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MHz, 5150 ~ 5850 MHz), GPS f# % z_i (1575 MHz), Narrow Band Internet
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P R T BIFE R EHRAE S s 4 frdlATHEA I M ER
AERBBEVFAF A AIRF AR RFRP > XIS
PARIATLRAR TN I PRI ARHERFERY > UTRP
FAR LB R 5T NS BSIRELTRNEE B RE
Bl > g xty o AR TRED AT FEL 44 2L ED
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(GSM 850/900, NB-IoT band 8 and GPS 1575)4 % = 40 %1% = &7 % Su*

VBREEBEART HT R MR 4 B RN EA L
ERE ERERNIEZRRY AR T ETRAKETREY (K
GA (L EW -~ LA~ 252 B IE&F )R T ERERET
EIZRFFEALGD OB FEETF AR BT B -
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1ipf > &% LAIRHEIL TR HEJrpic 5 Ca.3 D &> 4B 2(C)
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ZTAGEET HEt)E £ B2 4 > 4B 2(d) £ 45 5950 MHz A 4 &

LRFCRET ) 2 B3 sk E 5G FR1 n77/78/79 band -

o
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0.8 mm Thick FR4 Substrati

Metal Housing
37 x 43 x 8 mm®)

[~ 0.8-mm thick copper-coated
FR4 substrate as metal frame

Metal Wristband

Dimensions unit: mm X Y (Width = 20mm)

(a) (b)

W13+ AFETRAEISFRHER (2 RF (b)#
W

yL-slot mode

/\-y Parasitic monopole mode

— Current 8.0000
—» E-field 6.0000
X Currentnull
e Shorting point 0.0000

Y Coupled monopole (high-order mode)

/ b .

Dual-open slot mode
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Y- meh& HE 4ol 2(0)5w chg BRFEGE R S 47 mm T 48

=

LR Y- s hEiE g 2RI MEVEB(A A L) 2450
MHz o Ir &% & B akic(l 83 J B) & 5650 MHz £ 3& 1) 48 & 25
Him(B Aot )4c® 2(g) 0 2d @2 2R F WLAN 5G #f £
(5150 ~ 5850 MHz) » #14%g #k 2 2+ bending loop (1 2:7] K BL) 5 - i &
Loop #-fk » 4@ 2.2(f) ¢ # & 3=+t 4500 MHz * »+3 & WLANSG FE4n
THe o RERE WLAN GG #rZ 2 455 o g ¢ » $84 & Bk (l 2t

T IB)TARAIE SRR R FRSTF Co (05 pR#ERE Y £ 4

MUIRE 0 B (5T 5 Rk B RT3 B dost (1)

1
e =\
f (27m,/LqaisChp) (:* 1)

pEREET e G R £ ERRR( I JB)T AT LA S
TR VEFEF LA EAT 2 ERSTF Ch (05 pF)e

TV AW 25 GHz P4 VR B LaisAh 5 =8.1nH » 5.3 GHz ¥ 4%
58 TR LasRIAL 5 =17 nH > ¥ ja*% WLAN 2.4/5G band 14 # &4 4=
FRELE ST R P L VERT R A MEY 3L

%oim F WLAN 450 % o LB H-31 B 37 5 &1 ] Ant3 #73 3+ <1 Loop
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A RAA 2 BEEF S IR K BB LA
£ BV A EF WLAN 24 band fe 47 fe » A3+ 57 BF 42 [2 &
B S EE T R] ~ [MIMO i3] ~ [SAR #cE;=f 3

RY v A At e

0.8 mm Thick FR4 Substrate - An‘l
i 'fﬂ "..,\\ (Slot)
gy S, /= 3600 MHe
| e Fort2 3
Ant2
(Slot)
f=3600 MHz
Ant3
Coupled monopole
3 po (fundamental mode)
o f=2450 MHz o
=1 0
0.8-mm thick FR4 substrateas O ]| 1
) -.tlltlilhll‘:“.‘l!‘l'.'ll‘lt
%QLS:": Y =
A Z X Ant3
Port 1 Port 4l Coupled monopole
‘?F’:TLB 2sburting point| | A (high-order mode)
f=5650 MHZ S
— P
\_/—
Ant4
(Dual-open slot)
== Measured E /=900 MHz
== Measured E,
Ant4

(Three-dimensional
bending monopole)
f=1575 MHz -
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FANERI AR REMET L RN BE AN E R
RehrzpE B Sl KRB 4BEINFFLANERIRN AP L
B SIEL5mMMA 4 FI5.5MmMPF > EFRT AR A AR E G F A it o
FEANEBRTAASERS S 55mMmMEF 0 Flh BB TR b 0 HRK
A Leslot sPficfs & 3 g T M $RTpeon kR L o R E AR F
AFHEBIROEE > TR AN ERERIEF B E KT 5100
MHz > # 8% 4 N H4aX RH0E 2 L-slot i3 bR & > K R
Wenpe i e o PIE AN HEB T M A E R S S 15mmpFEpRE N
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<— 5GFR1 band (n77/78/79) — - 5G FR1 band (n77/78/79) —

0 450
—_~ At L Simulated Ant 1
% o + Real part
b ~ 300 - —=—S§=1.5mm
] 5 k —&—$=3.5 mm (Proposed)
2 = L
2 3 -
£ g 10
@ ="
=1 L
O é [t R e T e
= - L N N \
;% . Q‘Simulated Ant1 g Imaginary part :
2 sl | —=—s=1.5mm S50 ----S=15mm Wk
% L = S —®—§=3.5 mm(Proposed) 3 ====-5=3.5 mm (Proposcd) e R
Ant1 z v -
- A § =55 mm r ~---8§=55mm
20 " 1 i am ) 300 I 1
3000 4000 5000 6000 3000 4000 5000 6000
Frequency, MHz Frequency, MHz

() (b)
W4 Ant 1 F2FERIAAFBER S22 $EFHR

(a)F 5 ik (b)) » L4

T HPEAFTE Ca ANt LB d S P RN E A N EH

B =

%

<AL R ASEA T 0 KD F Ca SHE M 5 4 TR

&3

R

Cachits ¥ 4 »ceid & Ant 1 & 5G FR1 n77/78/79 band B2 = i f e

FEFLT e o @ ANt 1 TIEARECPN e AR TE AF DR SR B §f Sk

FoET T AN L et S EFRET fAs T A

<—— 5G FR1 band (n77/78/79) —

L Simulated Ant 1

Reflection Coefficient (dB)
=

i ‘ —=—C,=0.8 pF
7 “\: —e—C,= 1pF (Proposed)
-20 e Gy,
3000 4000 5000 6000
Frequency, MHz

(2)
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<—  5G FRI band (n77/78/79) —

450
Simulated Ant 1
Real part
G 300F —=—c,-08pF i
2 —=—C,= 1 pF (Proposed)
=S 150
] L
Q =
E oF Ssew
~— L S pee®® S
g. Imaginary par
= 150 | ----C, =038 pF
----C,= 1pF (Proposed)
-C,= 0.8 pF
A ——
3000 4000 5000 6000
Frequency, MHz
(b)

WS FRATFCaE@ZHFEHE
(a)F 5 ia 8k (b)iie?] L

B A3 R F S T 4 B REA TR R - f
% ¥t bending loop (I B3] K B)it {7 4 47 > 2447 /% 5 Ant 3a (without
bending loop), Ant 3 (proposed antenna){= Ant 3b (with a shorter bending
loop) stk it - B 6(a)® g3 Ant 3a s bending loop sfFim™ 7 A&
5400 MHz # # $8 £ 2, B & (B F& BCAL) » = % & ki F WLAN 5G band
(5150 ~ 5850 MHz) - # Ant 3b 4¢ » — £ 4p & bending loop + F&=3%
5000 MHz » iz #3548 & 3% H 4&(F P9 500 ) -4 5 8 4o AR E - &
t¢ & Ant 3 (proposed antenna):#- bending loop e 3= £ & 3 4r > 8- #
HetgqRop Stk 1D 4550 MHz » X R 0t R e & A 8 (% PR

P T e o 8B 6(b) LR ArdE £ 2 i 2 WLAN 5G band (5150 ~

5850MHz)
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WLAN 2.4 GHz WLAN 5 GHz

0 -
~ \ o N
2a) :
< [WpyeTTY A WARTANNY =
= i . v Ant 3a “
g aof
5 I
)
(%]
c -
C ol Ant 3 &
g i Simulated Ant 3
= —=— Ant 3a
8 —&— Ant 3 (Proposed)
%S ! —4— Ant 3b
K30 T Ant3b o
2000 3000 4000 5000 6000
Frequency, MHz
(a)
WLAN 2.4 GHz WLAN 5 GHz
300
[ Simulated Ant 3
Q Real part Imaginary part - ! 1
< 200 —=— Ant 3a -==-=-Ant3a : 7 “
c=) —&— Ant 3 (Proposed) - = = = Ant 3 (Proposed) Ant 3a ' Ze A"
S 100
L L :
Q | ‘\
= : \
= 0P |
; : Allt3 .ﬂ A
[=H
£ -100
_200'....1....|....|....
2000 3000 4000 5000 6000 SDUSDESILIN
Frequency, MHz
(b)

W6 FRNEE Ant 3 2H# 4 45 W
(a) F % 1% #c (b)iie?] > R P
M FE3E T 5 0 Ao bending loop sg 3R A # i £ & WLAN
5G band » I ¥+ £ Ant 3 PR LR R F R - d B 7(b)¢ T F

IR IR IRIE 5 8 5 3100 MHz > %%’E’ WMEuBHIGLERLRE 857
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B (A K BOR ) S 4R AT 5 ) TUAE 5 0E AR g B B0 B I
f5 (3100 MHz)¥2 48 £ 4| H 4& &8 & $CAE (2450 MHZ)HE F 4p 3T » #7140 B

BRI ERRRE > 5 ¢RI EVE (A ML) A B S
AP ICE R LV B2 4 WLAN 2.4 band sh#icfs & 8 7(a)
e WLAN 5G band & ~ < #2%8 - ¥ - 2 5 bending loop e 3+~ ¥ %
WLAN 5G band © sficfs TRABR AR 0 P RiRE G DI FE T2

2% WLAN 2.4G band sraf e B0 0 12+ 5 % 2 L g4 WLAN

24/5G band = R ek Akt F E G A B EOEE

WLAN 2.4 GHz WLAN 5 GHz

‘10 |
[ \}
=20 + ‘JV Simulated Ant 3

—=— L= 8§ mm
—&—L = 9 mm (Proposed)

Reflection Coefficient (dB)

| ~d—L =10 mm
Bl
2000 3000 4000 5000 6000
Frequency, MHz
(a)
WLAN 2.4 GHz WLAN 5 GHz
300

I Coupled monopole (fundamental mode

éimulated Ant 3

Real part

—=—[ = 8§ mm

—&—L= 9 mm (Proposed)
=L =10 mm

“ Coupled monopole

% | (high-order mode)
jL .
: """~

B}
-
-

200 |

100 f

lmagin;ry part
====L= 8mm
====L= 9 mm (Proposed)

_200: - o e 10
2000 3000 4000 5000 6000
Frequency, MHz

(b)
W7 8545 Ant3IBRH LR L2ZFHT
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(a)F o th ¥ (D) > 12

b A A TR B o d Y Ant3 @ F [T JRhehk B
dRBEI AR A LRI BEVE BRI ATA ML R F IR
B @ R RS RN TR TP B R Ch A gk
E o 4B 7(b)¥ £ S3A BLE ,ﬁ@"f FHEE 5 23 GHz T ¥ 25 GHz ~
51 GHz » @ ¥ i jj ik B 48 £ 5 WLAN 2.4G 2 WLAN 5G
band » PV R EF L H B TR L ARTA S TR B AL
SMD ~ it #r3F Kenge £ 428 2 2 4 & 34| - d 3t bending loop

R H r kA e WLAN 5G band rede™fe » 5 7 H & A58 0 At dE?

I & 4c ~ bending loop 3% & o

distributed inductance

The embedded capacitance and distributed
inductance series form a band-pass filter.

I'he equivalent distributed
inductor to 8.8 nH Port 3 A

(2)
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WLAN 2.4 GHz WLAN 5 GHz

0 n
~ y - .......... g ~B< ]
g P
= ‘
~ 10t -
i L
D \ -
b I
2] L
§ 20 i Simulated Ant 3
Sy | —B—S“
- 3
o =o=S.
Vl) - = 7Su
=30 REREREE IFEEEEEEREEEREEY . . .
1000 2000 3000 4000 5000 6000
Frequency, MHz

(b)
W8 FHNEE Ant3 T RRA BZ HF W

(a) % B ObDESFFRE

B ANt4 F AR E R4~ £ B0 E K 2 dual-openslot 59
B IR s 7B 8 o Antdad i s 4m £ dual-openslot iF - 7 930
MHz (dual-open slot mode)#2 1900 MHz (coupled metal frame mode) 2 2
Y IRFCAL 0 A Ant 4b B 4E4 ~ (VIA)Z & Bifters > & 4 820 MHz &
4 — B ¥ f1* a9f i (monopole mode) - @ Ant 4c Rl * 237 & La
TR kAR FUERA T R 2B &4 W & 820 MHz (dual-open

slot mode)4= 930 MHz (metal frame mode) g = & - ik chfe L7 fie o
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GSM 850/900 GPS

' = A strip coupled (without via
i p— 1
— ~ ‘\s
m N
) \
« |l w7 1 x 4 | Ant 4a
5 3:1 VSWR
o Direct feed (with via)
2 \
= .
=
O Ant 4b
= .
= S'mu:fti(;Am 4 Inductance L, on terminal
= —=— Ant 4a &
S —4— Ant 4b X
% —&— Ant 4¢ Ant 4¢ 2
m =20 PR - PR TR T VRN [ 7V SR O S L TR I T
500 1000 1500 2000 2500
Frequency, MHz
(a)
GSM 850/900
600 [ Simulated Ant 4 A strip‘ coupled (without via)
o Real part Imaginary part ‘\_
[—=—Antd4a ----Antda &
g 400 ¥
b1 —S—Antdb  ----Antdb Ant 4a
g | A~ Ant 4¢
= Direct fee(l\(\\ ith via)
2 &
=
- Ant 4b
-
=]
E‘ Inductance L, on terminal
1
o ‘\\ .
\
=
Ant 4¢ 5

500 1000 1500 2000 2500
Frequency, MHz

(b)

M9 THSEE Ant 4 B4 F()

(a)F o thdk (b)#§ » I Fu

f6e BE-HAIWEIAF LA FXMET > UTIFRE =
&% 1 Ant 4c (inductance La on terminal only), Ant 4d (a strip with
inductance Lb) and Ant4 (proposed antenna) % i& 7453 f - B 9 © S &t

4t Ant4c B+ J= i3k (dual resonate mode) » A& T RE R FEBLR A 6 T
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2R L1@)F#H7 9 R & i =t Bt SRR 0 ¢ T R 11(0)
18 4v dual-open slot - Fe 1% £ 42 3% GSM #E £ ©
£ % % Ant 4d (a strip with inductance Lb)4: » £ & Lb (18 nH)~

oo IR )& HElE ot TRz B G P o R & HElE o

3

Toondies Loop AN R SRR o ¥ - B 0 BLERR - R & o0 dual-
open slot :# % 4B 11(d) - dual-openslot -8 % 820 MHz = 4& > = & 4
BBt BEREERGREBEEY hd e Rid MBI OB 3
Ox T Lb (18 nH)™ & » §vd N B 4~/ ¥ dual-open slot
Fapints o A3 B 11(e) & Bz i3V £ H ez AN R HCE
F=>+ 1250 MHz -
B & Ant4 (proposed)4e » & % Cc» KA fEFEif A & > A R
s Ant 4b 9 Loop mode 2# #= i /& B8] 11(e)m Fpt e &g - p P & JR ik 5
TR B 1N H ks B 2 hE G - AR F Co o
e r BT R Lb B BT A i m i BRI > B 2 43¢ bending
At s Ol e o @R AR 10(h)mend R n TR GPS #1EL

(1575 MHz) -
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GSM 850/900 G;’S
0 Inductance L, on terminal
- |
oo “\"
= R
o= QN MR | N L G SNSS————————, Ant 4c 7
2 3:1 VSWR A strip with inductance Ly,
g 101 i .
&) Ant 4d 7
= . A strip with inductance L, and capacitance C,
= Simulated Ant 4 .
23 —=— Ant 4c¢ \"\‘_ .
é ~A— Ant 4d g
) —e— Ant 4(Proposed) Ant 4(Proposed) *~
m =20 Pamm—— -, (IS PR B PO T B T S
500 1000 1500 2000 2500
Frequency, MHz
(a)
GSM 850/900 GPS 1575
300 — . ;
L Simulated Ant 4 Real part Imaginary part Inductance L, on terminal
c I —=— Ant 4c = === Ant 4¢ |\‘
" I —®— Antdd - - - - Ant 4d "\;
2 200 C —A— Ant4 ----Ant4 (Propose(f)’ Antdc -
< r v A strip with inductance L,
= 3 -~
2 100 :
- e’ .
g .
- Ant 4d 7
- A strip with inductance L, and capacitance C,
= () Bl 2\ S i, et TR TTTTT I e e e l\\
E - % ~
L L *
[ ¢ Ant 4(Proposed)
-100 PRI U (R SRS SR N SR S R S
500 1000 1500 2000 2500
Frequency, MHz
(b)
e

® 10

£A%E Ant 4

g

BAEA W

(a)F o thdk (b)#§ » I Fu
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30 0000
lzuowo
Monopole mode Qg‘K_;y: Dual-open slot mode | Bt

g_‘ Outer current

=

Ant 4c

— Current 10,0001
» E-field

3 . . 60000

o Shorting point| I 4.0000

. Three-dimensional bending monopole mode

O \\‘_S)ulrnr-rcurrcul

Ant 4d

Three-dimensional bending monopole mode
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