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Defining Design F

* End Product

» Payment
» General Purpose

- Communication Protocol
« 1SO 14443 A/B
« 1SO 15693
* Felica
- AP2P.
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Defining Design F

- 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



System Block Diagram
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Design Tools
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Design ToolS mm

- 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
- EMVCo Reference

design - |
 Hardware eval board x o ‘?:’_
« Software GUI =y

Demo Board Check

Dema Board Infarmation

° I 1 Stack Smniiin |53 |
Demo Board Version |ST25R3916 based EMVCo Ref Firmyare v1.1.3 ]
STM32UID |2dﬂaﬂ]ﬂﬂm55473343393ﬁ20 ‘
.
« Available Only by Request
Measure Supply
Vo0 5,016 ¥ DDA 3BV VDOLDI 3375 S T2 5 R39 16 EMV
VOD_RF: 4758 V VDD_AM: 4,641V
vismp; 42 °C veurrl: 0 mA
Ideniify
Output g X

ST25R3916 hased EMVCn RefFrmware v1, 13

Mode data lnaded from fle ST25R.3916_EMVEa_v0. 5 x|
Writing mode data to baard.

RAW String:

> 00 0006 00 00 0707 00 01 18 13 00 6a 780 00 28 f 70 00 28 0f 0100 45 40 40 010101 00 03 04 00 01020100 05 94 00 01 12 08 00 0b ff 08 00 Oc ff 2d 00 0d ff 00 00 Qe ff 00 00 4c ff 5100 4d ff00 0201 01 00
0304040202 0100 050400 02 1206 00.6b ff.04 00 0c ff 3d 00 0d ff 00:00 0= ff 00 00 4¢ f 1b 00 4d ff 00

VDD; 5.016 V, VDD_A: 3,281V, YDD_D; 3,375V, VDD_RF: 4.758 ¥, VDD_AM: 4,641V, yiemp: 42 °C, yurrl: Gmé

Ready [ e 0k )

"I *ST25R3916 recommended for EMVCo 3.0 and above
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Design Tools

* Antenna Design Matching tool
» Calculates matching components

H H #¥ ST25R Antenna Matching Toal |l= 8] 8
* Includ mulat m
nciuaes simuiation progra Fie Hep
Artenra parameters
i 1 Antenna inductance 529 [nH] }—'“'
* Available on ST25R3911B landing : [
DC resistance 325 [mOhm] W [ H ‘{
page Parallel resistance 1500 10hm] a5 20 oF
Self resonance 62667000 [Hz] 290t — 054
120 pF
Matching inputs: mroa [ a I I | J—
Presat - 500 pF 171 pF
EMC Inductor 220 (oA = — A\
« DC Resistance 300 [mOhm / "umlmm g
EMC fiter 12000 [kHz} i i — 35 rd
Torget matchingZ 30 [Ohn] '-\\ /. /
Targst antennz O = o F_— = "F:: ™\
B
— - SN
02 b, Y i { M
Calculate matching values _2-25 n]? = _D_E_ﬂ i
030 10! [
s Re1z [ } I
150 pF
_— |
‘Save & Simulate Tircuit Start Ques.
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Design ToolS mem

www.stcom/ST25R

ST25R3816 Discovery Board

J-5zE1aN
00SIa—-g1L L6LHSZLS

1ife.cugmented

12 L0 ou 1] lealuie) antenna (o1 L0310 Tealure) attenuation

LDO

NFC ANT 66 x 66 mm

USB connection
to PC

S0~8LIBEHSTLS

/
ST LINK 15 LEDs

ArAAranannine s B L



Matching Network
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Reader IC

Zout = ZL0AD

Matching Circuit

Z10AD
Antenna
Lﬂ
Rﬂ.
A Z1L0AD




Matching Circuit

ZDUT ZLOAD_MATCHED ZLOAD
Reader IC Matching circuit Antenna
[l |

& L _

Zoyr \ / TG La
Impedance seen _

= at these sides = { = -

Upor = == a
il

i

{ Zoyr = Z1,0AD_MATCHED ]:
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!
Z our 4L O0AD_MATCHED EMC

Reader IC

U{JUT

Matching Circuit

EMC filter

L

L,

L

Matching circuit

I ;
i _L
Cs c

]

A
£

)

RX attenuation

Z = 7
OUT = 4LOAD_MATCHED|

Z10aD
Antenna
Lﬂ-
Ra
RX branch

affects Z;oap



Matching Circuit

I_m Signal Conditioning

5

Lant = 990 nH
Rsde = (0.6 Ohm
fres =89 MHz

| Rp@ires = 20 kOhm

= RF Input
2 Matching T o
Serial Cap —ca
TRIMI /- \r - Tm" )
RFO! 2P A . Ih‘u
2700 J_c.uu g
EMC |77
; [nexp
Filter |ck
e [ |
. | ‘ Factor
—_— \ ‘A 'arallel Caph Adjsutme
( —‘LHH-\
B ] wp
ca12

Lys

™ [RFIn

put

oo | Signal Conditioning
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Matching Circuit

* Antenna
e 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
« Upto 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 ‘ ‘ | | | I r 900
1,800 : : 80,0
1,600 \ : : : —- 70,0
1,400 |l - | - . 60,0
g ™N
_ 1,200 : NG —— : — : — 50,0
g N
| N | |
o
S 1,000 N 40,0
0,800 | || L | | | 30,0
0,600 - . e . _._____\ 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
Swr 71.2:1

Mag 0.972
13,563, 69402

BL -0.23d8

RP 55,51

. 25.00

Rs 3.10

xs 94.9n0
£l TETVTL
Maq 0.974
53,729,440 =

RL =0.40dn
ne 0.08
Z__2196,.1n
Rs 2195.10
Xs 65.1n0
Swr  43.9:1
May 0.955

DC Resistance

Xs @13.56MHz

used to Xs = 'f‘”f—
calculate o= E
inductance ) jw

Self Resonant
Frequency

Parallel
Resistance




Antenna Measurements

“ ¥ STISR Antenna Matching Tool [E=Si=n"
| File Help
Input antenna i I I "
. .
parameters \* Al'ltenn.a inductance o I| 150 pF
DC resistance 329 [mOhml — II_
Parallel resistance 1500 [Ohm] 030 10 pF
Self resonance EXETO00  [Hek 220 nH I 050
| S ==
. Matt:hh'igh'q:uts: AFOL . | | JI:l“'
Set pre-conditions P precer - = T8000F 171 pF
* EMVCo ENC Inductor ' 220 [nHI —_ R o "\_\
° Sﬁrée'::al Pupose 1 DC Resistancs 300 [mOhn] 7 it l;\
¢ ENIC fiter 12000 [Hal . I . = /
\ P
Tarpet matching Z 0 [Chm Y P
Target antenna O 2‘_5- - = e \‘-\/"
800 pF 171 pF
Calculate =
matching values \ rroz [ LYel H -
=B Caicilste matching valies 200K 0so
oD 10 pF
Noteg apz > I I
" 150 pf
Simulate I §

(opens QUCs) \
S '8 & Simulats Circuit ‘Start Qucs
Ky

life.augmented




Lys

lite.augmented

Antenna Simulation

Simulations Antenna - Trim
Equation Equation [Equation
ac simlllationl | Srparan}eterl f:n':;géﬁ o E‘l‘rﬁlpam:!:l.b o :ﬁnm
simulation tim2=27p  Ctrimpara2=1.5p Rontrim2=5ef
AC1 timi=12p  Ctrimparsi=1.5p Rontrimi=5Ees
Type=lin sp1 bimd<55p  Cimparal=15p Rentiml=5e6
Start=1 MHz Type=lin
Stop=28 MHz Start=1 MHz
Putlll!:l(x)l Stop=30 MHz
Noiss=ro Points=1024 Famis=1001 Capacitive Voltage Divider | \
glﬂlbu
Component-Values \Ef‘_‘;‘lzilp\l_m\n+|5 CDmpDnent— Vall_les \ &
EMHV! &Ilalbll glﬂlbu Qualn Elﬂlbu
;qmrsm Emkzzo Zr:z-—fﬂ E.m:l‘? 10 ?:"2? 7.85 Impedance Calculation i i i i i
mato mc1=220 n viiri= nti=
P ToEe e S O P |Equation Equation |Equation |Equation |Equation
Zchiphali=1.5 Cemci=749 p  Rdamp=0.50 Rant1=3282 Egustion
AnalogSuppyVoitsge=t 5 Eant Eqni17 Eqn20 Eqn22 Egnig Eqnz3
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
i Ems P ion ion =
e TV nse P83 Emﬁ E..“;T AnalogSupplyVoltage=4.5
o e —
Eqn2 phaseZnut=phasa((V_out ac v)Pra,) EaniE N - ‘
mag V_out=magi{V/_out.scv}} = 't R 1 {man(dESa 1)) (ABETT ms:-);;rz,l s
S-Parameter [ZMaich]
Source EMC Filter Watching Netwark AAT Network C-Vaoltage Divider Antenna
ncra
g Lss ESc-cya
cst + [I]F¢ A R‘i R¢ o
C=gemet on o1z
=Cpt Ro1 W C-Cyan
T A-Rezme Cini?_8 Teinl.7 i) 6 5 "'—""‘—:’K
:_Lg,. = :_| Conm3  m CanmZ Ctim! T C=trimd
RAT. &2
R=Alempt-izmet C=gs e
C=Cantt [ .
= Bt e
12z (=]
Letamat c=Cst
: N
P?_m‘ L] Crml4 gy Crmeis Cirmz. 2 =
L ine il C=trm3 Cetimz S=trm e
=) o e =
g=camet G=Gp + [I]F‘%F =
C=Cvar2’




Antenna Simulation

: : ™
! n£
L1
5§ & & & w B B

Impedance
match info

life.augmented



life.augmented

Antenna

Antenna Simulation

voltage

Receiver input —

Phase and

Amplitude info

i Bty
o [E—
I-I—lgl;lﬂ
o
[ 3
-
, i
*
*
Y
3
-
1 i
ST
el
T e e
—
o - Birwiieom [ETi
< o~
[ ]
5 _.-"'""""--h-..______.—-""f e =
I — — ]
:. EE==2 F == B =3 Thar T ThE = 3
-
= }
£
T T = TR = Ll T T = = =
-‘___- Ll
1:1 \ D
"l - o o
it .'II .'i_"- e - L - T = =




Fine Tuning

Cewmct | or Lemes |

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

gmented

Next Steps



2| vnafd - Smith-chart main window

vnafd 3.1.12 DL2SBA 2018

T — Start 1,000, 000Hz
Yi : Ref=50.0+0.04 Stop 29,980, 0981z

augmented



wnitd) - Srkth-chaert mam windoi [

wmafd 3.1.12 S DLISEA 2018

Card
loading

A, 000, QUOHx
Bef<50.0+0. 04 20 980, 090H=

augmented



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

186

Lys

life.augmented



- ST25R3911B

« 8 External Binary weighted
capacitors (4 per RFO)

« Switches internal to reader

- ST25R3916

Lys
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» Uses variable capacitors

* Internal DAC’s use to
control variable capacitors

e Can be used to control
both Serial and Parallel
Caps

AAT

™M R f—d
s v f— _jl.
LT TR L I-
LELE R | -
== _—
wF |~y ]
T g 3 |
i . - T AmnE
I“—ll - 4 .I -8 ' (11
o o [N ol
FE f————1—%
” C 1
- i.--]—
£
TATME 3 ] -
oD i—
(LT TE) R I
(TR ST @D
lﬁm
130y 0sd3
..
s o _|om
AT =na| [ |PREOYVIEESITE 1 gem
; an 3
EFOL %’Q,r‘-"\,-‘ | 3 AN
Ta e = mz':_ncami =0 BO ot B
55 C47p_ 08, NEWPYVI0I-638
3 R{E=1 P Y3
. 6E0p_0503 % ——_&-‘n?i 5
. AAT paduar 3] -
||'G““‘ 5 THT
T ., WIYVIDL-05P
s L
) T—:_eaf_g:_mua xio = T:'np @
2FO1 L I ; _ NI
17m | w3l e TS deal TR
1T k I
- LXRWIYV2L460 o
= “Tc 1 0em
T
it




AAT Compensation

- Match antenna as before

« Determine serial/parallel capacitors
« ST25R3916

» Subtract 3 Variable cap value
from Cp

Capacitance characteristics (Typical)

250

N
o
o

==

» This becomes new parallel
capacitor

+ ST25R3911B

* Subtract Highest trim value cap 05 1 15 ¥ 25 3
from Cp Tuning Voltage [V]

[
o
o

Capacitance [pF]
[
(9]
o

wul
o

o

o

» This becomes new parallel
capacitor

Lys
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Testing AAT

Important to turn off output drivers

+ ST25R3911B

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

« Adjust AAT trim to 8 (Antenna

Tab in G U |) « Measurement of how AAT changes the impedance of the antenna seen by the reader

* Match should be in center of
range

+ ST25R3916

B‘.ﬁ N i i) .
—IEHE3 B

ST25R391X M

- Set reg 28 to 0x7f (double check (A
that no field is being generated Zipa searcrsp £xie
Impedance seen by the reader
* Adjust AAT trim mid (Antenna = = .
Tab |n GUI) | E—g YT ?nyrﬁr;mnt
i E__ H'A" :—:t * Metal objects
« Match should be in center of S0 CEY et e
range i S ccEc i
r_ <3 ee ﬁ_@_ Q_r_ -
> /4
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AAT Simulation

Simulations Antenna - Trim
Eare  [Ezsmon E—
= 3 S parameter]| Eqnt0 Egpd Egnd on= 14 off=
(e smuior] oz | S o s onpn
AC1 timi=12 p Ctrimparai=1.5p Rontimi=fes  on=50; off =228
Typesiin TR1 SP1 tim0=58p  Ctimpars0=15p Rontrimd=se5 _ on=100; off = B=f
Start=1 MHz Typesiin Typesiin
A i N\
Neize=no FE=RIE) Foints=1001 Capacitive Voltage Divider \ .
o Antenna - Trim
Eqn2
Cn::nent— Values — — — — N_rfin=V_rfiVt + 1.5 IE uation IE uation Equation
Eqni7 Eqn20 Ean22 Equts Eanzt. an 10 Eqna Eqna
2 T ST, ST, Dy | [meecss m3-s5p]  Crimpara3=15p Ronmma-ses [an=1a]rr=ses
s ’ ' = trim2=27 p Ctrimpara2=15p Rontrim2=5e5 0N =23 off =585
k\ Bl i tim1=12 p Ctimparal=15p Rontrim1=5e5  ©0n=50; off=5e5
A Equations \ trim0=5.6 p Ctrimpara0=15p Rontrim0=5e5 on =100; off = 5e5
[Equation |Egustion S-Parameter Equations
Eq? = in= in_ac. v)/Pra.j |Eguation |Eguation
ST T EEC‘;?E%&?":&&M?&E o= 3.3 = it
[Ezustien FhaceZema-phase((y_eme, ae yy;;u |Equstion BEI-dB{STA 3] mymagemag((V_rfi_ac.v])
Eqnd. phaseZout=phase{V_out_zc.v)Fid,i) Eqnif
mag ¥ outsresglfy oot e v 2= mEk{aBEs 1 =2 RBE2 1) Template Version 1.2
\
S-Parameter [ZMatch] \
Source ENC Filter Match e N e S e R
I Component- Values
CsT
”:"“"T |Equation |[Eguation |Equation |Equation Equation
e i| Egni7 Eqnz0 Eqnz2 Eqnia Eqnz3
Rttt | Zmatch=50 Lemc1=220n =106 p Cvdr1=10p Cant1=9.02p
o Zchip=3 RLemci=0.3 | Cp1=157p Cvdr2=150p Lant1=1000n
55:;;;m Zchiphalf=15 Cemci=749 p Rdamp=045 Rant1=2863
B e c= | AnalogSupplyVoltage=4.5
R=RLemot R
i;\’_:gm’ gu? = = EE R R
r + ‘:’g’:m’z
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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)

Lys
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Layout Suggestions

EMC filter RFO & RFI routing

el taill (Wiga Rl

= Filter must be posiboned as close = The mductors affer the RFO are placed m 50
as possible to the output stages degree direction

= The RFl ines are routed symmetncally, but ma
fair distance to the RFO lines

= Mo long signal traces between LC filter and the
remaining matehing components

= The wias in tha RF lines should be avoidad in a
final design

Lys
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Layout Suggestions

Decoupling Thermal pad

- Capacitors as close as possible fo the chip
» Parallel capactors 2.2 yF and 10 nf

Lys
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Questions?



