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ABSTRACT The Balun low noise amplifier (LNA) is an LNA that exploits a combination of a common-
source (CS) and a common-gate (CG) transistors, which cancels the noise and distortion of the CG stage.
And since the CG is known to be linear, only the CS needs to be carefully designed and optimized. The Balun
LNA also cancels the distortion and noise of the CG. In this paper, the CS section will be fully analyzed,
and shown how the condition set in the literature review still satisfy the balancing output and cancel the CS
stage thermal noise as well as the CG thermal noise. Also, forward body biasing (FBB) is used to reduce
the threshold voltage and an addition of CS degeneration resistor to balance the output while still canceling
the thermal noise of the transistors is tested using UMC180nm on Cadence. The LNA achieves a gain of
19-16dB, NF < 3.6 over the bandwidth 200M-1.9GHz without a CS degeneration. A 17.8-14.8dB gain, a
NF < 3.8 over the bandwidth 200MHz-2.1GHz and power consumption of 12mW in both cases. Although
outside the bandwidth, at ISM 2.4GHz a gain of 14.5dB and a NF of 3.8 is achieved, making it suitable
for wireless sensor node (WSN) applications. According to the author’s knowledge, this is the first time the

degeneration resistor noise analysis on a Balun LNA is derived and analyzed.

INDEX TERMS Low-noise amplifiers, thermal noise, noise figure, circuit analysis.

I. INTRODUCTION

The CS LNA possesses better NF and more gain than the
CG LNA at low frequencies at the cost of power or off chip
components. Increasing the frequency of operation requires
more stable circuit elements, such as the CG. This means
that expanding the analysis on how to improve the noise
figure (NF) of CG was necessary for wideband and high
frequencies operations. This paper will take the CS thermal
noise of the Balun LNA fully into consideration with and
without a CS degeneration resistor. A new set of condition
to balance and cancel the thermal noise will also be derived
and presented. Another technique used was FBB to reduce
the Vth of the LNA. A real device study was conducted
using UMC180nm technology on cadence virtuoso, with one
component using the cadence Analog library; reason will be
explained.

Il. LITRETURE REVIEW

The Balun LNA is a single input to double ended output.
Most Balun applications did not change the properties (such
as size) of the transistors, which made it appear unbalanced.

The associate editor coordinating the review of this manuscript and

approving it for publication was DuSan Gruji¢ .

VOLUME 8, 2020

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

In [1] the Balun was thoroughly discussed, canceling the
CG thermal noise and distortion and giving a set of equa-
tion to ensure the LNA is balanced. In [2] a CG LNA was
designed using cross coupling capacitors, while improving
the NF. In [3] an all MOSFET Balun LNA was made with a
simplified NF, in [4]the design and measurement of a balance
wideband LNA was presented. In [5] Differential Balun LNA
was used with BICMOS, where the CE-stage acts as the error
correction stage canceling distortion and noise, although he
used degeneration resistors for both CE, there noise contri-
bution was not fully derived nor was the CE noise contri-
bution studied. In [6] four different Balun LNA topologies
were explained and studied, deriving a new tunable bandpass
topology; again no noise contribution from the CS or the CS
degeneration resistor was accounted for. In [7] a Balun LNA
was used with a CG stage before the Balun itself for matching
purposes, but no CS degeneration resistor was added. In [8]
Balun LNA was used, with cascaded structure on the CG, but
no new noise figure was derived and no CS degeneration was
used. In [9] instead of a global negative feedback technique
which helps in improving NF and matching at the price of
stability, a feedforward noise-canceling technique was used
allowing for noise and impedance matching, while canceling
the distortion and noise of the matching amplifiers. In [10] a
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resistive feedback was used to increase the bandwidth, the NF
was improved by adding a gm-enhanced cascaded amplifiers
with a source follower feedback. In [11] a Balun LNA and
a wide tuning range synthesizer is used to cover major fre-
quency bands of use today, the design does include a mixer
and a programmable integration sampler and clock discrete-
time filters, although the emphasis of the measurement where
the LNA, no new noise figure or degeneration source where
used. In [12] an ESD-protected Balun LNA with an inductor-
less broadband input matching is offered, the amplification
stage exploited double current reuse and a single-stage ther-
mal noise cancellation to enhance the gain, NF and power
consumption. In [13] a Balun LNA using g/, compensation
technique at the output to improve the limited gain of the
CG stage. The Balun LNA is working in parallel with two g/,
compensation transistors; one for every output stage; improv-
ing the gain by 5.4-5.8 dB, this technique also improved the
linearity performance. In [14] an inductorless Balun LNA for
low power multiband and multi-standard radios is proposed,
the LNA uses dual shunt feedback to reduce the bias current
needed by the CG while this current is reused in the CS
stage, the NF is derived but for the whole system not just the
Balun LNA. In [15] a new modified current-bleeding (CBLD)
technique was used to cancel the noise of the Balun LNA,
this method helps solve the issue of balancing the Balun with
different resistors causing phase mismatch due to different
RC constant. A comparison between the conventional and
modified CBLD technique is tested, the modified CBLD uses
an extra resistor at the drain of the MOSFET in the CBLD
circuit, this increases the input impedance seen by the source
of the CBLD circuit (due to channel length modulation),
therefore reducing the overall noise, unfortunately, the Balun
NF derived is a cascaded structure Balun and not useful for
this papers analysis. In this paper, a complete noise analysis
will be derived, where part of the noise equation in equation
(1) [1] will be shown. The condition set for output balancing
will be tested and verified by the noise analysis in this paper.

In the differential pair, the noise of each transistor is
referred to the input and then multiplied by the gain of the
other transistor. The total output noise of the single transistor
in a differential pair is the output noise the first transistor
produces, added to the input referred noise of the second
transistor multiplied by the gain of first.

The noise figure (NF) of the Balun LNA will only consider
the thermal noise of the transistors, resistors, and the source.
Moreover, the circuit is considered to have an infinite output
impedance, and ideal bias sources.

The NF in [1] is:

vgmcG (R — RsgmesRes)?
RAY,
v &mcsReg (14 gmcRs)?
RA3,
n (RcG + Res) (1 + gmcGRs)?
RA?

F=1+

ey
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FIGURE 1. Balun LNA, a combination of CS and CG.

where A, is the total gain of the Balun LNA taken to be
Ay = gmcGRcG + gmcsRcs, were gmcsandgmcs are the
transconductance of the CS and CG respectively. RcsandRcg
are the drain resistance of CS and CG respectively,R; is the
source resistance, and finally y the noise coefficient (=2/3
in long channel). The first term in (1) is the noise of the
source, second is the CG, third is the CS, and fourth is the
resistors. But it doesn’t take the CS input referred noise into
consideration.
In [3] the NF of the Balun was found to be:

k 2 2
8kTRs g2 coxf® \ WiL; = WaL, 2Rsgm
1
RsRpg,,
The first term is the source noise, second is flicker, third
is transistor thermal noise and fourth is the resistor thermal
noise. Where g,,1 = gmcaG, &mbl = &mbcc (the body effect of

the CG), gm2 = gmcs, W is the width and L is the length. The
conditions applied in (2) were:

@

8m = &m2 = (&1 + &mb1)
Ly =1,
Fol = Fo2 =To
ro1(8m1 + 8mb1 > 1
Ipcc = Ipcs
Rcg = Res =R
AyINA = 2rsRog
ro +Rp

IIl. NOISE ANALYSIS

Two noise equations were presented above in (1) and (2),
the following steps are a third noise analysis based on equa-
tion (1) method. Focusing on the second and third terms of
equation (1), which represent thermal noise, in [16] a step by
step analysis follows.
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The gain of the CG is given by [17]:
AvcG = gmcGRce 3)
The gain of the CS is given by [17]:
Aves = —8mesRes 4)

The gain of the LNA is the difference between CG and CS
gains:

Avina = gmcGRcG + gmesRes (%)
The voltage noise of the CG:
Voutc = IncGRca (6)
CG noise referred to the input:

IncGReG  Ince

Vincg = = @)
lAvcal 8mCG
The output voltage noise of the CS:
Vout cs = IncsRcs (3)
The CS noise referred to the input:
IcsR 1
Vings — ncsies  Incs )

|Avcs| &mcs

Total output noise of the CG when considering the input
referred noise of the CS is (using the above equations):

Incs

Vout cG,total = IncGRcG + * gmcGRcc  (10)

8mcCsS

The total output voltage noise of the CS when considering the
input referred voltage noise of the CG is also given by:

v 37— Iicc
Vout cs ioal = IncsRes + * gmcsRes (1D
8mCG
The voltage noise of the source is:
Vo = Vi (o (12)
Rin + R;
And V_n2 is the power of the noise given to be [17]:
V2= 4KTRs (13)
Assuming, R, = gn%’ which is the low frequency matching
condition of the C
Therefore,

_ 1
Vo=V [ —— 14
we (1 +ngGRs> (19

where K is Boltzmann constant, T is temperature in kelvin
and R is the source resistance
Total voltage noise of the LNA:

Vout na = Vout cG rotal — Vout cs, total (15)

Dividing by noise of the source resistance:

Vout na

1+8mcGRs
- = (VOWCG,mtal - VoutCS,total) S
Vs \Z

(16)
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Substituting the proper terms and simplifying:

(V,, was moved to the left side to ease calculation):

Vout —
LT
Vs
— Lics —
IncGRce + * gmcGRcG + IncGRcGgmcGRs
= 8mCS
Incs
+ =" % gmcGRCGEmCGRs
&mcCS
— Icc —
IicsRes + * gmcsRes + Incs Res 8mcGRs
— 8mCG
Lce
+ "2 % gmesRes gmcGRs
8mCG

a7

Grouping terms containing I,cg:

Ince
8mCG

ILic6RcG + IncGRcGEmcGRs — * gmcsRes

Ice
8mCG

gmcsRcsgmecRs (18)

Grouping terms containing /,,cg into two terms:

Licc <RCG — * ngSRCngCGRs> (19)

8mCG

= IcG (Rcg — ResgmesRy)

I Mele: <RCG8mCGRs -

mCG

* ngSRCS> (20)

Grouping terms containing /,,cs:

Incs Incs —
"= % gmcGRcG + —— * gmcGRcGgmcoRs — IncsRes
8mCS 8mCS
— IncsRcsgmceGRs
1
= Iycs ( * gmcGRcG + * 8gmCcGRCGEmCGRs
8mCS mCS
— R¢s — RCngCGRs> 2D

After grouping the noise terms with their respective noise
currents, next step is to add them back and square to get the
noise power:

Vout? —
LN 2
Vi,
=120 (Rcg — RcsgmesRy)?
- 2
+2cG (RCGngGRs - * ngSRCS>
mCG

2
+ 1l

(RcG — ResgmesRy) <RCGngGRs
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1 Second Term:
- * gmcsRes
8mCG 1 2
| ) Y8mcG (RCGngGRs ~ e ¥ ngSRCS>
| — % R * R R 2
+ 2 | ames 8mCG CG+ngS 8mCGRCGEmCGRs Ry * A2 na
—Rcs—R R 1 1 R
5T RES8mCG s o) _ V8mcG (RCGngG 7o~ Tacc nngG%> o

Finally, dividing by the gain of the LNA squared to refer the
noise to the input (23) as as shown at the bottom of this page,
The total NF is:

(RcG + Res) (14 gmcGRs)?
RA3,

F= 1+Vin3,, + (24)

The reason for grouping the terms containing I,cg into two

terms is to show the second term from (1) is in (23) as the first
term. Three more terms appear in (23) that do not in (1).

IV. BALANCING CONDITIONS
The Balun design condition set in [1] to achieve the best NF
and balanced output are as follows:

2
Ry % A5y na

Third Term and Fourth Term as shown at the bottom of the
next page.

V. BALANCING WITH CS DEGENERATION

Balun balancing with a degeneration source on the CS stage
was not done before, a complete analysis will be derived in
this section and simulated in the following section. If the
unbalance is produced due to the CS having higher gain than
the CG, balancing with a degeneration resistor is possible.
Ignoring the set condition in [1], it is possible to increase
the linearity of the system and cancel the transistors thermal
noise. Adding a degeneration resistor does increase the flex-
ibility of the system and adds one more degree of freedom to
the design. Detailed analysis follows:

8mCs = NEmCG (25) Balancing the LNA with Rgcs
_ Reo ) The gain of the CG is still as in equation (3).
Res = n (26) The gain of the CS is given by [17]:
1
= gmcsRes
85 = e @D T 28)

When these conditions where set in (23), a complete can-
celation of thermal noise and output balancing is achieved.
In other words, the differential pair thermal noise is canceled,
making use of the differential pair noise property.

Substituting the conditions set in [1]; (25), (26), (27);
into (23).

First Term:

Y&mcG (RcG — ResgmesRs)?
Ry * szzLNA

2
Rcg 1
Y 8mcG (RCG — T N8mcG —gmcc) 0
= 2 =
Ry * ASrna

1 + gmesRscs

The voltage noise of the CG is still as (6).
CG noise referred to the input is still as (7).
The output voltage noise of the CS is still as (8).
The CS noise referred to the input:

Vings = IicsRes — Incs (14 gmesRscs) 29)
lAves| 8mcs

Total output noise of the CG when considering the input
referred noise of the CS is (using the above equations):

Incs (14+-gmesRscs)
8mCS

* gmcGRcG
(30)

Vout cG, otal =IncRcc+

3 Y8&mca (RcG — ResgmesRs)?
Vingy, = 3
Ry % Al na

2
Y 8mcG (RCGngGRs - gm% * ngSRCS>

2
Ry % A5 na

Y &mCG )(RCG — ResgmesRy) (RCGngGRs — ngSRCS)‘

2
Ry % A5y na

+

Y 8&mCS < 8mes

1 1 2
s ¥ 8mCGRcG + o * ngGRCGngGRs>

—Rcs — RcsgmccRs

+
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2
Ry * A na

(23)

VOLUME 8, 2020



Q. M. Abubaker, L. Albasha: Balun LNA Thermal Noise Analysis and Balancing With CS Degeneration Resistor

IEEE Access

The total output voltage noise of the CS when considering the
input referred voltage noise of the CG is also given by:

Ince . gmcsRes
gmcG 1+ gmesRscs
Total voltage noise of the LNA:

Vout cs 1o1a1 = IncsRcs + 3D

Voutina = Vout cG,ioral — VOUut cs, oral
Dividing by noise of the source resistance:

Voutna
Vas
Substituting the proper terms and simplifying:

1+ g,.coR
= (VOWCG,toml - VO’”CS,total) * #
Vi
(V,, moved to the left side to simplify calculation):
Vout —
Youtinn.
Vl’lS
Incs (1 + gmesRscs)
8mCs

= |:InCGRCG + * gmcGRcG

Incs (1 + gmesRscs)
8mCS

+ LicGRcGE&mcGRs +

* ngGRCGngGRs:|

— I Mele: gmesRces
IcsRes +
_ " gmcG 1+ gmesRscs

Licc . gmcsRcsgmcGRs
gmcG 1+ gmesRscs

+licsResgmceoRs +
(32)

Grouping I,,cG and I,,cs from (32), (33), (34) as shown at the
bottom of the next page.

After grouping the noise terms with their respective noise
currents, next step is to add them back and square to get the
noise power:

Vout? —
TLNA k V2
Vi

n

1 gmcsRcs
*

= I’ | RcG + ReggmcRs —
"CG|: " gmec 1+ gmesRscs

__8mcsResRs T
1 + gmcsRscs
(1 + gmcsRscs)

—— | 1+ gmcsRscs
+ 12 [—m * gmcGRcG +
8mCS &mcCS
2
* ggnCGRCGRS — Rcs — RCngCGRs] (35)

An Ry is to be picked to cancel the thermal noise.

gmcsRes — gmcGRee
Rscx =
gmcs&mcGReG

(36)

The R, equation is also the same equation found if
Aycg = |Aycs| and solving for Ryy:

gmcsRes

gmcGRcg = —————
" 1 + gmcsRscs

Substituting (37) into (34):

IncGlRcG + ReGgmeGRs — ——
8&mCG
gmcsRcs
* gmcsRes —gmecRee
m m
1+ gmes gmcsgmcGRcG
gmcsRcs Ry
gmcsRes—gmecReg
8mcsgmcGRcG

1 + gmes
gmesRcs

+ gmcsRes —gmcGReG
Rcg

= IycG[RcG + RecgmeGRs —
8mCG
gmcsResRs

N Rcs—gmeGReG
1 8mCSICS —8&m
+ gmcGRcG

]

= Iyc | Rcc + RccgmcGRs

gmcsResRee

&mcGRcG + gmcsRes — gmcGRec
gmcsResRsgmecReG

&mcGRcG + gmcsRes — gmcGReG

= IncG | Rce + RcGgmeGRs

_ 8mcsResReg ngSRCSngmCGRCG]
gmcsRcs gmcsRes

= IcG [RcG + Re68mcGRs — Rec — RegmcGRy ]

=0

Y 8mCG ‘(RCG — ResgmesRs) (RCGngGRs - gm% * ngSRCS>‘

2
Ry % Al v

2
1 R R,
Y &mcs (— * gmcGReG + SmCGTColnCGR _ Reg — RCngCGRs)

8mCS 8mCS

2
Ry % A na

Ry % ASy -
gmcGRce 1 1 Rec R 1 \2
_ Y 8mCs (’%WT ngmcG g’"CGRCGngGngG - = TngG%) o
Ry * A121LNA B
64953
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Substituting (35) into (33):

Res— R
|:1+gmcsngS CS —8mCGRCG

gmcsgmcGRcG

Incs * gmcGRcG

8mcCS

gmesRes —8meaRea
<1+ngS gmcsgmcGRea )

+ * 8mcGRCGRs — Res

8mCS

- RCngCGRs:|

|:1 + gmcsRes—gmegReG

gmcGRcG

= InCS

* gmcGRcG
8mCS

Rcs— R
1 8mCSRCS —8mCGRCG
( + gmcGRca

+ % g2.cGRcGRs — Res

8mCS

— RcsgmcGRs

[ngGRCG + gmcsRcs — gmcGReG
= Iycs

8mcCS
i (82,cGRCGRs + gmcsResgmcGRs — 82cGRCGRs)

8mcCS

— Rcs — ResgmecRs

= Iycs [Res * +RcsgmccRs — Res — ResgmeGRs]
=0

Finally, dividing by the gain of the LNA squared to refer the
noise to the input (37), as shown at the bottom of the next

page.
The total NF of the LNA with Rgcs is:

Rcg+Res) (1 Rs)?> R
(RcGg+Rcs) (1+gmcGRs) | Rscs (38)

RA2 Ry

NF =1+VinZ,, +

VI. SIMULATION RESULTS

Using United Microelectronics Corporation (UMC180nm)
process design kit (PDK) in Cadence, a comparison is made
between Balun LNA with and without degeneration of the CS
stage.

Another technique used in this design is the forward body
biasing (FBB) which reduced the Vth of the transistors [18].
FBB is when the body is connected to a DC supply (or gate)
instead of source or ground. In the case of CG, the body is
directly connected to the gate, as no AC signal is present on
the gate. However, for the CS, the body cannot be connected
to the gate as an AC signal is present, the body is connect to
its own biasing voltage or before the biasing resistor.

1|

}?Vdd

i ﬂ Rca lll Rcs
l?—) Vouts Vout-
Vbias

Vbias
||4' = Rbiad
CG |
1 1 CS
Rs DC Block
DC path
Vin Rscs

FIGURE 2. Balun LNA using NMOS UMC180nm with CS degeneration.

TABLE 1. Balun LNA circuit parameters.

Element Description CG CS
N _LI8WS500 18 RF Width (um) 120 315
N L18W500 18 RF Length (nm) 180 180
N _LI8WS500 18 RF gm (mS) 20 35
MIMCAPM RF DC block (pF) | - 10
RNNPO _RF RD (Ohm) 200 150
Resistor (Cadence Degeneration - 8
library) (Ohms)
Vbias with R Biasing (mV) 510 550
Vbias without R Biasing (mV) 510 510
RNNPO RF Biasing (Ohm) - 2K
Current ID (mA) 2.07 4.67
[ grouid_l | vV | VD H_iround |
N n ] e

N-well

FIGURE 3. NMOS cross section area with body grounded.

Fig (3) and Fig (4) shows a cross sectional diagram of the
NMOS device. It illustrates the body connection and its effect
on the depletion region, the depletion region around the drain
has a huge impact on the channel and adding FBB increases
the concentration of the electrons, therefore reducing the Vth
needed to drive the NMOS.

— 1 gmcsRcs gmcsRcsRs
Incg:  Incc [RCG + RcGgmeeRs — — (33)
" " T gmee 1+ gmesRses 1+ gmesRscs
1 + gmcsRscs (1 + gmesRscs) 5
—_— % Reg + —mMM % RcgR
Incs: Incs &mcs SmCGRCG &mcs BmCGTCGTs 34

—Rcs — ResgmcoRs

64954
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I Erounle (IR, | lVD | | Vbody>0
| N F | N | | P
P-well
N-well
FIGURE 4. NMOS cross section area with body biased.
190 |-@ e CG
a CS with Rscs
120 T Py | BCS without Racs
o Tem
Z100 e o
] 5 a9
80
6.0

an

Freq (GHz

FIGURE 5. Gain vs frequency of CG, CS and CS with degeneration.

In Fig (5), CG gain, CS without degeneration and CS with
degeneration gain are plotted. Before the addition of Rgcs,
the gain unbalance at the low frequencies is 2 dB. After the
addition of the Rgcs, gain unbalance is reduced to 0.4db.
The noise was disable in the Rgcs to check the validity of
whether the thermal noise can be canceled if balanced with a
degeneration source.

Fig (6) shows the NF comparison between the LNA with
and without Rgcs. A drop in NF after balancing indicates that
Rgcs can be used to balance and cancel the transistors thermal
noise. This means another degree of freedom has been added
to the design of the Balun LNA.

Without Rgcs, the unbalance created by the CS stage is
more than the unbalance created than with Rgcs. A higher
unbalanced gain output is present without Rgcs, which result
in a higher NF at low frequencies,shown in Fig (5) and
Fig (6). However, with the addition of Rgcs, the unbalanced
was reduced resulting in a decrease in NF, but at higher

5
® NF with Rscs noise disabled
1 — NF without Rses
4
=]
m L
2 L 2
w R
Z3 {00
1 s
02 04 06 08 1.0 1.2 1.4 16 1.8 2.0 22 24 26 2.8 3.
Freq (GHz)

FIGURE 6. LNA NF with CS degeneration resistor (resistors noise is
disabled) and without CS degeneration.

@ NF with Rscs noise disabled
—NF without Rscs

4 ® NF with Rscs noise enabled
.«
CABRR * 0
TR LR s . ’
23 e —

it oS wwe=-
02 04 06 08 10 1.2 1.4 16 18 20 22 24 26 28 3.0

Freq (GHz)

FIGURE 7. LNA NF with CS degeneration resistor (resistors noise is
disabled), CS degeneration resistor (resistors noise is enabled) and
without CS degeneration.

frequencies where the unbalance was increased due to Rscs
the noise of the LNA is increased. Fig (7) shown NF of
the LNA when the noise of Rgcs was enabled, the overall
NF of the LNA is increased by an average of 0.4 due the
resistors own thermal noise contribution. However, the lin-
earity increases due to adding the degeneration source must
be accounted for.

VII. LINEARITY TEST
Sweeping input power from —20dbm to 0 dBm.

Fig (8) and Fig (9) are the P1dB compression points at
900MHz. Fig (8) is the LNA with Rscs and Fig (9) is the
LNA without Rscs. An increase in linearity is noticed with
the addition of Rscs of around 1.4dBm.

gmcsRes

1
Y8mcG (RCG + RcG8mcGRs gmcG . 1+gmcsRscs

2
_ 8mcsResRs )

1+gmesRscs

. 2 _
Vingy, = Rox A2
s ¥ ALINA

+
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—Rc¢s — ResgmccRs

2
gncGReG(+gmesRscs) (4gmcsRses) g cgReGRs
Y 8mcCs
37

2
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18.0
Input Referred 1dB Compression = -2.61614 //’/

E13.0 =
7] _
= et
= 8.0 -
g m%//
5 -
23.0 e
= —
g —
3201

-7 n T T T T 1

-20.0 -16.0 -12.0 -8.0 -4.0 0.0

Input Power (dBm)

FIGURE 8. P1dB with CS degeneration @900MHz is —2.6.

18.0 -
3 Input Referred 1dB Compression = -4.0556 /f‘f
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FIGURE 10. P1dB with CS degeneration @2.4GHz is —1.9.
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FIGURE 11. P1dB without CS degeneration @2.4GHz is —2.5.

Fig (10) and Fig (11) are the P1dB compression points at
2.4GHz. Fig (10) is the LNA with Rscs and Fig (11) is the
LNA without Rscs. An increase in linearity is noticed with
the addition of Rscs of around 0.6dBm.
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FIGURE 12. Total LNA gain vs frequency with CS degeneration.
BW=200M-2.1GHz.
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FIGURE 13. Total LNA gain vs frequency without CS degeneration,
BW=200M-1.9GHz.

Fig (12) is the LNA total voltage gain with Rgcs, and
Fig (13) is the total gain without Rgcs. The LNA did lose
1.2dB in gain, but the bandwidth is increased by 200MHz.

In addition to the condition set in [1], another balancing
condition for the Balun LNA can be added by using a degen-
eration resistor. If the Balun LNA is balanced, equation (37)
will give you zero, meaning Rgcs does not need to be added.

If gmcs > gmcc by a factor of “n”, Rcs > Rcg by a
factor of “m” and the CG satisfies the matching condition
Rs = 1/gmcc the following set of balancing condition can
be derived:

8mCs = NEmCG 39)
Rcs = mRcg (40)
1
Ry = —— 1)
8mCG

Substituting (39), (40), (41) into (36):

mngmcRec — gmceReG

Rscs =
ngmcG&mcGReG
mn— 1
= Rscs e
ngmcG
mn — 1
= Ryes = T * Rg (42)

Equation (42) expresses Ry as a function of the unbalance

9

multiplier factor “#” and “m” in terms of Rg.
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TABLE 2. Comparison with state of the art LNAS.

Ref Tech Band Gain NF 11P3 Power Balun
(nm) (GHz) (dB) (dB) (dBm) | (mW)

[9]* 250 0.2-2.0 10-14 <2.4 0 35 NO

2004

[10]* 90 0.5-8.2 22-25 <2.6 -4/-16 42 NO

2006

[11] 90 0.8-6 18-20 <3.5 >-3.5 12.5 YES

2006

[1]* 65 0.2-5.2 13-15.6 <35 >0 14 YES

2008

[12] 90 0.1-1.9 20.6 <2.7 10.8 9.6 YES

2009

[3] 130 0.2-3.8 11.2 <2.8 -2.7 1.9 YES

2010

[7] 130 6-9 22 <3.2 - 5.5 YES

2013

[13] * 180 0.01-1.7 19.7 <2.8 1.13 25.2 YES

2016

[15]* 65 0.05-1 24-30 2.3-33 >-4 19.8 YES

2019

[14] 180 0.21-11 18.5-15.5 2.8-3.8 -13.4 5.58 YES

2019

This work 180 0.2-1.9 19-16 <3.6 <8 12 YES

Without Rscs

This work 180 0.2-2.1 17.8-14.8 <3.8 <7.9 12 YES

With Rscs

References denoted by “*” in Table Il are measured results other results are simulated.
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FIGURE 14. CS and CG gain at fast corner at —40°C.
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FIGURE 16. CS and CG gain at slow corner at 125°C.
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FIGURE 15. CS and CG gain at typical corner at 27°C.

VIil. PROCESS-VOLTAGE-TEMPERATURE
VARIATION
The PVT (fast, typical and slow corner at —40,27 and 125°C)
for the LNA with degeneration resistor are simulated in this
section, where the voltage gain, voltage gain unbalance and
output phase are plotted. An ideal DC block was used at the
input when simulating the AC analysis, and the biasing was
not changed.

From Fig (14-16), the CG has suffered the most variation
due to the PVT, where the gain at 200MHz at the corners is

VOLUME 8, 2020
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FIGURE 17. The LNA output phase at different corners, since the
difference between fast and slow corner phases is only 2°, the output
phase of the LNA at the three corners appear to be identical.

15.6dB at fast corners and 7.7dB at slow corner (7.9dB drop
from fast to slow), while the CS is 13.4dB at fast corners
and 8.2dB at slow corner (5.2dB drop from fast to slow).
In Fig (17) the different phase of the output of the LNA
is plotted for the three corners, a phase difference of 2° is
present between fast and slow corners, hence why Fig (17)
appears to have one plot.
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FIGURE 18. Total LNA gain at fast (—40°C), typical (27°C) and slow
(125°C).

IX. CONCLUSION

Balun is a differential pair, therefore the thermal noise is
expected to cancel if the LNA is designed properly. Step by
step analysis of the noise was given in this paper where it
was shown that the condition for balancing will cancel the
thermal noise of the Balun transistors and not only the CG
stage. If the unbalance of the output gain is created due to the
CS stage having higher gain than the CG stage, the addition
of a degeneration resistor to the CS to balance the output is
presented. The degeneration resistor impact on the thermal
noise cancelation was derived and simulated to see if the
reduction of the gain unbalance with a degeneration resistor
can reduce the transistors thermal noise(or cancel it) without
changing the transconductance gm or the drain resistors Rd.
A new set of conditions revolving around CS degeneration
were derived. Thermal noise cancelation is due to the gain
being out of phase while the thermal noise is in phase. Since
the Balun LNA takes the difference in the output, the thermal
noise is subtracted.
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