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COMPARISON AND EVOLUTION OF GATE OXIDE TBD MODELS

http://www.leapcad.com/Other_Tech/Comparison_TDDB_Models.MCD
PHYSICAL CONSTANTS: k:= 862010 v  ev= 16010 “ Joul q:= 16010 “tgoul WPhysics.com
DEVICE DATA: thicksgjop := 600[A Xeff = 7T90A tox ;= 107[A Vgae = 1

VARIABLES: Tk := 300..400 V:=5..60 AXox:=1..70 Vox = 11.2Ivolt

1985, K. Yamabe, "Time dependent dielectric breakdown ... SiO2 films", SC 20, pg. 343:
TBD has a Thickness dependent Field Acceleration Factor, B =d(log(tbd)/dEox

_ _ cm _ cm
B(Tox) := (4.2llog(Tox) - 6IHE  B(200) = 2714

The time to fail for 200A oxide is shortened by 10" -2.7 with an increase of the stress field by 1MV/cm.

1988, Op Model, J. Lee, "Modeling and Char of Gate Oxide Relibility", ED 35, pq. 2268:

INTRINSIC BREAKDOWN MODEL, Critical Hole Fluence, Qp:

Oxide lifetime is is the time required for the hole fluence Qp, to reach a critical value.
Qp~Jat, whereJisthe FN current ~ e(-B/Eox) and a is the hole generation coefficient
~e(-H/Eox). Then Qp ~ e(-G/Eox) t, where G =B + H.

DEFECT RELATED BREAKDOWN MODEL (Oxide thinning = AXox): Xeffective = tox - AXox .

VoxpPos := Vgate ~ 0.2 VoxNeg := Vgate ~ 1.3
- It It GolXeff
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c:= 07 dlope:= 70
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In . 5 —-AXo0x
4EL05 TWK Approx for Defect Density, D(AX) D(AXox) = 40107 [exp| ————
tox = 107A, A = 500 x 500 um slope

al:= 131 a2:= 6.3 4
bl:= -0.26 b2:= -0.175 Df (axox) := (at@xp(bimxox) + a2@xp(b2mXox)) 10

Note: Article says b2 =-0.11. Added 10”4 above. This is a hi-Poisson Defect Distrihution. See Yugami 1994

\ Bec
For a fixed Vox, the distribution D(AX) of AX can be  AX(tbd) := tgy — X tbdsec
extracted from the tbd distribution, i.e. AX =AX(tbd). Go To
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PREDICTING RELIABILITY FROM GAMMA DEFECT DISTRIBUTION: r

iB-
tbmin := 10_5 tbmax:= 1000 n:=200 r:=1In tbmgx =1.n tbd := tbmin@ " s:= 06
tbmin !
CumFail (thd, A = 100[51 - 1 |
umFail(tbd, Areg) := 1 | Assume the defect distribution is
o clustered, i.e. gamma distribution

2 with cluster factor, s = 0.6.

1 4 Areamm [ID(AX(tbd) A 1)@
Note: Added - sign to Area
—Ar Vox
thdGq AX (thd) AX (tbd) \) 10*
A(tbd,Area) := . allbllexp blE)T + a2(b2léxp bZBT ﬂl—A
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The Temperature Variation is modeled the same as R. Moazzami, which follows.
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Fig. 11a. Time (sec)



1990, R. Moazzami, "Projecting Gate Oxide Rel", ED 37, pg 1643):

Temp Variation on Qbd/Qp Model: Vi, = 8ot
0= 10 MBec 5200167V Epi= 028 Xef = 100A Go = 300r10°!
cm

53(1 1 Eh/1 1 G(T) Xeff

G(M:=Gol+—-—-—||T(T) = exp — [ — - — tbdp(V,T) = 1(T) X gléxp| ——
(M [E ktéT 300)} M p[ k EéT 300)} M2V T) = T(1)o p[ Volt

v ealfnm? _

AX(thd) = Xeff — gmn(tbd@ecj CF{(thd, Areg) := 100011 — exp| —reamm_ DD(AX(tbd)m 1)
0 To cm

RELIABILITY PROJECTION, CUMULATIVE FAILURE PROBABILITY, CF:
Assume that defects are distributed randomly across the wafer. Poisson Distribution.

Poisson Cum % Fail vstime for D(Xeff)
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1997, J. W. McPhearson, "Field enhanced Si-Si bond breakage", AP Phys Let, Aug, p.1101
Low Field TBD data reveals that TBD had field dependence ~ E and not 1/E.

Warranty 2000 hr = 7.2M sec. For 0.1ppm Failures,
need factor of 0.5/0.0000001 ==>tg, of 1.4 E14 sec.

Enthalpy of Activation for Si-Si Breakage: Ho Ho:= 1.15[év Ao := 1[3ec

It
Ho — 7.2 AV E—>— Q(V) v
thicksioo ) ) KT
QV) = Time to 50% Failure, TF: tbd pcp(V,T) := Aole
ev
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1993, N. Shiono, "A lifetime projection method using series ...TDDB...", IRPS,p. 1
I/E overestimates low field lifetime. log(MTF Eox2) vs. !/Eox fits low fields.

Use full FN, Jg\ = A. E, 2 exp(-BIE,,), then MTF ~ exp(G/E ,)/E,>. Note 1os Differences

mp:=4

2

EaPlus:= 0638 Ggp = 150" to:= 110/ Tos:= 1[Bw[€£lt) S:= 0.01m?  Area:= 0.09m?
cm cm

EaMinus:= 0.56[év

1
Ggn = 125 ] —2 ?p
— thdghi(V, T) = Tosléxp EaPlus [éxp GSpBi Vivolt i
mn:= 3 KT Volt tox Area
Plot Inverse of 7 em\” A 1
E = 1/Eox: InvE := 0.8,0.82..1.54 Vi(InvE) := tox[@n\/Eﬂo B\E) Yolt
h i
hmin := 1 hmax := 2EL04n =200 i:=1.n r:=1In méx . n
hmin hi := hminé
MTF
N(MTF) == ———— H mp
In2) ™ n(MTF)
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MODEL FOR TDDB STATISTICS: The Weibull is the extreme distribution for minimum value. TDDB
breakdown is min value.  Therefore the Weibull is a more suitable statistical distribution model than log
normal. DMOS is composed of many cells, the failure of any one causes device failure. This is a series

model.  Normalized Cumulative Failure CF(t) = 1- exp(-(t/n)™), n =ni/(nl/m) n is the characteristic
lifetime, m is the dispersion of lifetime, and n is the number of elements which is proportional to Area. Then

MTF~ Areal/m Let m, =B and n=o.
TDDB Failure Distribution (Cum %)
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LLCF(h,MTF) := I In (1 - cF(h.MTF) " Y|



FAILURE RATE PROJECTIONS: Failure Rate, A(t): A(t,MTF) := mp___ me-1
Shiono's definition of acceptable failure rate Spec (FIT) N (MTF)mp
Fail Spec := 0.001 1
2 -2 ‘mp

Toss:= 1.910 12[ﬂ1r Mv tbdgnie(E, T) = tosséxp EaPlus [exp GSpE)ﬂ Ed\ﬂ S

cm ko EMV cm Area

AE(LE) = i wP
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rl —_—_—
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COMPARISON OF E AND 1/E MODELS

{223 )
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. it .
TenYears:= 10 WarrantyMiles := 50000[-25'% WarrantyMiles = 0.228yr
i

. . . . UseFullLifeMil .
UseFullLifeMiles := 2EL05mn| UseFullLife:= e reVre UseFullLife = 1.141yr
200 Br
Projected LOG NORMAL Plot __—V@olt
for Median Time to Fail vs.Vgate _ MV — 5128, Caccalhickgiop _ sec
from Power DMOS Data Sheet, Caccel = 0.112 TRRF(V,T) := 700718 Vi (T)
Gat ide thick k . :
ate oxide thickness unknown M7= 130002
_ 1
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A=10 %em Mmv = 10%3olt
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