ADIABATIC FUSING OF ALUMINUM & POLY RUNNERS

[Fuse Calculations.MCD]

PURPOSE: 1. Calcuate the energy margin for blowing ahfuse by discharging a 100uF cap.
2. Calculate time and egdog blowing poly fuses.

SILICON, ALUMINUM, GOLD, COPPER & SOLDER MATERIAL CONSTANTS
THERMAL CONDUCTIVITIES:

- att att att
cond_silicon= 1.4EW— cond_solder= O.GéN— cond_copper= 3.9gv—
cm cm cm

cond_si_500C= 0.41 watim ! cond_au= 3.15 waitm !

HEAT CAPACITY, cp, THERMAL DIFFUSIVITY, K, MASS DERSITY, pm:

cp cu= 3.30wafBeddm 3 cp solder= 3.68 waBedém 3
cp si:= 1.7%wafBedém 3 Ksi:= 0.87kntsec -
3

cp al= 0.637cabm pm si:= 2.33]@m_3

3

cp_au= 0.608 catm pm_au:= 19.:E3]@tm_3

HEAT OF FUSION, Hf, HEAT CAPACITY, Hc, Melt Temp,rfielt, RESISTIVITY @O0C/Tmelt, po/pmelt:

Ambient Temp, Ta: Ta:= 25 po_SnPh=1flohmiém
cal
Hf _al:= 248.5+— Hc_al:= cp_al Tmelt al:= 660 po al:= 2.42lohmidém
cm3 Tmelt au= 1066 p240_al:= 5.4uohmidm
cal Tmelt_si:= 2057 po_au:= 2.3f1ohmiém
Hf au:= 306.@—3 Hc_au:= cp_au Rise to Melting TemmT  po_poly:= 200ohmiém
rm .
cal oIm al:= Tmelt a- Ta
Hf_si:= 3374+—[pm_si Hc_si:= cp_si oTm si:= Tmelt_si- Ta dTm au:= Tmelt a Ta
g Tvap_sii= 2355 OTv_si:= Tvap_si- Tmelt_si

p_al=2.42, 2.65,3.50,4.62,5.81,7.05,8.36,9.77,184031Q-cm @0,20,100,200;600,660,660 (Liquid)
p_au = 2.35,2.97,3.83,6.62,12.5&%-cm @0,100,200,500,1000C
B, TempCoefficient of Resistance, TC Bau:= 0.003¢ Bal:= 0.00475 Bpoly:= 0.00087

Resistivity Averaged Over Fuse Energy fo pa\/f(pmen, po,xf) = [pmeltm + 3[Xf) - ﬂm + Xf):|m10hn‘mm
constant current. (Smaller for charging ce 2 2

Xf is the fraction of total energy expended to fosetal once Tmelt is reached. Values given below.
pavf al:= pavf(11, 2.420.422 pavf al= 10.74210hm<tm pmelt_al:= 24.Zjhohmdém
pavf_au:= pavf(12, 2.350.35 pavf_au= 10.714io0hnitm
Electrical Overstress FA Analysis in Microcircuipgy 131
pmelt_au= 13.{ohmdém pmelt_al:= 11.Tjiohniém



ADIABATIC THERMAL MODEL FOR FUSION (MELTING):

Consider a conductor during a time period sboaugh (<10us) that none of the I"2R heat intontiie can escape. In a unit
length of conductor, the joule heating power dgrisiPd =p*(1+3*T)J"2, wheref is the TCR of the conductor and J is the
current density. If a conductor fuses within adjmf, then the energy dissipated is Pd* The amount of heat energy density
required for fusion is Qf 8Tm x heat capacity/cm3 + heat of fusion/cm3. Tthentime to fusiomf = Qf/Pd.  If we group the
material constants together we get Km/J*2. Km represents the minimum amount adrgg to melt. Now experimental data
shows that the time required to adiabatically ogemluminum runner is twice the methe. Therefore the material constant to
open, Ko =2* Km.

_ 2[66Tm_al]:p_a|+ Hf_al) 2[66T m_sitp_si+ Hf_si) Ko au:= 2[@6T m_aulp_aw Hf_aLD

Ko_si:=

Ko_al:

p240_al - po_polyiﬁ1+ 0.5BpolydTm pavf_au

2 2 2

Ko al= 1.072x 10[ 2™ gec  Ko_si= 3.633 18[ 2P| mec Ko au= 7.32%« 18] 2P| ec
e e cm
Ky si= 2[66Tm_sl]:p_si+ Hf si+ 6Tv_siﬂ:p_s)
- po_polyiﬁ1+ 0.5[BponE6Tm_sa
Fraction of Energy Needed for Heat of Fusion, Xf
Hf_al =0.381 Hf_si =0.48 Hf_au =0.327

oIrm_altp_ak Hf al oTm_sitp_si+ Hf_si oTm_audlp_aw Hf au

DETERMINE THE MARGIN IN SERIESRESISTANCE, Rs, TO FUSE A PID ALUMINUM TRIM FUSE:

Define Re2f as the ratio of the energy that go&sjoule heating the wire to the energy requiied
fuse the wire. Re2f = (J"2/Koyf=1. To extend this to the case where the carraries with time, replace the time product
with a time integral. Apply 7V to 100uF CAP thrdu§eries Resistance, Rs. Four (Initial: 150@illMax, End of life: 250mill) Ma
) relays. T2500B Triac: 1.1V@6A (0.6V plus 100li@hm incremental). Unknown ESR.

ALUMINUM FUSE FOR A POLY FUSE (wp.thp), FIND FUSE TIME, tfp:
Cvres:= 10QpF Vdtriac:= 0.6olt Resr:= 0.IQ wp = 1.2Zum th_p:= 0.35um len:= 180.28Gum
Rtriac:= 0.Ilohm R2probes= 0.2 2

0.070amp) -
th:= 3.30m w = 0.315 il L := 10mil tfp == Kv_si[ﬁ—lﬂ tfp = 1.407x 10 8sec
L wnlfh n
Rfuse:= ——I[pmelt_al Rfuse= 0.107ohm __ -1 _ 1 watt
thiwv Rinitial relay:= 0.150 PD:= 150D.08wattf{wplih_glen) ~ PD = 5.55x 1(.JI —3
Rckf{ RS := Rtriac+ 4 Rinitial_relay+ Resr+ Rfuse+ R2probes+ Rs{ cm
Rs:== h NNENK Current durina discharae Ic(Rs.1):
Rckt(0) = 1.107 ohm tins
Check: Experimental Fuse data: Ipeak = 6A . -_—
__ Vbatvolt - Vdtriac lc(Vbat, Rst) = VbatVolt - Vdtriac o RCk(R9(Cvres
Ipeak Vba} := " Rcki(R9
Rekt(0) Ipeak(7)= 5.783amp

Define FUZ as the Ratio of the applied energy toehergy required to melt ALUMINUM quickly (10usgi fuse
open, not puddle. Express this Ratio as a funaifeadded series resistance and Vbat to finddbistance margin.

0.004

2
0.5 fIcVbaL RSO ‘pot  Ef(v.Ry) = pavf_alE——Qic(V R, 1)) st
J Ko_al thiv thiv

0

0.004
FUZ(Vbat, R9 := [

0



> PID Trim Pad Fusing: Won't FUZ if < 1.
S 1.5
[}
& 1.2 Ef(22, 0 =149.086.J Ipeak(7)= 5.783amp
@ FUZ(8,RY L
T Fuz(7 Ry P Ec:= E[ctvre§q7m/o|t)2 Ec= 2.45mJ
2 ............. 0.6
i) Ef(7,0. -2
g 0.3 % =4.592x 10 CvredIRckt(0)=0.111ms
T 0 r A
0 0.1 0.2 0.3 0.4 0.5 Ipeak(6)) ° -
tf .= Ko_al[ép—()) tf =3.14x 10 6sec
Rs with

Margin of Series Resist Oh

argin of Series Resistance(Ohm) - (51m altp_ak Hf_al) WEh21qm] = 3.032u)
2(5Tm_sep_si+ Hf_si)wplh_p21mm] = 0.121
CONCLUSION: 7V or lessisnot a marginal chargevoltage for end of life fusing conditionRs = 0.4 Ohm.

DETERMINE THE MARGIN IN SERIESRESISTANCE, Rs, TO FUSE A MLR ALUMINUM-2 TRIM FUSE:

AL FUSE: PID AMPS SPS/MLRO1 ASPSIMLR02
Geometry 8x25u 12 x 36ul1l8x 73 UDR 6 x 61 UDR
Aspect Ratio 3.1 3 4 10

Thickness Metal 1&2: 3.3um Metal 2: 2 um MetaP2dim

Single Bump Resistance ~ 0.020 Ohm
Define Re2f as the ratio of the energy that go&ssjule heating the wire to the energy required to
fuse the wire. Re2f = (J"2/Ko}f=1. To extend this to the case where the atrraries with time, replace the time
product with a time integral. Apply 3V to 10uF CAirough Series Resistance, Rs. Four (Initial: 18D Max, End
of life: 250milliQ Max ) Clare DSS41A12B relays. T2500B TriadM@6A (0.6V plus 100 milliOhm incremental).
Unknown Cap ESR.

MLR ALUMINUM FUSE
2501

Cvregy = 100F thy = 2im  wy = 6[UDR Ly := 65(UDR Rbump:= — P56 snPb
QL Cinil) 2

Rfusey = [pmelt_al Rfusgy = 0.6010hm Rbump= 1.974 1630hm

thy v

o =3
Rckiy(Rs) := Rtriac+ 4 Rinitial_relay+ Resr+ Rfusq, + R2probest Rs[Q Rbump:= 20110 “lohm

Current during discharge IcM(Rs,t):

Rckiy (0) = 1.601 ohm 5 tlins
- i Rckty(R9) [T
Ipeal (Vba) := VbatVolt — Vdtriac ley (Vbat, Rs ) := VbatVolt - Vdtriac o ckiy (Rs) [Cvregy
' Rckiy (0) Rekivi (Rs)

Ipeaky (3) = 1.499amp

Define FUZ as the Ratio of the applied energy ®ehergy required to melt ALUMINUM quickly (10usgifuse
open, not puddle. Express this Ratio as a funaifeadded series resistance and Vbat to findekistance margin.

FUZ\ (Vbat, R9 =

0.002

( 05 [lem(Vbat Rst)) Rs:= 0, 0.05.0.6
(insdt

J Ko_al thy Bvy

0 [o.ooz

L
Efpm (V,Rs) = pavf_aE—M [@ICM(V,Rs,t))zmnsdt
J thp Divpy

0



MLR Trim Pad Fusing: Won't FUZ if < 1.

= 2.5 21(3,0) =2.313uJ Ipeaky (3) = 1.499amp
@
1
G FUZMES R, 1 w:= > Cviegy M3Wol)>  Ecy = 0.045mJ
§ FUZ\u(3,R9 v (3,0.0
g 1.75 —— =0.046 CvregyRcki(0) =0.016ms
c FUZm(25 Ry Ecv
S 1.38 -2
© Ipeaky (3) -
= = Ko_al Ipea®) thy =6.185% 10 'sec
1 wv iy
0 0.1 0.2 0.3 0.4 0.5
Rs
Margin of Series Resistance(Ohm)
CONCLUSION: The miniumum charge voltage for fusingis2.5V.
200 12 mAZ 2
al:= 10000— a3:= Ko_si{ wplth_p
250 .05 0.5
sec
300 .015
o 2 __ 0.5 a3
350 005 a2:= (10mA I(t) = jalD + a2+ T
02 = 400 0.0023 tmin:= 10 %tmax:= 1 n:= 100 ri= In(lm—?xj
" | 500 0.001 r tmin
i3~ i==1.n
600 0.0003 (i) = tmin(e n
. 700 0.00028
i:=0.9
800 0.00025
If :=200,210..900 900 0.0002
VS = cspliné tp&O> ,tp2<1>)
tp(If) = Iinterp(tp2<0> ,tp2<1>,lf) i:=1.n
100 150
10 \
ol () seg
1) I[Se
tp( If) 0.1 \\ ——;;;——
0.01 - 50 A
1_10_3 \ |
/
110 * Ra=

200300400500600700800900
If

110 410 110 410 ° 001 01 1
(i)



FIND THE MINIMUM TIME NEEDED TO FUSE A 2 MIL GOLD WRE, 1f, FOR CONSTANT 8A:

radius of wire, rw:

CASE 1. tf for constant 8A: | := 8@@mp rw := 10mnil
| am Ko_au
Ji= —— J=3.947x 1022P Tf = o= tf =4.704msec
T[mw2 cm2 .]2

Expand on this simple case. Define Re2f as ttie oA charge energy that goes into joule heativgwire to
the energy required to fuse the wire. For consaarnps after 2.2ms this is unity,. i.e.Re2f 22(Ko) *tf
=1. To extend this to the case where the curvamies with time, replace the time product wathime integral.

2.2
2
S 1 8lam
This gives: Re2f:= SAMPY st Re2f = 0.468
Ko_au 2 ) o
J Tiw Re2f =1, i.e. sufficient energy to fuse.
0
CASE 2: Apply 15V to 1800uF CAP througn 1.502Series Resistance, R€urrent during charge Ic(Rs,t):
tlinsec
Vbat:= 159Wolt Cvres:= 180QuF Vbat —m
e

Ic(Rs, 1) = R—

What is the ratio of charge energy to energy redquioguse wire when the cap is fully charged (106Dm
Use this definition to define the fuse function: ZWor a range of series resistance.

0
040608 1 12141618 2

Rs
Series Resistance(Ohm)

(1000
2
. 1 Ic(Rs, 1)
FUZ(R9 = Ko au > (Mseaodt Rs:= 0.4 0.6 2
- Tiiw
0
- 2 Mil Gold Wire Fusing
= 4
Q
A5
2 3 CONCLUSION: A minimum seriesresistance of
T FUZ(R9 1.5 Qisrequired for sufficient energy to fusea
° 2 2 mil gold wire.
IS
3]
©
s

FUSE TIME PREDICTIONSFROM EMPIRICAL ENCAPSULATED WIRE FUSE DATA :
FIT DATA TO FIND PRODUCT OF FUSE TIME(ms) AND CURRE"2 FOR GOLD WIRES IN EPOXY:

(PRODUCT VALID FOR t < 20 MS.) PRODUCT/Ko_au
2.0 MIL 86 MIL BOND SPACING: txI"2.47 = 751 (0.634)
2.5 MIL 75 MIL BOND SPACING: txI"2.7 = 3733 (0.663)
2.5 MIL 111 MIL BOND SPACING: txI"2.27 = 1103 (0.57)
2.5 MIL 175 MIL BOND SPACING: txI*2.07 = 636 (0.624)



FIND ABOUT A 14% REDUCTION IN FUSE CURRENT AT 1 SEC

BECAUSE OF ADDITIONAL HEAT LOSSES FROM CONDUCTION
TO TERMINALS AND THROUGH EPOXY, EMPIRICAL FUSE TIES ARE LONGER.

Equation Fitted for time to fuse vs Current fromt@®#or 86 Mil long 2 Mil Au Wire in Epoxy, tlab (nes):
CASE 1: Find time to fuse for constant 8 amps.

751
tlab(l) := 2—7 tlab(8) = 4.416

| 4
CASE 2:  Will charging a 1800mF capacitor to 1 (Io(Rs, 2.47dt
751 amp

1000
15V fuse an encapsulated wire? FUZ(RS := (

J

2 Mil Gold Wire Fusing 0

>
> 4
()
c
. 3
§ FUZ(RS CONCLUSION: A minimum seriesresistance of
= 0.8 Qisrequired for sufficient energy to fuse an
g encapsulated 2 mil gold wire.
g 1
o
. 0
040608 1 12141618 2
Rs
Series Resistance(Ohm)
FUSE CURRENT VSBOND SPACING (MILS) DATA
Fit lines to data
Data for 2.0 Mil Wire: Data for 2.5 Mil Wire:
L20(If) := 4960 ~ +4% L25(If) = 11850f >
If20 := 3.3.. 10 If25:= 4.. 10
Fuse vs Length Data for 2.0 Mil Au Wire Fuse vs Length Data for 2.5 Mil Au Wire

w 10 \ 10 \

2 ; ;

£ 86 S

@ If20 ‘ 25 ;

5— ! - |

o l l

[} 1 I

% ! |

i l l

1 ‘ 1 ‘ 3
10 100 10 100 110
L20(1f20) L25(1f25)

Wire Length(mil) Wire Length(mil)



DRAIN - SOURCE SHORT RESISTANCE

L := 3pm ta:= 1pm
L
Rshort:: pO_aE— Rshort: 0.024Q
L[ﬂa'

millihenry = 10 3[Iﬁ1enry Q = ohm millisec= 10 3Bec msec= millisec
pohm= 0.00000@ ohm _.+6 _ 159
UF = 0.000000farad ~ HM=10 nm= 10 "t
ms= 10 “8ec mil =10 3in mJ= 10 3[ﬂoule pl= 10 6[J]oule

A=10 2@m UDREL;zjhm



