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°

Optimum Bias Point for RFIC design w. Technology Scaling?

Optimum Region for RFIC Design?

e Aggressive CMOS technology scaling down to 28 nm.

@ RFICs under low voltage/power operation.

@ Suitable region for RFIC design ? )

@ High overall performance w. min. power consumption. J
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Previous Work - Motivation

Open Issues

Taris et al., NanoTera 2011 . T
. C.-H. Chen, “Thermal noise in modern

CMOS technologies,” in Solid State
Circuits Technologies, InTech, 2010.

@ Transistors might work in the
moderate or weak inversion
region.

@ Channel noise models for

transistors working in these regions

OR

@ Scaling iSSUes of the active noise
FoM = f(Gain, Noise, power, ) o (Gm/Ip) - fr sources research area for future
studies.
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Previous Work - Motivation

Open Issues

@ Figures of Merit representing RFIC behavior.

@ Simple and easy to evaluate.
@ Thermal noise in terms of RFIC design

@ Validation through RFIC design

| |
— | — | —
Weak Inversion | Moderate  |Strong Inversion
(W.II.) !Inversu;n(M.I.)! (SI.I.)

0.1 10 Inversion Coefficient, IC

IC = Ip/lspec
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@ Measurements and De-embedding
@ Small-signal analysis

@ Figures of Merit (FoM) for LNA Design
@ Thermal Noise

@ RF noise trends
@ Noise parameters essential for LNA design

@ Verification with EKV3 model

@ 30GHzLNA
@ 5 GHz LNA based on FoM
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LNA Design
L]

Receiver Architectures

Transceiver and Building Blocks

@ Receiver architectures

o Heterodyne (IF, problem of image)
@ Direct conversion (zero IF)

Recgiver @ Noise of cascaded stages

Filter RXMixer

== () oC
— /:y
T/R RF
i .

NFy—-1 NFm—1
@ NF=1+(NF-1)+ +
(NFy-1) Ap1 Ap1-Ap(m-1)

@ Non-linearity of cascaded stages

Baseband

<
g b2 TR SR
X Mixer A2 A2 AZ A2 A2
RF Front End G 11P3 11P3,1 11P3,2 11P3,2711P3,3

@ LNA should provide

@ Minimum noise figure
@ Moderately high gain, depending on
the application
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@ Input impedance equal to 50 2
® Return loss: [ = Zo=FRs

Zin+Rs
@ Ideally =0

@ Noise matching

(] Y@ = y;pt

Stability and Reverse Isolation

@ Feedback paths from the output to the
input may lead to instability

@ Stern stability factor

_ 1+AP-|S) 2[5

° L b’ N Lo T % N Lo 1
i€ 2[S21[I512] o
@ When K>1 and A<I the circuit is

unconditionally stable

@ Reverse isolation (-S12)

@ Improves stability
@ Reduces spurious LO tone at the
antenna
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LNA Requirements

@ Voltage gain, Ay should be @ Noise factor

I o F = SNRjn/SNRoyt
@ Ideally F=1
@ When Zjy = Zoyt , Av = Ap @ NF =10/logF

@ Several types of power gain o L G 4

Power Dissipation

@ LNA consumes a small fraction of the overall RX power

@ However power dissipation should be minimized

@ Pcons has to be considered along w. the other FoM
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LNA topologies

@ Widely used LNA Topologies
@ Common Gate (CG)

@ Common Source (CS) (w. resistive feedback)
@ CS w. thermal noise cancellation
@ Cascode w. inductive degeneration

@ Transformer feedback
@ Certain pros and cons

@ Circuit topology dictated by the specific application the LNA has to serve
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@ Input impedance
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@ Voltage gain
\Z R:
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v Vin 2Rs
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Existing topologies

Common Gate LNA

CG Stage w. Inductive Load

@ Input impedance

® 1/gms

@ Voltage gain

~ Vewt _ Ry
0 Ay =gt =gk

@ Thermal noise

° F:1+y+4%

Limitation

@ Even if4’;,—f < 1+7, for y=1, NF=3 dB

@ =1, very optimistic scenario
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Existing topologies

Common Source LNA

8 Vi
@ CS topology w. resistive load ®
@ Capacitive input impedance R
R 1 R; V.
Q@ Z,= 75., Op= 5"~ s fout
M7 1448 7P Ro(Cgs +MCyq) + ML
r Vi Re=

@ Miller factor, M =1+gm R, 00

@ Capacitive feedback from output to input through C, gd

@ Poor reverse isolation

Voo

e
R )om
o

Vou
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Existing topologies

Common Source LNA

@ CS topology w. resistive load

o0
R
R; 1 R v,
 Zn=-55_ w,= s ot
TR P Rs(CestMCyg) + ML
Vil
- 500

Vi
@ Capacitive input impedance
Re=

@ Miller factor, M =1+gm R

@ Capacitive feedback from output to input through Cpg

@ Poor reverse isolation )
8 Voo
@ Cascode topology w. resistive load
Lrge
@ Suffers from low gain R )‘m‘,‘
v,
Vpp—V| -V, out
o R < DD DS,sIaDtl DS sat2
@ For Vps ¢ = 0.25V, and Vppp = 1.2V, Ay, = 15dB Bon
+y—‘W?
@ Replace R; with an inductor load V‘"gf ST)‘:Q
v + - -
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Existing topologies

Common Source LNA

CS Stage w. Resistive Feedback
"] RE senses the output voltage and returns a current to the input
@ Capacitive component due to Cgs still present
@ Rr contributes to noise

R.
@ F=1+4g2 +7(gm +8&m2)Rs
@ NF exceeds 3 dB

CS Stage w. Noise Cancellation

Based on CS w. resistive feedback
Noise currents at points X and Y have equal sign

Signal voltages at X and Y have opposite signs

Noise cancellation

V¥.n

@ Vout,n = Vy n— Vx nAy=Avc = vX’n

R
=1+ FE
+R5

v, R
@ Avre= Wt = —27%
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Transformer Feedback LNA

@ C,y canceled through an additional path from output to input

@ Cancellation when
Ces.
gd

=/Lan/L1;
k=M/\/L11L

@ [;; used for source degeneration as well

@ k affects gain, input and output impedance

n __
° %
@ n
o

@ Complex equations
i
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Existing topologies

Cascode LNA w. Inductive Degeneration

@ Input impedance

o 7,= ﬁ +s(Ls+Lg)+orLs
@ Lg is chosen so that Real(Zj,) =50Q
@ L is chosen so that Imag(Z;,) =0
@ Z;, purely reactive at R

| Output |
{ Matching {
M; | Network |
@ Voltage gain
@ Ay = Vour _ O R
Vin — 209 " Rg
@ TImproves w. technology scaling
@ Noise factor
2
® F=1+gmyRs(gk)
@ Power constrained noise optimization
o~ 1
° WOPL,P ~ 30LCoxRg
@ Power constrained simultaneous noise impedance matching (SNIM)

@ Extra capacitance in parallel w. Cgs
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Measurements

RF and Noise Measurements

Schroter & Sakalas, TU Dresden

CEDIC Laboratory Master plan Part2

Prober PM 5: High frequency standard and special measurements

RF, DC and Noise 8 -50 GHz noise/lopad pull measurement system

Pulsed DC
28V

Semiconductor
Parametzer P
Analyzer 9

SMU1  SMU2
Vud hY

Q{Nm Fgug
Meter
1. Noise Figure meter , Spectrum analyzer Agilent E 4448 A
oz 2.PM5
3.PNA8361C
4. RF switch, LNA, downconverer
5. RF swilch
6. Tuner Maury MT 984 8-50 GHz
7. Impedance Tuner controller
8. Set of waveguides (missing, SFB)

paramater path Cﬁg::%:;‘ﬂ" 9.75-110GHz WG-Coax adapter x2 (missing, SFB)
1o noise source 241mm savamater pah 10. 75-110 GHz waveguide probes with BT (missing)
path. 0‘2;";”5‘: 50 Tonoke 11. 75-110 GHz wg switch X2 (missing)
ptodd measurement 12. 75-110 GHz isolator x2 (missing)
400m %ﬂ‘vj mf‘;“f, \ 13. 1GHz RF Gore cable x2 (40cm) missing
Network Spatnt 32 Q 14. 75-110 GHz load (missing)
Analyzer 15. RF power amplifier (75110 GHz) missing
1 pNA P NS 16. LNA for noise parameter (NP) meas. (missing)
~o 3 Qg/ 17. Downconverter for NP meas. 75-110 GHz to 1-26 GHz

Maury , ICCAP (missing)
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@ RF De-embedding

@ Intrinsic performance of Device Under Test (DUT)

@ Improved three-step de-embedding (Vandamme et al., TED 2001)
@ Noise De-embedding

@ Noise characteristics of the DUT

@ Cascade configuration (Chen et al., TED 2001)

@ Verification
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De-embedding

RF De-embedding Results

@ NMOS (L = 100nm, W = 40x2um, Vs = 0.65V, Vg = 1.2V)

@ PMOS (L = 100nm, W = 40x2um, Vs = —0.65V, Vps = —1.2V)

<=

<n
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<
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<

«n

® De-embedded
¥ Measured

0
10 10
ID/Ispec (=)

1

<n

<
-
-
<n
-«

<n

= De-embedded{
¥ Measured

=]

10 10'
1o/1spec (-)

2

10

10°
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f
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f
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T T
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10°F v
v A
\
® De-embedded
| v Measured
10 -2 .ﬂ .|
10 . I10 10 10
o/ 'spec )
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T T
v 0'
\j
v
v
® De-embedded
. v M(.easured
107" 10': A 10’ 10
D' 'spec )
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@ With frequency increase design characteristics start to
degrade

@ Gain, NFj,
@ At frequencies well below f

@ (Quasi) Static operation
@ Immediate current response to every voltage
change

@ Above quasi-static frequency, Qqs

@ Charges need time to adjust to voltage
changes G

@ Charge density dependent on the past voltage R
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With frequency increase design characteristics start to
degrade

@ Gain, NFj,
At frequencies well below f

@ (Quasi) Static operation
@ Immediate current response to every voltage
change

Above quasi-static frequency, Qqs

@ Charges need time to adjust to voltage
changes

@ Charge density dependent on the past voltage
values

Qg5 stands as a FoM

@ Frequency the device can reach wo.
accounting for the extrinsic components

Performance degradation when 2qs 5-7 times higher
than fj

Design

@ MOS extrinsic part
@ Significant w. frequency increase
@ Connection between intrinsic and extrinsic parts

@ Source-drain extensions
@ Parasitic resistances Rg and Rp

@ Simple equivalent circuit

@ Experiences limitations
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@ Unity gain frequency (f1)

@ Frequency where current gain of a CS amplifier falls to unity
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@ Unity gain frequency (f1)

@ Frequency where current gain of a CS amplifier falls to unity
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Ima,
g( m)

Can be extrapolated from hy; in S.I, saturation, where the slope is —20dB/dec

@ Maximum oscillation frequency (fmax)

Calculated through unilateral gain

Maximum available gain assuming neutralized device

U= [Yp1-Y12?
[real( V11 ) Real( Yoy)—Real(Y15)Real(Y21)]

fmax = \/Ufspot

Can be extrapolated from U, in S.I., saturation

@ Transconductance efficiency (Gm/Ip)

GmUT _ 2
Ip 7 n(v4IC+1+1)

@ Maximum in W.I.
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@ Transconductance frequency product (TFP)
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Used to optimize low-power circuits
(Mangla et al., MJ 2013)
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@ Recently (Song et al., EDL, 2008) it was shown that excluding frr
2
o FoMipina = (rpmy o (72)°

@ Representative of cascode topology
@ Easy to evaluate from DC measurements

@ Has not been studied w. length scaling
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@ Combines TFP w. intrinsic voltage gain
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Non-linearities

@ Non-linearities expressed through

@ Harmonics
@ Intermodulation (two-tone test)

@ Mainly due to the non-linear /p- Vs characteristic

_ d%p _ I
® Gm= 3VGS Gma = aVZg’ Gms = V3
@ Metrics
® P = ‘ 13 SGm3R5‘
_| 26w

° PIP3 = )3Gm3R$ ‘

24G,
® Vips=/%2

@ Contradicting results in literature

@ Non-linearities behavior w. length scaling and inversion level
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Results and Discussion

Non-Linearities

@ TCAD (W =10x2um, Vps =0.9V)
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Conclusions on Small-Signal Analysis and LNA Performance

@ Trends in FoMs investigated vs.

@ Bias, L, and technology
@ Individual FoM show a shift to lower inversion level w. length scaling
@ Combined FoM show the same shift

@ Optimum LNA performance studied via (G, //Ip) - fr and G2,/Ip

@ Experience the same behavior
@ Optimum value achieved in M.I.

V.

Contribution

@ Optimum RF performance shifted toward around-threshold operation as planar bulk
CMOS scales down to 22 nm
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Basics of Thermal Noise

Noise in Semiconductors

@ Random process

@ Even if the past values are known, the instantaneous value cannot be predicted

@ Power spectral density

@ Characterizes the average power the signal carries

@ Noise in a resistor: Representations

@ Norton equivalent: S, (f) = V2 = 4kTR; (V?/Hz)
@ Thevenin equivalent: Sy, (f) = % = V2/R? = 4kT /Ry (A?/Hz)

@ MOS Transistors

@ Flicker (1/f) noise
@ Thermal noise
@ Induced gate noise
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Basics of Thermal Noise

Thermal Noise in MOSTs: A Short History

@ Hot research topic
@ Many groups (Birbas & Triantis, Enz & Roy, Schroter & Sakalas, Smit &
Scholten, Deen & Chen,...)
@ Compact models (BSIM, PSP, EKV)
@ Noise description as a function of geometry, bias, scaling
@ Controversies in literature
@ Discrepancies
@ Excess noise in short devices and short channel effects (SCE)

@ Noise parameters

@ Necessity to translate noise behavior of the device to circuit design

@ A lot of issues remain unclear and need to be clarified )
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The EKV3 Approach

Thermal Noise in MOSTSs: The EKV3 Model

@ Thermal noise due to local random fluctuations of the carrier velocity

@ Transferred to the device terminals
@ Modeled as a random current added to the DC local current

L
G
—[\X -—
S N D
X ‘v Va L-x
= G 1
AR ‘
Tlfrf M T2 5|"D
s | | o |
= 5l =
lB Enz, 2006
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@ Thermal noise due to local random fluctuations of the carrier velocity

@ Transferred to the device terminals
@ Modeled as a random current added to the DC local current

L
@ Modeling approach AG
—-Ax—
@ Local noisy source S ] D
@ x and x+Ax from Source X P L-x
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Thermal Noise in MOSTSs: The EKV3 Model

@ Thermal noise due to local random fluctuations of the carrier velocity

@ Transferred to the device terminals
@ Modeled as a random current added to the DC local current

L
@ Modeling approach AG
—-Ax—
@ Local noisy source S ] D
@ x and x+Ax from Source X P L-x
@ L-x and L-(x+Ax) from Drain /
@ Noisy current source in parallel with AR I
@ Transistor is split into T1 and T2 G ‘
° 1 1 AR |
Channel conductance: G = ?1 + G 1 I, s
@ Drain fluctuation due to local noise source: 8/,p = G ARSI, — IS
@ PSD of drain current due to all noisy sources: £ S | | D l
2 2 012 (@) 8,
SA,,,2 (o) = J§ GZ,AR dx lB Enz, 2006

@ Modeling approach applicable to frequencies well beyond fr
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The EKV3 App! h

Thermal Noise of Long Channel Devices

@ Constant carrier mobility, W

@ PSD of drain noise current

@ Ip=pw(-Q)%
di

@ Gyu=9P=n-)Y

AV Ax
@ AR=" = Wit
@ Due to local noise source 81,: SalzD(wﬁx) = Gsh(x)ARz(x)Salg(w,x)

n
Ss12
: . 512 (o,

@ Due to all noise sources: SAI,Z,D(w) = JF(5%)? #dx = %2 15 AxS;)a (0.x)dx
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Thermal Noise of Long Channel Devices

@ Constant carrier mobility, W

@ PSD of drain noise current

® Ip :#W( Q)%
@ Gyp= dV =u(- Q,)
° AR= 9= Wit
@ Due to local noise source 81,: SalzD(wﬁx) = Gsh(x)ARz(x)Salg(w,x)
n
Ss12
: . 512 (o,
@ Due to all noise sources: SAI,Z,D(w) = JF(5%)? #dx = %2 15 AxS;)a (0.x)dx

@ Introduction of noise conductance G,p

] 5A12

® Gup =l Js(-Q)dx=[51Ql

=4kTGnp
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The EKV3 Approa

Short Channel Effects

nnel Length Modulation (CLM

@ InS.Las Vpg increases the channel pinches off

@ Electrons and holes have a characteristic E¢ and usat
@ Channel is split into two regions

@ When Ey becomes comparable to E¢ then ugyif starts @ Non-saturated region (Lggr)
to saturate @ VSregion, AL

@ High lateral electric field @ Carriers in VS region
@ Carriers gain higher energy @ Maximum velocity
@ Random collisions w. lattice @ Noise voltage fluctuations do not propagate
@ Carrier temperature increases w. electric field to drain

@ VS and CH, interdependent phenomena @ Only the active region contributes to channel thermal

noise

@ EKV3 accounts for both

@ (Critical field parameter

: it I
@ The higher the A, the stronger the SCE IS *LN—\‘(‘{\
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@ Incorporating SCE in PSD of drain noise current (Roy and Enz, TED 2005)

@ S.I. assumption (SCE dominant)
@ Two transistor approach
@ Effective mobility Ues varies w. Ey
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The EKV3 Approach

Thermal Noise of Short Channel Devices

@ Incorporating SCE in PSD of drain noise current (Roy and Enz, TED 2005)

@ S.I. assumption (SCE dominant)
@ Two transistor approach
@ Effective mobility Ues varies w. Ey

@ Thermal noise conductance
w L, T .
o G,p= M—LZ” Jo o uz 7 (= Qi(x))dx
el
_JL, for Vp<Vpsat
0 Lefr = {L—AL for Vp>Vpeat
Vp, for Vp<V,
@ Vhr— VD D<VDsat
Deft {VDsat~ for Vp>Vpsat
1
° =y
M (1 YDerr Vs y2
T PlerEC
Analytical expression
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@ Thermal noise parameter: 6 = gZEé
/s

@ G,p and Gy calculated at different operating points
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The EKV3 Approach

Thermal Noise Parameters

@ Thermal noise parameter: 6 = gZEé
/s

@ G,p and Gy calculated at different operating points
@ Less relevant for circuit design

@ Thermal noise excess factor: y = %”n?
@ G,p and G, calculated at the same operating points
Characterizes noise performance of transconductors

Used in noise calculation of cascode LNA: F,,;, =1 +2"y% ﬁTG (1-¢)?

°
e
@ The smaller v, the better the noise performance
@ Dramatically increases in linear operation

@ Importance of vy underestimated by scientific community

@ Not validated w. measurements
@ O instead of v
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Two-Port Noise Theory

Noise in Two-Port

@ Noise generated by any two-port device

@ Noiseless network w. two partially correlated
noise sources
@ 4 noise parameters

Inout

Noisy
YS:] ivl Two-port ‘
[EY Vq Inout
Noiseless
Ys lvl ! Two-port
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@ Noise generated by any two-port device

@ Noiseless network w. two partially correlated
noise sources
@ 4 noise parameters

Inout

R 2 -
Q@ F=Fnint+ 2Z|Ys—=Y. Noisy
min Gs | s opt‘ Ys ivl Two.port
@ Minimum noise figure, Fpin
@ Noise resistance, R, v }
N . . I Q Inout
@ Optimum source reflection coefficient, I'opt
v v, lfropr Ys lV | Noiseless
= 1 -
o opt 0 TFTopt Two-port
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Two-Port Noise Theory

Noise in

@ Noise generated by any two-port device

@ Noiseless network w. two partially correlated
noise sources
@ 4 noise parameters

Inout

R 2 -
Q@ F=Fnint+ 2Z|Ys—=Y. Noisy
min Gs | s opt‘ Ys ivl Two.port
@ Minimum noise figure, Fpin
@ Noise resistance, R, v }
N . . I Q Inout
@ Optimum source reflection coefficient, I'opt
v v, lfropr Ys lV | Noiseless
= 1 -
o opt 0 TFTopt Two-port

@ Noise matching when

@ Gs = Gpt and Bs = Byt
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Results and Discussion

HF Noise Parameters vs. Frequency

@ NMOS (L = 100nm, W = 40x2um, Vs = 0.65V, Vps = 1.2V)
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@ NMOS (L = 240nm, W = 40x2um, Vs = 0.65V , Vpg = 1.2V)
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Results and Discussion

HF Noise Parameters vs. Frequency

@ PMOS (L = 100nm, W = 40x2um, Vs = —0.65V, Vps = —1.2V)
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@ PMOS (L = 240nm, W = 40x2um, Vg = —0.65V, Vps = —1.2V)
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Results and Discussion

HF Noise Parameters vs. Bias

@ NMOS (W = 40x2um, Vps = 1.2V, f = 10GHz)
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Results and Discussion

PSD of Drain Noise Current

@ NMOS and PMOS(W = 40x2um, |Vpg| = 1.2V)
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Results and Discussion

PSD of Drain Noise Current

@ NMOS (W = 40x2um, Vps = 1.2V, f = 10GHz)
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Results and Discussion

Design Parameters

@ NMOS (W = 40x2um, Vps = 1.2V, f = 10GHz)
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Results and Discussion

Gate Current Noise

@ NMOS (W = 40x2um, Vps =1.2V)
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Contribution

@ Thermal noise excess factor measurement and modeling for the first time

@ Minimum noise expected to shift to even lower inversion levels with more advanced
technologies
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30 GHz LNA Design

@ SNIM technique

@ Use minimum L to achieve high f7
@ Calculate Czs and W from Z,,; = Real(Zs)

 Gopt = 00 Cysy/ & (1—cf?)

@ Calculate L from a given power constraint from Real(Zj,) = Real(Zs)

@ Real(Zjs) = g’C"gLf

@ Calculate Lg from Imag(Z,) =0

o Imag(Zin) = o(L +Ls) — 5= — ¢

0Cgs ®Cpag

@ Optimum bias voltage by plotting fr vs. Vpp
@ Vs =065V

@ Output inductance resonates with output capacitance at 30 GHz



LNA Implementation
Q@000

30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

53/65



LNA Implementation
Q@000

30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

@ Same orientation for all components




LNA Implementation
Q@000

30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

@ Same orientation for all components

@ Interaction between transmission lines and
inductors should be avoided




LNA Implementation
Q@000

30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

@ Same orientation for all components

@ Interaction between transmission lines and
inductors should be avoided

@ Width of interconnect lines determined by the
current they have to drive




LNA Implementation
Q@000

30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

@ Same orientation for all components

@ Interaction between transmission lines and
inductors should be avoided

@ Width of interconnect lines determined by the
current they have to drive

@ Pad’s capacitance as low as possible




LNA Implementation
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30 GHz LNA

30 GHz LNA Layout

@ Uppermost metal (M9) for interconnect lines

@ Same orientation for all components

@ Interaction between transmission lines and
inductors should be avoided

@ Width of interconnect lines determined by the
current they have to drive

@ Pad’s capacitance as low as possible

@ 0.3762 mm?
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30 GHz LNA S-Parameters
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LNA Implementation
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30 GHz LNA Noise, Stability, Linearity
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30 GHz LNA

30 GHz Single-Stage LNA Overall FoM

o Fot = B I it
This work Abadi et al. Yu et al. Ribeiro et al. Sanduleanu et al.
ICCDCS 2012 RFIC 2007 MWCL 2004 EUROCON 2011 RFIC 2006
Process (nm) 90 90 180 130 90
Freq. (GHz) 28.9 285 25.7 30 325
Sy1 (dB) 59 20 8.9 7.4 18.6
NF (dB) 39 2.9 6.9 3.7 3
1IP3 (dB) 49 -1.5 2.8 6 -
Ppc (mW) 7.2 16.2 54 7 10
Area (mm?) 0.37 0.67 0.73 0.17" 0.85
FoM (-) 25.3 33 1.4 45.8 -
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5 GHz LNA

5 GHz WiMAX LNA Design

System level analysis of WiMAX RX
o NF =3dB, Gain = 18dB (could be relaxed)
Operation at 5.3GHz

Based on cascode topology (Andreani et al., CAS2 2001)

Extracted EKV3 model rather than the commercial one

@ Bias in MLL region via (G, /Ip) - f1

) ID = 1.47mA
@ IC close to the center of M.I.

57765
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5 GHz WiMAX LNA Results
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5 GHz LNA

5 GHz WIMAX LNA O

@ High overall performance (Fom = S2n(dB)LIIPS(mW)-fe (CHz)

(NF—1)(abs)-Ppc (mW)

)

% Lorenzo et al., ICCMS 2010

4 Asgaran et al., MWCL 2006

* Allstot et al., RFIC Symp 2004 10 mW
A Liu et al., MOTL 2005 >

B This work u

> Chiuetal, MTT 2005 1.67mW

A
26 mw

6.2mwW
19.31 mwW

3.96 mW
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5 GHz LNA

Conclusions on LNA Design

@ Device to circuit via (G, /Ip) - fr FoM
@ Fairly high overall performance
o Low power consumption

o M.L ideal for LNA design
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@ Validation through the design of a WiMAX LNA at 5.3 GHz
@ Operation in M.I.

@ (Gp/lp)- fr as adesign guide
@ High overall performance w. minimum power consumption

@ RF noise characteristics vs.channel length scaling and IC

@ Excess noise factor

@ Importance in terms of RFIC design highlighted
@ Verified w. measurements for the first time
@ Impact of SCE

@ Small-signal and noise results validated w. EKV3
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Conclusions

H rnapoloa épeuva éxel oLy xenuatodotniel and tnv Evpwndixh 'Evwon (Evpwnoinéd Kowwvixd Tapeto
- EKT) xou anéd e9vixols népouc péow tou Emyeipnotoxol Ipovyeduuatoc «Exnaldevon xon A
Biou Md&dnon» tou E9vixod Ltpatnyixod IThactiov Avagopdc (EXIIA) - Epeuvntixd Xenuoatodotod-
uvevo ‘Epyo: Hpdxhertoc I1. Enévduon otnv xowwvia tng yvdong uéow tou Evpwraixod Kowwvixol

Tapelov.

EMIXEIPHZIAKO MPOrPAMMA
:'”*‘ EKTAIAEYZH KAl AIA BIOY MAGHEH 37 EXMNA
Y o e [ Toipens wwoinus

YNOYPTEIO MAIAEIAL & BPHEKEYMATAN, NOAITIEMOY & ABAHTIZMOY

EvpwnaikiEvwon E!AIKH YIHPEZIA AIAXEIPIZHE
Eupwnaiké Kowwviké Tapeio N . -
Me tn ouypRpato8éton e EMdSac ket g Evpumaikiic Evwong
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