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Where is ESD Protection Needed?




What is Important for ESD Protection?

« Clamping Voltage

1 3 V fter 30 n ,
: * ¥ 8000V ESD
IC to z IEC61000-4-2
protect o ESD diode of
B HSP series

- Parasitic ESD Capacitance

Frequency domain
ti j : _ » \\

Clamping voltag




ESD Selection Criteria

« Vpgg Breakdown voltage higher than operating signal
Above this voltage, the ESD protection devices will enter Clamping mode

+ f. Cut-off frequency higher than high-speed signal bandwidth defined by the rise time value

* C010 anp LOW parasitic capacitance (a consequence of high bandwidth) minimizing the
impact on transmission line impedance

* R4 Dynamic resistance & V¢, Clamping voltage to keep the protected IC safe

Symbol Test conditions Min. | Typ. | Max. | Unit
VBR lr=1mA 45 | 58 \
E IRM VRM =36V 10 100 nA
EI VCE. |pp =1 A, 8/20 Hs 10 \%
T
2 Veo IEC 61000-4-2, +8 kV contact (lpp = 16 A), measured at 30 ns 13 V
Q
(7] 1/0 to GND 0.48
I Rd Dynamic resistance, pulse duration 100 ns Q
S GND to /O 0.96
% Cio-1o |Viio=0V, F=200MHzto 9 GHz 02| 03 | pF
§ & 3 B F =200 MHz to 2.5 GHz 04 (055 | pF
W | ro-GND IO F =25GHzto9 GHz 0.35| 0.45 | pF
‘ , ’ fe -3dB 10 GHz
lifescugmsniad Ziif Time domain reflectometry: t, = 200 ps (10 - 90%), Zy = 100 Q 85 100 | 15 | Q
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CLAMP GEN3 POWER RAILS

CLAMP GENZ2

CLAMP GEN1

ESD Protection Lineup

NON SNAP BACK
High Vbr Diodes ESD Single

Miniature High Power EOS Single

]V—LIC'- v Vbr 14V 20V 45V ' IPP (8/20us) P60 /130 A A]
- 500 A
40V+ - 250 A
I 100 A
; - 80A
“ MQFN /0402 / 0201 L50A
'ch vy XLC TECHNO GEN3 'ch v VLC/LC TECHNO GEN3
Vclamp <10 V TLP16A Velamp 8V TLP16A Vclamp 8V TLP16A  Vclamp 8V TLP16A
10V Capa '0.1pF typ 10V capa 55pFtyp Diode Cap 10 pfmax  Diode Cap 140 pf typ
I__ -- Vbr min 5.8V . '--- - Vbrmin58V -~  Vt4Vtod5V . Vbr min 5.8V
'8V Rdy  0.6t00.7 Ohm a 7V Rdy 0.25 Ohn‘ Vbr min 5.8V Vrm min 5.5V ‘
' . 020101005
' veey XLC /ULC + HSPOS1xXX (0.35F) VLC LC
* ¥ LW, 94§ &
10V 1x1.9mm 0.8x 1.3 mm
Bandwidth : 10GHz uQFN /CSP / 0201701005 HQFN / CSP / 0201
1w XLC 020r / ULC (1t02pF VLC (2t08pR) LC > 10pFandmore
0.45x 0.2 mm 045x02mm g Bl

35v ; 5 lines 4 lines
'____ 0.8x 0.8 mm 1x0.8mm
\')

@ ﬁ 4 lines
0.9 x 0.6 mm

- HQFN /CSP /0201/01005 HQFN / CSP /0201/01005 HQFN / CSP / 0201
%= Homi @ =

BUS

SD3.0/SIM 12C

®
3.1 type 2.0 4K/2K DP

AUDIO



Latest ESD Protection products
e Y oM e o

Bidirectional
ESDL031-1BU2 Single line 6.35V 10pF typ 0.6 x 0.3mm Development
Bidirectional
ESDZV5-1BF4 Single line <4V N 6pF typ 0.6 x 0.3mm MP
ESDZV5-1BV2 Bidirectional
Single line <4V N 5pF typ 0.45x 0.25mm MP
Unidirectional
HSP053-4M5 4-line 5V - 16V 0.15pF typ 1.3 x 0.8mm MP
Bidirectional
ESDZV5H-1BU2 Single line 5.5V 10V 4pF 0.6 x 0.3mm MP
Bidirectional
ESDZV5HS-1BF4 Single line <6.5V 10V 10.5V 4pF 0.6 x 0.3mm MP
ESDZV141-1BF5 Bidirectional
Single line <14V 18V 26V 1.5pF typ 0.45 x 0.25mm  Sampling
ESDZV18-1BF4 Bidirectional
Single line <17V 23V 3pF typ 0.6 x 0.3mm MP
. . Bidirectional
ESDAXLC18-1BF4 Single line <19V - 37V 0.45pF typ 0.6 x 0.3mm MP
Bidirectional
ESDALC20-1BF4 Single line <20V - 37V 10.5pF typ 0.6 x 0.3mm MP
ESDAULC45-1BF4 Bidirectional
Single line 40V - 100V 1pF typ 0.6 x 0.3mm MP
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Common Mode and EMI Filters

EMIF series ECMF series
ElectroMagnetic Interference Filter ESD protected Common Mode Filter
VY,
_\ YY)\
7Y 7Y XK XK
i i L
Application: Application / function :
- Audio: microphone, headset, speaker - USB
- Display and camera (parallel interface) - HDMI
- Keypad and data lines - MIPI D-PHY, M-PHY
- SIM card / SD card - MHL
Function: Function:
* Rejection of EMI from WiFi/cellular signals * Rejection of Common mode noise from
on I/O lines WiFi/cellular signals on differential /O
« ESD Protection on I/O lines lines
» ESD Protection on I/O lines
Package:
» single line or multi lines Package:
r » plastic package/QFN or CSP flipchip. + single line or multi lines
Y/ - plastic package/QFN or CSP flipchip.
life.augmented



SUPERSPEED

e USB,
il

ESD and Common Mode Filters

for USB Type C

APPLICATION | COMMON MODE REJECTION COMMENT
Lo

ECMF4-20A42N10

ECMF4-2450A60N10

ECMF02-2HSMX6

ECMF04-4HSWM10

Lys
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Smartphone ~ers  -23dB
Tablet @ 25dB
Tablet .
Streaming Stick @ -40dB
Tablet @ -35dB
Streaming Stick @ 5Ghz 25dB
"6ps -35dB
Smartphone iy @ 2008
STB/ Sticks .
Game Console @ sen: -20 dB
D
ite -20 dB from 0.7GHz to 2.4GHz
STB/ Sticks @ 2548

Game Console

Large bandwidth of 5GHz

Deep rejection of -40dB at 2.4Ghz

Complete solution to filter both Wifi
frequencies
400pm pitch

Complete solution to filter from 0.7Ghz to
5 GHz

500um pitch package size compatible with
consumer applications

Large bandwidth of 4.2 GHz
500um pitch package size compatible with
consumer applications




= ESD and Common Mode Filters

- for USB Type C

i ECMF4-2450A60N10
Typlcal BOM HSP051-4N10

ho
ol

+ — N
@ |

ESDZL5-1F4 [E
V. =" g | e J@
= D [ 1 | N E—
——"J‘_j > /
- I i —

ECMF4-2450A60N10 —

IS R N
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SUPERSPEED
= USB>

-

Scc21

-10
-15
-20
-25
-30
-35
-40
-45

LTE band

ESD and Common Mode Filters

~

1E+08

1E+09

1E+10

1

for USB Type C 1

8kV ESD
response

lite.augmented
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kY

D1+ to connector |7 18] D1+ 10 IC

{31 D1-toIC

3
6 g
.
D2+ 1o connectar ‘FEH- D2+tolC
& n

D2-to connector {47

fi] GND

QFN 10L

€1 D2-toIC

2.2mmx 1.35mm 2 lanes
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+
Filtering

ESDALC14-1BF4 ;‘9
22pF, 0.3x0.6 = 0.18 m «?

—— ESDA14V2-2BF3
12pF, 0.77x0.77 = 0.6 mm?

EMI Filters
Audio

 ESDAVLC8-4BN4
4.5pF, 0.8x1 = 0.8 mm?

4
i

§

ESDALC8-1BF4’J
g

30pF, 0.3x0.6 = 0.18 m

209 peribsge

ESDAVLC5-4BU4 |
5.6pF, 0.53x0.93 = 0.5 mm? \;

Low-pass Filter
‘ Output

Input % RN %

GND GND GND

- EMIF02-MICO3F2
Fc=50MHz, Rdc=680hm

Microphone 3.5mm Jack Headset

|[ EMIF02-SPKO3F2
Fc=20MHz, Rdc=0.070hm

Gy

=
@) (O] A
@ B

Loudspeaker
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300MB/s
UHS-2

208MB/s
UHS-1

EMI Filters
uSD card

-0.3db @ 900MHz
max 4.5pF

-5db @ 900MHz
max 9pF

\

-0.3db @ 900MHz
max 3pF

-5db @ 900MHz
max 9pF Néw

-20db @ 900MHz
max 9.5pF

Without pull up resistor

2 x| e &

Datas + Clk, Vcc, Card detect




ST Protection Finder

Get the right TVS at a touch
With our Protection Finder app

* Install now

N Eﬁﬁé";‘é B, GETITON
R Wandoujia "‘ Goog|e Play
X SnapPea

. .1_‘ l‘rn ‘

T APK {4



ESD Protection

. (ECE1000-4-2)
—f TVS clamping diodes
— % (1011000 ps and 8/20 ps)

Current-Limiting Termination
for Programmable Logic Controller

MY FAVORITES

»*
J
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ST Protection Finder in 4 touchesS m=m

SELECT

parameter

& ST Parametric Search

51000-4-2)
Sland off Vollage ~
100 mV10 36V
i @
. _ 7
°
Breakdown vollage ~
700 mV 10 38V
< @
T . - (&
°
Line Capatitance VO-GND ~

300 fF to 350 pF
yiudl

Mumber of protected Line b

4
GET
datasheet

' ) < EMIF02-020ABRY (: +r
EMIF02-020ABRY Active
& ESD Protsction \':

Key Features W
€ ST 20i30 Product
DVIULC6-4SCBY Active » Attenuation profile compliamt with BroadR Reach™
S mkribe requirements from -40 *C to 125 °C
Vim Typ Vir Min Cune Typ = Return loss (Sgyq1) at 60 MHz
5V 6V 0.85 pF o 20dB
Nb of Line Directionality » Components matching
4 UNI-DIRECTIONAL o 1% (between line 1 and 2)
Package SOT23-6L + Package
» Dimensions: 30 x 3.0 mm
EMIF02-020ABRY Active > Piteh-11pm
& ESD Protection o \Wettable flank QFN
Vam Tvp Vg Min Cune Tvp « AEC-Q101 compliant
v 6V 1.2 pF
Nb of Line Directionality Technical Documentation v

2 BI-DIRECTIONAL
Package QFN-6L WF

Descriptior Version Size

[f Data Shiest 1.0 1115 KB



Protection Design Tools ==

SELECTION TOOL SIMULATION TOOL

TVS Smart Selector ESD & Signal Integrity Simulator
ES. IM

Selected Values
. mERE vt J
SPRT BFEE0 (V) - HHEE-308 G Ak = :ﬁrﬁ v pEE -
SRR (5811 Genl TypeC s s e SoTRREL B
BRI 50
REWE D00V |2 e 8101 DR
SRR AR | 38 | 20 B DFNZ.
Pt | | .
3 104 Bl-Dir 870201 ESD-SIM
meEE fa— =
|3 |8 8O oFNz i RPN Vo [ Comnt | G AT )
m " >3
RipzE 5 ] Uini-Dir SOT235L T | 28
| | =
|#zigBESD |38 | 148 Uni-pir UGFN-OL ESD-SIM 3 : :‘“'
| | F
i 36 146 UniDir UeFNADL ESDSIM e _
ESE , | m: |z |3, :
[SE 3.1 Gent Type C E BE BT E 3 o
| Transmission Lines @ i@ s
FRIPLSR (rax) AWERICA | seo0 #in [ e e
E vl AVNET AMERICA 7000 [ g v 4
S| Do
HREH (V) (min) DIGIKEY ‘ WORLDWIDE ‘ 18 1 AR AR A A AR
. sy
Ve sm 1B —_—
Al P2 FuUTURE WORLDWOE 7000 | 7om0
Sl S 1€ Comd (i Frsiad
MOUSER ! WORLDWWIDE ! 017 1 W [ms " | Rt Cole
EE — o ——
} _ mprawe system £50 ronustness.
‘ - RS COMPONENTS (Gecariow | Eurore 8975 It - S et o ket b
. . = . , . ’ = | E3D protection and IC o be protested.

http://www.st.com/tvs-smartselector https://st.transim.com/esd/Pages/Landing.aspx
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RF Integrated Passive Devices
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What is IPD?

THIS ISNOT IPD THIS IS IPD

RF |ntegrated Passives Devices

= Design simplification

= Performance optimization

“ System integration

= Reliability improvement

“ BOM reduction

= Successful development story

life.augmented



IPD Technology

Size -+ 10 @ lower cos

IPD for RF

D

Non conductive substrate

High Q - Thin Film process

Integrate multiple RF functions on a single die

lite.augmented
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IPD for Wireless Connectivity

WHAT WE DO

ANTENNA BALUN FILTER BALUN+FILTER

3

T i B R

RFIC

RFIC

DIPLEXER

=
/"




-\ Why Use a Balun?

_________

« Baluns transform an differential input to a single ended
output and vice versa

\\ « Typically between RF Transceiver and antenna

* Required at the output of most Bluetooth and SubG
transceivers

« ST balun with integrated filter

+ Baluns help to
improve RF signal integrity
provide optimal output power

improve overall battery life

"I « Some SoC solutions may not require external Balun

life.augmented



ST.balun

"""" i

Balun of ST ICs

------- RF IC supplier RFIC Matched Balun ::I\;I?_qul;ency H}zzgrated Size Package
SPIRIT1 BALF-SPI-01D3 868-915 Yes 1.4mmx2.0 mm WLCSP
STMicroelectronics | gpgiT 1 BALF-SPI-02D3 433 Yes 1.4mmx2.0 mm | WLCSP
m S2-LP NEW ! BALF-SPI2-01D3 868-915 Yes 2.1mm x 1.55 mm WLCSP
life. augmented S2-LP BALF-SPI2-02D3(**) 433 Yes 2.1mm x 1.55 mm WLCSP
STLC2690 BALF-2690-02D3 2400 Yes 1.64mmx0.94mm| WLCSP

BALF-NRG-01D3 (NRND)
BLUENRG BLUENRG-MS BALF-NRG-02D3

BLUENRG-1 2400 Yes 1.4mmx0.85mm WLCSP

BLUENRG-2 NE\N \ BALF-NRG-02Q6Y
BALF-NRG-02J5

RF IC supplier Matched Balun ?m:ﬁ;‘c Integrated filter Size Package
BAL-WILC10-01D3 2400 No 0.95mm x 0.95mm WLCSP
Atmel
BALF-ATM-01E3 2400 Yes 2.00 mm x 1.25 mm WLCSP
BAL-CC1101-01D3 868-915 No 2.0mmx1.0mm WLCSP
BALF-112X-01D3 868-915 Yes 1.95mm x 1.87mm WLCSP
Texas Instrument BALF-112X-02D3 433 Yes 1.95mm x 1.87mm WLCSP
BAL-CC25-01D3 2400 No 0.9mmx0.9mm WLCSP
BALF-CC25-02D3 2400 Yes 0.9mmx0.9mm WLCSP
BALF-CC26-05D3 2400 Yes 0.9mmx0.9mm WLCSP
BAL-NRF01D3 2400 Yes 1.5mmx1.0mm WLCSP
5 1.4mmx0.85mm .
BALF-NRFO01J5(*) 2400 Yes (height<350pm) Thin WLCSP
’ I BAL-NRF02D3 2400 Yes 1.4mmx0.9mm WLCSP
L Nordic Semi BALF-NRFO1E3 2400 Yes 1.5mmx1.0mm LGA
lite:augmented BALF-NRF01D3 2400 Yes 1.5mmx1.0mm WLGCSP




ST.diplexer

Why Use a Diplexer?

+ Diplexer used to split RF signal into two frequencies
« Combination of two filters

. Typlcal Applications:
System supports WiFi 2.5/5GHz + BLE
» System supports WiFi 2.5/5GHz
» System supports GPS/GLONASS + BLE or WiFi

» Systems supporting multiple cellular bands

- ST Diplexers can integrate additional filtering for specific
band rejection

- Becomes a triplexer when there is need to separate one
signal to 3 freq

Lys
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WLAN 2G/5G Diplexer
*
1 LOW INSERTION LOSS ’

BELOW 0.5dB 1.1x1.25 mm?

2 ISOLATION
15dB Out of Band Rejection / Isolation between Bands

3 < HARMONICS FILTERING
15dB attenuation @ 2nd & 3rd hamonics

26 & &0 Fonvaed Tranunission, 8

4  ESD PROTECTION
Integrated ESD protection — 15kV |

531 L 551, 8

5 | SMALL

‘YI Smaller footpring than LTCC equivalent T

life.augmented iron, Gk



5GHz Band Pass Filter
\ b
1 | LOW INSERTION LOSS ‘

~1.0dB 0.95 x 0.90mm2

2 REJECTION on cellular bands
>35dB Rejection [700 - 2699] MHz

3  HARMONICS FILTERING

-

!
I
ey

>25dB Rejection [10000-12000] MHz 7

)
2

4  ESD PROTECTION
Integrated ESD protection — 2kV 7

- —

5  SMALL T

"I Smaller footpring than LTCC equivalent et
life.augmented 0.95x0.90mm |

=0 7~
&0 v—f
OL3T 1
JE R
OL39 | -~
0139 | —
L3I0

53
&0'%
030 | —



Benefits of RF Integrated Passives
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Benefits of RF Integrated Passives

Criteria @ @ ‘
Performance Excellent Excellent Good
BOM & Cost Excellent Excellent Good
Robustness to drop Excellent Medium Good
Size Excellent Good Bad
Implementation simplification Excellent Excellent Complex
Flexibility Good Good Excellent
Temperature variation Excellent Good Bad
Embedding capability Excellent Medium Good
COMPETITIVE
SCORE Lrce
3




SMALLER Benefits of RF Integrated Passives

1.8V - 38V power supply
Q

l Lo L c13 [
= "
) LL 4T alas
e g = =T & s c1z ci3
z 05 2 & g [ 4 — ==
E ffocsd & 5 3 E o _] I g o2
5 & 7 s c11 i — i
3 o PR o Ho' W N B Z -
5 Spirit1 2 i
a o DEATTACH B BRSEL 1) g
SPIRITI  swes =z [13]
[hsex = L0
Tpese -
5 2 B - cx
g ? z Antenna
T T (5002)
BALF-SPI01D3
I:l co c10 l I_
XTAL I _|—_ = =
[ g1 = =
I T
2
37 mm

15 x smaller

Lys
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Benefits of RF Integrated Passives

BETTER PERFORMANCE

BETTER PERFORMANCES on HARMONICS & Pout

H2 SMD @ -36dB

H2 BALF-SPI-01D3 @ -40dB H. & H, H He Hy Hs
i vV V.V V V V V
i ‘ . : : ! | : : FCC limits
S . -SPI-0 3 7 e ' 3 i ] :
. -40 N ¥ : 3 : : :
- | Y | o NG i
T - N ! " ~ - -1 SMD
= L - _f;j"’" g_so E P 1 1 1
g St 3 “
| A . z N
5 a4 N - )
£ & .7 | | § 60 AT
8 aiFai = 4
’ ! 2 :
£ . g 3
= - ! ‘ < |
= ‘ I -80
1000 2000 30‘(]5] 4000 5000 6000 7“‘)0 8000 9000 10000
Requested Power (dBm) Frequency (MHz)

57 +1dBm power +4dB H2 filtering
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Summary

- ESD Protection & Filter products targeting USB Type C, HDMI,
SD card, Audio etc.

* RF Integrated Passive Devices (RF IPD) targeting wireless
connectivity applications

« RF IPD Product-line: Baluns, Filters, Diplexers etc.

* Clear benefits over competition: Smaller, Better Performance,
Better cost optimization



Please contact:

Michael Felato

IPAD & Protection Marketing
ST Mississauga ON
michael.felato@st.com

Jeff Halbig

IPAD & Protection marketing
ST Burlington MA
leff.halbig@st.com

For Further Information =




