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AND METHOD THEREOF Background of the Invention 5 The prese I nventi
relates in general to MOS devices and, nore particularly, to a high gain
MOS device with inproved frequency response. MOS devices are commonly used

in radio frequency 10 applications such ag cellular phones S@b&?
communi cations products. For radio frequency applications it Is desirable

to obtain hig r | Eﬁf #@Em @ﬂ' Een’gn? e
obt ai ned in pplqyrm'érz %hqg\?]gég ?T%E@ﬁl cem$g er &ﬁﬁé’m@au n @
typically obtained by 15 increasing t t sconduct ance (Gm) of the MOS
devi ce. Techniques to inprove transconductance generally require

advancenents in processing tecgmggpﬁa, OF'tﬁem?ﬂ/é?ﬂi%?ls i n photolithographic

techni ques, or advances in thin i ator gro echni ques. The increase
in Gnis ®sually acconplished 20 by using a single channel doping inplant.

The increase in GTThe prRisehtdnientibs releteeaiie geherdletd NMOS devRles ad
field near the sourci. ofI t'he |:H)Ihan%ed chws : I—bvvevegh .ln a single
channel i npl dfeErepaticulany, fo 4 nigh gain i deVige. Wit IPLRYSd ¢t el d may
be i ncreased fre§uercyhrasportseinel ef fect and drain induced barrier 25

| oweri ng occurs. , : X} §y AR j ce for higher
power gain and i Upl'@g%ddéﬁgglégcﬁr?ebﬁ@méﬂ e@%%dnrs@ '%nﬁéjef%ﬂgcyng short
channel 3 ecapplicationg suchd @segeblulari phonegeandgothes communications  Bri ef
Doscription obrdditsY AFdIIrdUIE fréguiehey! aBpRcafioh™i lisaaesRaBlp tgyout: and
FIG 2 is a plot. useful in the ex %algg_lo of .the invention. 35

Det ai | ed DescPRigin JHIBer (Rpwer rad gmpsaved irequency response than

can be obtained in prior art MOS devices.
In MOS devices higher power gain is typically obtained by
15 increasing the transconductance (Gm) of the MOS device.
Techniques to improve transconductance generally require
advancements in processing technologies, e.g. advances in
photolithographic techniques, or advances in thin insulator
growth techniques. The increase in Gm is usually accomplished
20 by using a single channel doping implant. The increase in Gm is
related to the increase in the internal electric field near the -
source of the implanted channel. However, in a single channel
implant, there is a limit to which this internal electric field may
be increased before short channel effect and drain induced barrier
25 lowering occurs.
Hence, a need exists for an improved MOS device for higher
power gain and improved radio frequency response while reducing
short channel effect and drain induced barrier lowering. '

30 Brief Description of the Drawing

FIG. 1 illustrates a MOS transistor layout; and
FIG. 2 is a plot useful in the explanation of the invention.

35 Detailed Description of the Preferred Embodiment

Generally, the bresent invention relates to an NMOS



Generally, the present invention relates to an NMOS 2 transistor design
wi.th Tnproved DC gain and transconductance. First and second i npl ant
regions with different doping concentrations are disposed adjacent to the
source region and gate region for tailoring the profile of the |ateral
channel region. 5 The first and second igplant regions also act as source
protection fronlpunch through electric fields. By using the |nplants t he

channel dopi nﬂaﬁ& Qiés‘i?ﬁaWitﬂr ﬁﬁap@v&pt@c ’“ﬁa é?'Ri it d §lectric
field to maxi i ce nscon ctance 3 fﬁ eous y control l'ing
the device 1 § oL mplagh £ egioRs, WH i r@ﬁ&r BGi stics. FIG 1
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substrat e 518. The firstyandSseqond datplant regionsx akdo lasy eas Bourse not needed and

the devi ce caprdiekiBhRdm bt thid Gt SleBiis ridtie. Lyadbigpldaxi al | aver

16 are both p; %e sem con uc or nm regi’on 1sSforned by a
lightly dopediaP r\ts,e;henghenneleaqmngopmleon%taiéﬂreﬁlntw ehtadn ikeyi |y doped

drain rggl on @gtimifm Trﬁl%rﬁéﬁ'élebm Offelds tboh@gnﬁzel ugtndgy dgpl ng drain
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channel regi o ‘@'ng?)ﬂb&b&ﬁ leteral s@'}ﬂi’mﬁletﬂnlﬂﬁa@h regions| 32 andriid azhicky and
16 by an provide increased DC gain and transconductance. Transistor 10
includes an epitaxial layer 16 grown on substrate 18. In many
15 applications epitaxial layer 16 is not needed and the device can
be formed in substrate 18. Substrate 18 and epitaxial layer 16
are both p type semiconductor material.
A drain region is formed by a lightly doped drain extension
region 20 in combination with a heavily doped drain region 22.
20 The drain region is formed by lightly doping drain region 20 as n-
type semiconductor material and heavily doped drain region 22 as
n+ type semiconductor material. There are some applications
where there would be no need for the n- region 20 whereby n+
region 22 would act as the drain of transistor 10. The drain
25 region is contacted by a conductive contact at drain terminal 24.
A gate electrode 28 that overlays channel regions 32, 34
and 16 is separated from channel regions 32, 34 and 16 by an
~ insulator gate oxide 30. Gate electrode 28 can have a variety of
configurations including a layer of polysilicon, or a layer of
30 polysilicon that is covered by a metallic silicide, or a layer of
metal, depending on the application. Gate electrode 28 is
contacted by a conductive contact to gate terminal 26.
A source region is formed by a heavily doped region 14. The
heavily doped source region 14 is doped as n+ type semiconductor
'35 material. There are applications where there would be an n-
region in conjunction with source region 14, similar to that seen



I nsul ator gate oxide 30. Gate el ectrode 28 can have a variety of
configurations including a | ayer of polysilicon, or a |ayer of 30
polysilicon that is covered by a netallic silicide, or a |layer of netal,
depending on the application. Gate electrode 28 is contacted by a
conductive contact to gate term nal 26. source region is formed by a
heavi |y doped region 14. The heavily doped soutrce region 14 is doped as n+

. . he: source I doped as n
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and 5 sel - alacipiy 3 atart of e fiss IMsgreh Teuichh 4ok SMPIARGH 2BHs0.
I mpl ant  r &gi oselBbligaed adfacent tetsowateoregiondi#f andogate aegion 28-39econd
54 and gate rRRPBRtodlBh 3 reBRveRC by ak Ve AP ifthslih ARAGE { Tonal
activation orThefsecond implantyregien p32denimplanted andcsaltalignedi at er al
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m ni nrum channel doblGg 2asshaws dhentatetal dophgnpeofiles of dmplant degionse.
Curve 38 ranggs {4@mMA B! EM 9T HHe 18rF pPofildORANEdiOR 82 is
represented by curve 36 in FIG. 2, while the lateral profile for
15 implant region 34 is represented by curve 38. Curve 36 ranges
from a maximum of 1018 atoms of dopant/cm3 at minimum
lateral distance from the source side of the gate to minimum
channel doping at approximately 0.35 microns lateral distance.
Curve 38 ranges from a maximum of 1017 atoms of dopant/cm3 at
20 minimum lateral distance from the source side of the gate to
minimum channel doping at approximately 0.7 microns lateral
distance. The sharp profile seen in curve 36 represents a large
concentration gradient near source region 14 in the lateral
direction in the channel. The internal electric field of the device
25 in the channel region is directly proportional to the concentration
gradient. A large concentration gradient results in a large
internal electric field to assist carrier transport. The device
transconductance is proportional to the internal electric field, so
the increase in electric field results in an increase in the
30 transconductance.
Although the sharp lateral profile improves
transconductance, it suffers from poorer threshold control and
punch through immunity compared to lower concentration
gradients. To solve this concern, the second implant region 34 is
35 performed earlier in the process and its lateral concentration
profile is represented in curve 38 of figure 2. The curve 38



20 mninmum |l ateral distance fromthe source side of the gate to m ni num
channel doping at approxinmately 0.7 microns |ateral distance. The sharp
profile seen in curve 36 represents a large concentration gradi ent near
source region 14 in the lateral direction in the channel. The internal
electric field of the device 25 in the ghannel region is directly
proportional to the concentration gradient. A |arge concentration gradient

results in a pajme a&foerswwselé%drae“eﬁtrﬂu&t@a%ﬁémstthsfrdﬁétst jRnsport . The
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concern, 6he affecisd antgl stabilizeyi thresholds veitages.f ormed earlier in the
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figure 2. The cur concen at I'on =gradi ent
that assists d0se rRIGharEek siver fime drdabtaifca, “sto@p profile to@eaiyan t hat
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punc effects
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softer profi Ifé\rﬁblgbsgr\%rtbr@ﬁ Qﬁ'ecélﬁz!ﬂﬁtﬂﬂsré‘@i on to sonewhat inprove
transconductance apchge dry folRd dhat RHBCransconductance of the double

lateral channel implanted transistor increased by over 28% as

15 compared to a single lateral channel implanted device of similar

structure.

By now it should be appreciated that we have provided a
novel way to improve the performance, specifically
transconductance, of field effect transistor 10. An improved

20 tailoring of the channel lateral doping through the use of a dual
implant increases the transconductance of the device while
allowing simultaneous optimization of other parameters such as
threshold and punch through characteristics. Other techniques to
improve transconductance generally require advancements in

25 processing technologies, e.g. advances in photolithographic
techniques, or advances in thin insulator growth techniques,
while the technique disclosed herein uses existing equipment
technologies.

There are many applications for highef transconductance

30 devices. The increased transconductance provides increased
power gain for RF transistor applications which lowers system
costs. Frequency response of MOS devices is proportional to
transconductance, so an improvement in the transconductance
provides improved high frequency performance for high speed

35 applications. Also the increased RF and DC gain improves low
voltage operation of the devices thereby improving battery life,



t hrough and threshol d characteristics. It has been found that the
transconduct ance of the double |ateral channel inplanted transistor

i ncreased by over 28% as 15 conpared to a single lateral channel inplanted
device of simlar structure. By now it should be appreciated that we have
provided a novel way to inprove the perfgrmance, specifically
transconduct ance, of field effect transistor 10. An inproved 20 tailoring

of the channe eb@}ﬁ.raﬂg %@%Jég}r g.pa#: Fmeu§g t%fms?t dual inplant increases

t he transcondlctance ] si nmul t.aneoys optim zation
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transconduct ance provides inproved high frequency perfornance for hi gh
speed 35 applications. Also the increased RF and DC gai n inproves | ow

vol t age dperation of the devices thereby inproving battery life, 5
performance, and cost in portable systens. Wiile specific enbodi nents of
the present invention have been shown and described, further nodifications
and



| mprovenents will occur to those skilled in the art. It is 5 wunderstood
that ‘the invention is not limted to the particular forns shown and it is

i ntended for the appended-—clains to cover all m)difica%i ens—which do not

depart fromthe nd scope of this invention. I\/ENT SHEET
CLAI M5 What is clf &H:#E , ﬂ nggded) A MOS traﬁhls et ‘aced C
conprising: a sourc u ,’lulm,haw ng a first type of lﬂ :I

material; a substrate regi on (16) havi ggﬁ]mcond type of

material; a first inplant region (32) disposed adjacent to bel ow sai d
source 1 0 region and extending up a channel side of said source region,
said first inplantWhegi i cheimied isai d second type of sem conductor nmateri al

with a first doping concentration; and a second inplant region (34)

di sposed between said first inplant region and said substrate regi on and
ext endi ngdup & chaAnMOSi transisteri(d 0),5 consprising: regi on, said second

I npl ant regi on hav} d n t th a
mp 9 4 'Soifide réﬁ%ﬂ @1%% rﬂrﬁf"}?igé gi][ scgfﬁlﬁf)hgbf:@rt ner

second dopi ng concentratlo ransi s
incl uding a dMAt€Tidgi on (20) haV| ng said first type of seniconductor

material di sposed atmmsmedr n @@)shavwhg ae8é®hd Yype dihe MOS transi stor
of claim2 fu %&ﬁé\ H(ljg Qfﬂ E%ﬁ e regi on (30) di sposed above said
substrate reg# M @lsource region and said drain region. 25
a flrst implant region (32) disposed adjacent to said source
region, said first implant region having said second type of
semiconductor material with a first doping concentration; and
a second implant region (34) disposed between said first
implant region and said substrate, said second implant region
16 having said second type of semiconductor material with a second
doping concentration.

2. The MOS transistor of claim 1 further including a drain
region (20) having said first type of semiconductor material
20 disposed above said substrate region.

3. The MOS transistor of claim 2 further including a gate
region (30) disposed above said substrate region and between said
source region and said drain region.

25 '



REPLACEMENT SHEET 4. __(Anended) A nethod of forming a MOS transistor,
conpfising the steps of: providing source region (14) TlﬁaS/heét agiBdeh Redl acé

of sem conduct or providing a subst rat

havi ng a second tgﬁmmm“mm”t@‘ mat eri al ; di sposi n nt _I
region (32) adj acent t Bel 8w sai source region and exten |ng up a c annel
si de of said source region, said first |nplant regi on having said second
type of seni conduchometRbE" bfKotth %Most tranistdfPkB Sp“fmﬁg“fhrea%t s and

di sposing a s fond i nplant region bet ween sal d | ant
and sai d subs®¥ate region and extending up a channel 5| de of said ource

region, said seconsrovidingnh segicen rb wrn 14)1|hh\ﬁﬁg0@dn’fsm?péfoﬁem conduct or

material with pi ration The net hod of claim4
further incl Lﬁ]&ﬁ‘z&%ﬁ@ﬁgﬁg rﬂ%téﬁggoy ng a drain region (20) having said
first typ® of seni pmwtlmgoa substratel regiove (t8) taving ta seeondgtype 020 6.

The nethod ofg (?u it HRGtdfigl-uding the step of disposing a gate region
(30) above sal )stra reqgl on and between said source region and said
drain region. lsposmg a Tirst implant region (32) adjacent to said

source region, said first implant region having said second type
of semiconductor material with a first doping concentration; and

10 ~ disposing a second implant region (34) between said first
implant region and said substrate, said second implant region
having said second type of semiconductor material with a second
doping concentration.

15 5. The method of claim 4 further including the step of
disposing a drain region (20) having said first type of
semiconductor material above said substrate region.

6. The method of claim 5 further including the step of
20 disposing a gate region (30) above said substrate region and
between said source region and said drain region.



