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Research Background & Objective

|

Receliver Side
Low Noise Amplifier(LNA)
- = - Amplify small signal without noise & distortion

Challenge

: - |Q-Mixer
Radio Transceiver ~_ T
'VV\' A~ ~_ ( DSP )
LNASHZ S~ = LAD T e
BPF SW BPE BPFO
=H o PL
% 4
DUP XX
X X B
Nl oS Er=r
BPF BPF

Multi-Band performance for many wireless standards
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Research Goal

: : 1Q-Mixer
Radio Transceiver = B \
e ~~<_ ~_ | { Dsp
LN ALK LA [ e
BPF_ [TSw BPE BPF,
X=H o PLL
% ) 4
DUP ~_
X T B
W< ey
BPF BPF
-- Proposal --------------- .
. Reference .—_.-____ . P

—— - — -

[
extension » ' Triple-Band LNA
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Outline

« Dual Band LNA

— Circuit Structure & Principle
— Simulation




Research Paper

Objective Extend Multi-Band for Narrowband Amplifier

Technique of Dual-Band LNA Utilizing Transformers

o

« Paper Title

A Dual-Band 2.45/6 GHz CMOS LNA Utilizing a Dual-Resonant
Transformer-Based Matching Network

« Author

N. M.Neihart with lowa University
J. Brown

X. Yu

« Journal
IEEE Trans. on Circuits and Systems |, (Aug. 2012)

N
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/
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Neihart’s Dual-Band LNA

— Dual-Band LNA Utilizing Transformers —

V
SWITCH
H

L¢c , L, : Transformer-coupled
CL with coupling coefficient k
RF  Load side
Switch 2 resonance frequencies by M5
* Input matching side
Realized 2 matching points
by transformer-coupling
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Neihart’s Dual-Band LNA

— Dual-Band LNA Utilizing Transformers —

 L¢, L, : Transformer-coupled
with coupling coefficient k
 Load side
Switch 2 resonance frequencies by M5

L o . .
| SO M,! Input Input. matching S|c.le |
RF, k& L, | Matching Realized 2 matching points

: Eﬁgl L, Side by transformer-coupling
|
\

| %
_ 7/
Small-Signal Equivalent Model

- e s e e e e e e EEE DS EEe DEE B B B B e Ew

\

‘ Vin Lg \I Vout
: O———"TTO" O o
= K& 1

1

1

1

|
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Neihart’s Model Circuit Analysis

L v

In g out

U0

© 't
— K& 1 |
gl» r VgJT Cgs q) lys Zout J_

Zin 2
Te 8L

Input impedance Z;,

Q<

gmLs . 1 wSMZCZ
Zin = Ly+Lg)—
T Cys T {w( gt Ls) wCys 1z w2L,C, M=k /Lng
rFrm
Real Part = R (50Q) Imaginary Part = 0

w: resonance frequency

Solving Im(Z;,) =0

2+ b?%+./a*+ b* + a?b?(4k? — 2
» w=i\/a Ja a?b?( ) g =1 p = 1

2(1 — k?) JLiCgs JL2C2

4 solutions (2 positive numbers, 2 negative numbers)
resonance frequencies
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Simulation Circuit

Cadence Spectre M,

90nm process L J_ c I—° VswitcH
MOS : tsmcN9Orf nH T L1

R,C, L: analoglib 4

IpF =T~ 4pF
RE_"_’

_E_ " Chiock
Chiock % InF
R RF. 1nF L; 8.2nH ]

|\/|1 W 30um
B g k:06 L=100nm
B
y 100kQ A Ls
s / 180pH M,
= / W=160um
V. 0.6V -~ C, 700fF =
5 R L=100nm
" C..= 129.4fF
L, 4nH il




$11,521[dB]
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Simulation Results SP Analysis

High gains at matching points SPr
Scattering Parameter
20 / \
/ \ ——— S11(Input Reflection)
7N -===f Low S21(Gain)
20 7\ f High S21(Gain)
.rf \
10 4 A
I’ |
! ‘ ‘.—1--_‘
D N » NIIIIIII H,IIIIIIIIIIIIIIIIIII||||||""'-'—"""""I
0 4 1 2 _7 8 9
10 l" "| “"'-__‘
; f TSeel
- _r | —
20 -
|
30
-40 /

7
/ / Frequency[GHZz]

Two matching points (Dual-Band performance)
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Outline

e Triple-Band LNA

— Circuit Structure & Principle
— Simulation
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Extension to Triple-Band

| Number of | Number of
i Transformers . Resonance Frequencies
N E T . 1
PSS i 5 (Single-Band)
RF Lg %L '
= /i
C_rgLLMa '_VOSWITCH i 1 i 2
o S ; ; (Dual-Band)
Cutoce =% o
ROFT” k& LLG .
[ 9% / . Our challenge
- i 2 i 3
. ' (Triple-Band)
Our Design Expectation
Two transformers can realize Triple-Band




Proposed

Two types of Triple-Band LNA circuits (D 2
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riple-Band LNA

@ Wi W2
Cu-l—l gLLMEI_% ME|—§
TC2 TCs
Mai{ -I:Il: M, RFME
RFin LG E
o sor—i[_ M,
k€ L,
Ls
_,]{,%25\]_ N Secondary
-
AN Side

—E " Third side

@ CU:i M I_%W1 MEI_§W2

| Secondary TC FTCus
Side RF

« Transformer-coupled
Lg - L Lg2 - L3
« Structure

Main - Secondary Side - Third Side

« Transformer-coupled
L¢ - L, L¢g - L
« Structure
Main - Two Secondary Side
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Analysis of Triple-Band LNA®

Small-Signal Equivalent Model (Triple-Band LNA)
V. L Vv

in g out

— K

O_Wﬁ- O 0
l. 500 I
=m> Vg61 T Cgs ¢ lds Zout J_
Z 500 C2 =
k& Ls
E :ﬁf] L, 1

Cy

Input impedance Z;,

1
wCys

_ 9mls

Cys

Zin

+j{w(Lg + Lg) —

n ja)5M12C2C3L3 —ja)3C2M12 }
(1)4{C2C3M22 - C3L3C2(L2 + ng)} + O)Z{C3L3 + CZ(LZ + ng)} —1
=0

Imaginary Part = 0
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Analysis of Triple-Band LNA®

Small-Signal Equivalent Model (Triple-Band LNA)
V. L Vv

in g out

— kL | ° X
I 500 I
=m> m Vgs1 T Cgs Ids Zout J_
Z Jo]0 C2 L -
k& S
‘ :lt;f \ L, 1

By Im(Zi,) = 0 Cs
Calculate formula for determining resonance frequencies

wOCysCaCa{(Ly + Ls)(Ly + Lga)Ls — (Ly + Ls)ky*LyaLs — ky*LyLoLs)
+w*{—(Ly + Ls)Cys(Ly + Lyz)Cy — (Lg + Ls)CysL3Cs — (Ly + Lyz)C2L3C3
+ky?LypCaLsCs + ki LyCysLloCo}
+w?*{(Ly + Ls)Cys + (Ly + Ly )Co + L3C3} —1 =0

6-th order equation (3 resonance frequencies)




Simulation Circuit
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CLl
1pF
L J_ Ms I —o’ 52
L SW1
1nH 4T ,' -7 |I Vout
_I:I .. Cp ™ Cpa RFOut C
Chiock |\/|2 ZpF 2pF ]I?lolgk
Rs RF,_ 1nF L 8.2nH n
: Ck,:0.6 M M,
" 1005(32 ~pm . §ls W=30um
1 / E;E:z 200pH L=100nm
i ! noL
Vg 0.6V, .5 000" 5 =
I Rk 06 3008 M,
L W=160um
T —] L=100nm
Ly L L3 4nH C, 660fF Cys = 129.41F




S11, 521 [dB]

30
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Simulation Results SP Analysis

SP : Scattering Parameter

S11 (Input Reflection)

"""" f Low S21(Gain)
2N ——=- f Mid S21(Gain)
P\ - — — f High S21(Gain)
T X /'~
IR / S
! N o0, N

Vo s o
\ : . \\. -

3

Frequency[GHZ]
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Outline

e Consideration

— Layout of Inductor & Transformer
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Problems when extending to Triple-Band

VSWITCH

Dual-Band LNA

Dual-Band LNA

Adding Inductor

Triple-Band LNA

<
=y

. -rgL Mfll%\m M, I—V§W2
L1-|—_ L L

Co. TCs

'E' M, RFq

Triple-Band LNA
Problems
-Area increase ]

-Noise increases

(by associated circuits with inductor)

Consider inductor layout
for solving these problems !!
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Realization of Inductor on chip

—_—

Thick Wiring
at Top Layer

Inductor is realized in high Q value
at top layer on chip

( Q value is high,
inductor’s parasitic resistance
is small)

Section View of LSI

http://techon.nikkeibp.co.jp/members/NEWS/200
40827/105151/?SS=imgview&FD=-195807635
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Consideration of Layout

Schematic diagram of a transformer or inductors

Coupling coefficient is determined
by shared area of 2 inductors

Implementation of
Dual-Band LNA

$

k=0.6

i Top view
900 um i
€ > !
~ i —
c Primary Secondary
=1 Side Side
- i
0 .
e s
! Area Ratio Area Ratio
d i 10 1 6
Transformer | Primary Secondary
| Side Side



Consideration of Layout

Method 1
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S~

.

Side

Primary Secondar -
i@sm ) -High Q Value
-Large Area
Third Side @
Secondary
Side /
Method 2 ~
-High Q Value
‘de -Small Area
——7 D) -Feasible
Primary W if coupling
Side Secondary

coefficient is smay
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riple-Band LNA

Cu{gLLMEl_%W] M, |_§W2 @ CU-I—_S MEI_%WI MEI_§W2
o T Cis o _Lc CL2 T Ciy o
—E M Rl:out RFout
Lg 2 C, -EI: M,
TUO | M,
k€ L, Ls
L C LS RFin k2( LG M
G2 7T~ 2 ]
e . = k,& % 1
3 Ls
C; G, L
Proposed Proposed
Circuit @) Circuit @

Design circuits as follows:
* High resonant frequency up to 5 ~ 6GHz
« Area reduction
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Comparison of D and @

N YA T
: @ CU-L_ LLMEl_gm M, l_ng |: @ c _L_g MEI_%WI M, I_ng
: j - TC 2 T Cus ] :: 9" T Ci T Cis

| —E RFou I| RF
: RFcin Lg 1:/1[2] :: C, -EI: M,

I ki€ L, || L,

| o9 h RF, k@ L,

: L, 2? |I o_k(m_|%M]

I k€ 1, I 1 L,

I . Ls

| C, :I C, 1

| | -

| Lg=82nH G, = 300fF I Lg=4nH C, = 600fF

| Ly = 4nH C, = 660fF '\_ L, = 3nH C, = 880fF

| Lgp = 4nH reduce L. = 5nH

' Ly =4nH ki =k, = 0.6 1 ky =k, = 0.4
: @s11 :: @s11

' VIV ! \[\ 7

A | . ! [\ /

| [T N . | \/

| -25 I| 25 V

| I| )

\ Frequency[GHz] I \ Frequency[GHz]
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Comparison of D and @ Coupling Coefficients

— f_Low
— f_Mid
f High

kl:varying k2=0.6

T T T T T T T T T T T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 (0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 0.4 05 0e 07 08 09 1.0

Coupling Coefficient k1

|
8 I 8
7 —I 7
5 . ___— 1 5 . —
O s O, s
> . S §
C4 IC4 —
S 3 — s
o3 |l ©
o 2 o 2
Ly : 1
0 I 0
|
|

Coupling Coefficient k1

Frequency[GHZ]
O PN W R U N 0

k1=0.6 k2:varying

_

/

mm—

T T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 <0.6 0.7 0.8 0.9 1.0

Coupling Coefficient k2

Frequency[GHZ]
O RN W Bl oY =~ GO

k1=0.4 k2:varying

-

_/

T T T T T T T T T T
0.0 0.1 0.2 (0.3 04 0.5) 0.6 0.7 0.8 0.9 1.0

Coupling Coefficient k2
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riple-Band LNA

T3, M8 Mf—s" L M_'Elll%m My [
Cii Lo i 4
@ T_g -,-ECLZ _I_ECL3 o @ T gk Lo, Lo,
-E M2 RFout -E RFout
. . RF, Lq | i EMZ
Circuit T, v
Lg RF, ke L
|LG2%C2 x Om_k(’m‘G—l M,
k& L, ) | 7
Ls
] Gl %
Coupling High k Low k
Coefficient K, k,=0.6 K K,=0.4
Primary Secondary

Side —— Side Third Side
TraLn;;&rthner Primm

Side I
(Conceptual / Q

. Secondary
Diagram) Third Side \__/ Secong%ry Side
iae

Area Large Area Small Area
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Conclusion

Conclusion

* Proposed & analyzed Triple-Band LNA
 Showed that proposed Triple-Band LNA circuit @
can meet higher frequency with small area

Challenge for the future

* Detailed Triple-Band LNA design
by electromagnetic field analysis of transformer
« Additional features of higher order multi-band.
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Appendix
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About LNA
] \‘.
ZOU’EH] : Zout :
Rf i Rl:out i
RFout ! !
RF, ‘ o : o—TTT :
E : RFin LG :
: Ls :
Resistance | Inductive source |
Feedback LNA ' degeneration LNA i
----------------------------------------------------------------------- - Focused Method -
Frequency . | I
Bandwidth Wideband : Narrowband i
Gain Low () | High l
Noise Bad (*°) | Good (22 :

L e e e e e e R



To include many narrowband in one

Gain
(S21)

7

matching
(S11)

LNA with multiple bands
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Band 1, 2, =~

Band 1
Band 2
[ ]
o propose>
Band N
Gain
(S21)
N‘-l '."_ Frequency
‘.“.' matching
: (S11)

/

achieved reduction

of area

~

7

Frequency
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Questions!

Q.EXEMIZIE. SAKEEIRODBHTICEERLZ/INTA—FTHANFIZDT
HOTULVELDTI A, ESTIM?

AGRXIZIZE >TWWADTT A, ERIZITEH>TWHWEEA,
SRRDTYFT R THH4IBTY,

Q.EDLIETIT NV r—ava RBLTWET M ?
AEHRInRODEZE

QAVEIAIDIREFZLTWWET N EMIDZaL—avIEESITIM?
AEMILZSaL—iaviEEELTOVER AL



