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1. ZA

Z 2 palladium silver paste® screen Q#F £

At F-Aget, Lined % 2
< 150,um Aot odubd o 2= 300~400umE A
t}, =3 fine line, through-hole, multilayer.‘i 7}
3lod Wiz )| died 71ZkAko] A A attach Y
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ZA oA F-AEE AL conductivity® FE ALE
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$lom] resistivity’l 22 (% mohm per square)
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paste & AHgstelof ek,

2. Mg

A s A ulzl7lx| & ceramic 7)F$lol] A3
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A 2FATE ¢(Q/cm) et 3t Holutdko g
9 A& R
ZHAExHe] oL
R """ T W
oy 7|4 ¢/TZ sheet resistivity (os) & & 2|3},

R=o0sXx (L/W)=0sXNumber of Squares

Sheet resistivity®] 9 ohm per square
= 7ol ulgo] 1:190 7ol o=
ct,

=z

%

A &gl

O B
T_L \/ J as —VK
L i

12l 1. Sheet resistivity

trimol] &8 U= A
ggoz zA5E7] wlfol Y4zl carbon resistor
2 Aol ohleiehE A5 AUGE A
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A thick film resistor+

e
-

A o] F-oi] thick film resistor network
on 3l2Ho g resistor7t2] mat-
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H# 1. Thick film res. 2 A71d &4
T EEREE T
Res. Range STD 10Q—5MQ
Special 0.5Q2—199MQ
Initial Tol. STD +1%
Special +0.25%
Ratio Tol. STD +0.5%
Special +0.1%
T.C.R STD < +250ppm
Special < £50ppm
Max. Power Rating 600mW /mm’

M 2. SMD package type

= R Package Type

L. C. SOIC, PLCC, LCC, QFP

T. R. SOT-23, SOT-89, SOT-143, MP-3
Diode SOT-23, MELF

At
=3 SMD typec] ohd discrete %% lead
formmingsted ZEwidl o] r}g3lA sle] AlEH
el FFaxtel Al M 2A gl #Heolrh
o X -‘21011 semiconductor die ZtHZ AlE3lo] chip
& wire@ 4 o flip chipg A48t A% dx

A
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4, SEA%

Capacitor?] 73-% disk, mylar, film capacitor”} A}
£33 45 o} ogupHo g multilayer ceramic
2
7% 4 pFol

chip capacitort} chip® tantalum capacitor7}
ALL-Eu} 22ko) A §-S wlol MLCel
A 0.56uF/50V, tantal?] 73-%- 0. luFoll4]  100uF/
6.3V, 47uF/16V 72| 7besht lg-ak stlsiel 7
$E 27 o sbHe] A 522 hybrid 2] Yo
TFA8l= Zo] ulabA sl

Inductorgl 73-$-% SMD type® inductors
vl 1uHoll A 470H7HR] 7153k et,

1.9] trimmer capacitor, potentiometer$ SMD type
25 2ol Aol giekm Agrbsshek

gt

o g
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N. 7iEe| XYE U EA

Thick film hybrid®] 7122 alumina, beryllia, mag-
nesia, thoria, zirconia, %& ol % AAe] A2
ceramic AL AHgdck 1 F F2 ALHE A
A C 949,~96% alumina® W74, B A A o]
So.23tch Seatite, fosterite A 42 alumina R=
£ dielectric constant® 7FA I 3ol 71 AMEEHL
ARex 9 ZErst 2 ARl Urh

Power& hybridoll A& & ko] A sloz dAd
5% 7} alumina®.ch 2k 8¥]7F & beryllia (BeO) 7} A}
25} 7hAol mrtel s powerdt vapor7h QlAlel
E3le] £9d Fo|7} s7Hct

ZaolE BeO) ol2id A wifell o
9-4-3} aluminum nitride (AIN) 7] ko] 7) =t

A Ao) 2 paste7} 7 A Foln] A ol
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32! 3. Ceramic substrate? 2% t df A+

Ae A5z 9ok 2829 28 3-2 ceramic 7]
o) dAzEol JWAAFE vlag 2 olch
3¢ thick film 71%e] £4& vERd Folrh

F 3. Thick film 7152 54

= A 96% 99.5% | 99.5%
B ° ALO, | ALOs | BeO
FAAT
(1MHz) 9.3 9.9 6.9
(1GHz) 9.2 9.8 6.8
TR
(V/mil) 210 220 230
A€
(1MHz) 0.0003 | 0.0001| 0.0002
(1GHz) 0.0009 | 0.0004 | 0.0003
dAE® 25
(W/em-K, 25C) 0.351 0. 367 .
of ul x} A 4~
( 25‘?:@35022]:‘)" 6. 4ppm | 6. 6ppm | 7. 5ppm
25A 3HQ/cm) 10'* 10" 10"

V. Thick Film Paste

Thick film pastet 7]&£% 232 functional phase,
binder, vehicle® FA 5o a4, Az 4£4F 1 &
42 vepioh 234% 4% pasted] T4 AE3
4] W5HE el 2geld

Functional phaset metal®]t} =& A metal oxide
2o A4 metal oxideol® &4 Fol 7HAel W
o} A7]A E42 yepdc} Bindert 71%3 func-

tion phase® A¥AA FE AEE 9] glass, oxide

Conductor Resistor Dielectric
. Au. Pt/Au. PdO/Pd/Ag BaTiO
g}l::;t;onal Ag. Pd/Ag B.Ru,0, Glass )
Cu. Ni RuO, Glass-Ceramic

/Glass (borosilicates. aluminosilicates, etc. )
Binder Oxides
/Mixed (Oxide-Glass)

Volatile Phase (temineols. etc. )
Non-Volatile Phase (ethyl cellulose,
other organic binders)

Binder/Functional Phase
Non-Volatile Phase Flow/Sintering
Volatile Phase Burnout
Evaporation

1 1 i 1 1 1
100 200 300 400 500 600 700C
Firing Temperature (1000C Lmit)

12} 4. Thick film paste®] FAAE} £43H

Vehicle
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22 glass9 oxided EFES AHEE el Vehicle -2
paste?] QA& Hofdle] AZF THE|E solvent
32} burn out® &= polymer®} organic solvent®
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~ 23719} termination

— Component2] solder pad

—Thick film capacitor?) electrodes

—okm 22419 through-hole

~ulx #] die attachment % wire bonding pad

sl Aai wAle] )sel dater £AE A8
S ol Fedhed theah e R 4l A
g4,

1) Silver (Ag)

Silvere =5 73 AAAHQ 24 =g F2
adhesiond} WHlAS sixlz glen] FHo] £4F

A A,

22} 728 silver migration®} solder leaching 4
02 Ag BhE o2 so|g o wa %k

} Gold (Au)

Golds F 2 1= A| died eutectic bond % wire
bonding®ll &3] 2o A},

w2y A7 AR B2 AAsA Fol  FAS
hybridell 22edAv} 37be]l 1 solderingell &= F4 &
HAdE 7Rl Y

3) Palladium silver (Pd-Ag)

Pd-Ag: thick filmoll Al 743 gke] zoeizm Q)
E A o] §-4-5Lo] F & substrate adhesion, solderablhty,
solder leach resistance® 7z ow 7[AE g

Aol e},

eju} silverd] ekl wel silver migration -
3 A3 gow Ar HEEs 2 Aol

4) Pd-Au & Pt-Au
Goldell palladium %-& platinums A7}stwd £
solderability 2 3¢ 4 2127 wire bonding &4

FA5HA "ok 2 b sl A Augt ulsstv

AN HEEE
5) Copper
A7 =

# 6 5

Aut}t Pd-Aghch HeizlA o}

X%, adhesion, solderability &5 $-<3}+ 7}

Aol 5 7 A Z o)} 24 4] nitrogen £ 710l A

44 s i of

3} 5] 7] wl ol nitrogen gasoll4] M.abE]o] =] of

£ %ol gl

o] A4 Tex Fr)FdlA AA A
!
v 3 A" A A ol ol copper

oy

pasted] sluto] HFHo g o]Folzx| 1 3]

3 49} 5ol

7 paste) M714 B3} Lrol o

shol Audstaiet.

I 4. Conductor 54 ¥ ¥

Palladium  Palladium Platinum
Gold silver gold gold

Typical sheet

0.005 0.03 0.05 0.05

resistivity
(Q/square)
Solderability No Excellent Excellent Excellent
Wire bond-
ability Excellent Poor Good Good
Die bond-
ability Excellent No Good Good
Cost High Low High High
# 5. Conductor®] 7|& &% vl
Material Most common areas of application
Gold All except 9, 13, 14
Palladium silver All except 9, 10, 11
Palladium gold All exeept 1, 10, 11, 14
Platinum gold All except 1, 10, 11, 14

Application area codes:

1. Microwave stripline 8. Top capacitor plate
2. Resistor termination 9. Switch contact

3. Bottom conductor layer  10. Wire bond

4. Any conductor layer 11. Die bond

5. Multilayer conductor 12. Ground plane

6. Crossover conductor 13. Solderable

7. Bottom capacitor plate 14. Very low cost

2. Mg

Thick film resistors tHa3t 22 A Aol 275

01 Z]r/}

~AgAs HE 7R

—7lgko)u}
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ALv el AF Aade] 9L A
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-T.C.Ro] ¥& # 1. Print
- Aol o] T.C.R trackingo] 2& 7 Thick film A2 7|%e] F5+4 24+  screen
-V.C.Re] &% 7 printelct, ZtF pattern$ 7} screend F3dle] 7]
—-&74ol thE A wstge] AL A el doke FF9 pasted TAHLE printdieh
-3E Aol HE A Dry ¥ 4ol A& paste €0l L35 F7]8& v (solvent)
- Blending®| 7}5% A A o] Tl firing 3 AN A+ 7 pastert UA
ol bz} 2o EMo| iAo 2 FEo] HZol: gl vjd] 2Ae] 2jo] FAH oA conductor B

palladium, palladium oxide, silver 7} A& 5o} £ 4]
2o =lzbeh shd ol Fol] Zalol &
7} AREEo] X 9t AbsLEL of &

ruthenium oxide
Qb Aol

£4A sk gl s R4 Wl 3
© T.C.R3} gHol Uaeha e S4e Qg 4
4 sl
23 4714 54 2 Aol Sadlel 2o

3. ®EA
Dielectric Algslo] A}, A

o078 oA

dielectric con-~

+ 37tA B B
o multilayert} crossover®] #ol-g
olu = glass/ceramic 359 &
stant (K) paste?} AFE#ch 4 2 thick film capa-
citorell 220]v] o]u]= high-K9 paste”} AR&-3 o},
High-K dielectric pastex= barium titanateo] T.C.C

5 37 Y38l storontium, calcium, tin &2 zirco-
nium oxides A v}alod Azt A2 3T NTE
A& overglaze® th& EH2] thick film paste 2F=
Ze] 2425 400C~500C o4 AH8-5l&  melting
point7} w2 glass7} ALEE ] A4S W] gsted

metal oxide pigment7} % 7}¥lt},

V. =33
Thick film A& FH | wjzkxe] TEx & 285
o vjehd mlel 2o} & o] pAlA FAW tlA

o Mg Amishie
Print | Print Dry
l Firing
Trimming
l Component Mount
Assembly Packaging Test

Il L=l
FH=

2l 5. Thick film hybrid IC 7] 2
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resistor 5284 A7 %xg—g- Vel Al g},

1) AF-3HcA
2869 flow chart®} 2 £A42 qlajFA ol
AW E ) Resistors sheet?] £7F7} 37}xal 2%
£ g S
l Conductor Print—Dry—Fire |
3
| Crossover Die. Print—Dry—Fire —I
'
| Crossover Con. Print—Dry—Fire j
)
Resistor (I) Print—Dry |
‘-
I Resistor (I} Print—Dry
!
Resistor () Print—Dry—Fire
¥
Overglaze Print—Dry—s—Fire
a”6. Gs BH A% sE
Aol 3ol o= A A FHEH Adalojch,
HICe| 4] A = 7]‘{} 2 #0] 3 0+ through hole
=€ multilayer (5713 52 A2 342 A4s] %
Aot
Zbebs] 427839 through hole-2 m]2] holeo| 03
+ 7)ol el A] vaccum . & pasteE & ste] o, 3
e X2 dAstE Z|He 2 73] back sided ©]
243} crossover® A F+ Ao Fldlc)
Multilayer+ 3|25 thZo g ol FAzAr & zof
= 7oz 7 Foid HodEg S 2 9ol

)

conductor % resistorS A&}
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2) Screen print

Screen printer®] 7|22 49 printing ¥+ ¥z
28 76 cycle® Vel vyt 229 prints
371 e 9e g dohuzt.

A & mask 27 o] Folok g}, Maske

stain-
less steel mesholl emulsion?te] B A Eo] gl

s

U Hl
mesh count®} A, emulsion F7 %] T3 w4
e

E4 2+ printer?) operation £710] Folo} st}
Squeegee?] speed ¥ pressure, snap off distance &
ol A aolEoleh ofe WEEE 4 23 A7
o2 #A4e| print A E Ao 47b ik

Squeegee
Screen
é
[ O o000000O0
: : Substme :

Squeegee

Screen

Screen

2] 7. Screen printing cycle

(1) Conductor print
Thick film®] line %-& UdbH o g 250~400umE
AL8-sht fine line 714§ AH&E Al= Pd-Agdl 7%

125~150um 742 7H538kth Conductor thickness &=
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B1ITE B 6%

dry AHElol 4] 25umE TFo 2 Aler) ofo ™ line
resistance”} 72| 3 solderingAl el leaching (4] A&
ol glelA)el wAE deist Usk

(2) Resistor print

AEe HAA = a4+ AT FA
o] ¢} paste®] Jar value S-°| Y&ol
Z71L AAAC eln] AAEHAUL
Aol A= resistor F7 =k
offich, Print 3ol &3 x
o oha e Zte 2 @k Trim FyelA A
= A

(3) Dielectric print

RE7} obd 3| 2ol A dielectrice
o] £+ crossover $28 AL§H
Aokl AAEE SAA solof sl 1
eAL AAIAT A AAE B

3) Dry process

Print® Aejolld 48 &4t
125C ~150TC el 4 ¢k 107} dry S
pastetol] &5 thiner 5°] 31t

4) Firing process

o] ZAL print¥ paste’} AAZ A7]H
el 238 Ao}, 28] 8-& funace (4 E)

=4
2

&
S|

Pal
ol

29t levelings

A7,
slo] Azet,

o
2

© (e}
EA4S

9] profileo]t}. ©] condition® &gkl HAAHo|=
2 dAsA KA A et FAHA S 607 &
£ 30%22 850CelA 1047 A3k o] diRte]
Zg3lc} a9 FAA RS 500C & peak tempera-
ture® &k},
30 Minute Cycle
1000 — © 10 minutes
L 850 t Peak
T
) 700 5
® | escent Rate
2 600 ~100C /min
5 500} 700C ~300C
g- 400 - Rise Rate
& 3004 ~100C /min

200
100 _l Belt Travel™"
0 i 1 1 1 |

10 15 20

Time (minutes)

5

2| 8. Firing profile
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— — :
GO
1w ’F" I w
i ) 2
— t=2w — _E_ _;_ —
L L L
4 2 4
Trim & Trim %
a2l9. Trimmingd Y&

2. Trim

Print 34elA A& FAE AAH3A A A7)
dle A7) 7] wiFol A 2ak% atFEAR
7b glck, 2z Qlals AR ohae W3
o 4] trimming FA4NA UA ez aAHAAE
ahy-g Bl g}

1) Trimming2 g

2 9ollA B ujel o] Fo] oo sl A4
do g zolxlm g HiZL(R)o] A& Azeo|ct

2) Trimming® &%

Nsdez wa we THY AR 2R
passive trim¥ A71H 545 dHA He=F 3
2l A8 LF £ active trim (function trim)e] 9ic},
Cutting gefloll wtet £ 5 21 28105 22 o

ZA49] trimming #¥o] e}
Trimmingoll A& 5= Ao T&7

+ laser trimmer

o} ceramic ¥+u4& A A AMGE = abrasive
trimmer 7} Y+t speed?} &-&o] WL laser trim-
mer 7} -2 ARE-Elch

3. Assembly Process

Printed substrateol] 7|4 #-&-8 #°| 1 packaging
sl FAHo2A AR Y 255 23113 2ot

Double

Plunge Cut

L-Cut

59

Cream Solder Print

!

Component Mount

!

Reflow Solder

]

Lead Frame Insert

!

Coating

I

Electrical Test

L

2

311, Assembly flow chart

1) Cream solder print

Printed substrate pattern mask®. cream solder&
print ghc},

2) Component mount

Solder7} print¥l pad¥jell discrete componentS
mounting 3}

3) Reflow solder

230°C hot plate & reflow A]7122 & conductor
2} component?} A 7|& e 2 ol Ao i}
4) Lead insert
Lead frames insert
A7,
5) Coating
HIC+= 9ol wet SIPS} DIPR +¥5&d SIP
73%-7} ddbdoltt. DIP type2 FZ  case molding
= 74%7F gk

6) Electrical test

HZF A=A HICY electrical function®] specifica-
tiong WFsl= A5 AR

g & Fxol & pad9 lead

2

ol

L-Cut With
Vernijer

Plunge Cut

Evpnap—— 4

(Plunge Cut)

210, Laser trim cutting

(594)
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VI.

o] Az} 7Fo] thick film hybrid 1C2]
o wjste] otopmgtor} HFg o
A7+ o},

329 hybridshe 32 &4, 27,
AFx AALES mEsle] A A dteof
Aol AnE AXHE 4 Y& ol

Hybride] opo 29| Aupe ool 5stel &
Aol vl multilayer chip & wire?] & wnjo]

=,

al
=

Wit

£1TE B 6 5%

ofok & Zoju] ojo}Re 2 E Ay Yl 1
s AzrlE &8, Az A o A TH
o} 53 5 YAt K26 mEdst o] Fo|H o}
3 Aol

2 £ X |
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