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1. Introduction

* Automated Handling Equipment (AHE)
B b IRIE % (AHE)
— ANSI/ESD SP10.1

* Dummy ESD sensitive devices (dummy units)
ESD#UR R EE PATF on
— Cost
R
— Limited availability of live units
SEFRan A PR
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1. Introduction

* Inindustry practice, SEFr L\ N A
* Dummy units stored in non-dry cabinet

EIMEmEIEEIETIRIE
« Rh 50% +/- 3% (mo

« 23°C +/-2°C ﬂ;
« Stored more than 72 hours (3 days) @

— Live units are used for testing within 24 hours of baking
SRR m RS E 24/ NN, AT
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1. Introduction

* |If the dummy units are representative of the live

units, then the AHE can be qualified as ESD safe
INREIAFE m o DUCERSEFR = m, NAHE®R LIFIAENESDR £,

* | eads to:

L B g

AHE Utilization _ _ _
Hours Production Time Production Cost

AHE (b {8 B E] £V IE] HFTR AR
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2. Methodology (Experiment 1 & 2)

-~ [ = X

« 84 pin fcLGA e 24 Hours » Tribo-charged 1 hour
10x10 package « 125°C +/- 5°C after baking
« 1 dummy unit 1NN e HITER TR
1EPAE &
* 1 live unit l
SNV Vaalss
(S E I,
* Repeat experiment * The Unit were discarded from * Put unitin Faraday’s
with Units tribo- the Faraday’s Cups cup
charged 72 hours MERLSE M H BR 4 A/ an EEm/mENENLE
after baking Recordic =% Q,, [mobile] ZN=
EESLN, ME72/MNE o Find Q, (Q,=QQ,,) Recordic% Q, [net]

Slide 6
HITEEFE [immobile]



2. Methodology (Experiment 3 & 4)

-~ [ = X

- 88 pin FBGA 10x10 e 24 Hours » Tribo-charged 1 hour after
package « 125°C +/- 5°C baking
« 10 dummy units HEE NS FR IR T EE R SR e
105 PATE am
* 10 live units l
103K R~ an
(J a I,
* Repeat experiment * The 10 units were discarded * Slide 10 units in
with Units tribo- from the Faraday’s Cups Faraday’s cup with
charged 72 hours after MERIEMFEHX10 4F G0/ an antistatic tube.
baking * Record iC5% Qp [mobile] BT EBA10MH
gesk, we72neE 0 TN Qm (Qn=QeQn) R/ R BRI B
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3. Results (Experiment 1 & 2)
1 hour after baking (IS 1/NEfE)

* Average mobile charge (Absolute) ¢ Average immobile charge (Absolute)

(eI I 8 oha e 4B X I AT ERER
— Dummy > Live — Dummy > Live
— 0.18nC Vs 0.12nC — 0.25nC Vs 0.09nC
No. Qm Qim
Dummy Live Dummy Live
X + 30 0.18 0.12 0.25 0.09
X 0.07 0.04 0.18 -0.02
o 0.04 0.03 0.02 0.02
Max 0.14 0.08 0.22 0.03
Min 0.02 -0.03 0.13 -0.06

Computation rounded to the nearest decimal point
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3. Results (Experiment 1 & 2)

72 hours after baking (HtIE72/M 0 [5)

* Average mobile charge (Absolute) * Average immobile charge (Absolute)

XS I RB TN ERER ZENUR SR SVL: 122!
— Dummy > Live — Dummy > Live
— 0.17nC Vs 0.15nC — 0.19nC Vs 0.10nC
No. Qm Qim
Dummy Live Dummy Live
X + 30 0.17 0.15 0.19 0.10
X 0.06 -0.01 0.10 -0.04
0] 0.04 0.05 0.03 0.02
Max 0.14 0.06 0.14 0.00
Min 0.01 -0.08 0.04 -0.09

Computation rounded to the nearest decimal point
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3. Results (Experiment 3 & 4)

1 hour after baking (HtfE1/NEE)

* Average mobile charge (Absolute) * Average immobile charge (Absolute)

(XS R R 4B XTI AT ERER
— Live > Dummy — Dummy > Live
— 0.38nC Vs 0.22nC — 0.44nC Vs 0.22nC
No. Qm Qim
Dummy Live Dummy Live
X + 30 0.22 0.38 0.44 0.22
X 0.08 0.19 0.23 0.10
(0] 0.05 0.07 0.07 0.04
Max 0.16 0.29 0.33 0.21
Min 0.01 0.08 0.10 0.05

Computation rounded to the nearest decimal point
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3. Results (Experiment 3 & 4)

72 hours after baking (ft1E72/M B 5)

* Average mobile charge (Absolute) * Average immobile charge (Absolute)

(XS 192 R ER PO S ML 322)
— Live > Dummy — Dummy > Live
— 0.28nC Vs 0.22nC — 0.34nC Vs 0.09nC
No. Qm Qim
Dummy Live Dummy Live
X + 30 0.22 0.28 0.34 0.09
X 0.05 0.13 0.19 0.03
0] 0.06 0.05 0.05 0.02
Max 0.15 0.25 0.31 0.07
Min -0.05 0.03 0.10 -0.01

Computation rounded to the nearest decimal point
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4. Discussion (Experiment 1 & 2)

Experiment 1
0.15

* Experiment 1 (Mobile o Iy AN A A /\\\
charge) LY 1 o) % E2 g o W%}v
—_ Dummy >lee -ZZ: 1I2I3I4I5I6I7I8I9I10I11I I13I14I15I16 17I18I19I20I

Sampling

* Experiment 2 (Mobile

==t==Dummy Qm (1st hour after bake) = ==m=Live Qm (1st hour after bake)

Charge) 523@2%%)] %%EE Figure 1a Qm values for Experiment 1
— Dummy > lee Experiment 2
0.20
0.15

0.10 - Pay

0.05 \W
0.00 T T T T T T T T T T T T T T 1
-0.05 i—i/%\ 6 7 /8 9 10 11 12 13 14 15 16 17 18 19

-0.10

Charge, (nC)

Sampling

==t==Dummy Qm (72 hours after bake) = ==m==Live Qm (72 hours after bake)

Figure 1b Qm values for Experiment 2 g4 12



4. Discussion (Experiment 1 & 2)

Experiment 1

0.20 7‘%#%
0.00 MA ,,,,,,,,
123 456 7 89 12m—k~w.w

Sampling

* Experiment 1 (immobile
charge) L9401 B 5HER

— Dummy > Live

Charge, (nC)
o
=
o

® Experiment 2 (immObiIe ==¢==Dummy Qim (1st hour after bake) ==@=_Live Qim (1st hour after bake)
charge) SLE2 AN L ERER Figure 1c Qim values for Experiment 1

- Dummy > lee Experiment 2
0.20
0.15
0.10 -
0.05
0.00 -
-0.05 +1
-0.10
-0.15

Charge, (nC)

Sampling

==¢==Dummy Qim (72 hours after bake) ==m==Live Qim (72 hours after bake)

Figure 1d Qim values for Experiment 2 g4 13



4. Discussion (Experiment 1 & 2)

* Mobile charge for dummy
units BE IATF mABOERER
— After 1 hour ~ After 72

hours

« Immobile charge for
dummy unitsiE A fa A~
L FRER
— After 1 hour > After 72

hours

Experiment 1 vs 2 (Dummy Qm)

0.15
g A AN
£ 0.10
o
0
& 005
O
o0 ——+—1—7+—7F"7-FF—7——T—T—T—7

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20
Sampling

==¢==Dummy Qm (1st hour after bake) ==@==Dummy Qm (72 hours after bake)

Figure 2a Qm values for dummy units

Experiment 1 vs 2 (Dummy Qim)
0.25

G 0.20 / A\ P
c

= 0.15

)

2 0.10 - % "
S o005 | V

0.00

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Sampling

==¢==Dummy Qim (1st hour after bake) === Dummy Qim (72 hours after bake)

Figure 2b Qim values for dummy unitSg;e 14



4. Discussion (Experiment 1 & 2)

Experiment 1 vs 2 (Live Qm)

* Mobile charge for live o
units, generally SEFRFZ G5 | oo A
_ " g_oos 1 2 3/4\6 7 9 10 11 13 14 15 16 17 18 0
IFFEE, KEH Tl

- After 1 hour > After 72 hours e

==¢==|jve Qm (1st hour after bake)  ==m=Live Qm (72 hours after bake)

* Immobile charge for live Figure 2c Qm values for live units
units, generally LR~ @i | prerment s e am
LN SR NS N N | U

i: 2 4 8 9 1¥ 12 13 15 17 18 19 20
- After 1 hour ~ After 72 hours 5 oo L \/é
-0.10

Sampling

==¢==jve Qim (1st hour after bake) ==m==Live Qim (72 hours after bake)

Figure 2d Qim values for live units  gj4e 15



4. Discussion (Experiment 3 & 4)

Experiment 3

* Experiment 3 (Mobile g 030

charge) SLU 3 5528 B %LVXJC

— Live > Dummy 1 23456 7 8 91011121314 15 16 17 18 19 20
Sampling
¢ Experlment 4 (MObIIe ==t==Dummy Qm (1st hour after bake) ==m=Live Qm (1st hour after bake)
= A —HE . .
charge) SRV Y Ik Ed=z! Figure 3a Qm values for Experiment 3

Experiment 4

— Live > Dummy

Charge, (nC)
o = =
8 & B

«
«
ig

Sampling

==¢==Dummy Qm (72 hours after bake) ==m==Live Qm (72 hours after bake)

Figure 3b Qm values for Experiment 4 g4 16



4. Discussion (Experiment 3 & 4)

Experiment 3
. . . 0.40
* Experiment 3 (immobile o oa ~ N\
=m 1A —1 % ¢ 0.20 Avﬁl
charge) SLXU3F HIFHER NI VA= AV
— Dummy > Live o 1 23456 7 8 91011121314 15 16 17 18 19 20
Sampling
¢ Experlment 4 (ImmOblle ==¢==Dummy Qim (1st hour after bake) ==@=_Live Qim (1st hour after bake)
= A ——h E . . .
charge) SLSUAAS T FRES Figure 3¢ Qim values for Experiment 3
_ Dummy > lee Experiment 4
0.40
030
g_ 0.20 vvﬂ%%w
§ 010 4
© 0.00 -
123456 7 8 9 101112 13 14 15 16 17 18 19 20

-0.10
Sampling

==¢==Dummy Qim (72 hours after bake) ==m==Live Qim (72 hours after bake)

Figure 3d Qim values for Experiment 4 g4 17



4. Discussion (Experiment 3 & 4)

Experiment 3 vs 4 (Dummy Qm)

* Mobile charge for dummy | . :
units i A s o AR ER g oo
— After 1 hour ~ After 72 ) 005

hOurS Sampling

==¢==Dummy Qm (1st hour after bake) ==m==Dummy Qm (72 hours after bake)

. :
Immobile charge for Figure 4a Qm values for dummy units

d u m my u n Its)ﬁ j:ll *élé Elﬁl:l Z: Experiment 3 vs 4 (Dummy Qim)
— 0.40
Ej] ﬁ% EEI 'Cg 0.30

2N
— After 1 hour ~ After 72 g0 %%@@@

hours 0.00 +—+—r—+——————

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20
Sampling

==¢==Dummy Qim (1st hour after bake) ==@==Dummy Qim (72 hours after bake)

Figure 4b Qim values for dummy unitsg; 15



4. Discussion (Experiment 1 & 2)

Experiment 3 vs 4 (Live Qm)

* Mobile charge for live -

O 0.30
units, generally 2[R i3 £ M

~hE £2 K 000 &rp
*gﬂhﬁ%%,jtyﬂﬂ 123 456 7 8 9 1011 12 13 14 15 16 17 18 19 20
Sampling
— After 1 hour > After 72

=¢==ive Qm (1st hour after bake) ==m=Live Qm (72 hours after bake)

hours . : )
Figure 4c Qm values for live units
. ImmOblle Charge fOr ||Ve Experiment 3 vs 4 (Live Qim)
. — — 0.25
units SEPR A anfEEIEFER, o
2 0.15
— After 1 hour > After 72 g 010 -
£ 005
hours © o0 .
-0.05 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Sampling

==¢== | jve Qim (1st hour after bake) ==m==Live Qim (72 hours after bake)

Figure 4d Qim values for live units  gje 10



4. Discussion (Summary)

84 pin FcLBGA 10x10 88 pin FBGA 10x10
Summary of Dummy
vs Live
Experiment 1 Experiment 2 Experiment 3 Experiment 4
Higher Qm (D/L) D D L L
Higher Qim (D/L) D D D D

» Experiment 1 & 2 shows dummy has higher Qm (mobile charge), while
experiment 3 & 4 shows live has higher Qm (mobile charge)

LW1FI2E REIFmEAERSHNQM (BEEER) , mME%3F04 EREFRM

mAERSHNQmM (FBEhFEEs)

> All 4 experiments shows dummy has higher Qim (immobile charge)

FTA4ATSERNER, EAFmERERSNQIM (RoIFHE)
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4. Discussion (Summary)

84 pin FcLBGA 10x10 88 pin FBGA 10x10

Summary of 1st vs _
79 hours Experiment 2 Experiment 4
(72 hours) (72 hours)
Dummy Qm Slmllar Similar
Dummy Qim Lower Similar
Live Qm _ Lower [ Higher "  Lower
Live Qim Similar " Higher Lower

> All 4 experiments show 1t hour after baking, live and dummy units have
higher charges than 72th hours after baking.

A4 SEN TR, MER1V/NMIREMRESEm, BN THER72/MY, B

BESRFE
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5. Conclusion

*  Dummy units have higher mobile charge than live units in experiment 1 & 2 while
vice versa in experiment 3 & 4.
LR 1 F2R EE AF mECSR i mEA B S B A, mMAESKu3f 44 NHE &,

*  Dummy unit has generally higher immobile charge than live units.

EIAFEmBEE BRI SLIr T mE SR ohFReE

* Thus, dummy unit is not a very good representation of live units.

Fit, EEFmAEREANEERm

* Itis recommended that in AHE ESD qualification, live unit shall be used to
minimize the deviation of similar characteristics.

EINEAHE ESDIAIEF, NERKER=mERINEFIRE.

* All 4 experiments results on the 15t & 72t hours after baking are suggesting that
just after baking process has higher potential in tribo-charging.

FTERANTSSRNERFTA (FRIAKIENE) , ~mENNEEEESESERTER
AlREE
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