf i

i Ch
DC resistance 329 [mOhm] RFI1 D
Parallel resistance 1500 [Ohm] a0

13n 10 pF
Self resonance 62667000 [Hal 220 nH ps0
120 pF | |
Matching inputs RFO1 D [ | J:_
P rFreset - 200 pF 171 pF
EMC Inductor 220 [nH] T  E
s+ DC Resistance 300 [mOhm]
EMC fitter 12000 [kHzZ) I I
Target matching Z 30 [Ohm]
Target antenna Q 25 — =T
200 pF 171 pF
rr02 [ >———77N || I
\ Calculate matching values 220 nH R 050
0130 10 pF
Notes RFIZ |—> I I
150 pF
I

Save & Simulate Circuit Start Qucs

undamped Q

35
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Antenna Simulation

Simulations Antenna- Trim
|Eguation |Eguation |Eustion
Eqnid Eqnd EqnE
|ac simulationl |transient S_paran_leler trim3=58 p Ctrimpara3=1.5p Rontim3=5e§  on=14; off =5ef
simulation simulation tm2=2Tp  Ctrmpara?=1.5p Rontim2=Ses  on =25 ofi=5a5
AC1 - trimi=12 p Ctimparai=1.5p Rontimi=5es  on =350 ofi=5ef
Typesiin TR1 SF1 timd=5.8p  Ctrimparal=1.5p Rontrim0=5e5  on = 100; off = 5ef
Start=1 MHz Type=in Type=lin
Stop=28 MHz Start=0 Start=1 MHz
Points=1001 Stop=d us Stop=30 MHz
Nes==ne Foints=1024 Paints=1001 Capacitive Voltage Divider |
1
|Q|mion
Egn2
Component-Values V_rfin=V_rfiVt+ 1.5 C[}m pDnE‘nt— VEIU'E'S \ s’
|Eguation |Egustion |Equstion |Egustion [Eustion
EqniT Eqnz0 Eqnzz Eqnig Eqnz3 I p —— . . . . .
Zmatch=50 Lemci=220n Csi=88p Cwdri=10p Cant1=T.88 mpedance Calculation
e sz G Silp G |Equation |Equation |Equation |Equation |Equation
Zchiphalf=1.5 Cemci=T43p Rdamp=0.50 Rant1=3262 |Egustion
AnslogSuplyVoltage=4.5 Eant — Eqni17 Eqnz0 EqnZ2 Eqn1a Eqnz3
Zrtoz=yvah S{1,1],P1.Z), 13680000)
EIRMEIRI A Zmatch=50 Lemci=220n Cs1=106p Cvdri=10p  Cant1=9.02p
AC Equations Zchip=3 RLemc1=0.3 Cp1=157 p Cvdr2=150p Lant1=1000n
[Esustion LEgustion S-Parameter Equations Zchiphalf=1.5 Cemci1=749p Rdamp=0.45 Rant1=2263
Egni § y
Ean ; in_so.¥ [Eaustion [Eauaton AnalogSupplyVoltage=4.5
§ . § phaseZin=phase{(V_in_ac.v)/Pra.i) L
magZim=magi{V_in_ac.«}Pri3.) phas=CapDiff=phase((V_rii_sc.v)/Fridi) Eqné Eqn24 g=upp W g \
§ phaseDiff=phas=CapDiff - phaseZin+130 i GBS 11=dB(S[2,3]) myphase=pt
[Egustion phaseZemc=phass{(V_sme_sc.v)/Fra) |Equation dBS21=d8{5[4,3]) mymagEma;
Eqn2 phaseZout=phase((V_out_ac.v)Pra.i} Eqnif
mag_V_out=mag{{V_out_sc.v}) > 3 L 2 Template Version: 1.2 ‘
S-Parameter [ZMatch]
Source EMC Filter Matching Metwark AAT Network C-Voltage Divider Antenna
; | c18
MeE Le8 mC=Cudr?
cer + FHL FmL F!IL
C=Cemc1 c73 C19
c=Cp1 R31 B C=Cydr
R=Rdamgp Ctrim1_8 trim1_T Trim1_6 Trim1_5
D_m. I C=trim3 C=trim2 C=trim1 C=trim{Q
== . T T T T
R=RLemgil=lemci C=Cs1
Ls
4 L=Lant1
L22 cs
L=Lemc1 C=Cs1 |
R?—m‘ I Crrimz_4 Ctrimz_3 Cimz_2 Crim2_1 cir
= R o C=trim3 C=trim2 C=trimi C=trimd .
o5 cr4 resme = =
C=Cemc1 C=Cpt £ C16
+ T T T C=Cvdr2




Antenna Simulation

Re

Py
RSl 8 3

Scafiening Paramaier - Sirailabon [2ohip)

LLEN
$ 7 & & & % ¥ & o

Impedance
match info
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Antenna

Antenna Simulation

voltage

Receiver input —

Phase and

Amplitude info




Fine Tuning

- - b

Cemci, Lemct Original Cemct | of Lemca | Cemc1 T or Lemct 1

EMC
Components

Serial Cap

Damping
Resistor

Parallel Cap

Lys
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Populate values on circuit board
Measure match on RFO pins with VNA
Re-adjust values as required

Test

Optimize read range vs current consumption

Next Steps



%] vna/) - Smith-chart main window

vna/J 3.1.12 @ DL2SBA 2016

Reees NN B——_ 1,000, 000Hz
’ Ref=50.0+0.0i 20,980, 008Hz

augmented




vna/) - Smith-chart main window

vna/J 3.1.12 © DL2SBA 2016

Card
loading &=

Start 1,000,000H=
’ > Ref=50.0+0.0i Stop 29,980 ,098H=

augmented




- Automatic Antenna Tuning

Lys
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Allows the matching circuit to be adjusted on the fly
Adjustment range dependent on values used
Larger Values > Larger range > less granularity
Smaller Values > Smaller ranger > more granularity
Must be compensated for in the matching circuit

AAT

w0 %0 a0

L]
rrllj"-'_. jﬁﬂ
d

Improve b
Amplitude - 40

150 2

Improve

150 Phase

170

180



AAT

- ST25R3911B ]

« 8 External Binary weighted

capacitors (4 per RFO) el IR
. ) . RFH % 'l*—'-h — e
« Switches internal to reader riz |t
e t—i|
TRIME 3 | —
TRIMZ 2 — —t
THRIME 1 i —t
TRIME 0 - @p
- ST25R3916 T
€ 120p 04603
» Uses variable capacitors ) — low
AAT sama| _L~ ]r‘.\’RWDY‘.-‘]ﬂI-ﬂSD'——C_mp_m}
) o3| LT 4
 Internal DAC’s use to o) s T - lm — T
control variable capacitors Snses Y| Ty
oo T e L
« Can be used to control Totno o, 13 TED, @
. RFO2 Lo ) [l * L Ty e am
both Serial and Parallel e T L e
UTH ] _|em
CapS * = C_10p_0603

Lys s
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AAT Compensation

 Match antenna as before

- Determine serial/parallel capacitors
Capacitance characteristics (Typical)
« ST25R3916

250

» Subtract % Variable cap value
from Cp

N
o
o

—
E \

* This becomes new parallel

Capacitance [pF]
o
o

capacitor
50
« ST25R3911B
0 ! ; ! 1 1
 Subtract Highest trim value cap 0 o5 1 15 2 25 3
from Cp Tuning Voltage [V]

* This becomes new parallel

capacitor
1S7;

life.augmented



Testing AAT

+ ST25R3911B

« Setreg 27 to Oxff (double check
that no field is being generated

« Adjust AAT trim to 8 (Antenna

Tab in GU |) = Measurement of how AAT changes the impedance of the antenna seen by the reader

Important to turn off output drivers

 Match should be in center of
range

)
« ST25R3916
« Set reg 28 to 0x7f (double check (A
that no field is being generated Zi0ap_marcap Ewc
Impedance seen by the reader
 Adjust AAT trim mid (Antenna = o
=1 anges of
Tab in GUI) == emonmert
: il oo M cccc - Metal objects
- Match should be in center of ST
range BN <C S Cce
Lys S mr es 6.0 6le
) /4
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ST25R3916

ST25R3911B
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AAT Simulation

Simulations Antenna- Trim
|ac simulationl |transient S_paran_leler tEr‘iIn':;giﬁp E‘t‘r’i‘:lparakljp E‘minﬂ:m on =14, off = 528
= ] B e e SO
ip:;nu:: 1:;:"“ 15-:;3.:",. i G p trimipar: Sp ntri ‘ 3
== Frlid N\,
Neis==ro Foints=1024 Fami==1001 Capacitive Voltage Divider \ ﬂ t T .
Esution nenna - 1rm
Eanz
Component-Values V_rfin=V_ifiVt + 1.5 IE uation IE uation IE uation
[Eausticn [Eauston  |Emstion  [Emstion  [Esuston ¥ n Eqno Eqna
EqniT Eqnz0 Eqnzz Eqnid Eqnzi - 101
s e e S mma=sep]  Ciimpara3=15p Rontim3=ses [—en=14 bfi=5e5
g Voagect S =n tim2=27p  Ctimpara2=15p Rontrim2=5e5  0n=23 off=5e5
\ i tim1=12p  Ctimparal=15p Rontrim1=5¢5 0N =30, off =5e5
AC Equations N\ trim0=5.6 p Ctrimpara0=15p Rontim0=5e5  0n=100; off=3e5
— |Egustion S-Parameter Equations
Eqn7 ) ; E‘l:zezilehm(N in_ac.v)/Pra.) |Eguation |Eguation
T R I O E B AR phasec_apPin=pha£e(ﬁ_.r_rﬁ_ac.w'l_:'na.a Eqnd van Eqn24 -
[Egustion .'iﬁgéﬁmﬂ.:mfﬁ?é? [Egustion dBS21=dB{8[4,3]) m;f;lmm;g(w_r;i_ac.v}}
eV oumag(V_ow_35.4) resazummssEll s e i 2 Templats Varsion: 1.2
\
S-Parameter [ZMatch]
Source EMC Filter Match’ i \ ! B - - !
I Component- Values
Gecemet T |Equation |[Egquation |Equation |Equation |Equation
= i Eaqni7 Eqnz0 EqnZ2 Eqnia EqnZ3
- 2 Zmatch=50 Lemc1=220n =106 [ Cvdri=10p Cant1=9.02p
Zchip=3 RLemc1=0.3 Cpl=157 p Cvdrz=150p Lant1=1000n
Zchiphalf=1.5 Cemc1=749p Rdamp=0.45 Rant1=2863
w = AnalogSupplyWoltage=4.5
—}— =
RB8
R=RLemc1 Fe-ruunyg P
o gg.plI R1 54 R R o
o T T T T ocvaz




Layout Suggestions

4 layer board if possible (Sig/GND/PWR/SIiqQ)
Make RFO paths symmetrical

Keep traces short

EMC filter as close as possible to RFO pins
Layout extra pads for Cs and Cp for fine tuning

Layout pads for AAT (just in case)



Layout Suggestions

EMC filter RFO & RFI routing

differariial RF Tnee

aymmatrical RFO
roubing

= Filter must be positioned as close »  The inductors after the RFO are placed in 50
as possible to the output stages degree direction

The RFI lines are routed symmetncally, but in a
fair distance to the RFO lines
Mo long signal traces between LC filter and the
remaining matching components

= The vias in the RFl lines should be avoided in a
final design

Lys
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Layout Suggestions

Decoupling Thermal pad

Capacitors as close as possible to the chip »  Ground plane & thermal heatsink
Parallel capacitors 2.2 pyF and 10 nF »  Multiple through vias must be used

Lys

life.augmented



Questions?



