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(Fabrication and Evaluation of NMOS Devices)
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Abpstract

Using N - Ch silicon gate technology, the capacitors -and transistors with various dimen-
sion were fabricated, Although the applied process was somewhat standard, the conditions
of ion implantation for the gate were varied by changing the implant energies from 30keV
to 60keV for B!'* and from 100keV to 175keV for P3!*  The doses of the implant also
changed from 3 x 10!/ cd to 5 x 10! / o for B! and from 4 x 10" /oA to 7 x 10"/ cA for
P31 The D,C, parameters such as threshold voltage, substrate doping level, the degree
of inversion, capacitance, flat band voltage, depletion layer width 6 gate oxide thickness,
surface states, mobile charge density, electron mobility, leakage current were evaiuated
and also compared with the corresponding theoretical values and /or good numbers for ap-
plication, The threshold voltages measured using curve tracer and C-V plot gave good
agreements with the values calculated from SUPREM I1 which has been developed by
Stanford University process group, The threshold voltages with back gate bias were used
to calculate the change of the substrate doping level., The measured subthreshold slope
enabled the prediction of the degree of inversion, The D.C, testing results suggest the
realized capacitors and transistors are suited for the memory applications,
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N - Channel silicon gate technology [1L23]1%&
N -Channel device?t bipolar o] 7}71-¢ speedt &
£ silicon gate & A& 24 threshold voltage
£ YFol AALRE AHA ek dHE Al st
Ak AR A 1970 Zwhel 1K RAME wl=Ew
o] A& P-Channel silicon gate ‘technology-&
o|¢] memory ¢} microprocessor & BIE+ A 2§
technology & ¥%3] waslel 64K dynamic RAM
4 7l o] NMOS device & 414l & ql 48+
AAl 1,C. o sl 1974wl 5 % mivte| &l A
of 1979dalE 35%, 198l Woll= 50%c| A& ARl
A o Awjojr}l4]) Hapxo g & o o] technology
+ 197449l 4K RAMS, 1976e] 16 K RAME,
1978 ol & 64K RAMIS] & mbs=d] @85 70
Wl &ubat v iL3dled device density-E 100devices/
mm? ol 4 500 devices / mn? 2, address access
time £ 800nsdlA4 30ns 7+2l, cell size ¥ 4] 1400
uméoll A4 160umt & F4413 0w bitd power 4
29 costHA A% 27 0.2mWell4d 3 4W, eln
5ol Aol A 0.1¢olstz Y¥ied AYAd 92E
el

N-Channel technology+ poly silicon& A3}

¥ 9ol ion implantation®} o| ¥ < FH 5 o &7
technology %4 #hvelr}, 64K RAME =it=+ 33
ol &+ Mad o2 electron beam registratione] ¥
839 short channele]l 4 Yot second gate
effectvt subsurface punch throughz-2 2818 7}
A =wk ¢o 2 submicron channel length& 7kx&
NMOS transistor & ¢| &3t one - chip - megabit
memory & uEAl & Zo|tl, One -chip- megabit
memory & =HE7] 984+ x - ray beam regist -
ratione] B8 stAl ° ZHeol= poly silicon gate ¢
AL8-8 3352 olv® poly silicon&ion =& laser
annealing™ S & st xS FF 1
submicron & 7t 7b53H4 oxide o] A& FoAor ¥
Aelch. MOS technology & ©|-&3t= bipolar pro-
cessell 4 device density s Folwdl 7k A7t =
+ isolation#o| A %= =8 mask layouto] Zkx}
=l mask & 45 FojEch, N- Channel & 29
hole ¢ mobility x5 2~3 = & electron?| mo—
bility & | &3t=22 P - Channelol ¥38l« speed &
M 438k bipolar ol W &7FE device & =HE + o
o, HE4£EE Fo delay- power product +
bipolarell wigte "4 FA & + e} s
v AR A dad-E silicon gate§ AHgs)

o} threshold voltage & W&o 2 7bgstAl el &

power -&

-
B

21 chojub®) o 22l wj it
Table 1. Comparison of dynamic memories ,

1 K 4 K 16 K 64 K
Power supply, V, (V) - 30 + 20 +12 +5
Density ( bit ) 1K 4K 16K 64 K
Access, max (ns) 350 300 150 100 ~ 150
Cycle, min (ns) 420 400 375 200
Power, max ( mW) 180 400 462 200
Power; bit, max (uW) 200 100 28 3
Channel length (xm) 10 7 6~7 25~3
Gate oxide thickness (A ) 1200 1000 900 ~ 1000 400~ 500
Junction depth ( 4m) 2.0 1~12 1~1.2 04 ~05
Cell size ( gm?) 1400 900 450 170
Storage capacitance, Cg (fF) - - 40 50
Bit line capacitance, Cg (fF) - - 800 600
Cs/ Cpq - - 0.05 0.08
Ve (V) -35 15 1.5 0.8
Technology P - Ch N-Ch N-Ch N - Ch

single poly single poly double poly | double poly

Year of development 1971 1973 1976 1978
Cost / bit (€ / bit) 10 1 0.1 0.07

Note : Data for 16K and 64K are mainly refered from TMS 4116 and TMS 416447,
The second generation for 16K will appear in short time.
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3.2 N-Channel silicon gate technologydl ¢ %t
memory device o} W3l power supply, organization
maximum access cycle time, maximum power
consumption, refresh period, mumber of refresh
cyclesl 3% parameter 5& F 1] 4o} F9irh
714 16K RAM3 64K RAMol 33 gEL T2
TMS 4164181 2} 7 ¢ 1 gsq o 1K 9 4K
£ 7Heate mEelAl #AY AdE dgsigiev |
Aol & vl A4 =g

+=#4d A& N- Channel single layer silicon
gate technology & #1843 process-§& 7§53l me-
mory & "=+ 7|#3}9]4l capacitor ¢ transistor
%9 discrete device& 4 A2 wlEe] F2 DCtest
€ std 4A memorydl €& + UYE A ESYH
DC testol 4] %3t parameter 8] #E& 4K RAM
ol BE ol 241 Y& devicedld A& & 3
+ parameter 8 Zt&3 slasgle. DC parameter
%ol 4 threshold voltage ( V)&= curve tracer $
C-V plotterel &3l FA=gon, o FEL
SUPREM 119728 ¢| &3} NMOS transistor simu-
lationell A o2 &3 wasg,

2. Device H =

ul&o] 2l device+ 500xm X 500 zm capacitorg
u] £35le] channel length 2xmolA 100 ym 7=,
chnnel width 2 ymol4d 100 um742l 8 F59
MOS transistor, <& ¥4 lengthxwidth’t 24m
X50um, 10gm X 24m, 5xmX 100m, 6um X
7um, 100gmx 100 gm Foleh. FA L otfs}
¢ standard N - Channel Si - gate process & 9
39l 2w ion implantation Aol A ion dose s}
energy & H 34| A threshold voltage (V)9 w3t
£ WAt e Aol MY Fo4 =Holw A4 sub-
stratet P-type 3" silicon wafer & u] A §o|
55~ 82 Qem, A7t 26mil olglow FAL g
& ohg3 g,

(1) Stress relief oxide deposition : 300 - 500 A?
9 Si0,§1000°Col A dry oxidationell 2|3}« sk&
= of ® mobile charge gettering = Ttr},

(2) Siy, N,/ SiO, deposition : CVD ( chemical
vapor deposition)el 93t 930°C oA silicon
nitride $ silicon oxide & 2z 1200 A 4 ol =
deposition %t=},

{3} Active area definition : A ¥s mask & <}
£-3}o capacitor \} transistor 7} ®o] #Z HE-& A

4248 A2t 3 Hst

98t oxide 9 nitride & A Aske 2 of el
nitride etching & 155°Cel4 H, PO, & &4 &
), o] W& plasma etch Bt} A 7}to] v £a ==
ul Edo A4 jon contamination & %& 4 U7 &
Fell o ol AH&x

(4) Field implantation : Field area d Vi 16V
oj4ro 7 37 $15ted BU'*Y doseE 3 X 10'% ok of
= energy £ 45 keVolrt} of # Si,N,/SiO, la-
yer £ active area 4] masking 9§ sHAl i<}

(5) Field oxidation : Field area® Vp & ¥°l7
9|3t o} ion implantation & st3 fieldel 57-8 9000
- 11000 A) oxide & 71 €%} o o -active area 9
nitride + mobile ion & barrier 24 2@ oxi-
dation W}z &0 & Apg=c}

(6) Gate oxidation : field oxidation ¥ gate
area o] dollE nitride 9 stress relief oxide &
A Askz 1000 A 8] gate oxide & dry oxidationo.
2 atenh of 334 mobile charge gettering®
e AL dxd] T asteh

(7) Boron - phosphorus implantation : of Al
A £ water & ¥ G1,G2,G3,G48 Yo Gld
+ 50keV ¥ B! jon& 3X,4X,5x10"/che] dose
2, G2eal: 150keVe P! jon & 4X,5X,6X, Tx
101/ ch 9] dose =, G3ellE 5X 10"/t dose ol
BYFion energy & 30, 40, 50, 60keVE, G4 o+
4X10"/ ch9] P3*jon& 100, 125, 150, 175 keV ¥
energy & implant 39 =},

(8) Poly silicon deposition : Poly gate& w&7l|
sk 5000 A ¢ poly silicon® CVD wyoe 9
el

(9) Poly gate definition : ¥~ maskingztdo
2 1000 A ¢ gate oxide #jell poly silicon gate &
ul&rl. Poly silicon gate®| # ¢+ plasma etching
o) 8 &e}, o] = source 9} drainel ‘do} g+ gate
oxide = FAldl Al Aghe},

(100 Poly silicon doping : %Asl4l poly silicon
< n* gate 2 w¥7 $13l9 phosphorus¥ doping
), o] # EAd source ~drainT n*2 4}
Source - drain x99 sheet resistance’t 5002/0,
surface concentration o] 10¥/ct F=7} H=E %
gkel,

(11) Pyro oxide deposition 3 annealing : Con-
tact open mask material & 4000 A} pyro oxide
€ 9E¢ Pyro oxided A& FA 71 Hstdo
900 °Coll 4 annealing & 3t£# o = mobile ion



19795498 BF L8 S165% HL4RK

gettering & FAjell A =}

(12) Contact open : 4l ¥# masking Zoe
contact open$ & v}l o & photoresist$] pinhole
% defect & glel7l ¢3te double masking® 3}
oF gtr},

(1) 1.5% Si/Al deposition : 1000 A 1.5%Si/
Al$ d3m 1gm¥ T4% AlL E- Beam & 9
3o},

(14) Metal definition : Wl mask® ol §3to
interconnection& $ 3t metal definition& 3tc},
Al € etching 3 ¥ 42 silicon2 plasma etch &
&k e of g},

(15) Alloy ' metal 3 Sig| 48L& Z7} 7|7
#sked 450°C F4£EH A4 304 alloying et

+ 4{ ll: Vs

GS

& 2. NMOS £=xja) o3 convention
Fig. 2. Convention for NMOS device.

NMOS
transistor ¢ channel current equationt!! &

saturation 4® o 4 enhancement mode

e L

N-Ch inversion layer

gavfe oxide

P~Type substrate

a8 1. sl 3 Aee 44 N-channel MOS 4=}
Fig. 1. N-Channel MOS device in non-saturation,

Gate & Z7]ol =& threshold voltage 8| W3 &
dol ] $18te] channel & A7k 2 ymol A 10um
742, gojzt 3umell 4 50 um7t H+ 4 A4 tran-
sistor 7} w2 Al A= glel, A& FHL fol| LM%
R 3k 8] x8} 2 uk channel o] 9} YWelzl 5 umo|skal
AL Z§A77] $18td tinl gate oxide & Friqk
450 Ao sk

3. &X} parameter2 £ 5 Z 1}

1.9 19l non - saturation Aeell 48  metal
gate NMOS device T2} 7)s8o & Jebuglel,
LSIel o| &= NMOS discrete £ =] &gl pa-
rameter & &3 Yz FYARE co}-Sx Fe}

B I1-v 5434

3% 24 A5l NMOS transistor &l =& con-—
vention & A}&3t3 source 7} 7l 4= non-

Ips :,(;t‘y‘; * Cox "‘Vi,l‘ [(Vc,s"VT)Vm'-%—VES](\l)

2 Folals}, o714 Ips= channel current, u» =
JTEd mobility, tox= gate oxide thickness,
w = gate width, | = effective gate length, Vps=
drain voltage to substrate, V= gate voltage to
substrate, Vr = threshold voltageojct, Cox = “ox
/tox, k= —%@ . l;]f 2 gain factorzb H-&c},
wAe g T

IDs=k[2(VGs— V1) Vps - (vDS)?-] ............ (2)

2 34" 4 9ok saturation AbeRell A= | Vpgl=
[Vas |- 1Vpl 8 2o} 4gslan

Ips = K{(Vgg= Vgl (3)

Aol et whebd Ipg£ Vpsoh =15 w47 sic)
of 452 o7ty d YA 24 #55 long
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channel ol A 43l AolA 23U WA 3A4Y
A xn#7F 2753 short channeldl& 3849 ¢+ ¢
=3

. 100pm x100um B2z 1-V

5424

Fig, 3. [-V characteristics of 100mX100z.m
transistor |

2% 494 curve tracer ol &3t d& 100 gm X

100 #m & transistorel #3 1 -V 54 I« £

% gleh

low frequency

[
min

high frequency

+v

a8 4. NMOS capacitor®} C-V 5434
Fig. 4. C-V characteristics of NMOS capacitor,

(2) Gain factor(k) ¢} intrinsic transconducta-
nce (k")

Saturation Aol A F A9 Vg T3], Vg, 3
Visz o ololl s &8k [ps; 9k Ips & (3)4olA o
data Vo g &A% e o2 4, &5

IS IS
K = [_\%\; NULE T L )

& ol 48" gain factor k¥ ®@¢ 4 deh k'=ki
=&% o 41 process parameter 3l k'st elec-
tron mobility =2 H A% Zb5dtel ukEel 3l de-
vice o k' gke (6~8)x 107 A/VES 275 vhE}
waieh

(3) Threshold voltage (V)

1-V 54T Hal A ViE A Asla 9 saturationt

ol A (3)4E vhal H A

IDSl

2 FEE F U Vi FFHol 1-V S4FANA
A4d 4= el wESR device (6um X 7 gm ,
100 #m X 100 gm 5)9 Vi 7} linear (non - sa-
turation )y saturation 2% 25 Ipg7t 100uA 2
ot A& Vpg linear 98 A% 100mV =2v} =
& 9490l A, saturation? A$E 5VAEY o9
A4 &2Hstd 229 A54del 4 T} o FgE
< ion implantation &7 =g} YA Vi7F W3}
g e o], V> 08 V<0 & AL %3
enhancement mode $ depletion mode 1 Z-& ¢
v gt} E o] ZELS C-V plotal 83d T3 3%
3 wlase, curve tracerd] YehtE e ot
o a7k gle2s C-V plote 4 QA& g4 o Al3g
+ 9o 234 ¢ge eAvt AdEA gormw
curve tracer ol 2 YT 2o oA | H
|3t} sAlcl olE F F3AA & SUPREMe| 9 &
simulation &= @7 Z 2414 waslel o5 FgE
-2 enhancement mode 8] 7% & =3k atk de-
pletion mode 8l -+ ol &A% FAHX Y Aol 7t
w®o A% 2 5 9d+&d depletion mode & Vp &3
& curve tracer v+ C-V plotting el &g Ze| &
AAEE vl Fob (34 127 hZ2)

Gate 9 Z7lol =& V; 8 HHAE w7 Yoo
channel length7} 2um ol 4 20 yum?+ =1, channel
widtht 2umol4 50 um 7219 NMOS transistor
ahEgEFl gate oxide o F77b 450 A R &
50 keV energy & 5Xx10%"/of 2] dose 2 B!+
implant &4lck 1 99 FAHL G growpd A
-9 FdshA & Az, T 564 2 b ol
channel length7t 5um7kal= A4 body effect
7} vreh} Rl gAlml Symuc} o FasdA F
o &4 =l 2969 AE channel length 5zxm3
10 um 2Z+2zbo] & width @ & 3le] w2 threshold
voltage o} ®13l& ¥ 4 2r}l Channel length 7}
Vrol vl &l <48at 7Agfo| ol channel width7}
Spum7bA = A Y A3t gAlnt 5pmel A 2 um7t
A Vert 943 3718 ¢ 29 Feh w8 A 5um

mo kol
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CHANNET, TENGTH ( um )
385, 50 ym ¢ chamel Z& 7bx& NMOS

Ega 2elo] olg Vps =Vs , Vas
=—2.5V |4 & =4 channeld] Ao|e
W VT
Fig. 5. Channel length vs. Vi measured
at VBS =-2.5V and VDS = V(;s for
the NMOS transistor with channel
width of 50 um

- X L=10 um
3 L o a
2 e o
w Ok . 0. -
e
= 1 e -
oL » R
B
- 8 1=5 um
0.8
] M
oS
2
&
g
&

0 2 4 6 é u; 1‘2 1%
CHANNBL WIDTH ( m}
Channel =zo|7} &2 5 ym, 10 pm&
7kt = 2 NMOS Ezlx| 28 o gt
VDs,:V BS, VBS :"‘2.5\]0“ ézéﬂ
channel Zoff w2 VT
Fig. 8. Channel width(W) vs, V1 measured
at Vgg= - 25V and Vpg= Vgg for
NMOS transistor with the channel
length of 5 um and 10um.

a8l 6.

Bt A2 pate & AH&3e 7% lateral diffusion
7 oxide encroachment 7} =i=t3] 534 =}
16 K dynamic RAM 72+ 5 um channel length
£ AAg3tne Vg olEHoz a3 + YA
64Kl A& 24m design rule € HEdof 32z
FAHANA L= oA "t AskE ARE W
Al el

{4) Mutual transconductance (gm)tl

Small signal $%¢ ©&3 o] HY=+ tran-
sconductance ol 43t A =le] A<c}

gm= ‘I[g =pn Cox(Vps=Vs) (Vp< Vpsar) =+ (6)

e
= 2K (Vo= Vs- Vi) (Vo Vosar)
G\
= 24/ KIp rooverrrmorerersveemennneenieeans (3
XN

sz ~Tos|l e berereinea.
™ Voss ~Vggy| fixed Vpg m

ety olm Vpg A g, & curve tracerol4 Vg
£ H23AA I T g€ 5 o2z Aol 753
A e (B Al AE Ipgh g, #AE & 5 Aok

(5) Body effect (M)

Substrate 9} source A}o| o] biasE 2= transistor
8 Vizt wzkgic}, reversed bias (Vag) & Aol Vi
€ 33

AV = Vo= Vg -orrrrrreeesarensermmenn. (8)
st o] EAS L o A Vg = 0 2} Vg0
threshold voltage & &% Vo & Vogeoltlh = o
& 3d>

AVr = ————ZeaquD [«/ Vst 25~ «/33] = (9)
ojtl o714 Np+ substrate 8 ¥4% Fxold,
g =222 P+ Fermi potential o[t} M9 3
Yo 43t

M= /2&5iqNp _ AVy a0
Cox N Vast &5 -~ By '

7b =t A Al A & ¢ e ubeh ol Vygell #
& Vo7b &35 " M3t Np7b Alabel siel
(6) Lateral diffusion (AL) and oxide
achment (AW)
Mask dimension-& L x W, effective gate di —
mension % wojzt &, Laeg, Wel wd 4
E 47l A3t o2 AL oj &Y ¢ Uvh F

encro-

Ips= tﬂ (k") [Z(VGS‘VT)VDS‘(VDS)ZJ """ {1t

A4 Ips= S o aig Fa3tel, o2l A4S WL)

A 22 LOW7t & device 3¢ ¢ EANA Ips
E 2AgezH (3 wi SHYE 5 Ak F ¢ 9
o gt —1—113-89—] graph (well a3t Ip59 graph)zF o =t
Aoz Feoa12zg off HE dAstd XF3} sl
A3 dAste Agsk 2AL(2AW)7F sl22 A
3 channel o] (F)+=¢ =L-2AL(w=2=-AW)
7F =iel, A 4% process & =2 source # drain
8 junction depth7F % 0.5um HEo|2=2 2AL=
lum7b 5o} L =64m 4l devicet €= 5um9 #
& channel Aol & 7FAA =Hrl w2td 2 xmo de
vice & ==+ 7% junction depthE 0.2.umol3}

- 42 =
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ol of of giel,

(7) Breakdown voltage (BVpss)

Transistor ¢ drain breakdown BVpgs+ rever-
sed bias voltage¥ A3 & = junction breakdown
ol1} punch - thru breakdownol dovte Vpg 4
%% 93tel junction breakdown & depletion
layer ol 4 8] A4 4> & S7F4HA lattice atom
oAl 4 electione] HAH ey A&, F
band e} 4 conduction band & ©]F4}7)+= avalanche
multiplication effectoll 2{al 4 »ejvtd punch -
thru breakdown -2 drain 594 depletion region
ol bias7t F7 el =tk B4 =l o source 7 oA
5ol dojuhy a42 g short channel device 7}
obiuiwl 54t junction avalanche 7t =AY o
punch - thru breakdowno| H=&r}l ofx&curve
tracer o &8t} Zekd EFF A 4 glrl BVpgs &
7 yum X 6 ym transistor &4 Z-¥ 7 70~80 volt
A xojrt 2 Vps=-5volt FENAH BVpg 7}
25-35 volt Axel® £u¥ device 2t 3

(8) Leakage current test (Ig)

BVpss 2t 32 Vpgell 4 reversed diode lea-
kage current Igel PN junction 4 drain =
substrate & §3td Z2&d F& device k™ ol
Ip € W=dbd A¢ pico ampere A =7} #c}h o Y
23 curve tracer A& FYE7 o 7=
voltage source ¢+ pico ammeter & Abgéte] F
@ 4 vk ukEeA Tum X 6 um o4 ZFE 7}
ANE ARFEY 42 Vgg=-5volt, Vps=12volt
A4 1A Bl A2 leakage current & B Fof
device 7t ¥+ A& 2o Fgivh

(9) Substrate impurity density (N)t!%133

Ion implant <l 9j%t gate oxide o}=}¢] substrate
9] impurity doping density = ¥l $%d back
gate bias Vs & #Ho) F1 Vi 4384
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