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14 Claims 

ABSTRACT OF THE DISCLosURE 
The stability and lifetime of a device comprising a semi 

conductor body covered by an insulating layer is im 
proved by thermally growing at least part of the insulating 
layer in an atmosphere comprising oxygen and hydrogen 
chloride, and substantially free of water vapor. The de 
vice is heated in this atmosphere to establish a gradient 
for out-diffusion of certain deleterious metals from the 
device. 

BACKGROUND OF THE INVENTION 

This invention relates to a method for treating semi 
conductor devices so as to improve the carrier lifetime 
thereof. 
Many semiconductor devices include at least one region 

of semiconductor material covered by an overlying layer 
of insulating material. In particular, metal-oxide-semi 
conductor field effect devices, as well as planar devices 
(in which a protective insulating layer overlies the semi 
conductor surface at points where one or more P-N junc 
tion regions within the semiconductor material extend to 
the surface), employ this construction. 

In many semiconductor devices of this type, it is im 
portant that instabilities due to surface states at the semi 
conductor-insulator interface and to trapped charges in 
the insulating layer be substantially eliminated. This re 
quirement is especially severe in field effect devices em 
ploying the insulating layer as a biased dielectric. 

In other applications, such as the recently introduced 
silicon widicon structure (see, e.g., E. I. Gordon, “A 
"Solid-State' Electron Tube for the Picturephone Set." Bell 
Laboratories Record. June 1967, pp. 175-9), it is im 
portant that the semiconductor material exhibit a rela 
tively long carrier lifetime. A technique has been devel 
oped for improving the stability of semiconductor-insu 
lator structures of the type described by treating the in 
sulating layer with an atmosphere which includes hydro 
gen chloride. This technique is described in U.S. patent 
application Ser. No. 714,577, filed Mar. 21, 1968; now 
Pat. No. 3,556,879, by Alfred Mayer, and assigned to the 
assignee of the instant application. 
The specific example set forth in application Ser. No. 

714,577 involves subjecting the semiconductor surface to 
an atmosphere comprising water vapor and hydrogen 
chloride. The water vapor rapidly oxidizes the semicon 
ductor surface to (i) form the (silicon dioxide) insulat 
ing layer by thermal oxidation of the underlying silicon 
material, so that the insulating layer protects the semi 
conductor surface from undesirable etching by the hy 
drogen chloride gas, and the hydrogen chloride acts to 
(ii) convert certain deleterious metals to volatile chlo 
rides at the exposed surface of the insulating layer, so 
that these chlorides leave the exposed surface to establish 
a gradient for out-diffusion of such deleterious metals 
from the semiconductor device. 
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While the treatment process described in application 

Ser. No. 714.577 substantially eliminates instability due 
to surface states and residual charge or polarization, it 
produces only a limited improvement in carrier lifetime. 

Accordingly, an object of the present invention is to 
provide an improved method for treating semiconductor 
devices of the type described to considerably increase the 
carrier lifetime thereof. 

SUMMARY OF THE INVENTION 
The invention is applicable to a semiconductor device 

manufacturing process in which a layer of insulating ma 
terial is formed on at least a part of an operating semi 
conductor region of an active semiconductor element. The 
invention relates to an improvement in which the insulat 
ing layer is exposed to an atmosphere comprising a hy 
drogen halide, the atmosphere being maintained substan 
tially free of water vapor. 
The semiconductor device is heated in this atmosphere 

at a temperature sufficient to convert a deleterious metal 
in the device to the metal halide. The temperature is 
sufficient to volatilize the halide at the exposed surface 
of the insulating layer so as to establish a gradient for 
out-diffusion of the deleterious metal from the semicon 
ductor device toward the exposed insulating surface. 

In the drawing: 
FIG. 1 shows a silicon widicon target structure manu 

factured according to the invention. 
DETALED DESCRIPTION 

In order to provide a substantial increase in the car 
rier lifetime of a semiconductor material, it is necessary 
to remove from the material any contaminants which de 
grade lifetime. Such contaminants are usually present in 
the form of heavy metals such as gold, copper and iron 
which act as trapping or recombination sites. 
We have found that heat treatment of the semicon 

ductor material in an atmosphere comprising hydrogen 
chloride and substantially free of water vapor produces 
a considerable improvement in lifetime. 

In a particular process, a monocrystalline silicon wafer 
is cleaned by conventional methods. The wafer is then gas 
etched at 1100 C. in an atmosphere comprising hydro 
gen and including a volumetric concentration of hydro 
gen chloride on the order of 1%. This etching treatment 
is carried out for a sufficient time to remove approximate 
ly 4 microns of silicon from the exposed surface of the 
wafer. 
The wafer is then allowed to cool, and the hydrogen/ 

hydrogen chloride atmosphere is replaced by dry oxygen. 
The silicon wafer is exposed to the dry oxygen for ap 
proximately 3 minutes at a temperature on the order of 
1200° C. in order to form a thin protective thermally 
grown silicon dioxide layer on the semiconductor surface. 
The purpose of this thin initial layer is to preclude unde 
sirable etching of the silicon Surface when hydrogen chlo 
ride gas is subsequently introduced into the oxygen at 
mosphere. 

After the initial 3 minute oxidation, a 1% volumetric 
concentration of hydrogen chloride is introduced into the 
dry oxygen atmosphere, and the semiconductor wafer is 
treated in this atmosphere at the 1200° C. temperature for 
approximately 4 hours. During this time, the thickness 
of the oxide layer increases, and the hydrogen chloride 
acts to remove deleterious lifetime killing contaminants 
from the semiconductor-insulator structure. 

After the 4 hour treatment, the atmosphere is changed 
to helium in order to remove any residual hydrogen chlo 
ride from the treated wafer. 
The wafer is allowed to cool and then annealed in a 

hydrogen atmosphere at a temperature on the order of 
500 C, for a time on the order of 15 minutes. 
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The annealing process improves performance of de 
vices manufactured from the silicon/silicon dioxide com 
posite by reducing or eliminating surface states at the 
semiconductor-insulator interface. 
A capacitance-voltage curve obtained from a wafer 

processed according to the method described above showed 
no measurable oxide charge, surface states or polariza 
tion. 
The carrier lifetime of a wafer processed as described 

above was measured by applying an evaporated aluminum 
electrode to the exposed surface of the silicon dioxide 
layer, and subjecting the resultant structure to a large 
voltage pulse, applied between the aluminum electrode 
and the semiconductor material, in a polarity so as to es 
tablish a large depletion region at the semiconductor sur 
face adjacent the electrode. The carrier lifetime was deter 
mined by measuring the time constant associated with 
relaxation of the depletion region to its equilibrium con 
dition. This measuring technique is described in detail 
in a paper by F. P. Heiman entitled “On the Determina 
tion of Minority Carrier Lifetime From the Transient 
Response of an MOS Capacitor," published in the IEEE 
Transactions on Electron Devices, November 1967, p. 781. 

This measurement technique indicated a carrier life 
time on the order of 10 to 300 microseconds, whereas the 
same measurement, when taken on a wafer processed as 
described above but without the addition of hydrogen 
chloride to the oxygen atmosphere, yielded a lifetime of 
0.2 to 1.0 microsecond. 

While the preferred embodiment of our process is di 
rected to the use of hydrogen chloride, any hydrogen 
halide which does not remove the silicon dioxide insulat 
ing layer may be employed. In particular, hydrogen bro 
mide and hydrogen iodide may be substituted for the 
hydrogen chloride. 
While we prefer to carry out the heat treatment step 

in the hydrogen chloride/oxygen atmosphere at a tempera 
ture in the range of 1000 to 1200° C., this treatment 
may be satisfactorily accomplished at temperatures in 
the range of 800 to 1350° C. While our heat treatment 
step is carried out at an oxygen flow rate on the order of 
1000 to 3000 cc. per minute, and at atmospheric pres 
sure, other pressures and flow rates may be employed. 
While the preferred volumetric concentration of hydro 
gen chloride is on the order of 1%, good results are ob 
tained with a volumetric concentration of 0.5%, and other 
concentrations in the range of 0.1 to 2% may be em 
ployed. On the other hand, a volumetric concentration of 
10% results in reaction of the hydrogen chloride with the 
oxygen to produce water vapor; devices treated in the 
10% hydrogen chloride atmosphere show negligible im 
provement in carrier lifetime, and pitting of the silicon 
surface. 
The process of our invention may, e.g., be carried out 

in either a resistance heated or a cold wall (induction 
heated) furnace. Based upon the aforementioned and 
other data which we have obtained, heat treatment in an 
atmosphere comprising dry oxygen and hydrogen chlo 
ride, the atmosphere being substantially free of water 
vapor, results in an increase of carrier lifetime by a factor 
of 10 to 1000 or more. The absence of water vapor during 
our heat treatment process was confirmed by monitoring 
the oxidation rate of the silicon semiconductor material, 
t being well known that silicon oxidizes much more rapid 
ly in water vapor than in a dry oxygen atmosphere, 
Our process is particularly applicable to the manufac 

ture of a light sensitive image pickup tube (hereinafter 
referred to as a silicon widicon) which employs an elec 
tron beam addressed silicon diode array of the type shown 
in FIG. 1. Such a structure requires relatively high (on 
the order of 10 micro seconds or more) carrier lifetimes 
in the Semiconductor material; such lifetimes may be re 
producibly attained by the process of our invention. 

In a silicon vidicon tube, a target 1 is scanned by a 
low velocity electron beam 2 emanating from a cathode 
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3. The electron beam 2 is formed, collimated, focussed, 
deflected and accelerated by a suitable electrongun struc 
ture (not shown). Typically the electron beam 2 may have 
a circular cross-section with a diameter on the order of 
1 mil. 
The target 1 comprises a substrate 4 of monocystalline 

semiconductor material, preferably silicon, of one con 
ductivity type into which a large number of small regions 
5 of opposite conductivity type are diffused. Preferably, 
the substrate 4 is of N type conductivity and the diffused 
regions 5 are of P type conductivity. The diffused P type 
regions 5 are of a diameter substantially smaller than the 
diameter of the electron beam 2, so that the beam 2 sub 
tends a number of the regions 5, thus making it unneces 
sary to register the beam 2 with the individual regions, 

Each of the diffused P type regions has a small P-N 
junction 6 to form a diode in conjunction with the sub 
strate 4. The exposed surface of the substrate 4 adjacent 
the P type regions 5 is provided with a thin silicon di 
oxide coating 7 which overlies and protects the P-N junc 
tions 6 where they extend to the semiconductor surface. 
A thin surface layer 8 of relatively high electrical con 

ductivity is disposed adjacent the opposite surface of 
the substrate 4, i.e. the surface which may be illuminated 
by a light image to be scanned. The conductive layer 8 
may comprise a layer of N conductivity type formed by 
diffusion of a suitable donor impurity into the substrate 
4. The conductive layer 8 and the substrate 4 are suffi 
ciently thin so that carriers generated by the light inci 
dent upon the exposed surface of the layer 8 may pene 
trate the substrate 4 to reach the P-N junctions 6. 
The substrate 4 is supported by a ring 9 of relatively 

thick semiconductor material, which may be secured to 
the inside envelope of the silicon widicon tube. 

Each of the P-N junctions 6 is reverse biased by means 
of (i) a voltage source 10, which may typically have a 
value on the order of 10 volts, and (ii) a load resistor 
11, which may typically have a value on the order of 
several hundred thousand ohms. When the electron beam 
2 is not scanning a particular P type region 5, the P-N 
junction 6 associated with that region is discharged by 
incident photons from the light image, the amount of dis 
charge being dependent upon the photon flux. When the 
scanning electron beam 2 returns to this particular P-N 
junction, electrons flow to the P type region to provide 
a current which recharges the associated diode. This re 
charging current is directly related to the photon flux 
(light intensity) from the light image incident upon the 
P-N junction 6, and a corresponding voltage signal is 
developed across the load resistor 11. This signal is cou 
pled to suitable amplified circuitry by means of a capaci 
tor 12. 
The incident light discharges the individual diodes by 

generating electron-hole pairs in the vicinity of the asso 
ciated P-N junctions. These generated electrons and holes 
diffuse into the P-N junction region and are swept across 
the junction by the associated space charge field therein, 
thus serving to discharge the associated diodes. A num 
ber of the carriers created by the incident photons recom 
bine and are lost, so that they do not contribute to dis 
charge of the associated diodes. This recombination re 
duces the collection efficiency of the target 1, and directly 
degrades the sensitivity of the Cilicon Vidicon. 
The collection efficiency may be improved by increas 

ing the bulk carrier lifetime and the surface recombina 
tion velocity of the semiconductor material comprising 
the target 1. Specifically, long carrier lifetimes and low 
recombination velocities provide high collection efficiency 
and therefore improve optical sensitivity. 
The target 1 may be manufactured by providing a 

silicon substrate 4 of N type conductivity, having an N+ 
surface layer 8 diffused therein. To form the P type re 
gions 5, the corresponding surface of the substrate 4 is 
coated with a thermally grown silicon dioxide layer 7, 
which may typically have a thickness on the order of 
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0.5 to 1 micron. The silicon dioxide layer 7 is grown in 
an atmosphere comprising dry oxygen and a volumetric 
concentration of hydrogen chloride on the order of 1%, 
in the manner previously described. 

After the silicon dioxide layer has been grown, holes 
are etched therein exposing small regions of the sub 
strate 4. A thin glassy layer containing a suitable acceptor 
impurity material is deposited on the semiconductor sur 
face, and subsequently heated to form the diffused P type 
regions 5. Preferably, borosilicate glass may be employed 
as the impurity source. During or after the diffusion proc 
ess, the borosilicate glass may be exposed to an atmos 
phere comprising hydrogen chloride, the atmosphere being 
substantially free of water vapor, in order to further in 
prove the carrier lifetime of the semiconductor material 
in the manner previously described. 

Thereafter, the portion of the borosilicate glass layer 
overlying the active P type regions 5 may be removed 
by photoetching, 
We claim: 
1. In a process for manufacturing a semiconductor 

device, comprising the steps of: 
providing a substrate having a number of operating 

semiconductor regions forming at least one active 
semiconductor element, at least one of said regions 
being contiguous with a given surface of said sub 
strate; 

forming a layer of insulating material on said given 
surface overlying at least a part of said at least one 
region, said device including at least one deleterious 
metal ingredient; 

exposing said layer to an atmosphere comprising a 
hydrogen halide; and 

heating said substrate to a given temperature sufficient 
to convert said metal to the metal halide and to 
volatilize the halide at the exposed surface of said 
insulating layer, thereby establishing a gradient for 
out-diffusion of said metal from said device toward 
said exposed surface, 

the improvement wherein said atmosphere is 
maintained substantially free of water vapor. 

2. The improvement according to claim 1, wherein 
said atmosphere comprises (i) substantially dry oxygen 
and (ii) hydrogen chloride, hydrogen bromide or hydro 
gen iodide. 

3. The improvement according to claim 1, wherein 
said semiconductor material comprises silicon and said 
insulating layer comprises silicon dioxide, at least a part 
of said silicon dioxide layer being thermally grown dur 
ing at least a part of said exposing step. 

4. The improvement according to claim 3, wherein 
said atmosphere includes dry oxygen and the volumetric 
concentration of said halide is less than 10%. 

5. The improvement according to claim 4, wherein 
said halide comprises hydrogen chloride at a volumetric 
concentration in the range of 0.1 to 2%. 

6. The improvement according to claim 4, wherein 
said halide comprises hydrogen chloride at a volumetric 
concentration on the order of 1%, said atmosphere being 
maintained at normal atmospheric pressure. 

7. The improvement according to claim 3, wherein 
said atmosphere comprises dry oxygen and hydrogen 
chloride, and said thermally grown silicon dioxide is 
grown at a specified temperature in the range of 800' 
to 1350° C., said given temperature also being in the 
range of 800° to 1350° C. 

8. The improvement according to claim 7, wherein 
said temperatures are in the range of 1000 to 1200 C. 

9. The improvement according to claim 7, comprising 
the additional step of, after said insulating layer forming 
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and exposing steps, annealing said device by heating said 
substrate in an atmosphere comprising hydrogen gas. 

10. The improvement according to claim 9, wherein 
said atmosphere comprises hydrogen and said annealing 
step is carried out at a temperature on the order of 500 
C. for a time on the order of at least 15 minutes. 

11. A process for manufacturing an electron beam 
addressed semiconductor diode array target structure, 
comprising the steps of: 

providing a substrate of monocrystalline semiconductor 
material of one conductivity type, said substrate in 
cluding at least one deleterious metal ingredient; 

forming an insulating layer on one surface of said 
substrate, said insulating layer having a plurality of 
apertures therein exposing corresponding areas of 
the substrate; 

diffusing into said areas through said apertures a con 
ductivity type determining impurity material to form 
in said areas a corresponding plurality of semicon 
ductor regions of opposite conductivity type, with 
a P-N junction between each of said regions and 
said substrate; 

exposing said insulating layer to an atmosphere com 
prising a hydrogen halide and substantially free of 
water vapor; and 

heating said substrate to a given temperature sufficient 
to convert said metal to the metal halide and to 
volatilize the halide at the exposed surface of said 
insulating layer, thereby establishing a gradient for 
out-diffusion for said metal from said exposed sur 
face. 

12. A target manufacturing process according to claim 
11, wherein said semiconductor material comprises silicon. 

13. A target manufacturing process according to claim 
12, wherein said insulating layer comprises borosilicate 
glass or silicon dioxide. 

14. In a method of thermally growing a silicon dioxide 
layer on the surface of a silicon material comprising the 
step of 

heating the silicon material to a temperature of bes 
tween about 800 C. and 1350 C. in the presence of 
oxygen; 

the improvement comprising the step of 
introducing into the oxygen gaseous hydrogen 

chloride in a concentration between about 0.1% 
to 2.07 by volume relative to the oxygen to reus 
tralize the electrical effects of mobile ions in the 
silicon dioxide layer. 
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