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[57] ABSTRACT 
A method for preventing latch-up in an integrated cir 
cuit structure, and in particular, in a CMOS structure, 
includes the use of a high-energy blanket or maskless 
ion implant that reduces the substrate resistance by 
creating a highly ion doped buried layer in the semicon 
ductor device. The thickness and the positioning of the 
heavily doped layer can be accurately ascertained 
through the ion implantation process. The transition 
region between the highly doped buried layer and the 
lightly doped substrate is sharper, and thus the suppres 
sion of latch-up is more effective than in prior devices 
fabricated with prior techniques. An increase in the 
holding and critical currents is found, due to the re 
duoed substrate resistance. . 

26 Claims, 5 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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METHOD OF PREVENTING LATCH-UP 
FAILURES OF CMOS INTEGRATED CIRCUITS 

This application is a continuation of application Ser. 
No. 677,826, now abandoned, filed on Dec. 4, 1984. 

TECHNICAL FIELD 

The present invention is related to integrated circuit 
structure technology, and in particular, to CMOS tech~ 
nology. 

BACKGROUND ART 

Integrated circuit chips and in particular CMOS 
(Complementary-Metal-Oxide-Semiconductor) inte 
grated circuit chips fabricated with bulk silicon tech 
niques can exhibit a phenomenon known as latch-up if 
triggered by a high enough voltage level. During latch 
up the integrated circuit is short circuited, with the 
result that the integrated circuit draws excessive cur 
rent and power from the power supply, usually result 
ing in thermal destruction of the integrated circuit chip. 
Examination of the CMOS integrated circuit struc 

ture generally reveals that a vertical p-n~p bipolar tran 
sistor is formed by the p+ (more heavily doped p re 
gion) drain/source regions of the p-channel MOSFET 
(metal-oxide-semiconductor ?eld-effect-transistor), the 
n-tub and the p-substrate. Furthermore, there is a lateral 
n-p-n transistor consisting of the n-tub, p-substrate and 

' n30 (more heavily doped n region) drain/ source regions 
of the n-channel MOSFET. The structure is often com 
plicated further by the inclusion of input protection 
diodes (n+p to the substrate and p+n to the n-well), and 
p+ contacts to the substrate and n30 contacts to the tub. 
The presence of these bipolar transistors constitute a 
potential n-p-n-p device that can latch-up if the right 
conditions are met. 

Basically a necessary condition for latch-up to exist is 
that the product of the n-p-n and p-n-p transistor gains 
exceed unity. In addition, the end junctions of the struc 
ture must somehow become forward biased. This condi 
tion is not satisfied in normal operation, but it could 
occur during a transient or in a high radiation environ 
ment. The ?nal condition is that the VDD supply and 
the input circuit be capable of supplying the holding 
current of the p-n-p-n device. The p-n-p-n structure can 
then go into positive feedback and behave like a short 
circuit. The signal feeds upon itself and grows exponen 
tially until it turns into an uncontrollably large current 
short-circuit path. 
The more compact the CMOS structure becomes in 

order to pack more components economically on a 
chip, the smaller the components become and the closer 
the junctions are, resulting in increased latch-up prob 
lems. 
Methods of reducing or eliminating the latch-up ten 

dency include the use of lightly doped epitaxial layer 
over heavily doped substrate and guard rings around 
the devices. Of these methods, the heavily doped sub- ’ 
strate method has proven to be at least partially success 
ful in preventing latch-up in CMOS integrated cir 
cuitry. 

This method includes the use of a thick heavily doped 
starting substrate, as for example a p‘*‘ material, onto 
which is grown by an epitaxial method a thin layer of 
lightly doped material, as for example a 1)“ material. 
The thick heavily doped starting substrate effectively 
shorts out the above described parasitic junction, pre 
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2 
venting the development of a forward bias across a pair 
of junctions. 
The epitaxial layer is created by a well-known tech 

nique. Basically the heavily doped starting substrate 
material is placed in a furnace. Through a gaseous 
chemical process, molecules are deposited on the start 
ing material in order to form the epitaxial layer which is 
an extension of the crystal structure of the starting sub 
strate material. 
The disadvantages associated with this type of solu 

tion are as follows. First normally the growth of epitax 
ial layers is not accomplished in-house by a semiconduc 
tor manufacturer. This is considered a specialty opera 
tion which is one of the most difficult steps in the 
CMOS fabrication process. As such, this fabrication 
involves greater expense and extra logistical dif?culties. 
The second disadvantage is that it is relatively diffi 

cult to control the thickness of the deposited epitaxial 
layer. This is due to the fact that furnace temperature 
and time controls, as well as several other controls, are 
not precise enough. Thus as the trend toward making 
more compact CMOS structures with thinner and thin 
ner layers continues, such techniques will not prove 
practicable. 
The third disadvantage is that when the chip is sub 

jected to subsequent fabrication steps, such as the driv 
ing in of p-wells or n-wells, the heavily doped substrate 
will diffuse toward the surface of the-chip. In order to 
counteract this, the highly doped starting material is 
positioned further away from the surface, which is 
counterproductive to producing compact CMOS struc 
tures. However even so, the diffusion process evens out 
the previously sharp demarcation between the epitaxial 
layer and the highly doped area. It is to be understood 
that as the sharpness between the heavily doped starting 
material and the lightly doped epitaxial material is re 
duced, there is an accompanying degradation in anti 
latch-up performance. 
a The present invention is directed to overcoming the 
above disadvantages. 

SUMMARY OF THE INVENTION, 

The present invention is directed toward preventing 
latch-up in semiconductor structures with the introduc 
tion of a heavily doped buried layer. Thus in a p-type 
semiconductor, a heavily doped p material would be 
beneath a lightly doped p material, and the integrated 
circuit would be built upon this combination. In an 
n-type semiconductor, a heavily doped n layer would 
be con?gured below a lightly doped n layer, with the 
remainder of the integrated circuit provided on this 
combination. The heavily doped buried layer increases 
the holding current and voltage and the critical current 
to such a level that latch-up does not occur during 
operation of the semiconductor structure. The reason 
for this is that the heavily doped layer located close to 
the p-n junctions essentially shorts the junctions out so 
that the junctions cannot be forward biased. Accord 
ingly, positive feedback does not occur with the resul 
tant high current and power consumption and thermal 
destruction of the integrated circuit chip. 
As an aspect of the invention, the buried layer is 

implanted with a high-energy beam of ions underneath 
the surface of the lightly doped substrate. The depth of 
penetration of the ions can be controlled by the energy 
of the ion beam. A higher energy beam will implant the 
ions deeper into the substrate. It is to be understood that 
the ion implant can be a blanket implant over the entire 
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wafer and does not require an extra masking step. Fur 
ther the high-energy implant can be easily incorporated 
into existing integrated circuit fabrication without any 
process changes. 

In another aspect of the invention, the buried layer 
formed by the high energy implant is introduced into 
the fabrication process after a p- or n-well is driven into 
the substrate. Thus there is no redistribution of the ions 
in the buried layer upward toward the surface of the 
substrate during the well drive-in process, as occurs 
with the heavily doped layer when an epitaxial layer is 
created on the surface of the substrate. Accordingly, the 
doping concentration transition region is much smaller 
than obtained under the fabrication of an epitaxial layer 
on a substrate. Thus with a sharper transition, the heav 
ily doped layer can be put closer to the rest of the inte 
grated circuitry structure. 
Following directly from this, the buried layer intro 

duced through a high~energy ion beam can be of a bet 
ter quality and more uniform in thickness than the lay 
ers provided by the prior art. Accordingly, the sizing 
and scaling of the buried highly doped layer can be 
more accurately controlled. This becomes of increasing 
importance as the size of the semiconductor circuitry 
continues to become more compact. 
Yet another advantage and aspect of the invention is 

that the high-energy implant can occur in~house at the 
site of the semiconductor fabrication without the wafer 
having to be sent out to a special vendor which pro 
vides the epitaxial layer. Accordingly, the process is 
considerably less expensive and logistically simpli?ed. 
The implant of the high-energy ions leaves no dam 

age in the original substrate. This can be demonstrated 
since the junction leakage current with and without 
high-energy implant is basically the same. Accordingly 
there is no additional need for an annealing step other 
than that which would be normally performed with 
semiconductor chip fabrication. I 

In_another aspect of the invention, the implantation 
step can be performed before a well is driven into the 
substrate. Unlike the above-indicated invention process 
of driving in the well before the implantation step, this 
has the slight disadvantage that there is some diffusion 
of the buried layer as the well is being driven in. How 
ever, this has the great advantage that this step is per 
formed before any masking steps are performed and 
thus eases the manufacturing process. Accordingly the 
stock material which is used for the chip fabrication can 
already have the high-energy buried layer implant, 
provided therein, prior to the fabrication of the rest of 
the chip. It is to be appreciated that such a process 
would reduce the cost of chip fabrication. 
Accordingly a method of the invention for prevent 

ing latch-up in an integrated circuit structure comprises 
the steps of providing a lightly doped substrate and 
implanting a similar, more heavily doped layer beneath 
the surface of the lightly doped substrate. The remain 
der of the interrated circuit structure is then fabricated 
upon the lightly doped substrate. 
The implantation step of the method includes the step 

of driving the ions into the lightly doped substrate with 
a high-energy beam of said ions. 
The depth of the implantation is controlled by the 

energy level of the ion beam. 

BRIEF DESCRIPTION OF THE FIGS. 

FIG. 1 shows three steps in the fabrication process of 
the invention. 
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4 
FIG. 2 shows an ion implantation pro?le according 

to the energy level of the high-energy beam. 
FIG. 3 depicts the resistance levels for a semiconduc 

tor structure fabricated according to the invention. 
FIG. 4 depicts the holding current levels of a semi 

conductor chip fabricated according to the invention. 
FIG. 5 depicts the critical current levels for a semi 

conductor structure fabricated according to the inven 
tion. ' 

FIG. 6 depicts a comparison table showing the in 
crease in holding current and critical current with the 
teachings of the invention in comparison to the prior 
art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 depicts a method of the invention. While this 
method deals with a p or p- substrate (lightly doped ion 
substrate) with a p+ buried layer (more heavily doped 
layer), it is to be understood that the invention can also 
be practiced with an n type substrate and an 1130 type 
buried layer. In the invention, after the n-well is driven 
into the p" substrate material, the p+ buried layer can 
be fabricated (FIG. 1(b)). This is fabricated by a high 
energy boron (13+ +) ion implant technique so that the 
buried layer is positioned immediately below the n-well. 
After this step is accomplished, the remainder of the 
integrated circuit can be fabricated on top of the sub 
strate as shown in FIG. 1(0). 
An example of this fabrication process is as follows. It 

is to be understood that the description of the fabrica 
tion process given herein is but one example of the 
method of the invention. 

Fabrication Process 

In an embodiment of the invention, a 3-micron n-well 
technology was used with a 4 MeV boron implant into 
a CMOS process (FIG. 1). This is a 3-micron n+ 
polysilicon gate process with a gate oxide of 50 nm. The 
starting material was 20-30 ohm-cm p-type (100) ori 
ented wafers. The n-well was defined by using LOCOS 
technology, and phosphorus ions were implanted (125 
KeV) with doses in the range l.O-4>.0><l0l2cm"2 to 
form n-well regions. A drive-in of the implanted phos 
phorus is performed at 1150‘ C. for 16 hr. All oxide was 
then removed from the wafer surfaces and the wafers 
were implanted with boron at 4 MeV. FIG. 10)) shows 
the addition of this high’energy implant to the process 
sequence. During the implant the substrate was water 
cooled to maintain its temperature at 300° K. No special 
annealing steps were added. Instead, the implantation 
was followed directly by a 50 nm 1000" C. dry oxida 
tion. The remaining steps needed to fabricate the de 
vices resulted in a heat cycle consisting mainly of 8 
hours and 10 minutes at 1000° C. 
While the above process requires a 4 MeV boron 

implant to place a p+buried layer below a 4 micron 
deep n-well, processes with shallower wells require 
considerably less energy. FIG. 2 shows the dopant dis 
tribution of l, 2 3 and 4 MeV boron implanted into 
silicon for a dose of l X 1013cm—2. This FIG. shows that 
a 2 micron n-well requires only a 2 MeV implant. A 2 
MeV implant is relatively straightforward to accom 
plish, and it is to be understood that there are at least 
two equipment manufacturers marketing implanters 
capable of 3-4 MeV boron implants. These implanters 
have a wafer throughput of 60 wafers/hour for doses of 
l X l013cm~2. 
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From the above it can be seen that the distance below 
the surface of the semiconductor material where the 
high-energy implant comes to rest is a function of the 
energy in the high-energy beam. The distance is basi 
cally the distance required of the ions to lose their en 
ergy. It is to be understood that any damage caused by 
this implantation step can be repaired by the subsequent 
annealing steps which are part of the normal chip fabri 
cation process. No special annealing step is required. 
As the high-energy implant forms a highly conduct 

ing buried layer just beneath the device structures, this 
implant reduces the substrate spreading resistance. FIG. 
3 shows the transverse resistance of a surface contact as 
a function of the distance “d” from the edge of the 
injector for nonimplanted and implanted regions. FIG. 
3 shows this reduction of resistance for implanted sub 
strates. FIG. 3 demonstrates how the present invention 
prevents latch-up in a semiconductor structure and in 
particular in CMOS. Qualitatively, the resistance axis of 
FIG. 3 represents the effectiveness of the heavily doped 
buried layer in shorting out the previously described 
p-n-p-n junctions. The heavily doped buried layer pro 
vides a shunting path to short out these junctions. The 
lower the resistance, the better the junctions are shorted 
out. Accordingly there is no forward biasing at operat 
ing current and voltage, and no likelihood of structure 
latch-up. ' 

To test the effectiveness of the 4 MeV boron implant 
in reducing latch-up susceptibility, both the holding 
current and the critical current for the latch-up test 
structure are measured (FIGS. 4, 5). In FIGS. 4, 5 the 
holding current and critical current as a function of the 
distance “d” between the n30 and p+emitters for both 
nonimplanted and implanted regions are shown. The’ 
holding current needed to sustain latch-up has been 
increased by a factor of 8 for an implant does of 
2>< l013cm-2 and a factor of 30 for an implant dose of 
1X1014cm-2, while the critical current has been in 
creased by factors of 35 and 90 respectively. Comparing 
the increase in holding current, at 10 microns for exam 
ple, it can be seen that it is roughly equal to the decrease 
in the substrate resistance shown in FIG. 3. These re 
sults are summarized in FIG. 6 and compared to the 
results obtained from other technologies. The superior 
ity of these results over the results obtained using a p 
type epitaxial layer on a p+ substrate is attributed to the 
reduced boron transition region obtained with this tech 
nology. 

It is to be understood that the high-energy ion im 
plant beam can be composed, in the preferred embodi 
ment, of either boron or gallium ions for p type implan 
tation or phosphorus or arsenic ions for 11 type implanta 
tion. 

In an alternate embodiment of the method of the 
invention, the highly doped buried layer can be driven 
into the lightly doped substrate with a high-energy 
beam of ions prior to the driving in of the well. The 
advantage of such a process is that stock material upon 

- which the remainder of the integrated circuit is fabri 
cated already has the buried highly doped layer, and 
thus economies of scale attributable to mass production 
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From the above it can be seen that with the method of 

the invention latch-up in integrated circuit devices can 
be eliminated, along with the reduction of fabrication 
costs. The method can be practiced in-house without 
interrupting the rest of the fabrication process itself. 
The method is of increased advantage as the scaling 
down of components, particularly for CMOS applica 
tions, increases due to the demand for more components 
to be fabricated on any given size of silicon. 
Other advantages and objects of the invention can be 

obtained from a review of the claims and the appended 
FIGS. 
We claim: 
1. A method of preventing latch-up in an integrated 

circuit structure comprising the steps of: 
providing a lightly ion doped substrate; 
implanting a more highly ion doped buried layer of 

the same conductivity type beneath the surface of 
the lightly doped substrate; 

fabricating the remainder of the integrated circuit 
structure on the lightly ion doped substrate. 

2. The method of claim 1 wherein the implanting step 
includes the step of driving the ions into the lightly ion 
doped substrate with a high energy beam of said ions. - . 

3. The method of claim 1 wherein the implanting step 
includes the step of controlling the depth of implanta 
tion of the ions in order to control the depth of the 
highly ion doped buried layer. 

4. The method of claim 2 wherein the implanting step 
includes the step of driving the ions into the lightly ion 
doped substrate with a high energy beam of said ions to 
a predetermined depth by controlling the level of en 
ergy of the high energy beam. 

5. The method of claim 1 including the step of im 
planting an ion well in the lightly ion doped substrate 
prior to implanting the highly ion doped buried layer. 

6. The method of claim 5 including the step of im 
planting the highly ion doped buried layer beneath the 
ion well. 

7. The method of claim 1 including the step of im 
planting an ion well, in the lightly ion doped substrate 
after the implanting of the highly ion doped buried 
layer. 

8. The method of claim 7 including the step of im 
planting the highly ion doped buried layer beneath the 
ion well. 

9. The method of claim 1 including the step of using 
boron to dope the highly ion doped layer. 

10. The method of claim 1 including the step of using 
gallium to dope the highly ion doped layer. 

11. The method of claim 1 including the step of using 
phosphorus to dope the highly ion doped layer. 

12. The method of claim 1 including the step of using 
arsenic to dope the highly ion doped layer. 

13. A method of preventing latch-up in a CMOS 
integrated circuit structure by increasing the holding 
voltage comprising the steps of: 

providing a lightly ion doped substrate; 
implanting a similar, more highly ion doped layer 

beneath the surface of the lightly ion doped sub 
strate with a high energy beam of said ions. 

14. The method of claim 13 including the step of 
fabricating the remainder of the integrated circuit struc 
ture on the lightly ion doped substrate. 

15. The method of claim 13 wherein the implanting 
step includes the step of driving the ions into the lightly 
ion doped substrate using a high energy beam of said 
lOIlS. 



H707 
7 

16. The method of claim 15 wherein the implanting 
step includes the step of driving the ions into the lightly 
ion doped substrate with a high energy beam of said 
ions to a predetermined depth by controlling the level 
of energy of the high energy beam. 

17. The method of claim 13 including the step of 
implanting an ion well in the lightly ion doped substrate 
prior to implanting the highly ion doped buried layer. 

18. The method of claim 17 including the step of 
implanting the highly ion doped buried layer beneath 
the ion well. 

19. The method of claim 13 including the step of 
implanting an ion well in the lightly ion doped substrate 
after the implanting of the highly ion doped buried 
layer. 

20. The method of claim 19 including the step of 
implanting the highly ion doped buried layer beneath 
the ion well. 

21. A method of preventing latch-up in an integrated 
circuit structure comprising the steps of: 

providing a lightly doped p-type substrate; 
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8 
implanting a more highly doped p-type layer buried 

beneath the surface of the lightly doped p-type 
substrate; 

fabricating the remainder of the integrated circuit 
structure on the lightly doped p-type substrate. 

22. The method of claim 21 including the step of 
using boron to dope the highly doped layer. 

23. The method of claim 21 including the step of 
using boron to dope the highly doped layer. 

24. A method of preventing latch-up in an integrated 
circuit structure comprising the steps of: 

providing a lightly doped n-type substrate; 
implanting a more highly doped n-type layer buried 

beneath the surface of the lightly doped n-type 
substrate; 

fabricating the remainder of the integrated circuit 
structure on the lightly doped n-type substrate. 

25. The method of claim 24 including the step of 
using phosphorus ions in the implanting step. 

26. The method of claim 24 including the step of 
using arsenic ions in the implanting step. 

18 ill 18 i 1k 


