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ABSTRACT

In this study an ultrdroad band, lowower, and higlgain CMOS Distributed Amplifier (CMOSA)
utilizing a new gaircell based on the inductively peaking cascaded structure is presented. It is created by
cascading of inductively coupled commsource (CS) stage and Regulated Cascode Configuration (RGC).
The proposedthreet age DA is simulated in 0.13 8mofZLMOS pr o
0.4 dB over the frequencies range from DC up to 13 GHB ®andwidth, andt dissipates nly 9.95 mW.
The 1IP3 is simulated and achievelD dBm at 6 GHz. Also, simulated input referredB. compression
point at 6 GHz achieves the value-80 dBm. Both input and output matches are better thardB. To
obtain the low power and high gain ré®ments, the advantages of the bulk terminalexy@oited in the
proposed CMOSPA. It adopts the method of forward body biasing in output MOS transistor to achieve
higher transconductance and lower power consumpfidditionally, the Monte Carlo (MC) simulation is
performed to take into account the risks associated with various input parameters which they receive little or
no consideration in simulating of designs utilizing ideal components. MC simulation predegtraate of
the good accuracy performance of the proposed design under various conditions.
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1- INTRODUCTION topol ogy which canét provide
The lowcost, easy integration and the latestat very low power consumption or low power dissipation

performance developments driven by forceful scaling oét the high gain levels.

nanometer complementaRmetatoxide-semiconductor ) )

(CMOS) technology have made it feasible to realize the 1WO-dimensional DAs have been suggested to take the

radio frequency (RF) systemgl]. The highrate benefits of multiplicative gain mechanism, such as
requirement for broadband communication system§aScaded singlstage distributed amplifiers (CSSDASs)

demands the wideband amplifiers as essential buildingl: ca@scaded muistage distributed amplifier (CMSDA)
blocks. Distributed amplifier (DA) is appeared as one of 8], and matrix DA [8], composition of the
the most prevalently candidates for broadbangonventional DA and the cascaded single stage[8]A
amplification applications. The reasef choosing DAs, DA Wwith cascaded gain staggg] and DA with internal
as a prime solution for extremely wideband amplificatiorf€@dback10].
applications is their high gaimandwidth product and
excellent linearity in naturfl, 2].

The existing tradeffs in CMOSDA designing
introduce significant design considerationgh regards
to gain, bandwidth, and power consumption. Th

Even though the twdimensional DAs have potential
of higher gaiAbandwidth performancehé&n other DA
configurations, their high power consumption and big
eghipar ea arenot s aawbasks afctweo r vy .
. o . “dimensional DAsseriously restrict their usage in wireless
conventional CMO®As have the additive gain ,,4ape devicesAs it can be seen, in reported various

meqhanism and their gain is not' significantly high. .types of DAs, gain, bandwidth, and power dissipation are
Besides, the low gain drawback in CMOS process i ignificant criteria in the design of DAs.

further critical as a result of the lamansconductance and

high substrate loss in a silicdiased proces$3]. In Biasing the active @vices of DA at a very low

addition, one of the main issues DAs design is their overdrive voltage improves the power consumption at the

large DC power dissipation. The high power dissipationexpense of insufficient gain. Also, raising the gain of

of the DAs critically restricts their usage in wirelessCMOSDAs generally comes at the deep tradi in

portable device§4]. In general, there are two choices inbandwidth.Therefore, as a research motivation one can

implementing the high gain and broad bandwidth CMOStry to optimize the performance of CMESA regarding

DAs. One isbased on the cascaded gaglls topology, the gain, bandwidth, power dissipation and noise figure.

and the other istwo-dimensonal DAs which are Here, a novel gaigell is presented to pick the optimal

discussed as follows: performance and topology which it meets thésgets.
Ref.[4 i ntroduces a -DA.utlidng £ Mhis pald discusses the design of a high gain-bitvad

cascade of inductively coupled common source (CS)andwidth, and low power CMGBA.

gain-cells for gain improvement at high frequencies. The

DA is attained extraordimg flat and high gain of 10 +  To guarantee the expected behaviour of the proposed

1.5 dB at |Owgain (LG) mode and 16 + 1.5 dB at h.|gh CMOSDA it is necessary to determine how it will

gain (HG) mode. But, the correspondilg of 19.6 mw  Operate in every possible situation, which islded by

at LG mode and 100 mW at HG moae not desireRef. MC simulation. MC simulation is performed to consider

[5] demonstrates a 0.18 mtwo-stage CMOSDA with ~ the effect of parameters variation including fluctuations

cascaded gainell, which comprises two enhancedin MOS parameters which are unavoidable in practice

CMOS inverters. This workchieved high power gain of also, supply voltage variations, and tolerance effects of

114 + 1.4 dB at LG mode and 17.1 + 1.5 dB at H@assive components to derstand the impact of risk and

mode, respectively. The desigt HG mode consumes Uncertainty in computing the results. Following this

0 of 30 mW isndt dec e fpr . Intradyclon, gegtign Zyelpborgigs upgndhe circuit design

illustrates a CMODA i n 0. 13 em by Oofitkejpiogosed GMPOBA. gimdation and

gaincell that constitutes by an indtively parallel

peaking cascode stage with a {QWRLC load and an

inductively series peaking CS stage. The flat and high

gain of 11.03 £ 0.98 dRtthe LG mode and 20.47 + 0.72

dB at the HG modeare achieved. However, this DA

achieves an excellent average noise figure (NF) of 4.25

dB at LG mode and3.29 dB at HG mode,but the

correspondingd  of 37.8 mWis at the medium range

and hasnot very | ow[7] wahl ue. Finally, in Ref.

modified cascade gaicell is demonstrated that it is

possible to achieve a high gain and low power

consumptia, concurrently. However, the corresponding

averageNF of 6.6 dB at LG mode and 6.5 dB at HG

mode ar enodt satisfactory. As a gener al resul t, t he

mentioned designs are based on the cascadecein
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Figure 1: Circuit schematics of the conventional DA

comparative results are discussed in SectiofiBally, Finally, the traveling inpusignal is absorbed at the
Section 4 presents the conclusion of the worktermination end of the gate linEhe active devices feed a
2. BASIC PRINCIPLE OF PROPOSED DA current into the outpedrain line. Fig. 1 shows the

o . ) ~ simplified schematic of an original DA with CS stages as
The main idea behind of a DA relies on the operationctive device§11-13].

of a pair synthesizedransmission line (TL).TLs

constitutesby series orchip inductors in conjunction  Fig. 2 shows thechematic of the proposed CM@B\

with the shunt parasitic capacitances from active devicebased on the new gagell note thatpiasing not shown

which are the input gatiine and the output draiine.  for simplicity. The proposed gaitell construction
The input and outpuTLs are terminated in their iIIu_strates that it is prac;ica_lble_ to achieve flat and high

chamrcteristic impedance at the end of the lines. This i§&in, and lowpower dissipation for a CMOBA,

because of the reflecti oROBCUTEY, dhe neycgasgell usesqiheindugtivelyy o ¢

capacitances of the active deviagsich are the major COUPled cascaded structumehich isshaped by aascade

reason of bandwidth restriction absorb into TLs, and th@f inductively coupled CS stage and a Regulated Cascode

extensive bandwidth response is iad. The active Configuration (RGC).

devices are coupled into the drain line through the

transconductance of them. The input signal is sent at the

input-gate line while it travels down on the gate line, each

of the active devices is triggered by the propagating input

signal.

L2 L, L, L2 RF,,
T R T R
Ry % Vi M Vi M; Viias M,
= Viuk = Vouk M = Voure
My j__ M, —l— —l-
3 & = e, - L -
J—( M M, l—| M.
o L, - m

Figure 2: Schematic of threestage CMOSDA based on the proposed cascaded gain cell
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In the next suksections the effects of inductively transconductance novement As a result, more gain
coupled cascaded structure and the effect of the RG€an be achieved without make larger thpower
define in details. They aitto realize the balanced trade dissipation. This effect arises from the fact that
off between critical challenges in high gain and broagmployingd enables us to raise the transistor aspect ratio
bandwidth DAs designing. For sility consideration, the and to earn the objective transconductance with lower
gates of0 (i = 2, 3) devices at each gaoell are power dissipation while the similar bandwidth is obtained
bypassed througlY (i= 1, 2) resistors in series with BC at the same timg9, 14, 15].

BLOCK capacitors. Note that, this section of tireuit is

omitted in the Fig. 2 for simplicity. The inductive peaking inductors includidg and 0
not only extends the bandwidth, but also substantially
A- INDUCTIVELY COUPL ED CASCADED maintain pasdand gain flatness. This sglkction
STRUCTURE investigated the effects of inductively coupled cascaded

The cascaded game | | s i ncrease tSHUstUre;oR extending Bandyvigth. Jhe jnext-sebtion
while operating in low voltage and low power conditions.&laborateshe’ effect of RGC upon ineasing the output

However, the lack of an ultdaroad band response arisesimpedance as a result increasing the gaishows how
from imposing multiple poles is main issue that they facéarge effect is obtained by utilizing of RGC.

with it. Inductively. coup'led gascaded structure that B- REGULATED CASCODE CONFIGURATION
shaped based on inductiygeaking conceptas been

addressed in Ref4] to circumvent the influence of the In ord'er to avoid the utilizing of stacked structure that

traditional cascaded game | | 6s rest rii c S &Rpuitad g, hogst fhe gain in lowpgly voltage

creates a zerthat can be used to cancel the effect oftPplications the RGC can be ugé6, 17. RGC notonly

domi nate pole and to i nec rSHbstangallyingreases theputpuiimpgdansgandythe gainy i d ¢

to farther pole. It is a helpful approach to alleviate thd Ut @l so remove the voltage

effectsof imposingmultiple poles that associated with the conventional cascode architecture. To h|ghl|ght the more

inter-stage parasitic capacitances duéntrease cascaded favorable aspects of the RGC than copvennonal cascode

stages. This method is employed in this design that makg§!l: these structes are compared against each other as

it possible to meet the high gain performance of théollows:

proposed cascaded gaiall, without sacrificing the gy 3 jystrates the conventional cascode

bandwidth. configuration versus RGC structure. The output
Moreover, to avoid of limiting the total bandwidth by impedance of conventional cascode cell (see Fig. 3 (a))

the pole associated with t¥eberepulated a5 9, Hhap device Blays node,

inductive peakingd embeddedin the source ob degeneraton resistoros role:

device in each gainell. Another benefit of0 is the

Voo Ve "
- 1,
Tl | ) () O -
Vout out
e
Vb
- [: M, M;
Vin - V;
R EMI JHEMi
(a) (b)

Figure 3: Schematic of a) conventional cascode cell b) regulated cascode configuration cell
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Y Qi (1) Whered is:
Where ' Q andi for 0 (i = 1, 2) are the 0 Qi 3)

transconductance and the output resistances of the M
devices, respectively. Fig. 3(b) shows the RGC &l
long as, output impedance is concerrigdplays the role
of degeneration resistor, which makes sense the outpuf 4)
current and changes it to voltagéie observation that the

smaltsignal voltage presented is proportional to the From (1) and (4) notice that tleutput impedancef
output current progses this voltage can be deducted fromRGCcell as expected is higher than conventional cascode
gate voltage ob transistorin a manner to placé in cel |, significantl y. outfuhe
the currervoltage negative feedback. impedance basically arises from the modification of the
output impedance because of tiegative feedback. As it
can be seen, by RGeIl the higher output impedance is
achieved than conventional cascodeithout adding
further cascode devices, which it directly increases the
small signal voltage gain. To proteat the further small
smaltsignal voltage presented to a lower extent, signal voltage gain can be obtained by RGC cell
becausethe gain of thed devi ce A Re g ubnpiredIoGimple ltdssode cell, the siigihalvoltage
voltage.In other wordsa negative feedback loop sensinggain of them can é derived and compared as
the output current increases the output impedanceliows:d (i = 1, 2) represent thesmalksignalvoltage

significantly. This ariseslue to the facthat negative gainof both simple cascode ceil£ 1) and RGC celli(=
feedback tends to adjust the output quantity which ip) respectively.

senses. This effect is formulated meticulously as follow

S
%y substituting the equivalent @f into (2),'Y  of
RGC cell can be rewritten as (4):

Qi

The negative feedback loop perfectsiby device. It
forcesthe smallsignal voltage presentdd to be equal
to gate voltage of) transistor. Thus, the voltage
deviations at the drain di transistornow affect the

[16, 18 0 QY Qi (5)

The currentvoltage negative feedback in RGC cell 0 QY OO N o I N (6)

enhances the output impedance of simple cascode by N . . )
Where"Q andi for 0 (i =1, 2, J are respective

factor of 0 d e v i smallbsignal voltage gairso we

will have: the transconductance and the output resistance of the

MOS devicesAs it can be seerthe smallsignal voltage
Y 0 "Q 1 i (2) gain of the RGC celb higher than simple

@)

Figure 4: a) Inductively coupled CS stages against b) The proposed gaigll
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cascode cell, significantly. It is similar to the gain of2- 1- 1- Gain increasing byoptimizing bulk -to-source
triple cascode amplifier while reducing voltage voltage

headr oo mo6 sthatdunavaeidatdecirk the cascode ) ) )
circuits is removed. A MOS transistor as a four terminals device has two

To show how large effect is obtained in this work bydependent current sources which cause a related current
utilizing of combined inductively peaking and RGC OWith @ and w voltages in drain terminal of
concepts, this work is compared with Rl that utilizes ~ transistor. Note thato andw are appeared Vtages
cascade of inductivelgoupled CS gaiwells. Fig. 4 On the gat@o-source and buMo-source capacitorsBy
illustrates the gaitell of Ref.[4] against the proposed taking derivatives of'O to @ andw , the bulk
gaincell. The total voltage gai ; , of both transconductanceéQ and the total transconductance
inductively coupled CS gaicells (i=1) andthe proposed relationof a MOS transistor can be extracted according to
gaincell (i=2) to be equal to the product wbltage gain (10), (11):
of both stages that shaped each of them, it can b&

calculated according to (7): s s Q -0 (10)
0 & 0 0 @ Qp Q Q p —-"Q (11)
The equivalentés total v Asl it carg be seea,ifronequation 1MW uveltei vel y
coupled CS gateells is giveras (8): depended on bulto-source voltage. Optimizing the bulk
. . . to-source voltage can increase tfe value, results in it
O s Qi Q (8) can increase tH€® ; . As mentioned above, since the

Also, t he equi val ent 6s t otgfiln Ofv ol Mgﬁeeamp'i%ri ﬁ ({%a;ive t;%hsétis

proposed gaiell is written as follows: transconductance, Henfrem equation it can d

that, theforward body biasingncreases th&Q value, as
0 Qi OO T O I (9) a result increases the total transconductance that it
directly increases the gain of a MOS amplifier.
As it can be seert, he equi valentds total vol tage gain
of the proposed gaicell is higher than inductively Moreover, if the bulk effect of the output MOS of
coupled CS gaimells, substantially. So it can be saidRGC cel |l is considered, RGCO

that, large effect of the new gairell than previous small signal voltage gaiocan be further improvedlrhe
viable cascaded gairells in high gin DAs designing Output impedance also, the small signal voltage gain of
like the gaincell of Ref.[4] which is the nearest work to RGC cell withbulk effect rewritten as (12)13) that it

the proposed gaioell is obtained as a result of RGC confirms they are higher than their counterpart in the both
cell 6s higher gain. As oksimple eagcede gnd Baditosal RGCc o mbi ni ng
inductive peaking and RG€ncepts resulted in design of . N N o v 3 s

a high gain and broadbhd DA based on a Y Q Q Q1 i (12)

new gaincell. Note that, the parasitic capacitances i® < ¥ Q0 o er i
these theoretical analyses are ignored for simplicity. They (13)
take into account in high frequency transconductance
"0y i analysis of the proposed CME@SA which The forward body biasing has been used in output
is necessary factor to calculate the CMD® 6 s p oM{$ device of the proposed gaigll for achieving more
gain. output impedance result in further gain. Also, it enhances
the DAG6s power gain as a resu
2- 1- EXPLOITING THE ADVANTAGES OF high frequency small signal transconductance. This claim
THE BULK TERMINAL validates by total high frequency small signal

Even though, the MOS transistor has four terminalstransconductance analysis of the proposed-gglirthat it

S S : . Will present in suksection 2.4.
but it is usually utilized as a three terminalsside. In
view of the fact that its bulk and source terminals are tied 2. 1- 2. POWER CONSUMPTION REDUCING
to each other and both are shorted to a supply voltaggy OPTIMIZING BULK i TO-SOURCE VOLTAGE
Since the gain of a MOS amplifier depends on its
transconductance , one can enhance the  As previously mentionedne of thepossiblemethods
transconductance as a result the gainthe amplifier to overcome the voltage bounds is to setby. It is
using the bulk terminal of transistor. Another bulkpossible to decline the» through either technology
terminal 6s f eat uthreshold soltageo Scaling @ gircuital technigug 9. The circuital approach
w to overcome the vol t ag ecountsanfaking therafitiobthe MOSbodieiteos thatis we r
applications[19, 20]. These benefitsnore highlight by to rely on forward body biasingto reduce the value
follow descriptions: of @ . Equation (14) shows the dependencynof to

w 8
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w IR 8 sge o s <o s (19 optimum value of forward body bias voltage for

simulation is about 1 V.
Wherew  refers to the threshold voltage of MOS at ] )
zero substrate voltage, is the bulk Fermi potentiaf, This meansthat, a lower gate voltage is now
represents a constant describing the substrate bidgmanded which able to turn the MOS on. Therefore, a
influence,o  illustrates the fixed gat-source voltage. lower drain voltage can be utilized for MOS device that

As it can be seen, the effect of altage difference operates .in strong inversign region. This effe_ct is
between the bulk and source terminals directly influencEMPIoyed in output MOS device of the proposed -gaih

they amplitude. By analyzing (14), it can be said that® reduce the drain voltage of ithis voltage is the same
the & changes when changidy . voltage which directly uses in calculating DC power

dissipation of DAsThe total DC power dissipation of the
In the other words, by applying a positwe the DA s as follows:

magnitude of thew can be decrease@he simulation "

result of reducing ofo by moderating the> through L 0w (15)

forward body biasing is shown in Fig. 5. Where "Orepresents the drain current through one

: , : : : tagedsNreudtepwst .t o the number

Decreasing ofw has been validated by simulation S ; . N
It ted. | heS dfn Po 3 .Oéjéa@%'%.d.“.’t'jm [3A 0 s

resu as expect e n voltagee of 'EJhe out?)ut I@I(BS that% reduced by utilizing 09

process, the value ofo for a typical BSIM3 NMOS U X
transistor model is about 0.43 V. As it can be seen frorWrWarOI pody bla:gg to .achleve lower DC, power
consumption In this design, the value oty for

Fig. 5 (b),by applying a positiveo the magnitude of th ) T

@ can be reduced. In this design thaue ofw for SIMUISHOMNIS ABOUE OB EV:
output MOS device reduces frol43V to 0.23V as a
result of employing of forward body biasing method. The

0.08

Increasing

£l

<
2
gk
}_v ’ L‘_’ g<
<"
&
g
00

(a) (b)

Figure 5: a) MOS transistor as a four terminals device, and b) The modification of
voltage through forward body biasing

by moderating the bulk-source

[ 3

Appling the MOS bodyeffect in conjunction with smallsignal equivalent circuit of the proposed gaeil,
cascaded topology that operates at low voltage and lowhich are utilized to calculate the
power conditions enhance the gain, considerably whileorrespondingO i
the power consumption keeps as low as possible over the

entire interesband. Calculating ofO i is necessary because
according toDA6s power gai msumihgo r mul a
2- 2- THE HIGH FREQUENCY lossless TLs that is provided in (16), it is only unknown
TRANSCONDUCTANCE ANALYSIS OF THE factor to calcul file the DAGSs
PROPOSED GAIN CELL
. . . 1
As mentioned earlier, the power gain of the CMOSscs O Op  ws (16)
DA depends on the totahn_sconductance of its ga_nmll. Where O represents the gamel | 6s
Therefore, the total high frequency sresiljnal

q e { ofth d aaicell b transconductance of the DAs which shape based on new
transcqn uctanc® p t 0 the proposed gaioell by gaincells, &0 i s the TLO6s charvacteris
taking into account parasitic capacitanoasst be carried ® G)andNrefers to the nidmber of
on for calculating the power gain of DA. The next sub Py Fﬁae’ (i=1,2 3 4) that are shown bylashed
section is provided this significanEig. 6 (a) and (b) capacitors in Fig’ 6’(a)’represent the parasitic gate
display thecircuit sthhematic and the high frequency ' '
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source and draito-bulk capacitances of the MOS 'Y (i = 1, 2) are belong thebiasing circuit which not
devices in the proposed gaiell. In this analysis, shown in Fig. 2 for sinmizity.

suppose that parasitimteto-drain capacitancé  from , L )

eachNMOS devicecombines with its5 andé by Typically,i (i =1, 2, 3, 4 are relatively large hence,
employing the Miller effect to shapdee andéee . they can be disregarded. The total high f(equency small
Also, "Q and i (i =1, 2 3, 4 are the signal transconductance of the new geétl can be

transconductances and the output resistances of tAgfved as follows:
NMOS transistors, respectively. Note that, (i = 1, 2)
and0 (i = m, n) refer to the resistors and inductors that © h
are utilized in each gaicell. As discussed earlier, the

i —i —8—8—8— (17

(a)
llan‘
== R,
( 203V 6= BV a2 () By Vos™ Bns ¥ as2 _l__ DE3 A%Kﬂ i L
L, [\\ Ve N
$
L ; oL
82 Vem ’_L“‘:‘-CIDEQ Taa Vaa Vdﬂj:‘C'(m R,
Vi Vi L ) Vien

in m
Rt

1
CI% @g’ﬂv"“ % Com ‘% L Con % RIA% L ; hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh ;;‘;: hhhhh
L

9]

2 &
]
.||_@_

ia

g

I

&

A
I”_'-': "

Q2

=1

4
Fran—

-

(b)
Figure 6: a) The circuit schematic, and b) The high frequency smalbignal equivalent circuit of the proposed gaircell

high frequency analysi§.hus, the gatéo-source voltage

o of0 @ can be given as follows:
The gate voltage off to groundw is equalto

@  multiplied by small signal voltage gain of ® 0w 0w 0 Ow
0 devicenamed £¢). Note thatd device realized the @ p ® 0® (18)
negative feedbgck I00|!n Fig. 6 (b).0 Qevice s shown With a KCL at the output node of Fig. 6 (b) it can be
by a block with gain of & also, its smaltsignal chieved that:
equivalent circuit placed in a dashed box for simplicity ofa

0 W  "Q W (19
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As a result: ' ' ' = = — (26)
wQ 0 (20) Combining (26) with the expression of the lossless
. . . . . TL6ds characteristic i mpedance
By writing a KVL in the path o) anddee it can be . P
. to (27)[13]:
given that:
1) @ - — — (27)
From KCL atthey , andc nodes we have: Allows one to achieve expressions for the phase
velocities upon both the gatend drain lines as follows
(20 [13:
"k — (28)
— (23)
- - ﬁ — (29)
As a consequence, th®y @ can be rewrtten as  opgening (28),(29) show that the larger series
(24): inductance of the gate lirie introduces additional phase
. ) 0 delay, thus making it necessary to increase the delay
O [ o [ incurred in the drain line by an equal amount. In practice
case,it can be implemented by increasing thegkrof
MM Q ®Q N the drain linex, sufficiently to satisfy the below
N5 O Ba O F 5o Q0 °  relationship:
P v 8 - - (30)
Y0 O v P

Wherel , 0 represent the equivalent series inductors
of the gate and draifines, andx, & are the length of
(24) segment lines at gate and drain, respectively.

. . . 2-4-BROADBAND INPUT IMPEDANCE OF THE
Where w shows the small signal voltage gain pROPOSEDCMOS-DA

of 0 device. The factotdis calculatecaccording to (25),
from its smaltsignal equivalent circuit that it The circuit schematic of a typical thrstages DAand
demonstrated in thedashed box in Fig. 6 (b): its input equivalent circuishown in Fig. 7 (a) and (b).
They are utilized to describe the input impedance
- - (25) matching. Note that, circuit biasing and drain TL are
removed for simplicity. As discussed earliefor
Note that, there are two zeroes in the expressioimplicity of high frequency analysis suppose that
of Oy i that associated with peaking inductive Parasiticgateto-drain capacitance  from eachlNMOS
coupled cascaded concept (Seein Fig. 6 (a) and 6 (b)) devicecombines with it®  and6 by employing the
Therefore, these zeroesmn be utilized to increase the Miller effect, to shapeoee andose . Following this
bandwidth of the amplifier by canceling the effect ofdescriptiond anddee (i =1, 2, 3 are theinductance
dominate poles. Moreovens discussed earliethe Of the gate Tlandthe equivalenparasiticcapacitance at
expression of "Q "Q in "0 i relation, the input node of the each gaiall also,’Y represents
validates increasing the power gain of the proposedhe gatetermination resistor, respectivelyThis idea
CMOS-DA by utilizing of forward body biasing in output allows todecompose the proposed I

MOS device. separate loaded TLs for the gate and drain termfoals
impedance matchingalculation.Analytical formulas for
2- 3- VELOCITY MATCHING OF THE describing the impedance matching are given as follows:

PROPOSEDCMOS-DA

The phase velocity of a signal traveling upon a TL can
be written as (26)13]:
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Figure 7: a) Schematic, b) input equivalent circuit for describing the impedance matching of a typic#three-stage DA, and c)
Simplified equivalent circuit of (b)
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o (31) figures, the power gain is about 26.5 dB with a gain
j flatness of £ 0.4 dB (Fig. 8 (a)). The DA exhibits-aB
) L bandwidth of 13 GHz. The reverse iswat of the
0 0ijg - (32)  proposed DAislessthan4 0 dB over the ai
corresponding bandwidth (Fig. 8 (b)). Also, the simulated
8 6 p — 1 6 0 (33)  input and output return losses both are better tiandB
over the entire frequency band (Fig. 9).

Yoy (34) The valuable measures of thalstity called rollett

stability factor (or Kfactor) and the stability measure. If
K-factor to be greater than one and the stability measure
(Y) to be greater than zero and less than one imply that
) 0jc (35) the amplifier is unconditionally stab[@1]. Fig. 10 shows

j the simulated characteristics of k aridgainst frequency
of the CMOSDA. As it can be seen, the CM@3A is

Similar definitions apply to the equatiobisf) , and
which yielded following relations:

Os

O 0 ; (36)  unconditionally stable for frequencies from DC up to 13
GHz.
6 06 p — 1 6 (37) Linearity in CMOSDA is typically evaluated in terms

of input third intercept point (IIP3) which is required to
Impedance matching can be described by extractinge maximized. Two-tone testing is carried out with- 1
an expression for thmput impedance of the equivalent MHz spacing for thirebrder intermodulation distortion
circuit model shown in Fig. 7 (c). According to Fig. 7 (C),shown in Fig. 11 (a), the IIP3 simulated resulti i<0

the input impedancé is given as follows: dBm at 6 GHzAlso, simulated input referred-dB
compression point at 6 GHz is illustrated in Fig. 1} (b
&) (38) that achieves the value 620 dBm. Finally, Fig. 12

illustrates the simulated eykagram of this design. The
most important eyeliagram parameters are summarized
in Table 1.
Rearrangingand separating into real and imaginary parts . o ) )
give: Until now, distinctive DA design techniques are
demonstrated that each of theenhances one of the DA
Y 'Q X design parameters. As a consequence, a figlineerit
(FOM) is defined to evaluate the most important
parameters in DAs designing, containing power

dissipation, noise, gain and bandwifh 22]:

(39)

For input impedance matching, the real part value opU v (40)

& should be equal to the source impeda¥ces to set -

50 Y. Al so, in the proposeJ‘eredY%V[;1 J i %rateﬁm?ﬂveragqq%owergﬁlpgl and
draintermination resistorar e chosen to Wgwt aﬁ the 3IB bandwi

source/load resistor® avoid unwanted reflection from g|gahertz NF -1 presents the excesNF in

the gate and drain TLsThis method of obtaining Magnitude —and 0 [mW] demonstrates ~ power

broadband impedance matching is a direct benefit of tHgPnsumption in milli watts. This FOMontains the most
intrinsic broadband nature of the pseudo TLs. related parameters to investigate DAs for Joower,
high gain, lownoise, and wideband applicatioft.

3- SIMULATION RESULTS AND DISCUSSIONS

Simulation of the proposed CMEG3A6s per for mance
in 0.13 em CMOS procBsSiM3d is conducted wusing
transistor models via Agilent Advanced Design System
(ADS) simulation tool. The next stgections illustrate
the original simulation results, additionally MC
simulation results to take into account the -ibeal
properties associated with various input parameters of the
proposed CMODA.

3- 1- ORIGINAL SIMULATION RESULTS

Figs. 8 ~ 12 show the simulated frequency responses
of the proposed CMO®A. As it can be seen from these
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Figure 8: Simulated results of a) power gain (g§), and b)

Figure 9: Simulated results of input (S;) and output (S,)
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Table1
02 Simulated Eye Parameters
= Eye height 0.909
£ Eye width 4.566E10
._g oo Eye Jitter (PP) 4.998E11
"I; Eye opening factor 0.975
0

5
L

=)
@
1

&

performance, at the same time.

T T T T T T T T T T T T
01 00 D1 02 03 04 05 08 a7 08 09 10 11

Time (nsec)

Figurel2: Simulated eye diagram of the proposed CMOS

DA
Table 2
Previously Published CMOSDAs against the Proposed CMOSA
References Process Freq Gain Si S, Poc FOM
(GHz) (dB) (dB) (dB) (mw) (GHz/mW)
[23]2013 0. 18¢ 32 9.5 <-15 <-10 71 0.44
CMOS
[5]201% 0. 18¢ 1.5-8.2 17.1+15 <-11 <-10.1 46.85 0.7
(HG mode) CMOS
[5]201% 0.18¢ 1.2-8.6 114+ 1.4 <-9.4 <-10.4 9.85 1.72
(LG mode) CMOS
[3]2017 0. 18c¢ 35 20.5 <-12 <-14 250 0.34
CMOS
[7]2012 0. 13c¢ 0~11 20.5+£0.5 <-11 <-18 9.36 2.95
(HG mode) CMOS
[7]2012 0.13¢ 0~12 15.5 + 0.25 <115 <-16.5 3.6 5
(LG mode) CMOS
[6]201P 0. 13¢ 0.4105 20.47+ 0.72 <-10 <-10 37.8 1.73
(HG mode) CMOS
[6]201P 0.13¢ 0.7~109 11.03 +0.98 <-10.3 <-10.9 6.86 2.67
(LG mode) CMOS
[202014 0.134 3.1~105 29.4 <-10 <-10 61 3.78
CMOS
This work 0.13¢ DC~13 26.5+ 0.4 <-11.1 <-11.3 9.95 10.02
CMOS
This work 0.13¢ DC~13 26.5+ 1.5 <-11.1 <-10 9.95 10.02
CMOS
a: Based on the measurement results b: Based on the simulation results sed orctigaMC simulation results
To authorés knowl edge, t h B-#$I1C Sirhutation Rekultsr e por t s one

good FOM among the reported DAs covering ultide-

Table 2 compares the performance of the presented
CMOSDA with other broadband CMOBAs. The
presented DA has a high gain and low power dissipation

of

band (UWB) ranges of frequencies (3.1 to 10.6 GHz) in 1 ne first step of the actual modeling of the proposed
0.18 em and 0.13 &m CMOS dgsignyie te sopsider the papeal praperges which arg, ¢
of the FOMimplicates to this fact that theew design Unavoidable in practice. They have been known as,
exhibits a good combination of gain, bandwidth, NF, andossible fluctuations in MOS parameters suchaas
power consumption. Thanks to the operation from DC ufffective gate length , thicknes of the gate oxider ,
to 13 GHz in conjunction with the high gain and lowand the drairsource region parasitic resistarite [24]

power consumption characterizes, this CMD& design  and also, the variations of supply voltage anthe

can be used in various ultbmoad band applications. tolerance of passive components like inductors and

resistors

To take into account the risks associated wihous

input parameters which they

Vol. 45, No. 1, spring 2013

receive little or
consideration in simulating of designs utilizing ideal
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components, the MC simulation is appropriate option
Whereas, in MC simulation a tolerance range i
considered for each of inputs. In the othesrds, MC
simulationrelies on a repetitive process of inputs value
random sampling frontheir specified tolerance range,
simulating of the design finally, getting a set of outpul
parameters to obtain an estimation of the accurac
performance of the proped design under various
conditions [25]. A set of random inputs with normal
(Gaussian) distribution in the range of their possible T e O
values are generated by ADS simulation tool, note the 95 10 200 900r AW SO0 SO0 TO00 o00 000
the Gaussian distribution models the worst case ¢ it

possible situation. Then, the proposed design is simulated (@

by running multiple trial runs, (e.g 1000).
Ultimately, a set of output parameters are yielded. Now, it
is possible to determine a number of fideal properties
which may appear in real implementation of the proposed
CMOSDA. In this design, the tolerance of the passive
componentincluding inductors, and resistors take into
account. The fluctuations in MOS parameters belong to

Variations of Power Gain (dB)

B

Variations of Revers Isolation (dB)

0.13 em CMOS technology ar Tabl e
3.

Figs. B~15i | lustrate the effec "0 1o 200 o0 a0 so 00 Mo s oo wo .0 Nt y
on performance of the proposed CMOS including S Monte Carlo Tria
parameters, and stability factor responses. As it can be (b)

seen from these figures, within 1000 MC trail runs the
revers isolation (Fig. 14 (b)), input and output
impedances matching (Fig. 15 (a), (b)), and stability
factor (Fig. 16) responsedemonstrate the better results
than original simulation. Also, the density of results
around of 26.5 dB as shown in Fig. 14 (a) validates th_.
accuracy of the power gain response, while only a fe\§,
numbers of the results will fail, which they can bes -
tolerated.

Figure 13: Scatter plot of 1000 Monte Carlo runs for
investigating a) Power Gain and b) Reverse Isolation
Performances

il

o
|

Cl

ns of Input Ma

In this way, MC simulation predicts an estimate of the
good accuracy performance of the proposed design undj§
various conditions, in view of the fact that the MC and>

»n
o
TR PP RN BT

original simulation results show a good agreemé&ahle B T e T
3 Parameter Values aa@( Variations of MOS transistor B 00 200 900: d00) 1o el g0 900 S0 oK
[24] Monte Carlo Trial
Table 3 (@
Parameter Values andt30 Variations of MOS transistor "
[24] -
Technology 0.13 um g s
Parameters | nmos pmos § 10
I_mi 0.09+ | 0.09+ 15% i
9. .= 33+ 33+ 4% 3
T<IT 033+ | -0.33% s ¥
Jmy LD 200+ | 400+ 10% He
=T 1.3+10% ) . [V R ] ) PO Fepom, [ i) el

0 100 200 300 400 500 600 700 800 900 1000

Monte Carlo Trial

(b)

Figure 14: Scatter plot of 2000 Monte Carlo runs for
investigating a) Input Matching and b) Output Matching
Performances
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[4]

[5]

Figure 15: Scatter plot of 1000 Monte Carlo runs for

4- CONCLUSION

In

investigating Stability-Factor Performances

this study, we have demonstrated a high

performance CMO®A construction using a new
cascaded gainell which comprises an inductively series

peaking CS stage and an RGC configuration. The new
gaincell architecture enhances the gain considerab
while the power dissipation keeps as low as possible, ov

t he

amplifieros

without adding further cascode devicebhis effect
basically arises from the modification dhe output

impedance due to the negative feedback. As well, it hd§]
been illustrated that exploiting the advantages of the bulk

terminal of output MOS transistor in RGC cell of the
proposed gaktell, aims with more increasing the gain
and reducing the poweconsumption of the proposed

CMOSDA. In that the operation from DC up to 13 GHz,
this CMOSDA design can be used in various uinaad

band applications including UWB frequencies and even
higher or lower frequencies than UWB. To the best of

aut h o rwikedge, khis odesign is one of the good

reported
performances. Also, it has the lowest power consumption

highgain  and  lowpower  dissipation

ever reported with an average of larger than 20 dB for
a high gain CMOSDA in the literature.
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