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a Æèòîìèðñüêèé äåðæàâíèé óí³âåðñèòåò ³ìåí³ ²âàíà Ôðàíêà
á ²íñòèòóò ô³çèêè íàï³âïðîâ³äíèê³â ³ì. Â.ª. Ëàøêàðüîâà ÍÀÍ Óêðà¿íè, ì. Êè¿â

Ó â³äòâîðþâàíèõ ã³äðîäèíàì³÷íèõ óìîâàõ âïåðøå äîñë³äæåíî øâèäê³ñòü ðîç÷èíåí-

íÿ ìîíîêðèñòàë³â CdTe òà òâåðäèõ ðîç÷èí³â ZnxCd1–xTe, CdxHg1–xTe â çàëåæíîñò³ â³ä

îá’ºìíîãî âì³ñòó âîäíîãî ðîç÷èíó Ê2Cr2O7 â HCl àáî HBr. Âèçíà÷åíî êîíöåíò-

ðàö³éí³ ìåæ³ ðîç÷èí³â, ÿê³ âèÿâëÿþòü ïîë³ðóþ÷ó ä³þ ùîäî ïîâåðõí³ âêàçàíèõ íà-

ï³âïðîâ³äíèê³â. Ïîáóäîâàíî ãðàô³÷í³ çàëåæíîñò³ øâèäêîñò³ òðàâëåííÿ êðèñòàë³â

â³ä øâèäêîñò³ ïåðåì³øóâàííÿ òðàâíèê³â, òåìïåðàòóðè òà ÷àñó ¿õ çáåð³ãàííÿ. Ïîêà-

çàíî, ùî õ³ì³÷íà âçàºìîä³ÿ ìîíîêðèñòàë³â ç ïîë³ðóþ÷èìè ðîç÷èíàìè ë³ì³òóºòüñÿ

äèôóç³éíèìè ñòàä³ÿìè. Âñòàíîâëåíî, ùî ç³ çá³ëüøåííÿì øâèäêîñò³ îáåðòàííÿ äèñ-

êó òà òåìïåðàòóðè òðàâíèêà øâèäê³ñòü ðîç÷èíåííÿ êðèñòàë³â çðîñòàº. Âèçíà÷åíî

õàðàêòåð ³ ìåõàí³çì ðîç÷èíåííÿ êðèñòàë³â, ðîçðàõîâàíî çíà÷åííÿ óÿâíî¿ åíåðã³¿

àêòèâàö³¿ ïðîöåñó ðîç÷èíåííÿ, îïòèì³çîâàíî ñêëàäè òðàâíèê³â ³ ðåæèìè çä³éñíåí-

íÿ ïðîöåñó õ³ì³êî-äèíàì³÷íîãî ïîë³ðóâàííÿ öèõ ìàòåð³àë³â.

Êëþ÷îâ³ ñëîâà: õ³ì³êî-äèíàì³÷íå ïîë³ðóâàííÿ, êàäì³é òåëóðèä, òâåðä³ ðîç÷èíè, òðàâ-

ëåííÿ, øâèäê³ñòü ðîç÷èíåííÿ.

Âñòóï
Íàï³âïðîâ³äíèêîâ³ ìàòåð³àëè òèïó AIIBVI

âîëîä³þòü øèðîêèì êîìïëåêñîì ô³çèêî-õ³ì³÷íèõ
âëàñòèâîñòåé ³ º íàäçâè÷àéíî âàæëèâèìè åëåìåí-
òàìè âèðîáíèöòâà ñó÷àñíèõ åëåêòðîííèõ ïðè-
ñòðî¿â íà ¿õ îñíîâ³. Çîêðåìà, ZnxCd1–xTe º ïåð-
ñïåêòèâíèì ìàòåð³àëîì äëÿ äåòåêòîð³â ðåíòãå-
í³âñüêîãî ³ -âèïðîì³íþâàííÿ, CdTe çàñòîñîâó-
þòü â íåë³í³éí³é îïòèö³, îïòîåëåêòðîí³ö³, ãåë³î-
åíåðãåòèö³, à òâåðä³ ðîç÷èíè CdxHg1–xTe âèêî-
ðèñòîâóþòü ïðè ñòâîðåíí³ ²×-ôîòîïðèéìà÷³â,
âêëþ÷àþ÷è áàãàòîåëåìåíòí³ ë³í³éêè ³ ìàòðèö³.
Ôîðìóâàííÿ ïîë³ðîâàíî¿ ³ ñòðóêòóðíî äîñêîíà-
ëî¿ ïîâåðõí³ âêàçàíèõ ìîíîêðèñòàë³â º íå-
â³ä’ºìíîþ ñêëàäîâîþ òåõíîëîã³¿ âèðîáíèöòâà
òàêèõ ïðèëàä³â. Ùîá îòðèìàòè âèñîêîÿê³ñíó
ïîâåðõíþ íàï³âïðîâ³äíèêîâèõ ìàòåð³àë³â, â ïðî-
öåñ³ âèãîòîâëåííÿ ðîáî÷èõ åëåìåíò³â çàñòîñî-
âóþòü ð³çíîìàí³òí³ ìåòîäè õ³ì³÷íîãî òðàâëåííÿ,
ÿê³ ïîâèíí³ çàáåçïå÷óâàòè íàä³éí³ñòü îäåðæàíèõ
ðåçóëüòàò³â, ïðîñòîòó òà â³äòâîðþâàí³ñòü ïðè
íèçüêèõ çàòðàòàõ. Âèáèðàþ÷è ñêëàä ðîç÷èí³â äëÿ
òðàâëåííÿ (ïîë³ðóþ÷îãî, ñåëåêòèâíîãî àáî àí³-
çîòðîïíîãî), âàæëèâî âñòàíîâèòè îñíîâí³ çàêî-
íîì³ðíîñò³, ÿê³ õàðàêòåðèçóþòü ê³íåòèêó ïðîöå-
ñó ðîç÷èíåííÿ, ðîëü ³ âïëèâ îñíîâíèõ êîìïî-

íåíò³â òðàâèëüíèõ êîìïîçèö³é, ¿õ ó÷àñòü ó ôîð-
ìóâàíí³ åëåìåíòíîãî ³ ôàçîâîãî ñêëàäó ïîâåðõ-
íåâèõ øàð³â òà âëàñòèâîñòåé îáðîáëþâàíî¿ ïî-
âåðõí³ [1,2].

Àíàë³ç ë³òåðàòóðíèõ äàíèõ ñâ³ä÷èòü, ùî òðà-
âèëüí³ ðîç÷èíè, ÿê³ ì³ñòÿòü äèõðîìàò-³îíè òà
áðîì³äíó ÷è õëîðèäíó êèñëîòè õàðàêòåðèçóþòü-
ñÿ íåâèñîêèìè øâèäêîñòÿìè ðîç÷èíåííÿ íà-
ï³âïðîâ³äíèê³â òèïó AIIIBV òà ÀIIBVI. Ïðè÷îìó, â
çàëåæíîñò³ â³ä ñêëàäó òðàâíèêè íà îñíîâ³ ñïî-
ëóê øåñòèâàëåíòíîãî õðîìó ó ðîç÷èíàõ ãàëîãåí-
ã³äðèäíèõ êèñëîò ìîæóòü âèÿâëÿòè ïîë³ðóþ÷èé,
ñåëåêòèâíèé àáî íåñåëåêòèâíèé õàðàêòåð òðàâ-
ëåííÿ. Òàê, â ðîáîò³ [1] äëÿ InP ³ GaP çä³éñíåíî
äîñë³äæåííÿ ê³íåòèêè õ³ì³÷íîãî òðàâëåííÿ òà
âèâ÷åíî õ³ì³êî-ìåõàí³÷íå ïîë³ðóâàííÿ ïîâåðõí³
GaP â ðîç÷èíàõ K2Cr2O7–HBr–C4H6O6 òà
K2Cr2O7–HBr–H2C2O4. .ßêùî äëÿ ïåðøî¿ ñèñòå-
ìè îáëàñòü ïîë³ðóþ÷èõ ðîç÷èí³â äîñèòü øèðî-
êà, à øâèäê³ñòü ïîë³ðóâàííÿ çì³íþºòüñÿ â³ä 0,1
äî 3,5 ìêì/õâ, òî â äðóã³é âîíà îáìåæåíà, à
øâèäê³ñòü òðàâëåííÿ çì³íþºòüñÿ â³ä 0,4 äî
2,5 ìêì/õâ. Àâòîðè çàçíà÷àþòü, ùî â òðàâíèêàõ
ç îêñàëàòíîþ êèñëîòîþ ïðè íèçüêèõ êîíöåíò-
ðàö³ÿõ K2Cr2O7 ó äîñë³äæóâàíèõ íàï³âïðîâ³äíèê³â
ôîðìóºòüñÿ ïîë³ðîâàíà ïîâåðõíÿ ç ÿìêàìè òðàâ-
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ëåííÿ ðîçì³ðîì ~1 ìêì, à ïðè çá³ëüøåíí³ éîãî
âì³ñòó îäåðæóºòüñÿ âèñîêîÿê³ñíà ïîë³ðîâàíà
ïîâåðõíÿ InP áåç ÿìîê òðàâëåííÿ. Àâòîðàìè [3]
âèÿâëåíî, ùî õ³ì³÷íå òðàâëåííÿ êðèñòàë³â InSb
òðàâèëüíèì ðîç÷èíîì 3K2Cr2O7:1HBr:2HCl äîç-
âîëÿº ñóòòºâî ïîêðàùèòè ÿê³ñòü ïîâåðõí³ äîñë-
³äæóâàíèõ ìîíîêðèñòàë³â ³ çìåíøèòè ê³ëüê³ñòü
äåôåêò³â. Â ðîáîòàõ [4–6] âèâ÷àëè õ³ì³÷íå òðàâ-
ëåííÿ ìîíîêðèñòàë³â InAs ó ðîç÷èíàõ K2Cr2O7–
HBr – îêñàëàòíà êèñëîòà, K2Cr2O7–HBr–HCl–
H2O òà K2Cr2O7–HBr – àöåòàòíà êèñëîòà (òðèëîí
Á). Àâòîðàìè ïîáóäîâàíî êîíöåíòðàö³éí³ çàëåæ-
íîñò³ øâèäêîñò³ ðîç÷èíåííÿ òà äîâåäåíî, ùî
ïðîöåñ ïîë³ðóâàííÿ InAs ë³ì³òóºòüñÿ äèôóç³é-
íèìè ñòàä³ÿìè, à âêàçàí³ òðàâíèêè ìîæíà âèêî-
ðèñòîâóâàòè äëÿ öèõ ìîíîêðèñòàë³â ÿê ïîë³ðó-
âàëüí³ ç íåâåëèêîþ øâèäê³ñòþ òðàâëåííÿ.

Ùîäî õ³ì³÷íîãî òðàâëåííÿ êðèñòàë³â òèïó
AIIBVI ðîç÷èíàìè, äî ñêëàäó ÿêèõ âõîäÿòü äèõðî-
ìàò-³îíè òà íåîðãàí³÷íà êèñëîòà, â ë³òåðàòóð³
ì³ñòÿòüñÿ ëèøå îêðåì³ äàí³ ïðî ¿õ âèêîðèñòàí-
íÿ äëÿ îáðîáêè ïîâåðõí³ ÑdTe. Òàê, â ðîáîòàõ
[7,8] âèâ÷àëè ê³íåòèêó ³ ìåõàí³çì òðàâëåííÿ ÑdTe
êîìïîçèö³ÿìè ñêëàäó K2Cr2O7–HCl–H2O òà
(NH4)2Cr2O7–HBr – öèòðàòíà êèñëîòà. Âñòàíîâ-
ëåíî, ùî øâèäê³ñòü òðàâëåííÿ ó âêàçàíèõ ðîç-
÷èíàõ ë³ì³òóºòüñÿ øâèäê³ñòþ ðîç÷èíåííÿ ïë³âêè
òåëóðó, ÿêà óòâîðþºòüñÿ â ðåçóëüòàò³ õ³ì³÷íî¿
âçàºìîä³¿ ÑdTe ç òðàâíèêîì, ïðè öüîìó íà ïî-
âåðõí³ ïðîòðàâëåíèõ çðàçê³â âèÿâëåíî õðîì.
Ñèñòåìàòè÷íèõ äîñë³äæåíü õ³ì³÷íî¿ îáðîáêè
íàï³âïðîâ³äíèê³â òèïó AIIBVI â òàêèõ òðàâíèêàõ
íå çä³éñíþâàëè, ïðîòå ïîïåðåäí³ íàø³ äîñë³-
äæåííÿ ïîêàçàëè ïåðñïåêòèâí³ñòü âèêîðèñòàí-
íÿ òàêèõ òðàâíèê³â äëÿ ¿õ õ³ì³êî-äèíàì³÷íîãî
ïîë³ðóâàííÿ (ÕÄÏ) ³ ñåëåêòèâíîãî òðàâëåííÿ.

Ìåòîþ äàíî¿ ðîáîòè º ñèñòåìàòè÷íå åêñ-
ïåðèìåíòàëüíå äîñë³äæåííÿ õ³ì³÷íî¿ âçàºìîä³¿
ÑdTe òà òâåðäèõ ðîç÷èí³â ZnxCd1–xTe ³ CdxHg1–xTe
ç âîäíèìè ðîç÷èíàìè ñèñòåì K2Cr2O7–HBr (HCl),
âèçíà÷åííÿ êîíöåíòðàö³éíèõ ìåæ òðàâèëüíèõ
êîìïîçèö³é çà õàðàêòåðîì ¿õ ä³¿ íà ïîâåðõíþ
íàï³âïðîâ³äíèê³â, âèâ÷åííÿ ê³íåòèêè òà âñòàíîâ-
ëåííÿ ë³ì³òóâàëüíèõ ñòàä³é ïðîöåñó ðîç÷èíåí-
íÿ, îïòèì³çàö³ÿ ñêëàä³â ïîë³ðóþ÷èõ òðàâíèê³â ³
ðåæèì³â ïðîâåäåííÿ ïðîöåñó õ³ì³êî-äèíàì³÷íîãî
ïîë³ðóâàííÿ öèõ ìàòåð³àë³â.

Ìåòîäèêà åêñïåðèìåíòó
Äëÿ åêñïåðèìåíòàëüíèõ äîñë³äæåíü âèêî-

ðèñòîâóâàëè òàê³ ìîíîêðèñòàë³÷í³ çðàçêè:
– ÑdTe ð-òèïó ïðîâ³äíîñò³, íîì³íàëüíî

íåëåãîâàíèé, âèðîùåíèé ìåòîäîì Áð³äæìåíà;
– Cd0,2Hg0,8Te íåëåãîâàíèé, âèðîùåíèé

ìåòîäîì Áð³äæìåíà;

– Zn0,1Cd0,9Te íåëåãîâàíèé, âèðîùåíèé ç
ðîçïëàâó ìåòîäîì Áð³äæìåíà ï³ä âèñîêèì òèñ-
êîì ³íåðòíîãî ãàçó;

– Zn0,04Cd0,96Te íåëåãîâàíèé, îòðèìàíèé ³ç
ãàçîâî¿ ôàçè.

Äîñë³äæóâàí³ çðàçêè, ïëîùåþ 0,5 ñì2 òà
òîâùèíîþ 1,5–2,0 ìì, âèð³çàëè ç ìîíîêðèñòàë-
³÷íèõ çëèâê³â. Ïåðåä ïðîâåäåííÿì ÕÄÏ ç ïî-
âåðõí³ çðàçê³â, ïîïåðåäíüî ïðîøë³ôîâàíèõ ³
ìåõàí³÷íî â³äïîë³ðîâàíèõ, âèäàëÿëè ïîðóøåíèé
øàð òîâùèíîþ 80–100 ìêì òðàâíèêîì ñêëàäó
(10–15)% I2 â ÑÍ3ÎÍ. Çàêîíîì³ðíîñò³ ðîç÷èíåí-
íÿ CdTe òà òâåðäèõ ðîç÷èí³â ZnxCd1–xTe ³
CdxHg1–xTe â òðàâèëüíèõ êîìïîçèö³ÿõ K2Cr2O7–
HCl òà K2Cr2O7–HBr äîñë³äæóâàëè ó â³äòâîðþ-
âàíèõ ã³äðîäèíàì³÷íèõ óìîâàõ ³ç âèêîðèñòàííÿì
ìåòîäèêè äèñêó, ùî îáåðòàºòüñÿ, íà óñòàíîâö³
äëÿ ÕÄÏ [1] ïðè Ò=285–301 Ê òà øâèäêîñò³
îáåðòàííÿ äèñêó =27–109 õâ–1. Øâèäê³ñòü ðîç-
÷èíåííÿ âèçíà÷àëè çà çìåíøåííÿì òîâùèíè ìî-
íîêðèñòàëó äî ³ ï³ñëÿ òðàâëåííÿ çà äîïîìîãîþ
ãîäèííèêîâîãî ³íäèêàòîðà 1-ÌÈÃÏ ç òî÷í³ñòþ
±0,5 ìêì. Îäíî÷àñíî òðàâèëè 4 çðàçêè, ÿê³ áóëè
çàêð³ïëåí³ ó ôòîðîïëàñòîâèé òðèìà÷ òà óòðèìó-
âàëèñü â íüîìó çîâí³øí³ì øèðîêèì ê³ëüöåì. Öå
ñïðèÿëî òîìó, ùî âñ³ çðàçêè çíàõîäèëèñü â îäí³é
ïëîùèí³, ð³âíîì³ðíî ñòðàâëþâàëèñü òà óíèêàëè
òóðáóëåíòíèõ ïîòîê³â òðàâíèêà. Òðàâèëüí³ ñóì³ø³
ãîòóâàëè ç âèêîðèñòàííÿì 10,9%-íîãî âîäíîãî
ðîç÷èíó K2Cr2O7 („õ.÷.”), 40% HBr („îñ.÷.”) òà
35,5% HCl („õ.÷.”). Ïåðåä òðàâëåííÿì âñ³ ðîç-
÷èíè âèòðèìóâàëè ïðîòÿãîì äâîõ ãîäèí äëÿ âñòà-
íîâëåííÿ ð³âíîâàãè õ³ì³÷íî¿ ðåàêö³¿:

2- + 3+

2 7 2Cr O +14H +6e=2Cr +7H O .

Ï³ñëÿ çàê³í÷åííÿ ïðîöåñó òðàâëåííÿ çðàç-
êè ïðîìèâàëè ñïî÷àòêó 0,1 Ì âîäíèì ðîç÷èíîì
Na2S2O3, ùîá âèäàëèòè ç ïîâåðõí³ íåïðîðåàãî-
âàí³ çàëèøêè òðàâíèêà, à ïîò³ì âåëèêîþ
ê³ëüê³ñòþ äèñòèëüîâàíî¿ âîäè òà âèñóøóâàëè
ïîòîêîì ïîâ³òðÿ.

Ì³êðîñòðóêòóðó ïîâåðõí³ çðàçê³â ï³ñëÿ òðàâ-
ëåííÿ äîñë³äæóâàëè â á³ëîìó ñâ³òë³ çà äîïîìî-
ãîþ ìåòàëîãðàô³÷íîãî ì³êðîñêîïà ÌÈÌ-7 ç
öèôðîâîþ â³äåîêàìåðîþ eTREK DCM800
(8Mpix).

Ðåçóëüòàòè åêñïåðèìåíòó òà ¿õ îáãîâîðåííÿ
Âàæëèâèì åòàïîì ïðè âèâ÷åíí³ âëàñòèâî-

ñòåé òðàâèëüíèõ êîìïîçèö³é, õàðàêòåðó ¿õ ä³¿ íà
ïîâåðõíþ íàï³âïðîâ³äíèê³â òà ðåçóëüòàò³â òàêî¿
âçàºìîä³¿ º äîñë³äæåííÿ ³ ïîáóäîâà êîíöåíòðà-
ö³éíèõ çàëåæíîñòåé øâèäêîñò³ òðàâëåííÿ. Âèá³ð
êîíöåíòðàö³éíîãî ³íòåðâàëó çä³éñíþâàëè ç óðà-
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õóâàííÿì íåîáõ³äíîñò³ âèêëþ÷èòè ³ç äîñë³äæåíü
ò³ ñêëàäè ðîç÷èí³â, ÿê³ ïàñèâóþòü ïîâåðõíþ.

Òðàâíèêè ñèñòåìè âîäíèé ðîç÷èí K2Cr2O7–HCl
Äîñë³äæåííÿ õ³ì³÷íî¿ âçàºìîä³¿ ÑdTe òà

òâåðäèõ ðîç÷èí³â Zn0,04Cd0,96Te, Zn0,1Cd0,9Te ³
Cd0,2Hg0,8Te ç ðîç÷èíàìè ñèñòåìè K2Cr2O7–HCl
ïðîâîäèëè â ³íòåðâàë³ 5–70 îá.% âîäíîãî ðîç-
÷èíó K2Cr2O7 â HCl ïðè Ò=295 Ê òà øâèäêîñò³
îáåðòàííÿ äèñêó =82 õâ–1 (ðèñ. 1). ßê âèäíî ç
ðèñ. 1, çá³ëüøåííÿ âì³ñòó âîäíîãî ðîç÷èíó
K2Cr2O7 â òðàâèëüí³é êîìïîçèö³¿ ïðèçâîäèòü äî
çðîñòàííÿ øâèäêîñò³ ðîç÷èíåííÿ äîñë³äæóâàíèõ
çðàçê³â â³ä 2 äî 9 ìêì/õâ. Âèÿâëåíî, ùî â ³íòåð-
âàë³ êîíöåíòðàö³é 5–25 îá.% K2Cr2O7 â HCl ôîð-
ìóþòüñÿ íåïîë³ðóþ÷³ ðîç÷èíè, à ïîâåðõíÿ ïðî-
òðàâëåíèõ íàï³âïðîâ³äíèê³â ì³ñöÿìè âêðèâàºòüñÿ
ñ³ðèì íàëüîòîì. Ïîë³ðóþ÷³ âëàñòèâîñò³ òðàâíèê³â
ç’ÿâëÿþòüñÿ ïðè âì³ñò³ 25–45 îá.% K2Cr2O7 â
HCl, ïðè öüîìó â òàêèõ òðàâíèêàõ ñïîñòåð³ãàþòü-
ñÿ íåâåëèê³ øâèäêîñò³ òðàâëåííÿ (2,5–6,0 ìêì/õâ).
Ïðè çá³ëüøåíí³ â ñóì³ø³ êîíöåíòðàö³¿ îêèñíè-
êà äî 50–70 îá.% K2Cr2O7 ïîâåðõíÿ ìîíîêðè-
ñòàë³â ï³ñëÿ òðàâëåííÿ ùå çàëèøàºòüñÿ ïîë³ðî-
âàíîþ, àëå ïðè éîãî âì³ñò³ ïîíàä 70 îá.% K2Cr2O7

âîíà çàáðóäíþºòüñÿ ìàëîðîç÷èííèìè ñïîëóêà-
ìè õðîìó, ÿê³ óòâîðþþòüñÿ âíàñë³äîê ðåàêö³¿:

2 2 7

3 2 2

K Cr O  + 14HCl = 

=2CrCl  + 3Cl  + 2KCl + 7H O  .

Ðèñ. 1. Êîíöåíòðàö³éí³ çàëåæíîñò³ øâèäêîñò³ òðàâëåííÿ

(ìêì/õâ) Zn0,04Cd0,96Te (1), Zn0,1Cd0,9Te (2), Cd0,2Hg0,8Te (3)

òà CdTe (4) ó âîäíèõ ðîç÷èíàõ ñèñòåìè K2Cr2O7–HCl

(Ò=295 Ê, =82 õâ–1)

Âèÿâëåíî, ùî ï³ä ÷àñ çáåð³ãàííÿ ïðîòðàâ-

ëåíèõ çðàçê³â, îñîáëèâî ï³ñëÿ òðàâëåííÿ ðîç÷è-
íàìè ç âèñîêèì âì³ñòîì K2Cr2O7, íà ïîâåðõí³
óòâîðþºòüñÿ ñèíüî-ô³îëåòîâà ïë³âêà, â³ðîã³äíî,
ç ìàëîðîç÷èííèõ ñïîëóê CrCl3, ÿê³ çàëèøàþòü-
ñÿ íà í³é ï³ñëÿ ïðîìèâêè. Âðàõîâóþ÷è âèñîêó
ïàñèâàö³þ ïîâåðõí³ òà øâèäêå óòâîðåííÿ ïë³âîê
ïðè çáåð³ãàíí³ ïîë³ðîâàíèõ çðàçê³â, õëîðèäíó
êèñëîòó â òàêèõ òðàâèëüíèõ ðîç÷èíàõ äîö³ëüíî
áóëî á çàì³íèòè íà áðîì³äíó, îñê³ëüêè óòâîðå-
íèé âíàñë³äîê õ³ì³÷íî¿ âçàºìîä³¿ êîìïîíåíò³â
CrBr3 äîáðå ðîç÷èííèé ó âîä³ íà â³äì³íó â³ä ìà-
ëîðîç÷èííîãî CrCl3.

Òðàâíèêè ñèñòåìè âîäíèé ðîç÷èí Ê2Cr2O7–HBr
Õ³ì³÷íó âçàºìîä³þ CdTe, ZnxCd1–xTe òà

CdxHg1–xTe ç âîäíèìè ðîç÷èíàìè Ê2Cr2O7–HBr
äîñë³äæóâàëè â êîíöåíòðàö³éíîìó ³íòåðâàë³ 5–
60 îá.% âîäíîãî ðîç÷èíó K2Cr2O7 â HBr ïðè
Ò=295 Ê òà øâèäêîñò³ îáåðòàííÿ äèñêó =82 õâ–1

(ðèñ. 2). Âàðòî â³äçíà÷èòè, ùî àêòèâíèì êîì-
ïîíåíòîì äàíîãî òðàâíèêà ìîæå âèñòóïàòè Br2,
ùî óòâîðþºòüñÿ çã³äíî ç ðåàêö³ºþ:

2 2 7

3 2 2

K Cr O  + 14HBr = 

=2CrBr  + 3Br  + 2KBr + 7H O .

Ðèñ. 2. Êîíöåíòðàö³éí³ çàëåæíîñò³ øâèäêîñò³ òðàâëåííÿ

(ìêì/õâ) Zn0,04Cd0,96Te (1), Zn0,1Cd0,9Te (2), Cd0,2Hg0,8Te (3)

òà CdTe (4) ó âîäíèõ ðîç÷èíàõ ñèñòåìè K2Cr2O7–HBr

(T=295 Ê, =82 õâ–1)

Ç ðèñ. 2 âèäíî, ùî êîíöåíòðàö³éí³ çàëåæ-
íîñò³ øâèäêîñò³ òðàâëåííÿ äëÿ âñ³õ ìîíîêðèñ-
òàë³÷íèõ çðàçê³â îäíîòèïí³. Ïðè çá³ëüøåíí³
îá’ºìíîãî âì³ñòó K2Cr2O7 â òðàâíèêó â³ä 5 äî
50 îá.% â³äáóâàºòüñÿ çá³ëüøåííÿ øâèäêîñò³ ðîç-
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÷èíåííÿ äîñë³äæóâàíèõ ìàòåð³àë³â â ìåæàõ: 1,0–
7,3 ìêì/õâ äëÿ CdTe; 1,1–7,0 ìêì/õâ äëÿ
Cd0,2Hg0,8Te; 1,7–6,8 ìêì/õâ äëÿ Zn0,04Cd0,96Te òà
2–9 ìêì/õâ äëÿ Zn0,1Cd0,9Te. Ç íàäàíîãî ðèñóí-
êà âèäíî, ùî øâèäê³ñòü ÕÄÏ CdTe º ìåíøîþ,
í³æ òâåðäèõ ðîç÷èí³â íà éîãî îñíîâ³, òà çðîñòàº
â ðÿäó:

CdTeCd0,2Hg0,8TeZn0,04Cd0,96TeZn0,1Cd0,9Te.

Â ³íòåðâàë³ êîíöåíòðàö³é 5–20 îá.% K2Cr2O7

â HBr ïîâåðõíÿ âêàçàíèõ íàï³âïðîâ³äíèê³â
ì³ñöÿìè âêðèòà ñâ³òëî-ñ³ðîþ ïë³âêîþ, à ïðè çðî-
ñòàíí³ êîíöåíòðàö³¿ ðîç÷èíó îêèñíèêà â ìåæàõ
30–50 îá.% K2Cr2O7 â HBr ôîðìóþòüñÿ ïîë³ðó-
þ÷³ ðîç÷èíè, ïîâåðõíÿ ïðîòðàâëåíèõ ìîíîêðè-
ñòàë³â â ÿêèõ ïîë³ðîâàíà ³ ìàº äçåðêàëüíèé áëèñê.
Ïîäàëüøå çá³ëüøåííÿ âì³ñòó K2Cr2O7 ó òðàâèëüíèõ
ñóì³øàõ ñïðèÿº çìåíøåííþ øâèäêîñò³ ðîç÷èíåí-
íÿ çðàçê³â äî 6,8 ìêì/õâ äëÿ CdTe, 7 ìêì/õâ äëÿ
Zn0,04Cd0,96Te, 6,5 ìêì/õâ äëÿ Zn0,1Cd0,9Te, ³ ëèøå
äëÿ Cd0,2Hg0,8Te ñïîñòåð³ãàºòüñÿ çðîñòàííÿ øâèä-
êîñò³ äî 7,3 ìêì/õâ, ïðè÷îìó ÿê³ñòü ïîâåðõí³ ó
âñ³õ âèïàäêàõ çíà÷íî ïîã³ðøóºòüñÿ. ßêùî
çá³ëüøóâàòè êîíöåíòðàö³þ îêèñíèêà ³ íàäàë³, òî
öå ïðèçâîäèòü äî ñóòòºâîãî çìåíøåííÿ øâèä-
êîñò³ òðàâëåííÿ – äî 1,5–2,5 ìêì/õâ, à ïîâåðõ-
íÿ êðèñòàë³â ñòàº ìàòîâîþ ç óòâîðåííÿì òåìíî-
ñ³ðîãî íàëüîòó. Î÷åâèäíî, öå ïîâ’ÿçàíî ³ç çà-
áðóäíåííÿì ïîâåðõí³ ìàëîðîç÷èííèìè ïðîäóê-
òàìè âçàºìîä³¿ ñêëàäîâèõ òðàâíèêà òà íåïðîðå-
àãîâàíèì äèõðîìàòîì êàë³þ, îñê³ëüêè ³îíè
Cr2O7

2– ìàþòü âåëèêó àäñîðáö³éíó çäàòí³ñòü, ùî
ìîæå ïðèçâîäèòè äî çíà÷íîãî âïðîâàäæåííÿ
õðîìó â ïîâåðõíþ íàï³âïðîâ³äíèêîâèõ ìàòåð³-

àë³â.
Ç ìåòîþ âñòàíîâëåííÿ ë³ì³òóâàëüíèõ ñòàä³é

ïðîöåñó ðîç÷èíåííÿ äîñë³äæóâàíèõ ìàòåð³àë³â â
áðîìâèä³ëÿþ÷èõ òðàâíèêàõ K2Cr2O7–HBr, íàìè
áóëî âèâ÷åíî çàëåæíîñò³ øâèäêîñò³ ¿õ ðîç÷èíåí-
íÿ â³ä øâèäêîñò³ îáåðòàííÿ äèñêó ³ òåìïåðàòóðè
òðàâíèêà â ðîç÷èí³ ñêëàäó (îá.% ): 40 K2Cr2O7+
+60 HBr òà ïîáóäîâàíî â³äïîâ³äí³ ãðàô³÷í³ çà-
ëåæíîñò³ ó êîîðäèíàòàõ –1, –1/2 (ðèñ. 3,à) òà
ln, 1/Ò (ðèñ. 3,á). Ìîæíà ñòâåðäæóâàòè, ùî ïðî-
öåñ ðîç÷èíåííÿ ÑdTe òà òâåðäèõ ðîç÷èí³â
Zn0,04Cd0,96Te, Zn0,1Cd0,9Te ³ Cd0,2Hg0,8Te ó ïîë³ðó-
þ÷èõ ðîç÷èíàõ ñèñòåìè K2Cr2O7–HBr ïðîõîäèòü
çà îäíîòèïíèì ìåõàí³çìîì ³ ë³ì³òóºòüñÿ äèôó-
ç³éíèìè ñòàä³ÿìè, îñê³ëüêè â³äïîâ³äí³ ïðÿì³ çà-
ëåæíîñò³ øâèäêîñò³ ðîç÷èíåííÿ â³ä ³íòåíñèâíîñò³
ïåðåì³øóâàííÿ (=27–110 õâ–1) ïðè Ò=295 Ê
åêñòðàïîëþþòüñÿ â ïî÷àòîê êîîðäèíàò (ðèñ. 3,à).
Ç íàâåäåíèõ òåìïåðàòóðíèõ çàëåæíîñòåé øâèä-
êîñò³ òðàâëåííÿ (ðèñ. 3,á) â ³íòåðâàë³ Ò=285–
301 Ê (ïðè =82 õâ–1) ðîçðàõîâàíî âåëè÷èíè óÿâ-
íî¿ åíåðã³¿ àêòèâàö³¿ (Åà) òà ëîãàðèôì ïåðåäåêñ-
ïîíåíö³éíîãî ìíîæíèêà (lnCE) (òàáëèöÿ) ßê
âèäíî ç òàáëèö³, ðîçðàõîâàí³ çíà÷åííÿ Åà ïðî-
öåñó ðîç÷èíåííÿ ìîíîêðèñòàë³â CdTe,
Zn0,04Cd0,96Te òà Cd0,2Hg0,8Te çíàõîäÿòüñÿ â ³íòåð-
âàë³ 21,9–24,0 êÄæ/ìîëü, òîáòî íå ïåðåâèùóþòü
30 êÄæ/ìîëü, ùî âêàçóº íà ë³ì³òóâàííÿ ïðîöåñó
ðîç÷èíåííÿ äèôóç³éíèìè ñòàä³ÿìè. Ðîç÷èíåí-
íÿ Zn0,1Cd0,9Te â öüîìó æ òðàâíèêó ïðîò³êàº çà
çì³øàíèì äèôóç³éíî-ê³íåòè÷íèì ìåõàí³çìîì ç
ïåðåâàæàííÿì äèôóç³éíèõ ñòàä³é, îñê³ëüêè çíà-
÷åííÿ Åà áëèçüê³ äî 40 êÄæ/ìîëü.

Ï³äñóìîâóþ÷è, ìîæíà ä³éòè âèñíîâêó, ùî
ðîç÷èíè ç íåâåëèêèì âì³ñòîì K2Cr2O7 (30–

à                                                                                        á

Ðèñ. 3. Çàëåæí³ñòü øâèäêîñò³ ðîç÷èíåííÿ (ìêì/õâ) Zn0,04Cd0,96Te (1), Zn0,1Cd0,9Te (2), Cd0,2Hg0,8Te (3) òà CdTe (4) â³ä

øâèäêîñò³ îáåðòàííÿ äèñêó(Ò=294 Ê) (à) ³ òåìïåðàòóðè (=82 õâ–1) (á) ó ðîç÷èí³, ùî ì³ñòèòü, îá.%: 40 K2Cr2O7; 60 HBr
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50 îá.%) â HBr º íàéá³ëüø ïåðñïåêòèâíèìè äëÿ
ôîðìóâàííÿ íà ¿õ îñíîâ³ ïîë³ðóþ÷èõ òðàâèëü-
íèõ êîìïîçèö³é äëÿ ÕÄÏ, îñê³ëüêè âñ³ ïðîòðàâ-
ëåí³ â íèõ çðàçêè â³äçíà÷àëèñü äçåðêàëüíî-ïîë³-
ðîâàíîþ ïîâåðõíåþ ³ç õàðàêòåðíèì áëèñêîì.

Óÿâíà åíåðã³ÿ àêòèâàö³¿ (Åà) òà ïåðåäåêñïîíåíö³àëüíèé

ìíîæíèê (lnCE) ïðîöåñó ðîç÷èíåííÿ íàï³âïðîâ³äíèê³â

ó ïîë³ðóâàëüíîìó ðîç÷èí³, ùî ì³ñòèòü, îá.%:

40 K2Cr2O7; 60 HBr

Параметри 

Напівпровідник Еа, 

кДж/моль 
lnCE 

Механізм 

розчинення 

Zn0,04Cd0,96Te 21,9 11,1 дифузійний 

Zn0,1Cd0,9Te 37,4 17,2 змішаний 

Cd0,2Hg0,8Te 23.6 11,6 дифузійний 

CdTe 24 11,7 дифузійний 

 
Äîñë³äæåíî çàëåæíîñò³ âïëèâó ÷àñó çáåð³-

ãàííÿ ïîë³ðóâàëüíîãî ðîç÷èíó ñêëàäó (îá.%):
(40 K2Cr2O7+60 HBr) íà øâèäê³ñòü òðàâëåííÿ
âêàçàíèõ íàï³âïðîâ³äíèê³â òà éîãî ïîë³ðóâàëü-
íó çäàòí³ñòü. Âñòàíîâëåíî (ðèñ. 4), ùî øâèä-
êîñò³ ðîç÷èíåííÿ âñ³õ ìàòåð³àë³â ïîñòóïîâî çìåí-
øóþòüñÿ (íà 0,3–0,5 ìêì/äåíü), àëå ïîë³ðóâàëüí³
âëàñòèâîñò³ ðîç÷èíó çáåð³ãàþòüñÿ, ³ íà ïîâåðõí³
çðàçê³â íå óòâîðþþòüñÿ ïë³âêè òà îñàäè. Öå
ñâ³ä÷èòü ïðî ïåðñïåêòèâí³ñòü âèêîðèñòàííÿ ïî-
ë³ðóâàëüíîãî ðîç÷èíó íàâ³òü ïðîòÿãîì äîñèòü
òðèâàëîãî ÷àñó ï³ñëÿ ïðèãîòóâàííÿ (äî 180 ãîä).

Ðèñ. 4. Çàëåæí³ñòü øâèäêîñò³ ðîç÷èíåííÿ (ìêì/õâ)

Zn0,04Cd0,96Te (1), Zn0,1Cd0,9Te (2), Cd0,2Hg0,8Te (3) òà CdTe

(4) â³ä ÷àñó âèòðèìêè ðîç÷èíó, ùî ì³ñòèòü (îá.%):

40 K2Cr2O7–60 HBr

Îòðèìàí³ åêñïåðèìåíòàëüí³ ðåçóëüòàòè äîç-
âîëèëè âèçíà÷èòè ñêëàäè òðàâèëüíèõ êîìïî-
çèö³é, ÿê³ ìîæíà âèêîðèñòîâóâàòè äëÿ ôîðìó-
âàííÿ ïîë³ðîâàíèõ ïîâåðõîíü ìîíîêðèñòàë³â
ÑdTe òà Zn0,04Cd0,96Te, Zn0,1Cd0,9Te ³ Cd0,2Hg0,8Te.
Ðîçðîáëåíî ìåòîäèêó õ³ì³÷íî¿ îáðîáêè ïîâåðõí³
öèõ íàï³âïðîâ³äíèê³â, ùî ïîëÿãàº â î÷èùåíí³
ïîâåðõí³ îðãàí³÷íèìè ðîç÷èííèêàìè, âèäàëåíí³
ïîðóøåíîãî øàðó, ïðîöåñ³ òðàâëåííÿ òà ô³í³ø-
íîãî ïðîìèâàííÿ â ðîç÷èíàõ, ùî ðîç÷èíÿþòü
çàëèøêè òðàâèëüíèõ ñóì³øåé. Âñòàíîâëåíî, ùî
äëÿ îäåðæàííÿ ÿê³ñíî¿ ïîë³ðîâàíî¿ ïîâåðõí³ äîñ-
ë³äæóâàíèõ ìàòåð³àë³â ÕÄÏ íåîáõ³äíî ïðîâîäè-
òè â òðàâíèêàõ ³ç âì³ñòîì (30–50) îá.% K2Cr2O7

â HBr â ³íòåðâàë³ òåìïåðàòóð 293–296 Ê ïðè
øâèäêîñò³ îáåðòàííÿ äèñêà =82 õâ–1, ï³ñëÿ ÷îãî
çðàçêè íåîáõ³äíî íåãàéíî ïðîìèâàòè â 0,1 Ì
âîäíîìó ðîç÷èí³ Na2S2O3 òà äèñòèëüîâàí³é âîä³.

Âèñíîâêè
Äîñë³äæåíî ïðîöåñ õ³ì³÷íîãî ðîç÷èíåííÿ

ìîíîêðèñòàë³â ÑdTe ³ òâåðäèõ ðîç÷èí³â
ZnxCd1–xTe ³ Cd1–xHgxTe â òðàâèëüíèõ êîìïîçè-
ö³ÿõ K2Cr2O7–HBr (HCl). Âèâ÷åíî ê³íåòè÷í³ çà-
êîíîì³ðíîñò³ ïðîöåñó, çàëåæíîñò³ øâèäêîñò³ ðîç-
÷èíåííÿ âêàçàíèõ íàï³âïðîâ³äíèê³â â³ä êîíöåí-
òðàö³¿ òðàâíèêà, òåìïåðàòóðè, øâèäêîñò³ îáåð-
òàííÿ äèñêà, ÷àñó çáåð³ãàííÿ ðîç÷èí³â òà ç’ÿñî-
âàíî ë³ì³òóâàëüí³ ñòàä³¿ ïðîöåñó ðîç÷èíåííÿ. Âè-
ÿâëåíî, ùî ïîð³âíÿíî ç òðàâíèêàìè K2Cr2O7–
HCl ðîç÷èíè ñèñòåìè K2Cr2O7–HBr ìàþòü çíà÷-
íî êðàù³ ïîë³ðóâàëüí³ âëàñòèâîñò³. Âñòàíîâëå-
íî, ùî ñóì³ø³ ³ç âì³ñòîì (30–50 îá.%) K2Cr2O7 â
HBr ç íåâåëèêèìè (5–8 ìêì/õâ) øâèäêîñòÿìè
òðàâëåííÿ º íàéá³ëüø ïåðñïåêòèâíèìè äëÿ ôîð-
ìóâàííÿ íà ¿õ îñíîâ³ ïîâ³ëüíèõ ïîë³ðóâàëüíèõ
òðàâíèê³â äëÿ öèõ ìàòåð³àë³â. Îïòèì³çîâàí³ ñêëà-
äè òðàâíèê³â ìîæíà ðåêîìåíäóâàòè äëÿ êîíòðî-
ëüîâàíîãî çìåíøåííÿ òîâùèíè ïëàñòèí äî çà-
äàíèõ ðîçì³ð³â, çíÿòòÿ òîíêèõ øàð³â ìàòåð³àëó ç
ïîâåðõí³ ³ ô³í³øíîãî ÕÄÏ öèõ íàï³âïðîâ³äíèê³â.
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M.V. Chayka a,b, R.O. Denysyuk a, Z.F. Tomashyk b,
V.M. Tomashyk b

a Zhytomyr Ivan Franko State University, Zhytomyr, Ukraine
b V.Ye. Lashkaryov Institute of Semiconductor Physics of NAS
of Ukraine, Kyiv, Ukraine

The dissolution rate of CdTe single crystals and ZnxCd1–xTe
and CdxHg1–xTe solid solutions as a function of the volume content
of Ê2Cr2O7 aqueous solution in HCl or HBr under reproducible
hydrodynamics conditions has been investigated for the first time.
The concentration ranges of solution compositions demonstrating the
polishing effect on the surface of abovementioned semiconductors
has been determined. The dependences between the single crystals
dissolution rate and the rate of mixing of the etchants, temperatures
and the storage time have been plotted. It was shown that the chemical
interaction of single crystals with polishing solutions is limited by the
diffusion stages. It was established that the crystals dissolution rate
grows with increasing the disk rotation speed and the etchant
temperature. The nature and mechanism of the crystal dissolution
were determined; herewith the value of imaginary activation energy
of the dissolution process was calculated, the formulations of etching
solutions and regimes of the chemical-dynamic polishing of these
materials were optimized.

Keywords: chemical-dynamic polishing; cadmium tellu-
ride; solid solution; etching; dissolution rate.

REFERENCES

1. Perevoshchikov V.A. Processy khimiko-dinamicheskogo
polirovaniya poverkhnosti poluprovodnikov [The processes of
chemical dynamic polishing of semiconductor surfaces].
Vysokochistye Veshchestva, 1995, vol. 2, pp. 5-29. (in Russian).

2. Galkina O.S., Grebenyuk N.N., Dobrotvorskaya M.V.,
Komar V.K., Nalivayko D.P. Studies of methods for chemical
treatment of semiconductor detectors based on Cd1–xZnxTe
crystals. Functional Materials, 2001, vol. 8, no. 2, pp. 392-394.

3. Tomashik V.N., Kusiak N.V, Tomashik Z.F., Danylenko
S.G. Polishing of InSb in K2Cr2O7–HBr–HCl (oxalic acid)
solutions. Proceedings of SPIE, 2001, vol. 4355, pp. 294-298.
Available at: http://dx.doi.org/10.1117/12.417801.

4. Tomashik V.N., Kusjak N.V., Tomashik Z.F., Danilen-
ko S.G. Khimicheskoe travlenie arsenida indiya rastvorami sistemy
K2Cr2O7–HBr–shchavelevaya kislota [Chemical etching of indium
arsenide by solutions of K2Cr2O7–HBr–oxalic acid system].
Kondensirovannyye Sredy i Mezhfaznyye Granitsy, 2001, vol. 3,
no. 1, pp. 14-17. (in Russian).

5. Kusyak N.V., Tomashik Z.F., Tomashik V.N., Danilen-
ko S.G. Rastvoreniye arsenida i antimonida indiya v sisteme
K2Cr2O7–HBr–HCl–H2O [Dissolution of indium arsenide and
antimonide in the K2Cr2O7–HBr–HCl–H2O solutions]. Ukrainskij

Khimicheskij Zhurnal, 2002, vol. 68, pp. 11-14. (in Russian).

6. Kusjak N.V., Tomashik V.N., Tomashik Z.F., Grytsiv
V.I. Khimichne travlennya monokrystaliv InAs vodnymy
rozchynamy K2Cr2O7–HBr–atsetatna kyslota (trylon B) [Chemical
etching of InAs single crystals with aqueous solutions of K2Cr2O7–
HBr–acetate acid (Trilon B)]. Optoelektronika i Poluprovodni-
kovaya Tekhnika, 2006, vol. 41, pp. 112-116. (in Ukrainian).

7. Tomashik Z.F., Chukhnenko P.S., Ivanits’ka V.G.,
Tomashik V.N., Okrepka G.M., Stratiichuk I.B. Etching behavior
of CdTe, CdTe Ge, CdTe Sn, and CdTe Pb single crystals
in aqueous (NH4)2Cr2O7–HBr–citric acid solutions. Inorganic

Materials, 2012, vol. 48, pp. 114-118.

8. Tomashik V.N., Panchyk O.O., Sava A.A., Tomashik
Z.F. Travleniye CdTe rastvorami sistemy K2Cr2O7–HCl–H2O
[Etching of CdTe solutions of K2Cr2O7–HCl–H2O system].
Neorganicheskiye Materialy, 1995, vol. 31, no. 9, pp. 1241-1244.
(in Russian).


