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BACKGROUND EXPERIMENTAL (Cont.) RESULTS (Cont.)
Chemical mechanical polishing (CMP) or planarization slurries are used in the semiconductor industry to The Individual standards, at varying concentrations stated in Table 2, were serial diluted for individual calibration :
Create a specific surface on a 5|.I|con W?fe" in the construction of various electronics.! To maintain the curves, were then combined one-to-one forming a CMP additive mixture (Mix A), and Mix A was serial diluted for a ]
quality of the slurry, many chemical additives are used. calibration curve. Finally, Mix A was diluted with the Ludox™ supernatant to form a Mix B dilution series for CMP Mix A: overlay of 10 consecutive injections. N
. - . . . ea etention Iime
The routine analysis of additives in a CMP slurry can be helpful in formulation or quality control. Using a calculating the recovery of the additives spiked into the Ludox supernatant matrix. An example of PDA 0003 Additive  |Mean  |Std. Dev. |% RDS
15-minute separation method, the Waters Arc™ high performance liquid chromatography (HPLC) system chromatog.rap.hy of CMP standard Mix A chromatography versus spiked Ludox CMP supernatant Mix B are Citric Acid 3974l 0.003 0.09
with photodiode array (PDA) and ACQUITY™ QDa™ mass detection (MS) can be used for analysis of a compared in Figure 2. - - : Benzotriazole|  5.769|  0.002 0.04
CMP slurry and for individual additives or mixtures of additives in a quantitative analysis for those easily o Mix A 2 : i Mix B > ] E PEG 7352] 0004 0.05
detected by PDA, and a qualitative analysis for those more challenging additives that require mass 00141 oot : 2 Peak Area
detection. The single quadrupole mass detector adds a second layer of detection that gives confidence in Lo oon2] 3 3 Additive Mean  |Std.Dev. |% RDS
the results assay by providing a mass-to-charge (m/z) ratio unique to each molecule. ] T ] 2 £ Citric Acid 45242 4412 9.75
BENEFITS o010, o o A Benzotriazole| 64385 169 0.26
: ] - — 2 | o PEG 5947 237 3.98
o . | 1A a
* Arc™ HPLC system with a routine 15-minute separation method and capable of in-system method 1 : - ;i [ — i
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update to UHPLC without re-validation. ] S J -
] g 0.0004-] < .E_
* Robust XBridge™ BEH™ columns capable of low and high-pressure applications without ™ ?: ] G £ Figure 4 & Tables 6a and 6b. CMP additive Mix A overlay and Empower 3 System Suitability peak
compromising the column bed. 0012, ] 0 o retention times and peak areas PDA data analysis.
« ACQUITY™ QDa™ mass detector provided for more confidence in results assay. s i o To assess compound linearity calibration standards with concentrations ranging from 0.01 mg/mLto 1
200 300 400 5,00 600 7.0 8.0t 2w s 4w s eo 700 a0 I i [
* Empower™ 3 Chromatography Data System (CDS) for data analysis of PDA, QDa, and all Waters Arc s s (r:T:)ng/m r;cl)_uvzzrel\lrc))rienl?cgiigIlztzcr)]zg:;ss\t\?er]r(jealﬁ;;s well as in CMP slurry matrix and analyzed for each target
HPLC compatible detectors. Figure 3. Example of PDA chromatography of Mix A (additive mix) vs. Mix B (spiked Ludox™ supernatant). ' '
The calibration response of the individual standards and the CMP Mix A are compared below, in figures 5a
THEORY/PURPOSE Additive Concentrations (Table 2) and 5b. Generally, ?he coefficient of determination R2 was >0.995 indicating exceTIent linear respoﬁse.
SR : : L : : : : Additive Concentration (mg/mL) There is a lower R? value (0.98) on the PEG curve in the additive mixture, and this change may be due to
Maintaining the quallty o.f.the CMP slurry during the pollsh-lng process is thleved by agldm.g a fine Ctric A - interaction of the PEG in the Mix A sample
balance of chemical additives that prevent slurry degradation due to friction, heat, oxidation, and Benzotriazole 001 :
ev.aporatlon'_ Examplgs of common CMP addlt!ves a-re polymers, Complex orgam‘c mOIeCUIeS' organic PEG 1 Calibration Curves for CMP Individual Standards Serial Dilution Calibration Curves for CMP Individual Standards Serial Dilution
acids, and mineral acids. Polymers are used as dispersing stabilizers. Complex organic molecules are used Phosphoric Acid 0.01 20000 1200000
as corrosion inhibitors and biocides. Acids are used as chelating agents and pH adjusters. verssies 7573 v=975540x 4573
, , . LC Conditions (Table 3) Gradient Table (Table 4) 1000000 weo 1000000 me
Analytical methods are needed to ensure the quality of a CMP slurry, and most methods require _ , , _
. . . . . . Chrom atographic System: Arc™ HPLC Time (miny | Flow (mL/min} %o A %6 B Curve —~ —_
complicated sample preparation and multiple instrument techniques to achieve results: gas = — 3 oot 2 786198 16505
. . Pump: Quaternary Solvent Manager o 0.6 -u -u initial < {vappte Y R e 0.0954
chromatography-mass spectrometry (GC/MS), freeze drying, nuclear magnetic resonance spectroscopy | . - = ~ - — s 2 oo 0% S cooo00 =0
(NMR), Fournier transform infrared (FTIR). ARC™ HPLC system with PDA detector and Waters ACQUITY 2o0pg TEmgRrattis, =2 DC — — - — - P p
QDa detector is a simple and routine analysis option. This instrument configuration is applied to a zolime Temperaniis e - — - — - . wo A R
routine method for the analysis of known CMP slurry additives with minimal sample preparation. EDe Qeavciongy 22001 ot = o s . 200000 R -08999 200000 = 09999
Additives are diluted for instrument injections, and the CMP slurry is centrifuged and diluted for Seli i o ngﬁgﬁ} BEH™ & pm (2}, (4.6 % — — = - - . °
. . . . . . . . . . . A 2 0 0
instrument |nject|oqs. The QDa single 'quadrupole mass 'detectlon conflrm's the additive q'ualltatlvgly E Trerd: Eiotors drrrontam Eormate 16m i MS Conditions (Table 5) o oms  ox  oms o5 oms  om  oss 1 o oms oz o0ss o5 oes o075 oss 1
regardless of detection in the PDA, while the PDA detection enables quantitation for ultraviolet-active PR YT Concentration {mg/mL) _
(UV) analytes at low concentrations. —— e — s R - concentrston (me/mi)
wash Solvent BD-"IIIED Waterf'ﬁ'CEtDmt“lE I[onization Maode: ESI+ /ESI- ~—— Lingar (Citric Acld {1mg/mL)) Linear (Benzotriazole (0,01 mg/mL)) —— Linear (PEG (1 mg/mL)) Linear (Citric Acid (1mg/mL)) Linear (Benzotriazole (0.01 mg/mL)) Linear (PEG (1 mg/mL))
OBJECTIVE Seal Wash: E0/50 Water/Methanol acquisition Range: 20-1200 D3 ‘ o
. . . : . L Flow Rate: 0.600 mL/m in. P - Figure 5a. Linearity of citric acid, benzotriazole and PEG Figure 5b. Graph depicting PDA peak area data from the
The goal-of this wor.k is to prowdg a routine gnaly5|s for addltlves ina CMP slurry that can be helpful for R b LT — — = — assessed over a concentration ranging from 0.01- 1 serial dilution of CMP Mix A.
formulation or quality control. Using a 15-minute separation method, with the HPLC, PDA, and QDa : mg/mL. One injection per calibration point was performed
configuration, the mass detection analysis of a CMP slurry, individual additives, or mixtures of additives is an'd no internal standard correction was applied
achieved. The detection of slurry chemicals is a quantitative analysis for those analytes easily detected by RESULTS '
PDA, and a qualitative analysis for those more challenging additives that require mass detection. The _ , , Th rcent recoverv of the CMP mixture individual standar iked into the Ludox rnatan n
single quadrupole mass detector adds a second layer of confidence in the results assay by providing a The Ludox supernatant revealed one peak in the PDA while the QDa scan revealed multiple peaks. Some of these e percent recovery of the C xture dividua stal dards >P! ed 1to the udox supernatant, basfed O
L : , peaks were identified as common slurry additives by their m/z values in the CMP slurry supernatant as phosphoric PDA peak areas, is indicative of the limits of concentration detection within the method. The benzotriazole
mass-to-charge ratio unique to each molecule. afs TS , , ) . o o o L o
acid, citric acid, polyethylene glycol (PEG), and L-proline (Figure 2). is recovered well with % recovery values between 99-101%, the citric acid is recovered at 78-83% that are
. : . 1110/ (£
For the QDa data, the CMP additive Mix A additives phosphoric (m/z 97), and benzotriazole (m/z 119) were extracted !II_EEIV due to a matrix ef:eﬁt, er:/?PtIR/T' PiG 1> reco_vlezfld a-t 81 1.11£h(F|fu;e 6®)' il
in positive ionization mode, and the citric acid (m/z 192) and PEG (m/z 44) additives were extracted in the negative e percent recovery o the _ X AN aserial di ution using the -UdOX supernatant as a diluent was
ionization mode. The phosphoric acid and PEG were detected at low intensities with a small amount of background noted as having a large matrix effect. Benzotriazole was the only additive standard detected at all the
signal noise (Figure 3). dilution levels significant enough in the PDA for quantification use. Although the matrix effects were
soanco- 4] e rnosohonc - 00s 2S scon 2 006 egaiet) scan 130.00-1200010s, Corarera, - stronger for the citric acid and PEG in the Mix B, the citric acid did have some quantitative data as well as
550000 o peaks from the QDa mass detector for qualitative data.
o o o e e o oo % Recovery of CMP Mix A Standards Diluted in Ludox® Supernatant
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Figure 1. Arc HPLC system, XBridge BEH columns, and ACQUITY QDa mass detector . aa000 ; 50
2000.0] 40
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SAMPLE DESCRIPTION: Figure 2. Negative QDa electrospray (ESI) mass spectra of Ludox supernatant confirms common CMP 1:
. . _ additives phosphoric acid, L-proline, citric acid and PEG molecular ions as [M-H]. 0.5 0.25
Commercially available samples and standards were purchased (Merck, Germany) and are shown in 1 qagopo {087 Citric Ackd - Gba Negative Scan GDa Negatieto) Scan (35.00-1200.00)0s, Centrold, CV=ts Concentration (mg/mL)
Table 1. Each of these chemicals were chosen based on researching prior CMP analysis work.? The CMP 2 2m105- - Molecule o R N Citric Ad = Benzotriazole PEG
. . . . . . ] = osphoric Aci 2 400000
slurry sample information was found on the Chempoint website along with the technical data sheet.? The 20x105] 3: Gitric Acid 192  JE _ o . , , ) _
benzotriazole, polyethylene glycol (PEG), citric and phosphoric acid were identified as common CMP o] 82 Benzotriazole 1o s oashon Acss_ain Pese Sean G0 Passavete)seen 00 200 e, Comro Figure 6. Graph depicting PDA peak area % recovery from Ludox supernatant spiked with CMP additive mixture.
slurry additives in a publication by Toray Research Center.* All the chemicals purchased, except for the . ] *F* CONCLUSION
CMP slurry, were dissolved in 10mM ammonium formate at a concentration of 1 mg/mL. The CMP slurry £
was centrifuged at a temperature of 4 °C at 2200 rpm for 20 minutes and the top 4 mL of supernatant s R TP roFe s pePr ST * The results from the experiments performed demonstrate a simple, routine analytical approach for the
Wer/e dLecgnr;cel%intlsla 20 mL ;cintfillation viSaI. Thle supernatagt was diIutgd jco 3 concentrati_on ?f 6.5 - . %4 analysis of additives in CMP slurry using Arc HPLC system coupled to PDA and single quadrupole mass
mg/mL wit mM ammonium formate. Samples were made to an optimized concentration for ] £ ] detector.
injection onto the instrument. ] L o] . . : : :
J . . . soxte®] g £.405 PEG - Ga egative Scan GDa Niegative(-) Scan (30.00-1200.00)0a, Centroia, CV=15 » All target analytes were baseline separated on Waters XBridge BEH 5 pum column in under 15 minutes.
Table 1. Chemicals used in the experiment. ] : +o000.0 {497
(Mom# |  Description | Surryadditivepurpose | Molecule |  Mwt | s A I . Exgellent repgatability of resul.ts was obtained as demonstrated by calculating pc.eak.alfea %RSD for citric
I een R B R | | e acid, benzotriazole and PEG with %RSD values between 0.3-10% (n=10 consecutive injections).
420778-1L Ludox® TM-50 colloidal silica Commercial CMP slurry NA NA 3.00 4.00 5.00 eoo 10 8.00 8.00 10.00 60.00 80.00 100.00 12000 14000 16000 180.00 200.00

» Retention time stability was achieved with %RSD <0.1%, and linearity of the calibration curves for the

Figures 3. Positive and negative QDa electrospray (ESI) mass spectra of the CMP standard additives Mix A with
J J pray (ES) P / standards produced R? values at >0.995.

H

o e SR ) ©:N . phosphoric acid and benzotriazole molecular ions confirmed as [M+H]* and citric acid and PEG as [M-H].
- enzotriazole orrosion inhibitor ,:N7 b . . . . .
N The PDA data for 10 consecutive injections of additive Mix A was processed in Empower 3 software (Figure 4), and Overall, the comblqatlon of Arc. I._IPL.C system with PI.DA and -O:Da mass detectors can be routlneIY -u.f.ed
o the data tables for peak retention time and peak area were reported (Tables 6a & 6b). The peak retention times for robust and confident quantification of CMP slurries additives. Empower 3 CDS enables acquisition,
261275-100G | Citric acid ACS reagent Chelating agent 9@t 192.123 P P _ P _ a P _ processing and reporting of data acquired with the PDA and the QDa mass detectors in one software
e ™ had excellent %RSD < 0.1%. The peak areas had typical % RSD values expected in a mixture excluding the platform.
benzotriazole value. The higher area %RSD values are likely due to chemical interactions.
WATO035711 PEG-27K Dispersant H‘{'o\/‘}*o’H 44.05 + 18.02 . . . . . . e e eq- . .
n The PEG concentration in the mixture was optimized to overcome its low level of UV visibility and low intensity IMPACT OF THIS WORK/OUTLOOK
-7 response in the QDa detector. The phosphoric acid in the additive mixture increased the PEG UV activity.” The
49865-500ML Phosphoric acid pH adjustment ”‘oii%"’ﬂ 97.994 benzotriazole was the most UV active chemical in the additive mixture due to its ring structure. Great expectations!
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