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|. Motivations and Framework.

¢ Applications; Short Range (< 10m) Links for Wireless Sensors or
Telemetry (WPAN: Wireless Personal Area Networks)

c - IEEE 802.15.4 (2003) /
R Zigbee

= | 9
2 % Hiperm“ - f (MHZz): 868/ 915/ 2400
2|z 802.11b |
el & @, -1/10/ 16 Channels

e WLAN - 20/ 40/ 250 kbps

Bluetooth
wmm g
-
Data rate

* Standards process in progress

(*)"IEEE 802.15.4: A Developing Standard for Low Power Low Cost Wireless Personal Area
Networks",IEEE Network, Oct2001
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|. Objectives

¢ Design of IEEE 802.15.4 (or ad hoc) transmitter + integrated
Sensor.

¢ Test possibility of translating low-frequency ultralow power
anal og experience to the RF domain.

¢ Tool to design and evaluate the operation of RF circuits in Weak
and Moderate Inversion.

(previous work Porret et al, CSEM, 0.5um, 433MHz, JSSC 3/2001)
¢ First experiencesin design of RF integrated circuits.
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|. Introduction: MOST Inversion Regimes

PRl

Strong Inversion (S.I.)

V)2
/o SRR \oderate
fﬁ inversion

——

II’I -
Weak i
inversion:
|DDeVG/(n.UT) 1 1 TE E 75
WG(Y)
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|. Introduction: “Intrinsic” MOS Amplifier
VoD A (dB)A AO:gm/gd

Viqg iq fT=gm/(2-TtCL)
R ™ f(H2)

OTA: Operational Transconductance @ Consumption: I

AXaner _Om _9n ¢ Speed g,./C,
0 = 9mlo = g o A & Sp/eled - Consumption trade-off :
O Aq gm D
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|. Introduction: Optimum of Power Consumption

Weak inversion: |,0eve/(nUT)
b 4

- . . - ' - Moderate
N /'< /lnversmn
< 20
)
9 15F
S 1ol Strong inversion (I5,0(Vg-V1)?)
5_
)
0® 100 0° 107 10°  Ip/(WIL) (A)
 Working } Onllo Ay |
m''D /=P 'D
towards WI \

Usually an optimum exists in
W/L/_> c7'_>gm/ moderate inversion
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1. MOS transistor modeling (1)

¢ Continuous modd for W.l to S.I => ACM mode
¢ Basic structures modeled as 2-port network

Yy
C‘}—
—

: N

" \v
1

f
[
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1. MOS transistor modeling (2

¢ Medium frequency model: 5 capacitors, Quasi-static, No
velocity saturation effect

¢ Quasi-static: g/
m ~

*fQSmax:szl f gm :f%
10 10 277((:93 +Cgb +ng ) Ip

model limit
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I1. Object of study: Basic RF amplifier stages

1 Elff
1 | vdd I ey vy

|H Me_1 l G w °V56 | | ©

= 0,
2 : o m GGCﬁ QYD i
Me_(‘)j| { T Tas
RF | 3 / =) | |

Iref @9 — W

= ot w i
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Il. Design Space Exploration ISCAS 2006

¢ Inthedesign space (I5- gm/ly) are calculated the curves of constant gain A.
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I1. EX. (1): One Stage Amplifier

4"" """'.'"""‘""'.'""; """ T

One stage amplifier at 910MHz and
LL=0.35um with:

¢ Load capacitance CL=0.5pF

¢ Feedback resistance RF=5kQ

¢ Rg neglected

Minimum consumption @ A=2V/V o ........... > '

p calculated
ID e ol e
’tx i :
() 5 5

d (mA)

£ simulated
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I1. EX. (2):Effect of gate resistance

¢ Gate resistance, non
interdigitized layout

R :EW

> 3L

Id ()

Id ()

| ! - - Original optimum not 5 | B |
gmAd considering Rg ; 15 x % 0

---------------------------------------------------------------------
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|I. Tool user interface

DCop =

Id=8.808mA
gm/Id=9.33
W=122 . 42um
A{RF)=6.1977
RE{2in)=445.13 ohmn
IM{2in)=-728.11 ohm
UDSsat=08.23V
UGS=8.67U
flim=8.99GHz
Gp=25.14

HD2op =

RE(Zin@2f)=211.82 ohn
IM(Zin@2f)=-476.51 ohn
HD2/Ugs=8.96
IM3/Ugs"2=0.64

Usenal =

Ugs_disponible=8.21 U
Uds_disponible=1.38 U
Po{dBm)=-1.73

4 Figure No. 1
File Edit Tools ‘Window Help

csda@|»a /|22

18-

Po=1d

Tp(mA)

0.5
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I1. EX. (3): Technology comparison

One stage amplifier with G=2V/V , C,=0.1pF and no R..

*900MHz is not high

P : - : : : frequency for 0.35um
i i i | | | | technology
3l _ *Ultra low power
L ' ' 1 ' ' consumption
g e e 5 e e : techniques (MOS
= 2ppd ; ; ; ; ; transistor in Ml and WI)
] U f f f 5 f can be used
"]_
N e It is possible to work
0 i i = i i i optimally in Ml and in QS
0 15 20 25 a0

gmdld

_ > region
increase efficiency
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|I. Other Recent Results.IMEC, 2004, 90nm

Design specification:

30 " " ™ 250 fnax @nd fr > 5-10 times f,jication
525} |
= | Moderate inversion
o 20t
£ 15' Q Up to 5GHz applications.
“-': : d Low power consumption.
=, 10}
> 5| Strong inversion
oE Q Up to 20GHz applications.
0 1 2 3 4
0° 100 100 10" 10 O Higher power consumption.

Drain current, Ids (LA/um)

*W. Jeamsaksiri et al. Symposium on VLSI Technology, June, 2004
** J. Ramos et al. ESSDERC, September 2004
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Vi | N emcuds

[11. Experimental Prototypes . . 1
e 1- PA of a Low Power  Short L »
Range TX > i e

¢ 2- Optimum Amplifier
4

¢ 3- Three Stages Preamplifiler
I

|||||||
||||||||||
||||||||||
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[11. Measurement: Optimal Stage

1
‘ oo E E
Yoo l # = package = l;
"E1 Mgs hl]lld.i.l’lg 8
E E " 0= 50000
f= H0.008MHz
# g i ?
: -
Impedance Transformating
L] Networl,
MATCHING i
NETWORK %
BONDIRG .
PAD & .
MATCHING
vy HET'WORE !
: AT=80.00L)
E] f= 810600 MHz
.
a I
X, > Ly=LriL

G
—
=
=
=
—
+
=
=
=
L,

102.7 nH

Z0=480.000
f_rmain= 910000 MHz

L 300.0 fF

F®—JL(684F.43 0o @

[
7
H—1—
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[11. Measurement: Optimal Stage

LIN REF -15.B dBm

.

| ]
ATH
wael ||| (Y g |
T AN
/ N
z"ﬂrﬁf MH“thhh
S¢ Fel /| ~
CORR— o

START B3b.7 HHz

STOP 1.208@ GHz

ACTY DET: PERK

MERS DET-—BEBK OF RBUG

MKR 1.B@26 GHz
-17.2cd dEm

TF B 178 kH= AUG B AR kH- SHP 322 msec
LIN REF -15.B dBa
ATH
18 dB .
Lo
L Eﬁ“‘hmﬁ‘i ACTY DET: PERAK
' MERS DET
NS AN | MKR 918.9 MH:z
-22.88 dEn
WA sa*Li:i:;)- HHH“‘“H~xHKH
5C FC -
CORR
START B90.B MHz STOP 1.P08@ GH:
SHF 291 msec

IEHIEiLIEﬂﬂiiﬂljiﬂiﬁHﬁfﬂLEEH kHz




[11. Measurement: Optimal Stage

¢ ID=0.50mA estimated, 0.53mA simulated, 0.54mA measured.
¢ With Input Power estimated from simulations

Gp
(Power Gain)
Simulated -21.78dBm 10.93 dB
Measured -22.08dBm 10.6 dB
Estimated -16.10dBm 11 dB
p —
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V. Phase Noisein LC VCOs

Vo (t) = Acos(ogt +¢) — V(1) = A(t)cosfoyt +o(t))
< Origin
— Upconversion of the 1/f noise and white noise due to a non-

linear system

Eﬂ”fﬂ!'
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V. Phase Noisein LC VCOs

¢ Phase noise definition

- +
L (Aw) =10l0g Pgdeband(a;) Ao, 1Hz)

[L (A(D)] = dBc/Hz Ea,-,-,-e,\ ,

F. Silveira Univ. de la Republica, Montevideo, Uruguay EAMTA 2006



V.—Gm LC Complementary VCO Circuit

Margin
b
]F-—Hﬂ
= 00,y /2
2 e e gm gtank
2L f _ 1
cor 0~
Closd j I’jr Clnad 27[\/ L Ctank
1 MS:H H:mm 1
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V. VCO Design Methodology

fL>L
C,..<C

var min
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V. VCO Design Trade-offs
Q T —> Ll

dnllp}— (IDf) — L]

but ... L+*2 then PdTXZ
(-6dB)
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V. VCO Final Design

Design Value
parameter
L 5nH
9nflp 11
Coa 0.7pF
W, 336Um
Wp 782um
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V. Phase Noise

¢ Phase noise models:

— Linear timeinvariant model (LTI) (by Leeson, Proc. IEEE, 1966), Adjustment
parameter F.

— Linear timevariant model (LTV) (by Hajimiri and Lee, JSSC 2000)

| -
80 —+— L T% model
—-— LTIl madel

T -90
T
——
i
o, 100 -
w
o
T -110
=
&
o -120
L
o

-120 4

'14':' I T I T I T I T I T I T I T I

0 500 1000 1500 2000 2400 3000 3500
Frequency oftset Af fram the carrier (kHz )
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V. Phase Noise

¢ Phase noise obtained from ssmulation

With a Matlab routine:

— - Differences
LTI model -108dBc/Hz @600KH
mo c/Hz @600kHz probably due to
LTV model -120dBc/Hz @600kHz factor F
With Cadence: o e e o e, et it -
-119dBc/Hz @600kHz ) |- ™" I~
%{-—13.:- i ;"&“H.
—158 T e
| - | 1ti|':'I | :aa.ilnti-.-s- FE;:.LQ’. e} esl 1] [l ]
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V. Inductors Design

¢ Characteristics

B ctal 4

— Inductance value

— Quality factor

— Sdf resonance frequency

— Area, number of turns and width.

— Dependent on the technology characteristics: ™
» Number of metal layers
» Inductor metal thicknesss /| field region [645rm]
» Resistivity of the substrate B e [

il oxide [290nm ]

tmetal 3

tmetal 2

rretal 1

| P-substrate
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V. Inductors Design

¢ Modelling

— Lumped inductor mode!:
» Mohan's inductance expressions
» Yue s model

C=
port! H P orts
L E= L=
| P T U Y
— (DO S 1 1
L — Cox Cox
RS
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V. Inductors Design

¢ Inductor losses

— Metal losses
» Skin effect
» Eddy currents in the winding

— Substrate losses
» Eddy currents in the substrate

Tum |
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V. Inductors Design

¢ Final inductor design

L Characteristics
TRs( calculated with 3

| Cox Matlab
*ASITIC

Cadence
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V. Varactor

¢ Inverson Mode MOS

pt

pt
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V. VCO Layout
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V. VCO Measurements

s OOEE =2
m COEES E
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V. VCO Measurements

e VCO oscillation frequency versus V

bias
=:::::::=:::::::-_-_-_:..:_ Kyco=-169MHz/V tuning range=11%
E | '.::llhl
E ann o
@ N
E ﬂ.-"""-'----.-.-.-.-
500 - "-q.‘__._

Kyeco=-214MHz/V tuning range=15%
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V. VCO Measurements

e PSD and phase noise

ACTY DET: PERK
MERS DET: PERAK GF RAVG

masss @ DD = 3mA, VDD=3V

LOG  REF .@ dEm
14
dB/
ATH
34 dB

NA SE / y / @600k iz gl,\]jgzzgﬁﬂjildzBC/HZ

S0 FS / L~
CORR !J e
J.TM L /\
CENTER 939.635 HH: SPAN 1.GH
#1F BN 0@ Hr AUG BH 38R H: SUP 3.3 sec
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V. Conclusions

¢ Inversion level that gives an optimum consumption for a
given gain.

¢ Matlab tool which helpsin the design of low power RF
blocks.

¢ Feasibility of working in moderate inversion at 910MHz in
0.35um technology. Experience in ultralow power analog
design may be reused here.

¢ VCO: Moderate inversion provides a good compromise
between phase noise and consumption.

¢ Layout wiring parasitics and package parasitics strongly
affect performance
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Thank you !
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