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Abstract

To resolve the discrepancy between the existing channel thermal noise theory of

MOSFETs and a new theory called the steady-state Nyquist theorem, we have measured
the channel thermal noise of specially designed MOSFETs with both uniform and
nonuniform channels. The experimental results clearly show that the correct theory of the

channel thermal noise in MOSFETSs should be the steady-state Nyquist theorem.
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Fig. 1.Schematic of a MOSFET with
nonuniform channel.

" 1. A2 ZA ol AR-E 4AF2] parameter
Table 1. Device parameters for the devices

under test.
Device #1 Device #2 Device #3
Li/Ly Stmn/ 5 pm 104m/0zm 04a0/10m
L 1500m 1500.m 1500zm
Tox 1300A/250A | 1300A/250A 1300A/250A_ﬁ
Vr 0.135v 0.243V -0, 106V
 New' | Sel0%ca® 5x10'ca® | 5¢10"ca

22k #29k A2l #38 2H7h Al #19] TR AbEPY
3 gk Alsputey) £20-8 sl FAE 2=
FU3 AEE 2+ MOSFETel|th Alatdl 42)9
+8 parameter + X 1ol Foi4 ik

FUT AEE = MOSFETS] 73$olle 933
Al $2(V, ~ 0 V)ellde A (1) 2 A @& o
P ool RE] ZPbd oddzix] A el ZHA
25 7o ghg &b A8 A 24V, = 5 mV)
oA Vi o gtel AT 1 @77t At 2= ot
A, Azt #3& 7hEH el l=E sk WY elA,
kel Al Azl 2% Si-Si0, AlHAbel7} 2, = 4%}
flollA w)Fdd Ade] AAE 7152 MR &
T odq Alelel AALY WX 3E (spill-over)e] FA4|
sobd, oS3 22 AAAe] J]igiet

| =



116 1994 10 HwFIHezm s
e\ K2 £
g (x)=g(x) O0<x< 5 @
(0 =gl (x) §< x<lL,
g2 (x) (g (x) 0<x<§
gl'(x) ) gl (x) §<X<L ()
g"(x) (g (x,) 0<xl<§ ngq‘
Al (3T Al 4)E aelsle] 729 oAk o]
w2} A9y e 23 (V= 5 mV)ellA 43| #19
A dihe-& Astsid
S;l :4KT ) #1( Xx = ngf'(x)dx
: (5)
4[I§T : ¢ (x)dx——S,f,‘( )
S N S (). (6)

o} #AAZ A} vpHAR R steady-state

Nyquist Aelel 2]s Az} #19] AW Al4bspd
4KT 4KT
S,ﬁl(w) S de T

[ Edx @

rgw W e
4KT

ET:[T—d;*ﬁS,’f(wl
2% g7%(x)

i (@) ({85 (@),

o] AL Atk Al (5), ©)F A (7), (
Hsl Ml Azpel|A] T o] 2o
(), S%(w) 2 S (w) rlo]o] ¥
T o Uk A @ #AE F ii}‘%‘%ﬂ
o] Aeolr} wWo| FrE I A, o] Aol A
(5), (6) & A (7, =
steady-state Nyquist A7} od|&s= Z3} Afo)
of & zol7}t sl--s o 4 Uk =F A (2) 9
steady-state Nyquist H2|7} &b A &329] =
A5 Sy(w)E, SAHoE F3 I, ¢ V, & 0)]43
4KTL/ V), & ¥ld 4= 2l

I ETIOEE

I A% Y s

w13 At #20] AR AHE Thl e gEs

AL

H3LE AR P10 W

WSl 1% S1ees doh olsk vimslel S
Aom, 23 29 B FEEA Axse] ofaje) 3
4 £ = 200 kHzold 24o] ol Folzich. 4 #3

o Aol ZHatnAl sk 2E SR <9
omJ} Hoba], 27 23 e a1 29 pe
~Elog = ZHANe HuAdS AFE
F7 itk webd 4 #39] AR Bx H2E
olgate] FA Fukfol A-4E FHse Wy P
& Abgste] Al Fa f = 222 kHz o4 =
Atk Azb 41, AxF 42 2 A #39] AFS
B A Al —%M A7 dFd 1/f &
59 gk glsich

=
0

Voo

Ro

SW2
” é o SPECTRUM
il 3 s
. - SW3
Yes_| ‘ il
~ - noise

/ey
¢ R PAR113 ANALTYZER

HP 3588BA

% 2. A A e sieke
Fig. 2. Schematic of the noise measurement

system.
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