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Abstract

This paper presents a MedRadio—band low power low noise amplifier for Medical Devices. A proposed MedRadio—band
low power low noise amplifier adopts a current-reuse resistive feedback topology to increase overall gm and reduce power
consumption. The gain of the LNA increases by the Q-factor of the additional series RLC input matching network, and its
noise figure is minimized by the similar factor. Furthermore, it consumes low power because of low supply voltage and
current reuse technique. By exploiting the gm—booting and matching network property, the proposed MedRadio-band low
noise amplifier achieves a noise figure of 0.85 dB, a voltage gain of 30 dB, and IIP3 of -7.9 dBm while consuming 0.18
mA from a 1 V supply voltage in 0.13 yum CMOS technology.

Keywords : LNA, Low-power, MedRadio, Matching-Q, Resistive-feedback

I.M 2 1999l US A% -S4l AL 3(FCO)+= 402 MHz - 405

MHz2] MICS (Medical Implant Communications Service)

MedRadio(Medical Device Radio-communications
Service)= A&ole 454 1§ FAEA qrfow
A2 welysh whyARe F7k2 s fgol
& SEAM| 2o Bag A3 FAAA ] LA

A

R Aulsel BaAe] FolAwA FE W g

2
ot

S, A, FAdsn AAA4E R
(Dept. of Electronics Engineering, Kangwon National
University)

© Corresponding Author (E-mail : kdkwon@kangwon.ac.kr)
w o] =Ee 0MUEE At SEd PRy

AL, o wES 015WE AR (2
sh)e] Qo FIATATY AN ol 5
gE 71 2AF A9 L No. 2015R1IC1IA1A02036348)

Received ; July 18, 2016 August 1, 2016
Accepted ; August 29, 2016

Revised ;

f9dS Ak 20099 = MICS W=l 401 MHz
- 402 MHz, 405 MHz - 406 MHz9] “wing band’2} &
= Y-S £33 401 MHz - 406 MHzol MedRadio
38 AL
ol et It Aests BUE e Thed R7E

o 77 Bok WEEE wAA 2 AHEsor]
wEo] 2 TEE 45 BEA7)E 472 ) MedRadio
o $420712 022 B AE ZE7]7} MedRadio
o H5a7]9) A 2wAA 2 MEE A7) o
Fol 4% g glo] AY anE 29 & Q= 3=
A7 A%l F 28k}
w2}A]

(1360)



2016 9% FXIB3 =2X H53H A9E 63
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.9, September 2016
S FEZ7E Aersta 013 ym CMOS &3S A3} Aeret AS FEH79 JREe= 19 29 Z2th
of AA s A gEw FxE 22 JIYHE o] &3k Yol
dashA] ¥ Fod o jujH o] ThsshAwt
. A& K& 52719 47 457k we wie] gtk elol A Ay 27|
A sEw P2 gud 42 0y YEADS F
Low Power LNA 7beted miA WES A9 Q-factors 3l Mt o5&
FHNL g AFE Z9Th E3 409 9 o)
— Aol o3 Bee wRE T NFH FIS AR
1 Network i - Atk
: A A=Y Age FH/E A8 ARG Fo]7] 9
Input matching Current reuse )
+ Resistive feedback 3 NMOS ¢l PMOSE &8 & A/ AAME 7%
Passive amplification topology = Abg3l9t) o] T2E DC ARE AALEEL 2
slo] o S WO 9] ] OFO ALLD
a2 1. 401 MHz-406 MHz MedRadio tieig xigiare 1301 S midel W e Aehs ARgskess A
Hetst o|27|7|8 XMMYH NS SEV|Q = g ARE Hast & ¢ ok 13 AF{ AAE 2
Fig. 1 j%ﬂ' f a 401 MHz — 406 MHz MedRadi €& Qb JpiE Ee SElst vlad i o
ig. 1. Block diagram of a z - 7 MedRadio- o o o Lo o o] o 5l
. " i = S 71x]7 H Ao Aw o)
band low power low noise amplifier for Medical I = 7L WA S A= E9 5 A
devices.
Vin
29 12 401 MHz - 406 MHz MedRadio ™%< #) v Lex
Aok ALH AFE $F19 IFF BEEE B ne—m |
EXT +
Fi ek AjbE AFS FE7= 4" WA UES Cser
A% AR ANE AF vew FE2 PR 9 — Vs
g oy EY A Q-factorg F3A AY o5 F R Rser
e He A% ae B3 4+ An Ao o i -
4 S el o] o) MY PAL AL N
AP Aoke RS FE7)E AR A Ve )
S ARgsl A" ARE F0lA g.s TIEAA FE
§ g =7]9 oY fd HERZa
Z /\% u,f = =
178 wen Sol52 (b) HYYEYAZ HEE Soisz
Fig. 3. (a) Equivalent input matching network of the
Wire-bonding proposed low noise amplifier. (b) Equivalent series
On-Chip Voe g RLC matching network.
C1 . = - -
", MedRadio’ B A Q87 dEo] 4 v=
- ] Age FE79 QY Yudzsh e} Yuu g
o1 A cout W Ve Y @ 5 Ao 19 3 AL A
i . A 35709 9y Y VEQAY S Rol
2
= [ m Rivrrrva= A% =9 S5719] |19 gujdzoln
RiN_RrFLNA
= Lexy - 109 nH Wmmmﬁ}(ylgg 777777 . R _ RF+ (7”01//7“02> (1)
= Cext ! 1.38,'JF . . IN_ RFLNA — 1
- My(WIL) : 80 um/ 130 nm Tw" e-honding +9m(ror/ /70)
= M;(W/L) : 8um/ 130 nm p
o} 2t} g g 24 M1 My ERAZIYE A
a2l 2. HMokst MedRadio tHed XMES SE7|9 3I2% .
: ) . OlaL 1yt ree 27 Mid M2 &9 qlajdzolth
Fig. 2. Schematic of the proposed MedRadio-band low 138 ror#h 1o Y 1 Mel &9 9l s
noise amplifier. Rp= =W Ago]il go=gn+gmolth. 17 39 24

(1361)



64

i U B A E =

Copr = CEXT(lJr 1/QL) 2)
o} 3 A8k
R+ o // o
RSER = r (r v 2) (3)

[1+ g, (ro/ /7] (1+ QF)

57}

o} ) o] o Qe Wi WEY A Q-factors

T w0l A

Q= w,Lpxr)/ Rspp 4)

-(:51_

H 29 At

AR

Z]N(S) =sLpyr

_|_
s Cpyr1+1/QF)
Ry+ (7“(,1//7‘02)

T gl Ira) 14 Q2)

5)

21} MedRadio tejold E4o] H%S Lot Com
e Ashe ge dvgat

Rp+ (7"01//7“02)

Zin(s) = 6)
o (1 +gm(rol//T02>)(1 + le/)
o ol zteFsl #r}h oluje] QlIUivt At
MedRadio t9 A7 AAME AE = FE7]9] 9]
2 dI a7t Aok wEbA Ry, ro//re, gm QUE E30
e JIAAE ey JI 9 A v oY
4 S 3},
Aetet %S FH7]9] AAAQ FE A=
1 Y
F=1+ +
Im(ra/ 1) a1+ Q})g,,Rs
2
+2]d] 755 ( )+ %6(1+ QL)ngS( )
(7)
gt 2P (7oA RSE 4 Adtolar, oTE w9

(1362)

9271718 MedRadio tHY XEH XEE 5F7|

dEE 2

oW W
Noo N
n o i

R:=32K, Q=5

| Re=5K, Q=4 |

[ SIS
[
woQ

Voltage Gain (dB)

I
©
(=]

1 RFLNA with Matching Network

R_=2
Y

L

17.5

15.0

RFLNA without Matching Network

350.0

400.0 425.0

frea t(MHz)

(a)

375.0 450.0

RFLNA without Matching Network

1 RFLNA with Matching Network

Rr=2.5K, Q=3

Rr=5K, Q=4

Rg=32K Q=5

u
o

S
rir

[

AL = < R ST -

=2

o
=

2 odo 2 U oo W orfr HTomyd oy
2 o Wy

ofr
-

o

32

N
=
o

o

X

FN.L%
o c
o

S
N

o

AN
1
® =

Alrziﬁﬁ
rjg
o

400.0 425.0

freq (MH2)
(b)
Quoll o= x1|0Fo X

S (b) &S AT
(a) Voltage gain and (b) noise figure of the
proposed low noise amplifier with respect to QL.

375.0 450.0

et

ol

pNI=X
[==]

Ol

7|9

(@

2
ot
=
st
o
U
N
L
g2

o\
- 1
N

30,
Hor o

24
M m

= 10 o
w
N

rN
o L

[}
o
o
1

n
X

ol
dlo

i
@
inss
I
=
o
m =
b

ml
dlo
N
-
s
[
o
oX,
fr B

o
=
frrt
4

o

l

=

)

E&gﬁﬂlﬁ
o

jinc

Hi
o

=

oX!

E

-

i
(o3
2

g o x
o =

finj

[

2}

X
2,
ot

rO

2

=

3
s



2016E 9% MASS3 ==X H53FH H9E

65

Journal of The Institute of Electronics and Information Engineers Vol.53, NO.9, September 2016

I AIE30l4 2}

A9He MedRadio e A48 ARS FF7]% 0.3
um CMOS §4& AHgsle] ARG A% A%
& FEE A% ANE T2 FHL B 1V A
2 AgelA 018 mAS] AFE s

718 MedRadio e} AAE AR ZZ7)9 811
a9 594 B 4 9l5o] 401 MHz - 406 MHz t ¥
20 dB oleke] @ ZH=th 1 68 Aok
At o=

°l

=

MedRadio qpﬂ AAdd A7ZLe F2E7]9 L=

At} MedRadio 9ol < 30 dB<]
=5 AAskdvk 19 72 AIHE MedRadio
TE719] s Ag 5SS HolF
d UESZ¢] Q-factorst
8l 401 MHz -
406 MHz 01]*1 0.85 dB-Cﬂ 7Hd g 8
2 55 dBme| Z7]E 7FA& 401 MHz$} 402 MHz +
Nl Eoll wigh AlRMEE MY Afs FEH7]e] IP3
s HolFa gtk -7.92 dBme] 1IP3 #& 7+ A

& Ak

x
=2

[e)
%‘ s 5
e ATE

o)

=
0
-5.04 /
-10.0
=-15.0
b
-25.0 AV
-30.0 t - -
350.0 375.0 400.0 425.0 450.0
freq (MHz)
% 5 HMotst MedRadio thed M= XMES SE7|9
S11 Alg&o|d Zxf
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Table1. Performance comparison of the proposed
MedRadio-band low noise amplifier with other
low noise amplifiers for medical devices.
4] [6] m | This
work
Operating B B 862-870 B
frequency [MHz] 401-406 | 402-405 902-998 401-406
Gain (dB) 20.2 10 20 30
S11 (dB) <-15 | <-10 - < =20
NF (dB) 2.8 125 5 0.85
IIP3 (dBm) -8.1 -8 -8 =79
OIP3 (dBm) 12.1 2 12 22.3
Current
consumption (mA) 0.15 141 0.2 0.18
Supply voltage (V) 1 1.8 1 1
0.18um | 0.18um | 0.13um | 0.13um
Process CMOS | CMOS | CMOS | CMOS
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