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A Dual Band Directional Coupler with Feedback Compensation
Using Diplexer Structure |
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Abstract

In this paper, a novel design and implementation of a dual-band directional coupler based on RF IPD(Integrated
Passive Device)-on-glass technology is proposed, which can be adopted in GSM/GPRS cellular phones for closed loop

- power control at the output of the power amplifier. The proposed coupler has a compensation capacitor to improve

the directivity, and was designed using a new diplexing structure to minimize the cross-band isolation.
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J8 1. GSM/GPRS & Quad band radio unit
Fig. 1. Quad band radio unit in GSM/GPRS.
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Fig. 2. Method of closed loop power control.
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DCS input : DCS output

-~ 50 OhmTerm

g< —» Coupling signal
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% 3. DPX YEE o83 dual band #AZ3 +2
Fig. 3. Dual band coupler structure using DPX filter.
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Diplexer %2 ©]-2 3 Dual Band ¥4 7 Z 8

H 1. Dual band coupler A}
Table 1. Dual band coupler specification.

Freq. 900 MHz 1,900 MHz
Coupling(dB) 33(21) 28(11)
Insertion Loss(dB) 0.2 0.25
Return loss =20 =20
Directivity 15 15
Isolation(dB) 48 43

2 99 AZHd we 42uz AY330] I
¥3 £42 43 @ BEoln:

32 Microstrip HE2{ 0|8 ¥ AH

)

¥ 4= AMNAEE micro stripline Egtol] 92
stod WFAE P FRoITh AA 2N E
glass 7]3 $1ll micro stripline®. 2 A4 M2 E 18
sem, 54 dIHAE 50 Omoz2 AA S
o A F22 4% AZY line Zo) ¥ A2 S
EM simulationS ©]£3}e] F3}5th

Y S Hsted B4 capacitor 3HE glass
F4E, line 4o] 2 74, ALY AFE Y3ty
Agsge
Z e - Actual odd-mode characteristics impedance
Z i - Ideal odd-mode characteristics impedance
0, : Actual odd-mode electrical length of the

coupled section
6. . Evenode electrical length of the coupled

section
k : Coupling A%

12 4. 99 capacitor microstrip 3k AZE BAF
Fig. 4. Symmetric single compensation capacitor micro-
strip directional coupler.
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12 5. 0dd mode 57}
Fig. 5. Equivalence actual odd-mode.
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ol&3te] HA} AHNAE e Fake FHolth &
HALE 7§18 W(Si =0), oA Rl WS TH s
o A4 Aot

HA} capacitance 2+ Z4] F1h4 900 MHzol A
= 03 pF, 24 F34 1,900 MHzol M= 0.2 pF2
AArstg T ofZA AAHE B4} capacitor 2 A
32 7MY EM fielde) J3S veste A4
"3 oz MAsgT 1Y 6, 7S EM simulation
layoute] ok, 13 6-& 900 MHzol A 24 dB A= ¥,
- AZY Ao): 1,270 pm, HEH line space: 4 pm, B
A} capacitors 0.3 pFol o,

19 7& 1,900 MHzol M= 19dB 7123 4 AZ

GND

Low In

Low Out

50 OhmTerm

Coupling \

YI5EM B ACapacitor
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Fig. 6. Microstrip directional coupler in GSM band(24
dB coupler).
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YIS PHAICapacitor

Coupling

HighIn

O 7. DCS/PCS bandel A @] wlo]A2 AEY W

A 78

Fig. 7. Microstrip directional coupler in DCS/PCS band
(19 dB coupler).

High Out

# 2. High band #E 2 EM simulation result

Table 2. EM simulation result at high band coupler.

Parameters Values
Center Freq. 1.9 GHz
Coupling(dB) 14 dB

Z 50 Ohm
Zoe 80.85 Ohms
Zoo 30.9 Ohms
w 50 gm
S 5 pm
L 1,280 pm
Compensation Cap. 0.2 pF

50 OhmTerm

g 7o]: 1,280 xm, =% Line space: 5 pm, B4
capacitore= 0.2 pFojd}.

19 82 HPF(High Pass Filter)2} LPF(Low Pass Fil-
ter)E A3 diplexer layouto]t}h. 449 $4& 0.5 dB

28 8. Diplexer layout
Fig. 8. Diplexer layout.
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A, e Tloth
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Lsk

Cpl T R Cp2

01)3% %Rpl Rp2 % f Cp4

a8 9. ase~ 57t 29

Fig. 9. Inductance equivalence model.
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pm 2R3 eH, 713 FHA Au #5¢ FE3tY
ground TS PAstgth g filtler FHA] EFA} Si
N8e 2o 457 Ad 7S Al
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a3l EM a4 2 simulationo] 7 &3}t

45 Coupler Layout ¥ 4

J% 102 IPD F&2 o] &3t Azg IC 13
olth. GSM #r4 o] 41 systeme] A& FE6}7)
93t dual band #Z 29 layouto] ™, GSM &2l A
o] power amplifier?] EE ¥ (fluctuation)sl] &g AZ
g o HEE 4] A8 9 dB AHNE A
Z4 portel] AA3IATE webA HEFE AEE

3@ 10. Daul band coupler(size 1X1 mm)
Fig. 10. Daul band coupler(size 1x1 mm).
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12 11. Coupling @ #&4 =4 Az
Fig. 11. Measurement result of coupling and directivity.

£ GSM 850/EGSM bando| A= 33 dB, DCS/PCS
bando] 4 28 dBS] AHL 2Za= AZo|r
Die size= 1 X1 mmZ 7)£9] LTCC ¥ discrete &t
LAl H)&) 40 % olFe] F4 BFHIF Yo, 7|E
A Lo H3F =9 A%, half size, half cost E4Z A
9 AAYe) Aok
24 AFE 19 9] Jeguliglen, 19 129
Low band & ©oll A high band out &) AZEE
JJeh) 9l ot Diplexer filtering 7329} 712 W44
A Band A2 =7} -48 dB o]3tE FAHATE o=
AA multi band FZAA FA 7t5 EY FAE
438 £ 9= pxorh
V.2 E
B =Fo]A%E Quad band GSM systemol] 245
= closed loop ¥H4]9] AZE IPD ¥4 S 0|43
o F8E3tEch Band 3.7k 24 M3 AT

788

From Low in to High out

-30

£ i

2 -40 .

K] J

- 4

» ]

'u' '

e -50 /

~ p

& /

60\ L L ——
0 1 2 3 4

freq, GHz

J&l 12. Band Isolation &4 23}
Fig. 12. Measurement result of band isolation.

H 3.Dual bando| M 9] W3 AZe A
Table 3. Directional coupler result in dual band.

GSM/EGSM(910 MHz) Result

Spec Simulation =3
LL(dB) 0.15 0.15 max
Coupling(dB) 33 333 typ
Directivity(dB) 20 16 typ
R.L(dB) ~20 -20 min
Isolation(dB}) 53 50 min
Band Isolation 53 50 typ

DCS/PCS(1,910 MHz) Result

Spec Simulation =3
LL(dB) 02 0.25 max
Coupling(dB) 28 28.5 typ
Directivity(dB) 20 16 typ
RL(dB) -20 -20 min
Isolation(dB) 48 48 min
Band Isolation 48 48 typ

ZAZ diplexer filterE o] &3l {48 3t Mi-
crostrip AZ &) WA EAI QS B4} capacitorE
o] &3] 743tk Dual band 71Z#, diplexer, 9
dB Pi pad attenuatorE 1x1 mm sizeo] 43} 3t
t}. ¥ 3& simulation ¥ A ZAIAE F 302 e
ibeg=g
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