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——— What Is Cost of Ownership (CO0)?

B COO is used to support decisions involving computing
systems, laboratory, testers and manufacturing

equipment, for instance.

B Calculates total costs over a specific time period

B Includes the 'hidden’ costs, e.g. maintenance,
cleaning, yield, and installation

B Provides the tool to assess and manage the cost
impact of changes in technology, sourcing and support
strategies
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A Computer-based Probing C.0.0. Model O e 2003
TCO Lifecycle

Phase |

Analysis Quantify Investments

Analyse Costs

Validate Returns Identify Troublespots

Continuous
Improvement

Phase i
Validation

Justify Projects
Estimate Benefits
Reduce Approval Times
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———  Probing COO Lifecycle

Probe Card Product
Parameters Parameters

Data
Collection

Evaluation
Process

Vendor
Specs
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~———  Probe Card Selection Tool (PCST)

Required Std. PC C
Product / Parameters Parameters /Probe Card Vendor
Spec / / Spec Specs

>

=

S

PC Selection 3
Matrix

Solution No

available ?
Yes

Cost-effective
Probing Solution
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Cost Elements

technaologies

Total Investment
of Probe Card

Initial Cost Operating Cost
| |
I |
Purc.hace Number Manufacturing Cost Maintenance Cost
Price of Cards
Physical Setup Reprobe On line Probe Card Process /
Expense cost cost Cleaning Specific equipment
Expense Cost issues
— PCB Cost | | | Simult. test || Yield System System Lost | |Offline Clean \\Routine
capacity Loss - Setup | [ Reprobe | — Production repair labor / tester
Time Time time time
— PIB
Cost — Spare Parts __|Add. wafer : Off line clean /
starts Labor Labor L I\E/Iaterlals L repair
L Neetélgs,?rray | Backup |__|Probe Card Sgtup — Reprobe XPEnse Consumables
Cards Damage Time Time
|| Wearto
| Die Probe Card
N NRE Damage
Die damage
L Taxis/Tariffs detection effort

Lost yield
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———  Process Flow

Input Sheet

Product Probing Operating Productive
Spec Parameter Data Data
i / f

N

i Vendor g

g Cost-effective
Probing Solution
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EXCEL Tool
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Version 15 Notes:
Mandatory Input Field 1,000,000 $0.16
Optional input field
Value N .
Une [IE Option 1 Savings
Product Specification _ _ o 900,000
5 zﬁzoz; Prohing Technology Unit ] I Option 2 Savings $0.14
mm 5.00 [Typical probe card ife o Tos 3 ReferenceTest Costs a
mm 5.00 Cleaning frequen #of TD's S 800,000 5
pm 80 anin s —&—Opti
e " ) portDs 5 Option 1Test Costs $0.12 -g
Pad thickness / Bump height pm 1000 s * —o—Option 2 Test Costs <]
Bump Diameter pm s = ¥ 700,000 P >
Pad / Bump material - A #olTs 8 5
Pad layout s peripheral % s 2
Pad length m 70 % o $0.10
Pad widih m 70 % £ 600,000 @
Probing Parameters % o 3
[# of pads contacted - 200 ime in, @ e
Test temperature (Max) @ 25 [Wit inspect. freq nvaters 1} ?
of low speed RF lines (<3Ghz) N ) 500,000 so.08 2
[No. of high speed RF lines (3 - 10 GHz) - 0 3 =
[Maximum current (continuous) mA 100 > =
Maximum current (peak) mA 200 & 400,000 3
Banawidth MHz 100 2 $0.06 S
No. of components reqd on the PC - = >
rating Data ® g
[Tester model = & 300,000 ol
Prober model - B =
Test Category = 5 $0.04 £
#of DUT's. - Da—— - B
[Test time per die. s Price per Probe| Quantity ", I‘“‘" °d | NRE Probe pcs  |NRY w 200,000 =
# of wafers per lot - Provecard | gy | Provehead | fro o | ol Head iscount | "l Pe | Head Ay @
Productive Data technology version “| puts robe hea
Product ife cycle Weeks P aTO00 $0.02
Total # of good die - 7 2
[Expected yield % ‘Supplier A 260 RT-125 [ 2 |s 2975001| 00% |s$ 20750.01[s - |s so0000(s
Cost of wafer (processing) s
[Ave. # of probers per operator - Cantiever na = $
[Prober operator cost per hour S 1 . "
Peard technician cost per hour $ Supplier B 260 | RT-10 [ 2 |s  1ssros0| oo% |s tssoso|s - |s sov00fs 1,875,000 3,750,000 7,500,000 15,000,000 30,000,000
[Ave. cost of tester time per second s 7
[Wafer inspectionpoints per wafer - :
|Wafer inspection,time per point (seconds] s Version A <115 = FALSCH $ -|s - No. of Good dies
Supplier C 0% s 500000
[Tester working time per week (hours) h Vertical
Version8_| 100- 114 51 5 2amss s 2320581)s 241935
Supplier D a S50 s 2300000 o0o% [s zs00000s - [s s — |
Version A 1
Membrane | SPPIrE [Muocog | % H
Supplier F wa =70
Cost Element Option2. Comments
[ForDUTS e x 7o I3 |
ich 50 [Nomber o e p ssup |
[<verage costper
lo. of Pads 200 [ uss= T osd [uenmecosioorde
lo_ of low speed 0 @ Wookly run o (o)
lo_ofhigh speed 0 [Toar e probed ST 250 i s i e Ty o iy T el e
0o DUT's 4 Run ot por wook 50947
satiTamp) 25 [Ave  ofprobe cads UiTzed porwesk 200 fumat e
[Ad ofprobe cardsrequired over e e 200 DTS g crg pr
ee I pasees B = - -
[Order Volume 9 [ usage of uncerutized cars 205 o
Frobs card purchase prics £ e v e
Frobo card board e st PG b i sl i s st
INRE Charge. one lme S50 [
[Gostofpeard mishandTog 5 £ 7[5 = et i
Tota s probe card costs 3 Zozsw s 7ao0ei]s —awen 3
[y
P backup carde o replacab reade T T T
[Gostor backup capabit 5 ) R -
il purchaso cost 3 EFAT T R
Prcba card DUl eauled 7 T 7 o e o ot e sty
Probo card rebulld cost 5 EI ) N7 3 5
Waiienance cycies 75 T £ T
Probe card man. - maiGral cost 3 EECXEN Y 3 EL
Probe card mant_—iabor cost 3 aravs|s — vazsls 757
[Offine maint. cost 3 Za0i7s s — anseals et
Numberofwafers E7AE S e
7ot T g
probe so. 3 Torls TS £ et n s ot e
probe sor. s aarir]s — ssssls Z12 Set ne s of s
cost 3 Soesls — forrsls 2T}
Probo tp cieaning - abor cost. 3 T[S EN —
Goaning - tester tme coat s Trals — sals )
[Oniine cleaning cost 3 Za61i]s — ogals 3
A I A T oo
ZiE]s S B e
S Y71 T
7196 [ Tie013 s 29480
[Water repacion -Tabor 3 FYiA K FL) Y ey
[Water nspecion tester e’ s 7Y T - ime or repcion oo erine
ffech 3 PN IS ) S TX pry Ty
Tz |5 TazaTs AT | o oo e ™
s RED 5
T R 12
. Ts Tomes[s s[5 eaon
Infineon Technologies AG v i ' i
[cost savings 5 B O 1
| I N I [Total Prabe Cost Per Mition Good Die X 1
iver Nagler abe : oo i |
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- Product & Probing Parameters

SOUTHWEST TEST WORKSHOP
JUNE 2003

Parameter Unit Value - b sm'sxoa]:p-:;':-t:-:-:-:-:-;.;.;.;
Product Specification
Internal Product Name - M1234
Die contact - WB
Pad thickness / Bump height MM 1000
Bump Diameter MM -
Pad / Bump material - Al
Pad layout - peripheral
Dies per wafer - 800
Die length mm 6.00
Die width mm 5.00
Min. Pad pitch Mm 90
Pad length Mm 70
Pad width um 70
Probing Parameters
# of pads contacted - 200
Test temperature (Max) °C 25
Maximum current (continuous) mA 100
Maximum current (peak) mA 200
Bandwidth MHz 100
No. of low speed RF lines (<3G} - 0
No. of high speed RF lines (3 - 1 - 0
No. of components req'd on the - 0
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———  Operating & Productive Data

Operating Data

Tester model - Jo71
Prober model - UF200
Test Category - digital
# of DUT's - 2
Test time per die s 2.5
# of wafers per lot - 25
Productive Data
Product life cycle weeks 60
Total # of good die - 7,000,000
Expected yield % 90%
Cost of wafer (processing) $ 2000
Ave. # of probers per operator - 5
Prober operator cost per hour $ 20.00
Pcard technician cost per hour $ 40.00
Ave. cost of tester time per secd $ 0.05
Wafer inspection,points per wafd - 3
Wafer inspection,time per point S 30.00
Tester working time per week (| h 120

Infineon Technologies AG
Oliver Nagler
2003-06-04 Page 11



o° A Computer-based Probing C.0.0. Model

SOUTHWEST TEST WORKSHOP

|I'lflneon JUNE 2003
———  Vendor Cost Model
Technology A/B/C e e—
Vendor x /'y Example / g ff e ff e
(in US$)
Probe Head
Basic Charge (Type, Size, no. of 2:‘000
DUT's, Test Temp., Die Size)
Price per Pin (Pitch, quantity) 30 x 150
Price per RF-line (low-/high speed) 100 x 8
Price per Components (Type) 100 x 10
PCB
Basic Charge (Std./custom design) 4000
Sub-total 4 x 12300
Order Volume
NRE (one-time)
Probe Head 15600
PCB 2500
Quantity Discount 3% 1596

Oliver Nagler

Infineon Technologies AG TOtaI initial prObe Card m
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Calculation Parameters (l)

technologies

oy Sl it 1L
B Initial probe-:ard costs from page 12 / e //.:. =
B Total purchase cost = Backup Capability
+
B Probe card rebuild cost = Depending on Technolgy
+
B Offline maint. cost =n cycles x Material + Labor costs
+
B Tester set-up cost = n setups x Labor + Tester costs
+
B Online cleaning cost = n cleaning cycles x Labor + Tester costs
+

B Reprobe cost =n reprobed dies x Labor + Tester costs
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A Computer-based Probing C.0.0. Model O e 2003
Calculation Parameters (l1)

B Mechanical yield loss = good dies rejected / // // //
+ due to pad damage B

B Relative electrical yield loss

B Probe related Costs = Summation of all Pcard related costs
+

H Cost of test time = ndie x Tester costs / # of DUTS

B Total Probe Costs = Summation of Tester and Probe Cost
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A Computer-based Probing C.0.0. Model

Total Probe Cost

Total Probe Cost of GOOD die

SOUTHWEST TEST WORKSHOP
JUNE 2003

$1,000,000

$900,000

$800,000

$700,000

$600,000

$500,000

$400,000

$300,000

$200,000

$100,000

$-

Reference

Total Probe Cost of GOOD die

7,000,000

Option 1

!

Option 2

@ Cost of test time (good
die yielded)

O Probe Card Related
Costs
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——  Probe Related Cost

Distribution of probe card related relative test costs for volume 7,000,000

Hm Relative elect. yield
loss

100%

| Mech. yield loss (pad

80 damage)

Il Reprobe({selective
retest)

[10nline cleaning cost
60%

11 0ffline maint. cost

40%

M Initial purchase cost

20%

0%

Reference Option 1 Option 2
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A Computer-based Probing C.0.0. Model

Volume Trend Analysis

SOUTHWEST TEST WORKSHOP

JUNE 2003

350,000

300,000

250,000

200,000

150,000

100,000

50,000

Test cost savings vs. Reference for # of good die

(50,000)

437,500

[T Option 1 Savings
N Option 2 Savings

1 ReferenceTest Costs
—®—Option 1Test Costs
—&—Option 2 Test Costs

875,000

1,750,000
No. of Good dies

3,500,000

7,000,000

$0.35

$0.30

$0.25

$0.20

$0.15

$0.10

$0.05

Technology related test cost per good die
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Example 1

B Low pin count (50)
B Low volume (2 Mio.)
m 1-DUT
B Target Yield 85%
B RF-pins
B Short test time (2sec.)
B Cres-related Yield loss
B Max. Retest rate 5% .,
° Reference Option 1 Option 2
50,000 $1.20
e $1.00
$0.80
10,000 $0.60
$0.40
(10,000)
$0.20

(20,000)

Infineon Technologies AG (30,000)
Oliver Nagler 62,500 125,000 250,000 500,000 1,000,000
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A Computer-based Probing C.0.0. Model
Example 2

SOUTHWEST TEST WORKSHOP
JUNE 2003

1,000,000

900,000

800,000

700,000

600,000

500,000

400,000

300,000

200,000

100,000

1,875,000

High pin count (200)
High volume (>10 Mio.)
4-DUT
Target Yield 95%

No RF-pins

Long test time (6sec.)

No Cres-related Yield loss
Max. Retest rate 3%

3,750,000

7,500,000

15,000,000

100%

80%

60%

40%

0%

30,000,000

Reference

$0.16

$0.14

$0.12

$0.10

$0.08

$0.06

$0.04

$0.02

$-

Option 2



i A Computer-based Probing C.0.0. Model T ORE 0 0"

Infineon

——— Multi-DUT trend analysis

$9,000,000 0.35
$8,000,000 1 Probe Cost 0.30
$7,000,000 I Tester cost
0.25
$6,000,000 —&— Test cost per die
()
a2 o
& $5,000,000 0.20 5
+ 2
L 3
« $4,000,000 =
g $ 0.15 %
|_
$3,000,000
0.10
$2,000,000
0.05
$1,000,000
$0 0.00
, 1 2 4 8 16 32
Infineon Technologies AG
Oliver Nagler # of DUT's
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———  Contributing Factors

B Probe Card Investment
B Probe Card Lifetime

B Cleaning
B Maintenance > Application
B Test time Specification

B Yield/Retest Rate

B Parallelism
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——— Conclusion

A C.0.0. model applied to probe cards

can determine the most cost effective solution
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