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Low temperature testing system for IC chips

Student : Shih-Han Yeh Advisor : Dr. Shir-Kuan Lin

Department of Electrical and Control Engineering
National Chiao Tung University

ABSTRACT

e use of
andler,

late and

transfo

derive t 18 system

contains refrig ., which can
provide an enviro ; ’ can solve the problems,
including static change accu ture problems, and finally have a good

solution to achieve low-temperature testing purposes.
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Cpeo Rlid Fentghr 2 53 % Bl 2-6 RLETRELR > X 40 50Ceh
EEAATEE* B 2-6 RF 4 IAhT iR J1* 3 K hL g TR

d T B ARE L AT=50C 0 Pl R Q=150 s g HRA

b R T LA B4 T L

W

V=9v T=41A , Qu=236.9W
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Qin £ TERA B T4 > % TERAS Bz 27 f1#* 7 34 1E
h=Q +Qn=15+36.9=51.9W
'T]LL iR & /}J 7*5-‘%"5‘5 7% 519 W
O B
}ABEAR total ¢ 51.9 W
FeEE 3 pos 2 519 W/ 0.65 =79.84 W
1 cal = 4.18] ~ 1Kcal = 4180J ~ 1hr = 3600 sec

1 J/msK * 1/4180 Kcal/J * 3600/1 s/h = 0.86 kcal/mhK =
0. 86kcal/mh’C

Al 1 W/mk = 0.86 kcal/mhC

B E A drae 4 5 T79.84 W % 0.86 = 68.66 Kcal/mhC
R R N

© srfrorae A=AT/Q = 50°C/79.84 = 0.62°C/W
H=M*SxT

68.66 Kcal/mh'C = M kg * 0.6 cal/g’C * 0.62°C
L =M-=184.57 L/hr

Flpt b kAR A kA 4 5 68.66 Kcal/mhC » 4 #r-k & 5 184.57
L/hr > 4 4rig B v 02 51-40°C > A Fr a4 5 % (4 #4:0.6 cal/gC) -
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SR A

T RERBREH0CHT R AL I EE - RERBD B v B8
5C ~ % BE AR 3BC  #HERMB T 48K: 0.68 mie* 7 REERA 5

1.0Mpa & % 4 528 /R 4 41 Glicd > 7 W FIIRA AT G 1.2
FOREL FE>10.0 /C 0.68 * 1.2) = 12.25 m’/min

Flit g F i AL £ E ; .25 m/min "2 e AT U oo
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LD e s
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Bt R RE R OIET
AR AR o A RAPRE NIRRT F 0 ERHp
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e
T

[z510.01.12-02]

B 3-4 4 50 & F B3t
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i TS D 22PN A4 RIS MR E R R A
"r"‘m. DAl P #F%ﬁ °

SN

Bl 3-5 A k8% 50T F 1

2RI
0.6m \

pAUEEN T y=

B 3-6 Aok E R T & H
#t NS6000 handler Mg scdze < 5 24 = o
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S i K gl FR Y f/? B
4-1 -k F #Frdlipl#

FEAENIZELTE G kG AL o BRIEFT KT
%i%’w$%$§®W£#’@ﬂg BAFEBIEFEL LR g R
FRIFEFEEEZE [C R AL Tagd PIRE2ERS 7 25 A MR RIE
BEBARG kA b HMERACEEER d £ 5 ¢ T iy
4% MR RIR R RIZAL
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%0 BEZPEIBRR VA

o BRIAKZAREE | REHRER) | tWRER) | @EEE | BEth | 22tk | MEEEE
’ Pa g/kg g/kg (20C)g/m3 | PPmv | PPmw 20C)%
0 611.213 3.775 3.761 4.518 6069 3775 26.14
1 657.089 4.06 4.043 4.857 6527 4060 28.1
2 705.949 4.364 4.345 5.218 7016 4364 30.19
3 758.023 4.688 4.666 5.603 7537 4688 32.41
4 813.467 5.034 5.009 6.013 8093 5034 34.79
5 872.469 5.402 5.373 6.449 8685 5402 34.79
6 935.223 5.795 5.761 6.913 9316 5795 39.99
7 1001.93 6.212 6.174 7.406 9987 6212 42.84
8 1072.8 6.656 6.612 7.929 10701 6656 45.87
9 1148.06 7.128 7.078 8.486 11460 7128 49.09
10 1227.94 7.63 7.573 9.076 12267 7630 52.51
11 1312.67 8.164 8.098 9.702 13125 3164 56.13
12 1402.51 8.73 8.655 10.366 14036 8730 59.97
13 1497.72 9.332 9.246 11.07 15003 9332 64.05
14 1598.55 9.97 9.872 11.815 16029 9970 68.36
15 1705.32 10.648 10.535 12.605 17118 10648 72.92
16 1818.29 11.366 11.238 13.44 18273 11366 77.75
17 1937.7 12.127 11.982 14.323 19497 12127 82.86
18 2064.09 12.934 12.769 15.256 20795 12934 88.26
19 2197.57 13.789 13.602 16.243 22169 13789 93.97
20 2338.54 14.695 14.482 17.285 23625 14695 100
-15 165.319 1.016 1.222 1634 201.6 243.5 7.069
-16 150.694 0.9264 1.114 1489 183.7 221.9 6.444
-17 134.263 (0.8438 1.015 1357 167.3 202.1 5.87
-18 124.938 0.7679 0.9235 1235 152.3 183.9 5.343
-19 113.634 0.6983 0.8399 1123 138.5 167.3 4.589
-20 103.276 0.6346 0.7633 1020 125.9 152 4416
-21 93.7904 0.5763 0.6932 926.5 114.3 138 4.011
-22 85.1104 0.5229 0.6291 840.7 103.7 125.2 3.639
-23 77.1735 0.4741 0.5704 762.2 94.02 113.6 3.3
-24 69.9217 0.4295 0.5168 690.6 85.18 102.9 2.99
-25 63.3008 0.3888 0.4679 625.1 77.11 93.13 2.67
-26 57.2607 0.3517 0.4232 565.4 69.75 84.24 2.449
-27 51.7546 0.3179 0.3825 511 63.04 76.14 2.213
-28 46.7393 0.287 0.3455 461.5 56.93 68.76 1.999
-29 42.1748 0.259 0.3117 416.4 51.36 62.04 1.803
-30 38.0238 0.2335 0.281 3754 46.31 55.93 1.625
4-2 #7) “,/TT RS
T2 LEMAEY o VFEAF BRERRCTH S SRR # T
BURTHITFATEFHFEAELELSF REPE 1 A& H
B2 R ¥ - BELRZ M TEFTLE LA AN
2 RE L - AN ERKE L 0§ % EFET % E(ionizer) o &




Witk f B r R BTG RO SRR EFTE LS
BicE T F 1 R FREFET §F kf DA
FEMEFRRFELM 2B - LIBRRM RIRER
%%ﬁéﬁ;&ﬁﬁ%?v%ﬁ:ﬁM%ﬂfﬁﬁﬁﬂi@ﬁ”#ﬁ%ﬁﬁﬁﬁﬁ
A2 1500V eh# T e EApER AR & 10003k 8 FF o E‘J%?E’iﬁ*u?r’% =
35,000V 2 % ¢ #3 3 &:‘Edééfﬁﬁg #-CPU = %9 m sk > 4o T F]+ CPU
R AR AT i 100V 2Tl R0 T g R R

6 FLERR DM

HEEEV)
IN-470: 10~20% A2 F 65~90% Aa4HiB AT
fHE E A 35.000 1.500
B AR A 12,000 250
REBBET 20.000 1.200
BT b A 18,000 1,500

W05 50 - 1,200 @

Mosfet »  Cahsfet » EPROM- 100 - 300

JFET- 150 -7,000 «
OP-AMP- 190 -2,500 «
Schottky Diodese 300 -2.500 «
Film Resistorse J00 - 2,000 -
Schottky TTLe 1,000 - 2,500

2 /I?% :[http://www. webjiin. com/rom/04_esd-c. htm]
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SLT(System Level Test) » i * F ¥ 3 4% » L f]* plidfe 4 9
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Tester=:H
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PR RGRR TR 0 o B 520 AP - - 5 BlEEYE(chamber) o
E A2 RBEU TSRS 1 B T4 % %> EPSON6000 Handler #2.6 »
d

RAEB2ZT o F B A RBT PRI s X TEHFIWEER 0 =

Bdr ] 2-25°C+3C R F 3L 17 4 8 coiplidae s (354238 v e d
DBk BE ) HTRIEEMAT BRI WHE P CPUewE R EH I 52 &2
T BRR B IEE AR e e 47 o % 2 SLT(System Level Test)Hc#zip
HRK O TEP Pwmearde N2 AR e 3 s AIRR B ER o

=T K FT(Finish Test) <8 5§ 2% > f1* HP Tester % % Shmoo #x %8 -
A ¥7 4% Speed 2 cache ef23 » 2 B85 CPU A7 BiE A 3 T BRUEHE & o
gt e

BT ORFEP LA g el A 0 PIREARA f P E LGB RS
AR 30C s s PR R RA ST A2 R EFA S AT
A i P ELFBE R % o

B A REREFAL AR OFET A AR S A S FE
o FRABER PR OT R EP MR RIRORE LT L
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—40°C > R4 S P A BRENFEQIC) R RAH P77 AaF-40°C 2 % -
BN R RGNS P RUHRE SR BERR T20C BEAEHIER
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EAzEQIC) kT RAHTF 1 A& w 2 2 -47.5°Co 218 £ B K47 >
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RiE R EPEAIEVERF B IRERE? ok P B IwE 1°Ceo FiE
PEMBEVER T CHUL HH P FARET AT RIER
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® Lkt EER

R EERT210 RE K FREDA9°CRE R 2.20PN 0 e % R
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2B TR R B AR 0. 44LPM 2 B TR 0 BRI E PR R Y A
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® L AWHENEDCERIXETNI0C FREE 240§
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P MR AR W RS ELERFLEA DR 2T

|[ESD | =|ESD;|

x100
[ESD, | (10)

AP

VIR A TR % 2 A(%)
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=2 5 8 RI7F BRI
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ESD, : 4 socket ' # fuLEplii2 4 T
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TEXRAFEAFRIPEEFT AR THRAT
Bk socket ¥ %R 2 4pf enif 22T > 2 p-value ¥ 27 BEc2 &
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0.05 ik % 4 i % B4+ socket ¥ Bt e i if onsk 2 o v oy
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Flet A IEd 2R BHAEEF T T RN R 21 FIER2 ook A
o HB R 4T 4[] 4 o

+ 11 . #37 £ B p-value &

P 8L p-value
Socket * = BE 0.035
Socket + > 30cn 0. 152
Bt Lw 0. 042
Input shuttle 0. 052

d FEAFHFRY 5B P p-value>0.05 I % > A H L T k7
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2 12# 2 i)i"‘,érf el LT R
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el #FrRW) R ERW)
Socket ¥ = 8 25 125
Socket + = 30cm e 57 258
Bt 4w 38 156
Input shuttle 46 201
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bk
FT HP83000 Tester i * Shmoo #i % A 47 145 | & #cdy

Handler ™ g :cisis » A f %4 Handler 22 R 8 (v B » F %R
i CPU iE &8 R 145 5 S PF CPU ek Adeie > AP qI® B 3 I b
¥ i % ipE s (Tester) % 2 pl#ciE m B 5-8 & RI3# 4% (HP83000) s 12

HP83000 test Information |
Tester Specifications

o 383 pin 120/330Mhz Digital

o Multi Site Capability

o Direct dock for Wafer Probe

e 3§ power supplies and PMU per pin
e +/-150ps accuracy

e 8 Meg Pattern Depth

o Algorithmic Pattern Generator

e Mixed Signal Capabhilities

Targeted Technology

e High pin count and high speed requirements
o Digital, Memories, Processors & Microcontrollers
o Mixed Signal VLSI, ASIC and FPGAs

B 5-8 HP83000 =R+ &

Fip £4% Speed &2 cache 4235 * Shmoo #c#8 » 2 B CPU &2 8 &
Féehfia) - g A Speed 85°C & B &g Jeenh % - d B 5-9 ¥ r15 41 CPU
7 0.65VEF > 16 Mz PEde iE 500 % > 2421 16 Mz AUpIE B 2RI & -
FHRERAZ R 32 BB EPE AR - Flet R i 0.60V Fo R
012Mhz(16%32) 3] 656Mhz(20. 5%32) 38 2 PASS > dr% g A & > 1 (FL R F
AFH e o Glhex TR R G 0,85V RiE R T & B S 1536 MHz(48%32) -
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Edit Format Doc

Shmoo Plot

Test Control

0. MHz/Div.

0.6

II failed

Edit Format Doc

04  xzxxyyy

tte

Add to ovl

[l passed

Shmoo Plot

o 1.225

0.025 V/Div.

Shmoo Spec

[title] [0A KERYYY tte |
X-axis | Y-axis

specname| VCC Frequency

type level timing

[s_pins

[unit] MHz

start 0.60 16

stop 1.25 50

step f.025 0.50

[result pins 1[ |
exec
T —

[test mode 1 _m. -broak
al EC. rray= = requency= ] age

ac_Rxc32' Array="BTAC-DATA’ Frequency=534 Voltage

FAILED!
@ @ @ A
ae @ @ SHARK K
@ @eace e ] Rkl
e @ @ @ ARk
8 @ Q@ @ERERA  Hkxrdon

Test Control

0. MHz/Div.

Cosoesoam

EE=

0.6

0 failed

04 xxxyyy

tte

Add to ovl

0.725 0.85

B passed

B 5-10 Speed 5°C V-Frequency M i

"0.975

4] 1225

0.025 V/Div.
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Shmoo Spec
[title]l [0A xxxyyy ttc |
| X-axis | Y-axis
specname| VCC Frequency
type level timing
[s_pins
[unit] |V MHz
start 0.60 16
stop 1oeh 50
step f. 025 0.50
[result pins 1 [ ]
exec
| |
[test mode ]
fdataRxcil” Array='LU-UATA ™ Frequency=534 voltage |
ac_Rxc32’ Array=’BTAC-DATA’ Frequency=534 Voltage
FAILED!
@ @ @ @ HAAAAA
Qe @ @ HAHAAA
@ (©EEee @ a FRA AR
e @ a a HARAKIN
e e @ BREEE  wwkkix




d Bl 5-11 g d o BRBEARI-10C 0 4 B
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C %A HAE

Edit Format Doc

e
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E

Shmoo Plot
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ge P ERge = DAl o

- F

Test Control

0. MHz/Div. 0A xxzyyy

tte

Add to ovl

Cossecoconm

b ==

0.6 0.725

Ptailed [l passed

= e
= |
- -
— -
-— )
- -
- -
= )
0.85 0.875 — 1,225
@ 0.025 Y/Div.

Shmoo Spec 2 ]

[title] [0A xxxyyy ttc |
| X-axis | Y-axis

specname | VCC Frequency

type level timing

[s_pins]

[unit] |V MHz

start 0.60 16

stop 125 50

step . 025 0.50

[result pins ] |—|

Pt Rl ] )
1 [rornal | )

{dataRzcae” Array- L2-DATA” Frequency-534 voltage |

[test mode

ac_Rxc32’ Array='BTAC-DATA’ Frequency=534 Voltage

FAILED!
i@ ] [c} @ e
@a a @ okl
@@eee @ @ HAAHAN
@ @ @ @ HAKRAN
e @ @ BAEERA wxkxokk
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Shmoa Plot

Edit Format Doc

Overlay Shmoo

0. MHz/Div. [0A  xxxvyy

tte

0.025 V/Div.

Shmoo Spec

[title] [0A xxxyyy tte |

| X-axis | Y-axis
‘ specname | VOO Frequency

type level timing

[s_pins]

[unit] |V MHz

start 0.60 16

stop 125 50
f. 025 0.50

step

[result pins 1]
exec
) ey

[test mode ]
FAILED!
el @ @ @ ARAAAK
Qe @ @ AN
@ Eeeee [c] @ HARAAAK
@ @ @ @ HAAAAN
e @ @ @EEEA Ak
LLCON : V=1.27 F=1600)

20121102 110820

H testflow report data kbRl
failed transition found

failed transition found
failed transition found
failed transition found
failed transition found
failed transition found

E] 5-12 Speed R o Frequency Fﬁgl * 6]

Bozp Bl 100% P [Vec] M
1332  34-66% []e7-09%
?l 5 13 RIE5CE-25Cen
s LCRRIEE § a0l F
e > o e & Wafer @Lﬁi““?i%

SRR E A Rl

Shmoo Plat

Edit Format Doc

root cause °

i BBl
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