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(Abstract - Atotal of 24,010 AG-coupled silicon strip sensors, consisting of n-type strips in p-type silicon and )|~ The turn-on condition is visualized in the electron , o Vestemv y Ve )
referred to as ATLAS18, are currently in production for installation in the upgraded ATLAS Inner Tracker (ITk). denstity__ ":t?lr a pr_1$|t0ptde1%5it 0{# %1012, at \/ls,,,»p SV it s D 20 I
In n-in-p strip sensors, a dense p-type region (e.g., p-stop implant) is essential for electrically isolating the 1S not visible, while at -19 v, a thin inversion layer.
n-type strips from a conductive ineeyspion Igyer {n t%/egn thg str‘i7ps, gaused by positive inter‘fac}é charge%. becomes visible at the surface, connecting the stripand .

) o ) bias rail implants across the p-stop area (Fig. 7)
The punch-through protection (PTP) structure is implemented at one end of each strip to protect the AC-
coupling capacitor in the event of large currents flowing into the strips.

During quality assurance (QA) testing, we occasionally observed a deviation in the threshold voltage (Ve1) |(* Correlation between p-stop density and Ver —

of the PTP structure in the test chips located at a corner of the wafer perimeter, with a shift of four standard From the plot (Fig. 6), V7 is obtained for p-stop
deviations or more below the mean. densities ranging from 4 x 10" to 6 x 10" cm? (F\iﬁ. 8).
To evaluate the variation of Ver across a wafer, we selected two main sensors, each processed in a The p-stop density correlates exponentially with Ver. a7
different furnace, where Vpr measurements in the QA test chips were still near the mean value. One sensor - i 12 om2 i ~
exhibited a flat distribution of Ver measurements, while the otﬁer showed a non-uniform, parabolic 1Ié$1e PT?}? \(}%%sr'rtgé ;,Jdos t0° ’;‘ p_'sstggﬂ‘gﬁstﬁy‘g’? Fig. 7 Plot of the electron density in the PTP region at Vst
distribution, with a shift of four standard deviations toward the wafer edge. approximately 2 X 1012pcm.2_ The c,or,re%)ondirjlg p-stop Y, et and 16 (rght), where the latter carresponds
TCAD simulations were used to analyse Ver as a function of p-stop density, confirming that the Ver density is shown on the second axis in Fig. 4. Typical L
correlates well with the p-stop densit){. B){ setting the nominal, p-stoP density d{4 x10'? cm2) to correspond to ||| correlation values are listed in Table 2. Table 2. Typical correlation between p-
the mean Ver value, the p-stop densi Ya the wafer gdge, which is four standard dewagons away from the stop density and Ver
mean, is estimated to be approximately half (2 102 cm2). A p-stop density of 2 x 102 cm2 should still be 1E+13 Ver (V) p-stop density (cm2)
sufﬁci%\t to gnsure isolation, even after irradiation, and in the presence of interface charges as high as 16 ~4 %1012
k1 X102 cm™. ) P y = 3E+11e0165 12 ~2x1012
(" Introduction — A total of 24,010 AC-coupled silicon strip sensors Il g ENN 6 ~8x10n )
are currently in production, consisting of n-type strips in p-type s .
silicon, referred to as ATLAS18, for installation (17,888 sensors) in Ziez - 1ass
the outer layer of the upgraded ATLAS Inner Tracker (ITk) [1]. H . e
. In n-in-p strip sensors, a dense p—t%pe region ge,.g., fp—stop implant) 2 12008
is essential for electrically isolating the n-type strips from a & 10056
conductive inversion layer in the surface of silicon between the strips, g R
which is caused by positive interface charges. E s I 55 Main g ——ozm
A punch-through protection (PTP) structure, a narrow gap between | [ sogment2 TE1 o ey
the strip,and the bias rail implants, is implemented at one end of ) J 2 e vy N ° oo . -
each strip to protect the AC-coupling capacitor in the event of large — . X PTOV) 20005 { - Pion dersty detzem’
currents flowing into the strip, The PTP structure creates a current 17 s yasation between p-stop density and PTP threshold 00000
flow channel between the strip and the bias rail implants despite the om0
presence of the p-stop implant, in parallel with the bias resistor. A : Fig. 9 PTP structure resistance (Rer) as a function of strip
t f bi istor is designed t lap the PTP region, - - - - N ial Vstrp, with variations in oxide thi
fﬁ%%gningzgeas Igs;a%lgnc? 2'§25rin§ g \Ilgvrva TP?hresth}g I\?(r)lltage and ™ o Oxide thickness — Oxide thickness beneath the bias potental Verr, with variations in oxide fhickness
fast turn-on [2]. Fig. 1 Wafer Tayout of the barrel sensor, short-strip ||| - resistor is another factor that affects Veer, as the potential 0z
A ! ) . o \Pe(SS) Stips are amanged verlically, and difference between the resistor and the p-stop functions as
. During quality assurance (QA) testing, we occasionally observed? — erwsofs seameris: O etonie & deed. o ||| a gate. The dependence of Rt on the oxide thickness was o2 . e
in the QA'test chips that the threshold voltage (V1) of PTP structure  §72%,10e craie 1), simulated (Fig. gi:..VPT shows a linear correlation with the B
deviated by approximately 4 times the standard deviations (sigma) oxide thickness (Fig. 10). gors .
below the mean, where VP1(QA) for those within acceptance limits is o X . H
~15V (mean) and ~0.8 V (sigma). The QA test chips are located at In the process, the variation in oxide thickness is HEE .
the corner of the perimeter of the 6-inch wafer. estimated to be small, approximately 0.15 + 0.004 Em, £
L based on the variation in AC coupling capacitance (Fig. 11). 00 .
To evaluate the Vpr variation across a wafer, we measured the The oxide thickness is not expected to be a major it vt
strips in the main sensors. The main sensor is designed with contributor to the variation in Ver . Additionally, the p-stop RERe
approximately 1,280 strips, each having a typical sfrip pitch of 75 ym density is independent of the oxide thickness. EARaae B s
and containing either 2 or 4 segments per strip. § werm
R ) Fig. 10 Correlation between oxide thickness and PTP
We used TCAD simulations to analyze the dependence of Veronp- pon gt [0S, CCOUPL evolation: CCPLC. pre-iac, masked threshold voltage (Ve7)
L stop density and other factors. R R I sction structure ) P - :
. e R
s R N 2 :
Variation of V,.; across a wafer — \We selected two main . reee .
sensors, each processed with a different furnace, and measured | VPAS353-W03492 g Taess | imdmsty erzom
the Ver of the strips to probe the variation across the wafer. In 160 12 12006
this setup, segments 1 (Seg 1) and 4 represent the PTP structure ... N —egot0
at the ends of the sensor, while segment 2 represents the middle. =0 Pitoreomicn . g"™ o
VPA53553-W03492, processed with furnace B, showed flat Ver o © goes e
distributions. VPA50932-W03132, processed with furnace A, R 50825 —=-gett
shtcr)]w\?d non-un[forr{],lpara?ollé: Vgrd dls,trltbutlorgs lacrct»ﬁs the wafer, “ c00ss e
with VPr approximately 4 standard deviations below the mean ’ ; ' 05 (Ceoun) OV et
toward the edge in segment 2. 120 3 courag et S‘rﬁhﬁ'oﬁgnc[gfpl g capacitance of stips (Cear) over 2080
The measured Ver of the QA test chips of these wafers (in the 1o 00 o s ) s o s
red circle) were still near the mean value, ~15 V. ol Radiation damage effect — Irradiation with y rays, ) e ) )
AVERAGE_VPT evolution: PTP_IV, pre-irrad, masked VPAS0932-W03132 charged particles, and neutral particles induces Fig. 12 PTP structure resistance (Re7) as a function of strip
1 - E T 202007 ot 0 ||| radiation damage in the PTP structure, such as an potential Vsrip,, with variations In intertace charge
o] Py increase in the interface charge at the oxide—silicon 1606
" 0 /—'\ interface and the space charge in the silicon bulk. 4o
s s The dependence of Rer on the interface charge was 12006
5y s simulated for a p-stop density of 2 x 10" cm™ (Fig. 12). etz
2 Ve shows linear correlation with the interface charge. g e
w0 O - Isolation in the PTP structure is lost when the interface o005 o
s 120 ~2xt0% charge exceeds 1x 102 cm2. 2 ors
- An increase in the space charge from 4 x 102 cm pran pstp iy zni2em?
Al T w0 m e w0 (lnon-ir%adiated) 10 2.2x 10" cm® (after a fluence of Vs teroe
Fig. Tand ot of Veroverthe course o producton (51 Ths sccspance s 10 4 yer magmuromnts e by somplng svpe ||| Ui Bt Ga0s, o 20 nerease In Vor by SV i -
are between 12 V and 18 V for the lower and upper bounds, respectively. across the wafer, with furnace B (top) and A (bottom). ) due to a stronger electric field‘cau;sed -by the larger 20 5 o m(wﬁ o s
( “ 67 09 X1t i ] Space AChaArge' .he difference is equivalent 1t'o a 2 Fig. 13 PTP structure resistance (Re7) as a function of strip
TCAD model of the PTP structure — \We used the TCAD | = 2 w6 2 |3 reduction in the interface charge of ~5x 10™ cm2. potential Vrip, with variations in space charge
3D device simulator, HyDeLEOS VER. 8.5k [3]. The PTP i = i Z
structure is implemented in 2D geometry (qu,. 5? with the major S I I 2 Y i Conclusion — We observed rare but occasional deviations in the threshold voltage (Ver) of the
parameters used in the simulations listed in Table 1. w ] punch-through protection (PTP) structure in test chips during quality assurance (QA) process of the
£ ATLAS18 strip sensor production.

Table 1. Major parameters of PTP structure in TCAD simulations
Silicon bulk: p-type, 3 kQcm, 320 pm
n-strip (Nsub7: n*+ implant)

bk

Of the two main sensors selected, each processed in a different furnace, one sensor exhibited a flat
distribution across the wafer, while the other showed a non-uniform, parabolic distribution with a four-

Bias rail (Nsub2: n++ implant) ) ) standard-deviation shift toward the wafer edge.

g::: :’e";‘i:tgoer?‘ 0'V'to the bias rail, -400 V applied to the backplane O T 2| TCAD simulations confirm that Ver correlates well with the p-stop density. By setting the nominal p-

- Sl b i i ' ¥ stop density (~4 X 10'2 cm2) to correspond to the mean Ver value (~16 V), the p-stop density at the

_ﬁgfﬁg’?gggg:cf?gf)‘"w’ equivalent to PolyS) | water edge),/ i standard dbitatone away from the mean, is A approximately half

_tTh? trace of the bias resistor functions as a gate to the PTP | (~2x 10° Cmiz)-

structure : The low value of 2 x 10" cm™ should still be sufficient to ensure strip isolation, even after radi fion

Oxide thickness (tSio2): 0.15 um . i 0 Al § p 13 , BV ) Y

Oxide-silicon iterface charges: 8x101 cm2 1 lamage, and in the presence of oxide—silicon interface charges with densities as high as 1 x 10'“ cm™2.

p-stop (wPsub: p* implant): ~6 ym F PTP \ 4in TCAD d th
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