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Hand-effect compensation circuit design
using the low-voltage MEMS switch in the handset

A R I e I b
Wang Jin Kim"™, Kook Joo Lee’, Yong Hee Park™, Moonil Kim'

Abstract

In this paper, the external matching circuits were designed in order to compensate the efficiency which
decreases by human body effect in the internal antenna phone. Comparing the two types of matching circuit,
we selected the structure to minimize the switch stress. RF MEMS switch using low voltage was compared
with FET switch and measured the performance in the handset. Here, the detection circuit which can couple
th reflection power from antenna was added in the handset and we set up the demonstration system that can
compensate the loss of hand effect automatically. In this system, when hand effect occurred, the radiation
power increased 2.5dB by operation the matching circuit.
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Fig. 2. Shunt Stub type(a) and Parallel T-Line type(b)
circuit for compensating hand-effect, the trace of
compensated power(c) and consumed current(d) of
two circuits

a8 2 QA e3 242 98 Shunt Stub szli( )of MHM
SM2 32() J2ln F I Fxo HAEE()
o AZMEF H{1(d). Shunt Stub ?zﬂ ES Rl
M gdEE MR O EHo| aRED HAEE
Mg Lot IS

(263)

£ 1 %A ARE AARH BRHRE A wF
Anss ddstel AMEAe FFE FHE ¥, 2
A Fze wRAEE A% AEHUL AT 54
HE FALE A welFn g jEasz
728 AERAS A% 24l o ol He AL

&
=
o
—
_|
=0
@
UJ
3

ensitivity measurement

3t L 27 e 58 Z1f oM Eo 24 Al 12dB HE
of FAMUE XNsiyt Yyt s 25 Al
4 242 25dB, 45dB HE 2a
CDMA Band Sensitivity
(881MHz) (dBm)
without hand-effect(HE) -109.5
with HE -975
Shunt Stub with HE -100.0
Parallel T-Line with HE -102.0

1. MEMS 2949 RF 54 #4
JAEZLY BRAS 98t A& == 5 mjAs] 2o
HAag ~Ef2E ZEE A7 fetd LGA
HH MEMS 29A& Al&wel RF5
AR VEYAA] AFHES
A F Aol HEE
AAE ] QU 7] %22 wo|AR1EY
Z1gel wh®sta DC &<l JJr RFERRIS 74438 Al
ol A3, DC-RF #Z % (Coupling)e 1.8GHzell
Al Ao -36dBE UERRTE o= 719 29 A Wl
A AN Aow B 4 glomw DC #elit RE 2+l
o] 7}7}e] 01 1= A5 AEste F7F A E o
AE FdAT. 2l 4dolE 100mm= AA st
DC-RF gplzte] zHAe] wet A Egold & A
kA0l 2mmy W o -27dB [Sa2ave=3
MEMSZ 9178k FET 29159 A% ulag $s)A
NECAFS] uPG2156% LG 49 MEMS 2914 &
H2E7| o] Fzstd S219 FAREE
o 2154 vy SAHE 7% o
(Wire Bonding)¥]
¥ (De-embedding) sl A =92 -4 2
Hlagdo, S2154 23 08-1.0GHz U
MEMS29 A7} 1.0-14GHz 9ol A= FE
7F 01dBAE 3% S HIAT
Z Aol7t gle As ¢ F At FAAE

AA FoE PCB 7|3l

=
BEE

A [e]
\__/\E]E

Thru lines

L
L



4 A7) 4283 =5 (Journal of IKEEE) Vol. 13. No.3

CDMA, WCDMA W =(Band)ollA Z+z} 370 2o
sl A A8

110 <
o
o~ e
E o
-108 = < o]
el
3 o] < 9
= i 2
= L3
2 08 ? o
@
wn
Q
O O O FET{uPG2156)
1071 1o & o MEMS °
| | \\‘I |
0.85 05 085 21 215 22
Frequency(GHz)
Fig. 3. Sensitivity measurement of FET and MEMS

switch at the CDMA, GSM, and WCDMA band

= Aol A A
53 Zuh sl

Jhxlof ke bl 2Ek

>

oo AdAES A ' T
Gl AT BA oF= TEHVe AT
(Mismatch)oll €8t wkAlgl7E 271 Fa A
T At WA A S AVXARY] CP1608A1880EL
Directional Couplerg ©]-€3le] &3 Couplet Aol A
UoE 398 Sotel vhatd 95 A e F7t
o2 RF 995 DCHYL R uHlHo]F+= National
Abel LMV228 HDET 32 3ete] d el et

e}
=
slolar 2= o)
5}

3

of

3}
=

JAEZR] dFE AV|E AT F vk ¥
7F & AF 4gHdst iy -50dB el A -25dBE &
7heh= e, Couplere] o DCHAE 32E &
2o S Ane ALYV A 16dBm Q17HE 7
¢ A&9E DCHLL 200mVelA 323mVE F7+=
AL gl & F AUh[2]

2. A3 2 gddr|d 4 9 AF BAIE 79
o mH IR AAEN PA RS dEy] 4

FAS Aok ¥ wjAsRE A9 AEYAS
FaA7 98 FEAEAR W RS A48T
A9 wholaw ~EY @le] o s 277 57

(264)

sl PCB 71%o] 43t gle] RAGs o % )
As7] sle AA MARRe FAe fASAN A
$A2 04 RFAFLA LI CE ALS v

4pF 2.7pF
Input I [ Output
L:15/W:1.5
6.8nH (mm)
atte T
3pFI T3pF
(a)
1]
g
3
c
é E
[
e ]
1
' 3
- N ——slw_on
20 [ I
06 07 08 08 1
Frequency(GHz)
(b)

Fig. 4. The matching circuit which is composed of
lumped L and Cla) and the measured return loss
at switch on and off(b)
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Fig. 5. External matching circuit fabricated on PCB board
including the circuit for detecting hand-effect(a)
and the block diagram of total system which can
automatically control the switch through Labview
program(b)
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