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The Study of Complex RF Unit in WiBro Base Station for Wave 2 Standard

Y

XEFE -CREYE-E KT

(DooHun Choi + Yon-Tae Moon * Do-Gyun Kim - Young-Wan Choi)

Abstract - The WiBro was adopted to the 3G international standard. By the change of specification from Wave 1 to
Wave 2, MIMO technology is applied in order to increase the speed of downlink. By MIMO the RF part of WiBro base
station is increased to 2 Tx paths. Therefore, the size of RF part is bigger and material cost is increased. For reducing
these demerits, the RF part which is consisted of PA, LNA, and TDD switch is designed to one complex RF unit. Also,
the experimental results of the RF unit have been discussed. Since the complex RF unit is more compact than the RF
part of Wave 1 base station, it can be used as the RF part of Wave 2 base station with 2T/2R MIMO.
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Table 2 PA standard in transmitter of RF unit
G5 I
Frequency Range 23724 GHz
3 carrier case: 7.3W(38.6dBm)/carrier
-2 carrier caser 10.8W(40.35dBm)/carrier
Output Power I .
-1 carricr casc: 14.5W(41.61dBm)/carrier
(Avg. Max) _
#E%F Loss !
Filter(1,0dB},Cable(0.4dB) Arrestor(0.2dB)
AR Carrier & 3 Carriers Max.
Nominal ~14.7dBm/carrier x 3 for 43.36dBm
Input Power -13.0dBmy/carrier x 2 for 43.36dBm
-11.7dBm/carrier x 1 for 41.61dBm
0.6 dB @ Within 9 MHz , 1.0 dB @ Within 27
RE Gain Flatness
MHz
@ -27Vde +5Vde
< -375dBe )
B ©@-43.4dBm Max(3 th
@+4.77MHz
e ACLR [100kHz 3FA)
< -39.7dBc
RBW 1kHz VBW] ) @ PAPR (0.0
@ +9.27\Hz o
(marker to marker) ~ G5AB/FA.
< ~45dBe

@ +3 23MHz(inband)

10.0dB/2F A,
10.6dB/3FA

Input/Output Port Return

Loss

-18dB Min.

Gate Bias On/Off

Switching Time

3usec  ou

%4 A% Switching RF Path Switching & Main Amp TR Gate
k] On/Off
EVM < 2% (Source HHE))

Tx Noise Power during
Rx Mode

~114dBm/10MHz Max at Tx Out Port

Input Power ALC 71%

10dB ~ 12dB @ Output -44.4dBm + 0.5dB

Tx/Rx Isolation

40dB (Tx Gupur Port --> LNA Input)
13dB (Tx Qutput Port --> LNA Output}

Power Consumption

Max. 122W @ 21.9W, TDD 27115, Average

FE AY

~27Vde + 05Vde
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E 3 TDD switch #4
Table 3 TDD switch standard

Kias A5 13

Frequency Range 23724 GHz

Maximum Input 50 Watt @ Average Power
Power 800 Watt @ Peak Power (PAPR=12dB)

. 05dB max. @ Tx to Anterma Pass
Insertion Loss N
1.0dB max. @ Antenna to Rx Pass
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Table 5 Line-up of PA and analysis of PAR headroom

s Transmit mode Thermal
R PA Input Isolator<] Amp 1
57dB min. @ Antenna Port VSWR = 1.3:1 PAD
40dB min. @ Antenna Port VSWR = oo:l Device AM1 4NG
* Receive mode T 1
35¢B min. @ Antenna Port VSWR = 1.3:1 PEP_Device 180
Tx / Rx Isolation 35dB min. @ Antenna Port VSWR = o1 (dBm}
£ Tx Noise=-114dBm/10MHz © & Gain(dB) 129 120 49
Output
* DC off utu -100 ~229 109 ~149
35dB min. @ Antenna Port VSWR = 131 PWR(dBm)
35dB min, @ Antenna Port VEWR = o1l PAR(B) 89
E& PAsH S/WHA 28 A ST Headroom 100 189
(PAR=10dB)
Switching Time CTR to RF Switching Time = 7psec max. Amp 2 PAD Amp 3 Amp 4
Transition Time = Busec max. HMC414 MRF6521
Device FLL1TTME 060N
Port VSWR 13:1 MS8G
T 1 1 1
_ ~ PEP_Device
k1 4 F=p7 7Y 270 325 478
(dBm)}
Tabel 4 Receiver standard Gain(dB) 190 -1.0 130 140
Qutput
; 41 31 16.1 301
g M B A PWR({dBm}
. s PAR(dB) 229 164 177
Frequency Range 2.372.4 GHz
Headroom . .
) 12.9 64 77
Gain 26dB (PAR=10dB)
. Amp 5 . Tsolator
Gain Flatness 05 dB @ Within 27MHz Divider . Combiner Output
(Final} e
Noise Figure < 1.2dB Devi MRF6523
evice
140H
P3 > 0 dBm e 2
PEP_Devi
Input Return Loss > 10dB ~Device 545
(dBm)
QOutput Return Loss > 16dB Gain(dB} ~32 140 2.8 ~0.4
Output
‘ _ ey %9 409 37 433 433
LNA Output Coupler 65dB £ 1dB @ Rx in port B9, SMA PWR(dBm)
PAR(dB) 136
BRI +5Vde Headroom 16
(PAR=10dB} ]
A% 28 < 220mA
Tx B9 PA 7|BAAE 2Z7]9 line-upe o] €A T4 Total IMD degradation in IM3 (dB) = 20 log
& dEvlelt o] ZAE AL OFDM o2 Wzd o [1+10(0M3(Drive)-IM3(Final)/20] o))
#2139 peak-to-average power ratio (PAR) B4l 17
stod YAE Az E4o] dI3=A g dAdy B4 glo]lpE AN 2¥e TDD #4& F&ss w4

inter-modulation distortion (IMD) A%-& i#lslel &b,
r3 gjolB g &% FZAQ adjacent-channel leakage ratio
(ACLR) E4¢& w&Esor g}, A7) WE& 71802 gy
’1&7]-4 line-upe TAs Y=, SolBg 2359 PAR #
& 107 YAl 2 10 dB A=E dolHe AAE o
EA 94%e 4 @] e PAQ] H3239& 4 10
T/33jol @t 2 gEZBE E=gholH
JEZAAE IM3Q HHL 5]34.5}5}7 HE}O% 2] (D)3 7ol
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EiS 6 Tx PA 22| power budget & &8 &4
Table 6 Power budget and efficiency analysis of Tx PA
48]
NF IN OUT PidB
TDD Gain #= Remark
(2.5dD3) S11 522 (avg) |
SW/ GV)
Lha dB dB dB dB dBm A
Rx
Path 1.0 -10 | -180 180 47.0
Loss
NF=
LNA -12 260 | -100 | 180 0.22
1.2dB
Total 2.2 25.0 0.22

= A

g 7 TDD switch/LNA £2| power budget ¥ &8 &4

Table 7 Power budget and efficiency analysis of TDD
switch/LNA
a8 Pin Tx Pout Tx Gain | Rx Gain Tx &%
dB dBm Watt dB dB 9
PA+
TDD SW | -100 434 219 534 280 198
+LNA
B oA folx HAAT Tx PA 39 power budgets X 6
T 723, TDD switch / LNA #2] power budgete ¥ 73
A

2o A Bd RF unitd power budget® T& ¥4
3 8“’“*‘1 HOZI'W‘E%’

Pin Gain Pout ACPR P1dB Head TR A7HEIds,A) Idg RF g
Tx Path oo
dBm dB dBm LTEMHe IMHz dBm [PAR=10dB| 27V | 12V | 5V A M) %
dBe dBe @27V
Input 10.0
Isolator 10.0 -1.0 ~11.0
3dB Coupler ~11.0 -3.3 143
ALC_VVA -14.3 -4.3 -186
AGC_VVA -186 -4.3 -228
AM1 -229 120 -109 180 289 0.08 | 001 0.01
“Thermal PAD(4N9) -10.9 -4.0 -148
HMC414MS8G -14.9 18.0 4.1 270 22.9 030 | 006 0.05
ATT_PAD 4.1 -10 31
FLL177ME 3.1 130 16.1 32.5 164 0.11 0.11 0.05
MRF6521060N 16.1 14.0 30.1 -49.8 -50.6 47.8 177 0.58 0.58 0.58
Divider 30.1 -8.2 26.9
MRF6523140H 269 14.0 409 -40.1 -40.9 54.5 13.6 2.30 1.30 2.30 19.8
MRF6523140H 26.9 14.0 4049 -40.1 -40.9 54.5 136 2.30 1.30 2.30 19.8
Combiner 409 2.8 437
30dB Coupler 437 0.2 435
TTD SW 435 0.2 433 0.25 0.05
Total -10.0 43.3 3.34 5.34 144

Wave 2 T8 918 2i0jBR J(XZE YAE B RF unit BF
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Table 9 ACLR results(3FA) of drive amp.
- Source = Agilent ESG, Fc = 2.3135 GHz
- Vds=+27 V, Vgs=3.08 V, lds=0.58 A
- &8 = +30 dBm

FA o | 7927 | 477 | AT | 927
7| MHz | MHz | MHz | MHz
30 -508 | -504 | —49.8 | -50.8

SFA dBm dBc dBc dBc dBc 0584

i
A
3

&

ki 10 Main amp. €8 ACLR §4 (FA)

Table 10 ACLR results(3FA) of main amp.
- Source = Agilent ESG, Fc = 2.3135 GHz
- Vds=+27 V, Vgs=3.01 V, Ids,g=1.3 A
- £3 = +41 dBm

FA -9.27 -4.77 477 9.27

= %j =
= | F9 | wvin | Mz | MEz | MHZ “T
41 | -397 | -389 | -401 | -409
3FA 0 23 A

dBm dBc dBc dBc dBc

[‘_9{.‘4
N
P
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Table 11

fd ™ FLLI77MES vgsH Sol e |ds 54
ids results for Vgs varigtion of FLL177ME(before

tunning)

Vds,q _
V) 105
VES | gl 4|15 16| 17| 18| -9 | 20
(V) . . el R . A . o
Ids ) _
242 | 207 | 170 | 140 | 110 | 78 | R | 46

(mA)

12 B4 $ FLLI7ZMES VgsHEol| o2 |ds S

Table 12 Ids results for Vgs varation of FLLI77ME(after
tunning)
Vs, 105
av) '3
Ves | sl 6| 17| us | 19| 20| 21| 22
V) . ; . . . . .
Ids
172 1 138 | 110 81 61 44 34 27
(mA)

FLL177ME®] bias
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ACLR &7o]
A& ~39.65 dBc@-9.27MHz,

HE AR E

Ze

s JE

LDMOS ¢

&
(o] bl
2 class-AB & TZX 7l & ACIR E4o] 9

27| 913}

AdE E 169 2o B4
FLLI7TTME A AR AF7} Zelrl A #)
v g e}, PA A
A¥AFE 03 AY

Hpojoj 2
A4 AC
th[11-14]

FLL17TME =3 ACLR

o},

279 g FLLI7TME =4 ACLR
K%Eﬁ/\x:r Eg% 4 1594_
Ao

ol o 3T %—H
SED

A 13014 HEFo]
a3 49 PA
3t 298 49 o9 #A ACLR &
-40.13 dBc@-4.77TMHz 2¥]1
58 A@2TV B4€ 94Ut GaAs MESFET#
Aurd vlAE BAe <] 9skd, FLLITIME
g pointE
40l AAg
Fas ¥
ACLR &
2 2dB AT MAEEA
MAEE %*é% 2l FLLI77TME®
Z7o) & FLLI7IME A4 ACLR BEX4® PA
LR B4 Z3e # 139 % 1494 RBdE
¥ 4% FLLI7TME®  bias zdel g
EAu PA A ACLR B4 4z

o A¥ HYe FYHAIL, ACIR
& Qg o o

o,

o,
= |

.

Wave 2 T4 &

(a) FLL177ME %3 574 (Po=+30.7 dBm)

elgt arojER JIXRE dHE EE AF unt o

Trans. KIEE. Vol 57, No. 9, SEP, 2008

(b) PA HFEHE

a8 4 FLL177ME (Vgs=-17 V) &5 EHN3 3T
=4

Fig. 4 OQutput results of FLL177ME at Vgs=-
output results

1.7 V and PA

® 13 FLL177ME 2| bias ZZioll uwE PA A

2 22MY 54 (Y H)

ACLR

Table 13 Total PA ACLR and power consumption results for

bias condition of FLL177ME (before tunning)

. Gate | AA Spectrum Regrowth (dBc)
g% | | Bias | AF [ 927 | -477 | 477 927
dBm R |
W) MHz MHz MHz | MHz
FLL
];7 307 | 11 10311 | -B024 | -50.19 | -4966 | -50.61
Only
pa | 434 | 11} 58 | -3065 | -4013 | -39.84 | -40.86
=H | 434 | 17 | 56 | 3570 | -3528 | -41.28 | 4406
3 14 FLL177ME 2| Bias ZE4o| w2 PA XMz ACLR

9 22HY 54 (RY F)

Table 14 Total PA ACLR and power consumption results for
bias condition of FLL177ME (after tunning)
s | Cate Al Spectrum Regrowth (dBc)

BE | g | BB UF e a7 [ amm | oo
] VA iz | MHz | MHz | Mz
FLL

1;7 304 | -173 0 0110 | -4204 | -4135 | -4469 | -4564
Only

3; 434 | <17 | 55 4248 | -4092 | -4118 | -42.00

B3 RF unit®] PA 54 % 483 H4<¢ ACLR 3

& vEgun dE SEse 34 Fel 45 gFe=
gAE Zgol vwE £ gty ol oK =E Tx9 error
vector magnitude (EVM) & Esor vk EVM
AL 1 FAlA T =] gk wakd 1FAS ACLR Z
ol EVM Z3e ¥ 159 Zo] ded =4 A3e 1
g 59 28 6o A HAFr)

A==

=75
o}
A
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* 15 1FA 4 (ACLR ¥ EVM EA ZA1})

Table 15 1FA results (ACLR and EVM results)
pA | acig | 1828 | 927 | a7 | wamr | s927 | <1333
za 74 MHz MHz MHz MHz MHz MHz
(dBm) | (dBc) 45 -397 | -375 | -375 | -395 45
416 | 24 | -5533 | 4843 | 4044 | —4242 | -4903 | -55.75

a8 5 ACLR &4 Z Il @ Pout= +41.6 dBm , 1FA
Fig. 5 ACLR result at Pout= +41.6 dBm , 1FA

Corsteitatinn

.

E M

= o

a8 6 EVM
Fig. 6 EVM result at Pout= +43.4 dBm ,

23 @ Pout = +43.4 dBm , 1FA
1FA

TDD A€o Rx
noise power 7} o= A LA =
THEE 7] HElMe Rx BEA F8
o] noise & FE38A E3A4 sta w3 Tx/Rx isolation
go] w4 % TDD 29X &2 PA Hgo] AR&3 ok
o el =z AAddME -92 dBm/I0MHzE L3151
2 Aol AEd ZF RF unit® Tx =4 s &
¥ 73 Zo] -9660 dBm/10MHzE do] 74

[o5
% Jn b o

o o

oM Qs B RF witd] HA =4 437
Zor, golng AAd] A28 4 gl

a1
4g 85 wHSG,

41

Channel Power

-36.68 dBm /10.0008 WHz

a8l 7 Rx 22 Al Tx noise power
Fig. 7 Tx noise power at Rx operation

E  16PAZH Z2

Table 16 Measurement results of PA

Switching Time

g5 AR A 7 A
Frequency 23724 GHz 1FA 3FA
Range
OUTPUT e
P(‘)WER 3 carrier case'7.3W(38.6dBm) +41.61 +434
(Ava. Max) 2 carrier case'10.8W(40.35dBm) dBm dBm
&’ 1 carrier case!14.5W(41.61dBm)
Nominal
-14.7dBm/Carrier x 3 for 1007 100
Input Power 43.36dBm -13dBm/carrier x 2 for dBm dBm
43.36dBm -11.7dBm/carrier x 1
for 41.61dBm0.6
< -375dBc @+47TMHz @ -40.4
ol
S ACLR +27Vde dBc _33.91dBe
[100kHz < -39.7dBc @+9.27MHz -48.43 _4013dBe
RBW,1kHzVBW] @+43.4dBm Max dBc *—5‘75dB
(marker to < -45dBc @+1323MHz(inband) | 5533 | o
marker) @ PAPR (0.01%) : 9.5dB/FA, dBc
10.0dB/2FA, 10.6dB/3FA
RF Gain 0.6 dB @ Within 9 MHz
Flatness 1.0 dB @ Within 27 MHz 0.7dB
I
/Out Port -184B Min. -21.9dB
Return Loss
Gate Bias
On/Off 3usec  ©|Ml lusec

£A A5 RF Path Switching & Main Amp
Switching TR Gate On/Off
EVM < 2% (Source ®WH]) 1.45% @ 1FA

Tx Noise Power
during Rx Mode

-92dBm/10MHz Max at Tx Out
Port

-96.6dBm/10MHz

Tx/Rx Isolation

40dB (Tx Output Port --> LNA
Input)

13dB (Tx OQutput Port ——> LNA
Output)

Power
Consumption

Max. 122W @ 21.9W, TDD
27:15, Average

113W (27V = 4.2A)

TH A

+27Vde = 05Vde

+27V




i 17 Antenna port ol A LNA path &8 Z 3}
Table 17 Measurement results from antenna port to LNA

o5 R =7 7
Frequency 23724 GHz
Range
Gain
25dB 26,448
(Ant —-> LNA)
Gain Flatness 0548 @ Within 27MHz 0.1aB
Noise Figure < 2.2dB 2.0dB
1IP3 > 2.2dBm +87dBm
Input Return Loss > 10dB 1848
Output Return Loss > 16dB 1848
85dB = 1dB @ Rx in port
N 2
LNA Output Coupler S, SMA 7.2dB
R i -5Vde «5Vde
AX HY < 220mA 210mA

A B RF unit® PCB artwork SWat 715 @4
¥ 8% 19 99l HojFEr)
5 &3 RF unitE M¥-2osx

rlo rlo
2
B
o

T3 2y 1039 29 11
e AbE SolTh

a2 8 PCB oted £H
Fig. 8 PCB artwork

28 97T Wy gy

Fig. 9 Internal framework of RF unit

Wave 2 TZHE ¢IT of0|EZE J|XZE YA

4

S

S RF unit g7

Trans, KIEE. Vol. 57, No. 8, SEP, 2008

Comtrol B Power Amp 25

WA & TBU Switch 25
o1® 10 M BEeE B8 RF ounit W BARE
Fig. 10 Internal picture of fabricated complex RF unit

I 11 PA B O RAE
Fig. 11 internal picture of PA

3.4 &

B =RoxE 4¥W3 HHle $o IHE Wave 2 7] A=
23 RF unite] Cﬁé}"i 574]% W mE ek ste VE
W ogolr g A AL MEeR A AFE AAlEe
ERANE =AY Output powers 1FAYIA 7 336
dBmET 301 dB7} & 4161 dBme® 2HFH 2w, 3FA
ol 4= 4 4161 dBm Bt} 1.79 dB £ 434 dBm&E &
AEloirh, Lk ACPRY wWidh gk W, 3FA %A%
-3891, -40.13, -55.75 dBc & A ¥T7AE F¥5] WHrh
A A AFE 7”-’}91 EA AR dolHE Wave 2 V)
2ol e FAL wEEE 4% B ¢
wR M E GaAs I\/U:,SFE'I I LDMOS 7ol ¥k i o
ME BEAL FHol olF ol&F AERE opgR2 ZEls

e 1o E
A e PAS AEFozN, wWe I 8% 54
£ 9% % d¥ compact® A7+el PAE TSR o

2l

o AEE BE RF ounicyE @4 A-&8Eo A&
1T/2R o] 2 Wave 1 7|AZolA F&HEE PA, LNA,
TTD SW 5 Wy 4% e 5% 22 78
AR 1 Path7t #7+E 2T/2R MIMO ¥4l ¢folBz
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Wave 2 71A|=¢] RFEZ ArE + s .
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