BT AF TS BB R B A2 3V Ok 4 ] T ARET 7

Fiiimbh hEFE R § ML

1 F b r R 2 WA
Rz il A8

j<u
«3;;,
B¢
fa

i &

A2 Ty R %P nE_ AT D § end PR AR R 1S BB AR 0L 2 BT F BR T 4F)

AL g R ] o HESFRE Y I F b BCl)E & F (Clo) i L& k3§

'Eg’ " 'Jj‘/”\ r& ':r}‘ tt %/FLL n\Z 1 mlOO/!%’(‘} }%‘mBB]Fj »m ¥

.

1. 2 #cst

=

N

ST 2Lk 1e Sk AR R 1 4R Y] 0 ATIE 200 01 1o sTak %) ) sk it i

BRI A AT R BRI LD S 2w (7 5] 46pH -



A Study of Dry Etching process for InP backside vias

Student: Minkar Chen Advisor: Dr. Edward Yi Chang

College of Engineering

National Chiao.Tung-University

Abstract

The purpose of my studies is to investigate a proper backside process for 4
inches InP wafers and to do research of the dry etching mechanism of InP material. The
result represents that there is 1.2 um/min high etching rate at the aspect ratio 2, for 50
um diameter via in 100 um thick wafer thickness. The selectivity of hard mask to InP
is over 200:1 by using much more safe etching process with BCIs/Cl, gases
composition. The backside via inductance is 46 pH which was measured by an S

parameter measurement tool at the particular PCM structures.
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Figure Captions

Cutoff frequency comparison of Si- GaAs- and InP-
based semiconductors. Source from Rodwell et al, UCSB:
Keynote talk, 2000 IEEE Bipolar/BICMOS Circuits and
Technology Meeting, Minneapolis, September.

InP single HBT Ft and Fmax vary junction current, which
were measured at 1x3 pm? device and Vce=1V. Devices
were manufactured at GCS Inc.

A diagram of ICP chamber.

A diagram of etching formation mechanism.

Flow chart of the InP wafer backside process.

Process temperature limitation of current commercial
bonding materials in semiconductor industry.
Photoreisist mask thickness is 17 um, which was done by
using single coating and photolithography processes.

Ni mask, the pattern was defined by wet etching process
on thinned InP substrate.

Specimen preparatioh flow.

The result of wafer substrate thickness after thinning that
can be controlled within*+-5- 'm and its Cpk is 1.33.
SEM micrograph of the Ni-undercut is 0.24 um
and Ti is 0.72-um; respectively.

Top view of 40 pum.via wasetched and 10um undercut
was obtained when the etching depth is 50 um. Ni mask
was wrinkled.

Cross section result at 50 um via which substrate
thickness is 100um.

Etching rate as a function of platen power at the
condition of ICP power was 900 W, platen power was
150 W and the chuck temperature was 140 C.

Etching rate of InP v.s. ICP power. Specimens were
etched at BCI3/Cl, plasma (BCIl;:Cl, =160 sccm/160
sccm), platen power was 150 W and the chuck
temperature was 140 C.

Wafer temperature as a function of ICP power.

Etching rate as a function of chuck temperature at the
condition of BCI3:Cl2 =160 sccm/160 sccm, ICP power
was fixed at 900 W, platen power was 150 W.

Etching rate as a function of working pressure.

SEM micrograph of via profiles when were etched under
different working pressures, 10 mtorr, 20 mtorr and 30
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mtorr.

Etching rate as a function of the platen power st the
condition of BCI3:Cl,=160 sccm/160 sccm, ICP power
was 900 W, chuck temperature was 140 C.

Shows the hard mask Ni was completely etched
away during etching process and the InP substrate
was over etched about 30 um. This is a tradeoff
situation that we <can’t keep higher etching
without the good electivity.

Selectivity of Ni, photoresist and low temperature
nitride.

Photograph of the thinned wafer fixture, the ROC
patent application number is 208854.

Backside via inductance test pattern.

GaAs 2 mil, GaAs 4 mil and InP 4 mil backside via
inductance measurement result.
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Electrical properties of Si- GaAs- and InP- Based
semiconductors.

List of the melting point, Mp and boiling point, Bp at Ni,
GaAs and InP halides

Dissociation species and mass numbers at BCI;/Cl,
plasma when etching InP materials. The by-products and
etchants for plasma etching of InP were determined using
a mass spectrometer.

Some side effects that are nearly unavoidable in all
etching processes and they can either be beneficial or
harmful.

Challenge of ICP etching process.

Thermal Properties of InP, SiC, glasses and Sapphire
materials.
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