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Electromagnetic Compatibility
( EMC )

Introduction about IC Immunity Testing
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) Agenda
E

A

* Semiconductor Immunity Test

« ESD ( )

* Chip level test

* Human Body Mode MIL-STD 883E method 3015.7 or EIA/JJESD
22-A114-A in

* Machine Mode EIAJ-IC-121 method 20 or EIA/JESD 22-A115-A
in EIA/JJEDEC

*» Charged-Device Mode EIA/JESD 22-A116-A in EIA/JEDEC
* System level test
* |[EC 61000-4-2
« Latch-up
* Physical Origin of Latch-up ﬁ\
* Latch-up Triggering b
* Latch-up Prevention
* Latch-up Testing

i
* Voltage trigger Current trigger B

« EIA/JEDEC No. 78
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ﬁ\) ESD Testing Concept

* Chip level ESD testing Is just EOS issue
* |C level design to improve ESD

+ System level ESD testing includes EOS
and instant huge electrical magnetic

field 1ssue
+ System level design will also effect ESD n‘
very much -
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Q'gp\h-ﬁ Chip Level ESD Test

+* ESD Mode
* Explain what is HBM MM CDM

* Compare the discharged current between
these mode

* Test Method
* Kinds of the pin combination
* Testing process ,\
* Failure decision -
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ESD Mode

DEVICE
UNDER
TEST

)
7 Grounded Surfaca
4

/

* The oldest and most commonly used model
« 1.5K discharged resister to reduce the instant ESD current peak

* ESD Association HBM standard was recently revised

« The number of zaps per stress level and polarity has been f‘
reduced from 3 to 1. Also, the minimum time interval between .,

zaps has been reduced from 1s to 300ms. ’
* The maximum rise time for an HBM wave form measured Q
through a 500 ohm load was relaxed from 20 to 25ns R

‘ﬂ_..d}
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ESD Mode

3 8
DEVICE
UNDER

T |

~[ i 200pF | EST |

* Originating in Japan as the result of trying to *‘
create a worst-case HBM event

T »
* No discharged resister (like metal), so the instant ESD Q
current peak is very serious. .

‘ﬂ_..d}
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| ESD Mode

|r\H'

Tools:
TWEEZErS
pliers
scrawdriver
IC socket
elc.
E.h'-'.-'.l."r‘lp-le of
tweezers

Cha rg e
Lie '-l'il:E: ri

BBDBS Discharge
PLLLLY

(il

- Matallic squiprment (Eix Talb )

DEVICE -

(

L;itéiﬁ | CIRCUIT
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ESD Mode

™

1 Ohm, Current
Measurement

— Resistor
| Parasitic Inductance
Parasitic

Capacitance

Discharge

Device under Test

" Ground Plate \
i : Distributed Device Body to
High VYoltage b
5.;::"[;5 ¢ ‘ Ground Plate Capacitance )

Charge Resister
= 10M 0
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e ESD Mode
<7

50 (2 Semi-Rigid /_——-"

Coaxial Cable

Top Ground
Plane Support Arm

FR4 ~__

Radial 122
Resistor

Device under Pogo Probe
Test F\
Insulating Fixture

Field-Charging —" -

Electrode :
300M(2 Charging -T_ High Voltage
Resistor — Power Supply
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1kV CDM

2kV HEM

]

e T |
P
200V MM

| ! |
10 20 30

time [ns]
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. Test Level

A
(Human-Body (Machine Model) (Charged-Device
Model) Model)
OK 2KV 200V 1KV
Save 4KV 400V 1.5KV
Super 10KV 1000V 2KV
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Test Method
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Test Method

® Pin-to-Pin ESD Stress :
(1) Positive-mode (2) Negative-mode
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Test Method

® \V/DD-to-VSS ESD Stress :
(1) Positive-mode (2) Negative-mode

VEsD VEsD
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Test Method

® ESD stress between the analog input pins of
an Operational Amplifier :

(1) Positive-mode (2) Negative-mode

VESD ., VE_SD
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wa Test Method
¢ &\)3’

* Stress number = 3 Zaps. (5 Zaps, the
worst case) . 1 zap/per sec.
* Stress step
* A Vo = 50V(100V) for V,,p <=1000V

* A Vop = 100V(250V, 500V) for V,,\p >
1000V

* Starting V.., = 70% of averaged ESD "\
failure thréshold (Vesp) \’
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Test Method 0

Failure Decision

-

: | nput/Output —
ﬁmu A)

7V(VDDX1.4)
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Latch-up

* Overview
* Physical Origin of Latch-up

+ Latc
+ Latc
* Latc

1-u
N-u

1-U

0 Triggering
0 Prevention

0 Testing
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o) Latch-up
<7
Bt

* Happened just in CMOS technology
* N*+P well or P*+ N well
* Via parasitic circuit effect
* npn + pnp BJT
¢ Resulting in shorting of the Vg5 and Vg
* Triggered by transient voltage or current but

stop by current ;\
* Positive feedback T »
+ Chip will self-destruction or system failure g\’
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* CMOS Inverter

Vdd

Latch-up

S
P-Substrate
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w4 Latch-up
-
AN

+ Parasitic Circuit
SCR

vdd A

1

Rwell Vbez

pnp 1 ¢ | IL

‘ G
npn

Joile
(o)
Rsub K N
Vrs=Forward Breakdown voltage #
O

Vre=Reverse Breakdown voltage
Vu=Holding voltage \
IL.=Latching current t
Vss K In=Holding current
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Latch-up

* Latch-up Triggering
* lateral triggering

« a sufficient current is injected into the emitter of the
lateral npn-transistor

* vertical triggering

« a sufficient current is injected into the emitter of the
vertical pnp-transistor, and the current is multiplied
by the common-base-current gain

Current has to be injected either npm or pnp-emitter to g
Initiate latchup, these conditions may: occur at the /O |
circuits employed on a CMOS chip .j
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Latch-up

* Latch-up Prevention
* Reducing the resistor values
* Reducing the gain of the parasitic transistor

* Two basic way
* Latch-up resistant CMOS process
* Layout techniques e‘
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Deviees shall he
tested with ali
input pins
{including O [2])
in the following
canditions [3] :
- Thed ta logic
high 3

- Tled to loglc i
rnw oL LU L L P I eI RN RTINS TR T T LT mEj.!‘.'..'n.’mEﬂ.!'
. tsu | 1

measurment

| sburce

. DUT biasing shall include additianal Vyeppies a5 raquired,
. DUT shall be preconditioned so that all /O pins are placed in a

- valid state per 4.1, O pins in the output state shall be open circuit.
. Logic high and logic jow shall be per the device specificatian.
When lagic |evels are used in respect te a non-digital device, it
means the maximurn high or minimum tow valtage that can be
supplied to the pin per the device specifications, unless these
conditions viclate device setup candition requirements,
4. Output pins shall be open circuit except when |atch-up tested.
5. The trigger test candition is defined in figure 2 and tabfe 1.

1-5 -24 NOTE: Dynamic devices may have timing sigrals applied per 4.2.3.



gEO=25

1""'IISI.l]:ll|;t1:|.r Pim

+{t hom + 100 mA) or +1.5X 4
| namy, whichever is greatar

Max. Logic High =~ :

L4
r
]
]
L]
]
x
a

PIN UNDER TEST |

Time
T1+T2
T4 -7T7
T4—-T5
T8

TE

¥ T4 TS5 TE

Pperation | trigger
Measure nominal lgppy (Inam)
Cod dewn time (Toool}
Wait ime priar to |, oo measursment. *
Measure | nny
I§ @0 Leuppiy = the failure criteria defined in 1.3, fatoh-up has
cocurred and pewer mugt be removad from DUT,
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100 mA or -.5X Ingm,
whichever is greater

GND

Mir. Logic Low ™ ¢

FIN UNDER TEST

™ T2 T2

~peration | trigger

Measure nominal |y, g, (Inom)

Cood down time {Teaol}

Wait time prior b2 lg;n, measurement. ~

Measure |y, .o

If @ny Ezyppiy = the Failure criteria defined in 1.3, [atch-up has

occumed and power musgt be removed from DUT .
2003/7/9
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IFI-IPF'I!H' 1
measurament

Devices shall be
tested with all
mput pins
{including 'O [2])
in tha following
conditions [3] :
- Tied to Iogic
kigh
- Tied te logic
low

.
samamsnndddB+ B
n

"
=
*
-

.
+ o
"maat™

|

e an:fr £
1. DUT biasing shall include additional Vsuppues a5 required.
2. DUT ehall be preconditioned so that af| YO ping are placed in a

valid state per 4. 1. IfD pins in the output state shall be cpen cirstit.

. Logic high and logic low shall be per the device specification.
When logic levels are used in respect to 4 non-digital devics, it
means the maximum high or minmmum [ow voltage that can be
supplied to the pin per the device specificafion, uniess these
canditions viclate the devica setup condition requiremenis,

. Qutput pins shall be open circuit except when latch-up tested.

. The trigger test condition is defined in figura 4 and table 1.
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1 5 ,.:l::, IMax. -I'-'r gl Jpphr |: Max rF‘fI:' (1]
and can be either

[l

GND /

|

FIN

sUpRlY

Time

T1 = T2 : 1w (Inomj

T4 = T7 Cool down time (Teool)

T4 = T5 Wait time prior to | -, measurement.
T5 Measure | |

The wait time shall be sufficient to allow for power supply ramp down

and stabilization of _
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Latch-up

VA
Symbol | Time Interval Parameter Limits
Min. Max.
tr Trigger rise time 5us 5ms
tf Trigger fall time 5uUs 5ms
Twidth T3 = T4 | Trigger duration 2tr 1s
Tos Trigger over-shoot +5% of pulse voltage
Tcool T4 > T7 | Cool down time > Twidth \
Tmeasure | T4 > T5 | Waiting time before 3ms 5s " o
measuring Isupply
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