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Defining Design Requirements

* End Product

« Payment
* General Purpose

« Communication Protocol
. 1SO 14443 A/B
. 1SO 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
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System Block Diagram
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System Block Diagram
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Design Tools
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Design Tools mma

- 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
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Design Tools mm
- EMVCo Reference

design w =

4 O /4
- Hardware eval board &7
Startp  TTAL1  DynamicConfig  DPO
« Software GUI e
Demo Board Information
Firmware Verson  [1,1.3 |
° I 1 Stac k Demo Board Version [ST25R 3916 based EMVCo Ref Firmware v1.1.3 |
STM32UID [2d0020000650473343303420 | T
.
» Available on |y by Request
~
Measire Supply
mpn mom e ST25R3916 EMV
VDD_RFi4.758V  VDD_AM: 4541V
vtemp: 42 °C veurr: 0 mA
Identify
Output & %

ST25R3916 based EMVCo Ref Frmware vL.1.3

Mode data loaded from fle ST25R3915_EMVCo_v0. 5.5l

\iiting made data to board.

RAW String:

> 00 00 06 00 00 070700 01 15 18 00 &2 fF80 00 28 f0 70 00 28 0f 0100 45 40 40 010101 00 03 0400 01 02 0100 0 04 00 01 1206 00 0b Ff 08 00 Oc fF 2d 00 0d ££00 00 Oe 00 00 4c f 5100 4 £ 0002010100
0304040202 0100 02 0400 02 12 05 00 0b f 04 00 Oc f 3 00 0d £ 00 00 0e 00 00 4 ff 1h 00 4d 00

VDD: 5.016 V, VDD_A: 3.281V, VDD_D: 3.375 V, VDD_RF: 4.758 ¥, VDD_AM: 4.641V, vtemp: 42 °C, veurr1: 0 mé

Ready [

’I *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 =8 B |

* Includes simulation program

Antenna parameters

. . Antenna inductance 929/ InH] |—HW“'
 Available on ST25R3911B landing o 3 0ON |

Paraliel resistal 1500 [Ohm] —
arallel resistance P 10 pF
page i =
120 pF
Matching inputs mro1 [ I |
Preset v 300 pF 171 pF
EMC Inductor 220 InHI -T- = /\_\
5 ™~
+ DC Resistance 300 [mOhm] L undarped u\
ENC fiter 12000 (kHzl — —p -
— X
Target matching Z 30 [Ohm] \
= —— —_— N
Target antenna Q .3 =1 - T N
800 pF 171 pF
120 pF I
mroz [ > YL I 3
Calculate matching values 2‘2_0 nH. - -J.J-.S Q
030 10 |oF
Hofes e[ } I

Save & Simulate Circuit Start Ques.
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Design Tools ma
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Capacitive wake-up sensor NFC SPl interface Capacitors for AAT RX
(ST25R3911 feature) antenna (ST25R3911B feature) attenuation

LDO

NFC ANT 66 x 66 mm

]
s Lt
. @
USB connection ]
to PC ﬁ
=]
ST LINK Status LEDs /
programming - TX-transmiting  Power supply ~ Reader IC s Matching
connector - A-NFCA caps (ST25R3911B) Ter circuit
+ B-NFCB
,I » F-NFCF
+ V-NFCV
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Matching network
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Reader IC

Zout = Z1oap

Matching Circuit

Z10AD
Antenna
Lﬂ,
Rl‘l
A Z1L0AD




Matching Circuit

Zoyr Z10AD MATCHED Z104D

Reader IC Matching circuit Antenna

Zour \ / Cs =0y L,

Impedance seen _
- at these sides - ! -

Rq

U{JUT

i

{ A ouUT — Z LOAD _MATCHED ]:
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Matching Circuit

r r
Zour ZLoAD MATCHED EMC Z10AD

Reader IC EMC filter Matching circuit Antenna

I
1
L Cs

Zoyr =0 Lq
s _r b
a T &

U{'JUT

L 4

R

N

-~

RX attenuation

RX branch
affects Z;p4p
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Matching Circuit

GND
T RF Input
: . | Signal Conditionin
- Matching T 50 g 9
Serial Cap L
e /_ \r N \ Tlﬂp J Antenna Loop
RFOI BEA . [ . a0 g

|18 t
270m Ji:ws c.mc'p mi l 3R9 c Lant = 990 nH

630p = 1402 Rsdc = 0.6 Ohm
o EMC g m” L3 e fres = 69 MHz
; i |||G‘:\D _L - E heed | Rp@fres = 20 kOhm
Filter cans —

0409 =
Dp. 150p GND
A e | g0 R4 e

T P INratehing | & 'Factor - W
TRIMD \. N rarallel CaB\AdJsutmenJ
RED2 _fa’;l
:EC—HE
* | RF Input
£ @» | Signal Conditionin
> /4 | oo ] OIf g
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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
» 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
» Up to 3.4Mbps - 8

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

Lys
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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 ‘ | | T T | r 90,0
1,800 80,0
1,600 \ 70,0
1,400 - 60,0
3 \\
_ 1,200 50,0
: ™N
N
°
2 1,000 \- 40,0
0,800 30,0
0,600 T —— 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

Ly

augmented

* Inductance

 Self resonance frequency

53,6940 =

.23dB
5.51°
.00
3.10
.90
e |
.974
129,443z
. 40dB
). 08*
A0
5.10
5.1n
-9:1
.955

DC Resistance

Xs @13.56MHz

used to Xs = jwlL
calculate L = E
inductance jo

Self Resonant
Frequency

Parallel
Resistance
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Input antenna
parameters

Set pre-conditions e pecet

« EMVCo
* General Pupose
* VHBR

Calculate

matching values \

Simulate

(opens QUCs) \

\*

Antenna Measurements

L
JE ST25R Antenna Matching Tool

File  Help

Antenna parameters

Antenna inductance 525 [nH]
OC resistance 329 [mOhm]
Parallel resistance 1500 [Ohm]
Self resonance B2667000 [Hz]
Matching inputs

-
EMC Inducter 220 [nHI
4 DC Resistance 300 [mOhm}
EMC fiter 12000 [kHz]
Target matching Z 30 [Ohm]
Target antenna Q 2_5-

\ Calculate matching values

MNotes

Save & Simulate Circuit Start Qucs

11450 pF
wr > |
o 10 pF
B 050
220 nH e
RFO1 I > Y Y Yy | |
800 pF 171 pF
T e
/
A undamped Q
—* — 5
300 pF 171 pF
1209 ||
REQ2 p Y Yy | |
220nH 050
e 10 pF
Rz > I I
150 pf
i

)




Antenna Simulation

Simulations Antenna - Trim
men gmnn gmnn
ac simlllationl | Srparan}eterl f:n':;géﬁ o E‘l‘rﬁlpam:!:l.b o :ﬁnm
simulation fim2=2Tp  Ctrimpsrs2=1.5p RontimZ=5es
AC1 timi=12p  Gtrimparai=15p Rontimi=5e5
Typeslin sP1 tmi=55p  Ctimparsl=15p Rontimi=5es
Start=1 MHz Typesiin
Stop=28 MHz Start=1 MHz.
Putllts:l(x“ Stop=30 MHz
Noiss=ro Points=1024 Famis=1001 Capacitive Voltage Divider | \
gualiou
Component-Values \Ef‘_‘;‘lzilp\l_m\n+|5 CDmpDnent— Vall_les \ &
EMHV! &IIMIDII gualiou Eualn Qualiou
;qmrsm Emkzzo Zr:z-—fﬂ E.m:l‘? 10 ?:"2? 7.85 Impedance Calculation i i i i i
matc me =220 n viri= nti=
P ToEe e S O P |Equation Equation |Equation |Equation |Equation
kS ey = = = Eqni7 Eqn20 Eqn22 Eqn18 Ean23
upphy Vo P
3 A Zmatch=50 Lemci=220n Cs1=106p Cvdri=10p  Cant1=9.02 p
AC Equalions Zchip=3 RLemc1=0.3 Cp1=157¥ p Cwdr2=150p Lant1=1000n
Eauaten [Equstion S-Parameter Equations Zchiphalf=1.5 Cemc1=749p Rdamp=045 Rant1=2863
Eqns §
=0 - n_se. ) Fe Eguation [Eguation AnalogSupplyVoltage=4.5
magZinzmag((V_in_so.u)Pris) Emzm&pgmg;eﬂ_\trlg;ﬁ}}fﬁllﬂ Eqnd Eqn24 gsupp! W a
if = iff - in+ dBS11=dB(S[2.3] hase=ph
Eguation Emnzgﬁ;ﬁﬁ?;wfﬁm';ﬂ |Egustien dBS2|=d:v{[5[[4‘Al])) m.afml
Eqn2 phassZout=phasa({V_out_sc. v)Pra.i) Egnig
ma N putEmag((i vt _ze i) 1 | Tempiate Varsion: 1.2 ‘
S-Parameter [ZMatch]
Source EMC Filter WMatching Netwark AAT Network C-Voltage Divider Antenna
; C18
MSB Ls8 —C=Cvdi2
87 + FuL R.lL RI-L RJ-
creemet cc‘.z?‘. 1 RS1 ..gsc drl
- var
T T R-Rdamp Ciimi_8 imi_T Trim1_6 Tmi_S "’—""H\
——cr 3 :_| Catriml == Cetrm2 Tc;tnml T Ctrimd T
RET L23
R=Rlempil-Lemei g(‘.sl Cantt .
P1 —C:Cam‘ Num=2 Ls
Num=1 T M Z=Ranti 1L=Laml
N z=zmaton
P=27 d4Bm I cs
LeLemet ccst
. B
H?—rw\ L] oy Crim2_4 g Ctimz_3 Ctrim2 2 Ctrim2_t i
o - C=trim3 C=timZ C=trim1 C=timd —_— v
c4
, I e c=Cpi [I]E_ = = T y
L + OF Y7 YT UT 2.
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Antenna Simulation

4
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1
i.
; 1
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Impedance
match info
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Antenna Simulation

Tranyipn - Sirmudaon [T0Te0)
Antenna ok | ittt :
voltage : i It ‘. N M Nt
111 : | : ﬂ J W
o = M : Il
Receiver input — o 2 I _ _
m-mw
i* w
Pl
b7 i T & & e Tiv = ik =
Phase and =
Amplitude info T
» T TR TEF i Eg e o = F o T
W =
H L.__.___::" e
b e T —_::‘E q___-:‘:- _1_:1?___ T T = =




Fine Tuning

EMC
Components

Serial Cap
Damping
Resistor

Parallel Cap




Next Steps

» Populate values on circuit board

* Measure match on RFO pins with VNA
- Re-adjust values as required

- Test

- Optimize read range vs current consumption

Lys
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AAT

« Automatic Antenna Tuning

« 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

150+
1680

170

180

Lys
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—_ AAT

- ST25R3911B =

« 8 External Binary weighted

capacitors (4 per RFO) il B T
a 11 T Anlena
- Switches internal to reader e % -
TRME 3 |- :,- -
THIMZ 2 ——i-
TEG 1 |
T} 0 ;_,3;1:.
- ST25R3916 Rt T,
DpDﬁEl]
» Uses variable capacitors )

J.ATser;g _}_j}j&m\ -Cl-ﬂ?—,— 1p_0603
e Internal DAC’s use to zol B2 i e

. . L ”*PU‘” Gmb\%?&lﬁx 101-059

ntrol variable capacitors o < Ton,
control variable cap B“’ WLTEEWi .
« Can be used to control o TS, LE}*‘ = 5
both Serial and Parallel ey i %Emmmg ! B G

0310

Caps L B

GHD

‘ ——c313
’ I C_120p_0603
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AAT Compensation

- Match antenna as before

- Determine serial/parallel capacitors

Capacitance characteristics (Typical)

+ ST25R3916 250

» Subtract 3 Variable cap value
from Cp

)]
o
o

—

» This becomes new parallel
capacitor

- ST25R3911B o o5 1 15 3 2s

« Subtract Highest trim value cap Tuning Voltage [V]
from Cp

-
o
o

Capacitance [pF]
—
9)]
o

ul
(=]

o

» This becomes new parallel

"_I capacitor

life.augmented



+ ST25R3911B

Set reg 27 to Oxff (double check
that no field is being generated

Adjust AAT trim to 8 (Antenna
Tab in GUI)

Match should be in center of
range

- ST25R3916

Set reg 28 to 0x7f (double check
that no field is being generated

Adjust AAT trim mid (Antenna
Tab in GUI)

Match should be in center of
range

Testing AAT

Important to turn off output drivers

« Measurement of how AAT changes the impedance of the antenna seen by the reader

¥
ZL0AD MATCHED EMC
Impedance seen by the reader

(] ]
== :
oo @waa

B CO 3Eas

& Co > OCcC

= .:_({r_’[‘l___
ST S

E0 CE BEEE

Y

e

Changes of
environment:

= Tags

» Metal objects
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AAT Simulation

Simulations Antenna - Trim
- - - S T EqniD Eqnd Eané et oie
o) =5
AC1 tim1=12 p Climparai=1.5p Rontrimi=ses  on=50; off =8
Typeslin TR SP1 tim0=5&p  Ctrimparad=i 5p Rontrim0=8e§ _ on = 100; off = B=f
Start=1 MHz Typesin Typasin
Step=28 MHz Start=1 MHz
Foints=1001 Stop=4 us Stop=30 MHz \
Noisezra FEEAED Foint==1001 Capacitive Voltage Divider \ A t T .
(erm nenna - rnm
Eqn2
COmBS e Ve L 1 |Equation |Equatign |Equatign
EqniT Eqnz0 Eqnzz Eqnig Egn23 - an 10 Eqna Eqna
EZmatch=50 Lemci=220n Cs1=%8p Cvdri=10p Cant1=T.8 p Impedance Calculation . . @ﬁ- = 585
e oo oI Y e — trima=56 p Ctrimpara3=15p Rontrim3=5e5 :
Sz ents e trim2=27 p Ctimpara?=15p Rontrim2=5e¢5  ©n =25 off =3e3
k\ S im1=12p  Ciimparal=15p Rontim1=5¢5  ©On=>50; off =5e5
AC Equations AN trim0=5.6 p Ctrimpara0=15p Rontim0=5e5  on=100; off=5e3
Esustion Eguation S-Parameter Equations
n’ ED . - ion Jon
I e e s i N = =
[Egustien :ﬂﬂﬁ&?ﬁéﬁ ;»:;c |Equation dBSzldB[Sii";% m;f;lvm;p(w_l}:_[ac W |
Eqnd phaseZout=phase((V_out_zc.v}Fr3.) Eqnig
mag_V_out=mag{{V_out_ac.v}) Template Version: 1.2
\
S-Parameter [ZMaich] \
Source ENG Filler Match -t - \ Voo L I
I Component- Values
(=78
Crcemet '|' |Equation |[Eguation Equation |Equation |Equation
o 1| Eqgni7? Eqnz0 Eqnz2 Eqnia Eqnz3
AR LemeriLeme 2| Zmatch=50 Lemc1=220n =106 p Cvdr1=10p Cant1=9.02p
Zchip=3 RLemc1=0.2 Cp1=157 p Cvdr2=150p Lant1=1000n
Zchiphalf=15 Cemci=749 p Rdamp=045 Rant1=2863
o & AnalogSupplyvoltage=4.5
[ }—rr- =
Ezgammm Ty
C16
c_, ' £ T T IT TT ccviz
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Layout Suggestions

* 4 layer board if possible (Sig/GND/PWR/Sig)

- 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)
17
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Layout Suggestions

EMC filter RFO & RFI routing

O - Crem

dimemariar RFTAney

= Filter must be positioned as close = The inductors after the RFO are placed in 90

as possible to the output stages degree direction
= The RFI lines are routed symmetrically, but in a
fair distance to the RFO lines
= Mo long signal traces between LC filter and the
remaining matching componants
= 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 pF and 10 nf = Multiple through vias must be used

Lys
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Questions?



