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Abstract
1. Title

The Study on the Next Generation IMT-Advanced System Technology

2. Objectives and Importance of Research and Development

A. The objectives of research and development

In South Korea, not only we have world class technologies of mobile communication
services and cellular phones, but also industries related to those technologies have played an
important role in developing national enonomy. This could be possible because the Korean
government and companies have invested in development of 3G technologies such as IMT-
2000 and WiBro systems as well as have poured their valuable efforts into them with
commercialization of 2G technology of CDMA. To keep this leading position, the development
of next-generation 4G mobile technologies such as LTE-Advanced or WiBro-Evolution is
being conducted these days. Unfortunately, however, it has been mainly focused on
international standardization, services or system integration. Also, in UE (user equipment)
research and development, components compatible with 3.9G LTE (3GPP-Release 9) instead
of 4G technologies attract much more attention since the standardization of 4G mobile
communications has not been completed yet.

Therefore, according to the situation in South Korea, the study on “the Next Generation

IMT-Advanced System Technolgy” is highly needed in order to obtain the system and UE

components technologies for 4G communications to preempt the related market.

B. The importance of research and development

Since the next generation mobile service is expected to be based on a 4G system via
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current standards such as Mobile WiMax (WiBro) or 3GPP LTE, the development of the RF
transceiver optimized to RF characteristics of such standards are highly required. That is, the
next generation RF transceiver is needed that supports the multi-antenna (MIMO), multi-band,
and wide-band OFDM modulation technology requiring high SNR and high linearity.

Also, the UE terminal for IMT-advanced system is expected to become a mega-
convergence device that supports multi-service operation in various mobile communication
circumstances, multi-band and multi path functionalities. Accordingly, in order to solve the
power consumption problem derived by realization such fused-complex UE, the linearity
problem by using OFDM technology and signal interference, the study on the highly integrated
fabrication technology merging digital signal processing techniques and RF transceiver
techniques are required. By conducting this study, the low efficiency problem of the next
generation UE could be solved and the low-price, low-power consumption and miniaturization

could be accomplished.

3. Contents and Scope of the Research and Development

o Research and development of SISO UDMR receiver technologies
- Design of SISO UDMR multi-band receiver chain IP
- Measurement of SISO UDMR multi-band receiver chain IP

o Research and development of SISO UDMR high efficiency transmitter technologies
- Design of SISO UDMR highly efficient transmitter chain IP
- Measurement of SISO UDMR highly efficient transmitter chain IP

o Development of self-test platform for SISO UDMR receiver
- Development of SISO UDMR receiver function control module

- Test of the self-test platform for SISO UDMR receiver
o Research and development of SISO UDMR high efficiency system

- Design of high resolution fractional-N PLL IP
- Measurement of high resolution fractional-N PLL IP
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- Performance test of SISO UDMR high efficiency system

4. Research Results

As a result of this study, UDMR (User Defined Multi-Radio) based multi-band/multi-
mode transceiver IP has been developed.

Our main research results are the followings.

Firstly, maximum transmitter output power up to 23dBm could be accomplished with
developed ET(Envelope Tracking) transmitter consisting of power amplifier and supply
modulator fabricated in CMOS technology.

Secondly, a dual-band SISO UDMR receiver chain IP for 2.3-2.7GHz and 3.3-3.8GHz,
candidates for frequency ranges of LTE-Advanced, has been developed. It also supports four
different channel bandwidths of 5/10/15/20MHz.

Thirdly, dynamic range of 77dB in receiver has been achieved for LTE dynamic range
specification.

Finally, a self-test platform for integration test with LTE MODEM has also been
developed.

S. Expected Effects and Suggestion for Application

The developed IPs, obtained by this year research results, could be used in research or
delopment of UE, base station or test equipment for LTE-Advanced which is recognized as a
successor of WCDMA or LTE. It is estimated that LTE-Advanced market will start to expand
drastically in 2013 due to the need for upgrage of WCDMA or LTE equipment. Not only that,
the research results can proide us a chance to try to reenter the UE component market which
reaches approximately $3 billion dollars a year.

Also, the results including a whole package of RF tranceiver chipset can be applied to
next-generation convergence UE, RF test equipment, ultra small repeater/base-station for femto
cell or future wireless LAN 802.11ac.

Moreover, we anticipate the project results will give a solid foundation for improving RF
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component reliability and quality by providing a test platform to domestic companies, in
particular, interested in LTE-Advanced or WiBro-Evolution at the beginning stage of the

chipset development.
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integration 7] 7% - SISO UDMR t}5 % Receiver chain [P 54 7%
SISO UDMR L& 8 _
Transmitter int:j:tfn 72 - SISO UDMR 11§ & Transmitter chain IP A2 7|
T & = - SISO UDMR I &€ Transmitter chain IP &4 7=
=
SISO UDMR Receiver AFA| - Receiver 715 Alo] & 7|t
HAE ZZ /) - SISO UDMR Receiver AHA] H|AE ZE X3

SISO UDMR L& & system
7h

- 112 3}% Fractional-N PLL IP A 7|
- 153 °F Fractional-NPLLIP EA A=
-SISOUDMR &8 Al2=Hl A5 Alg

O
ofl
ol
rL
ki

[ ]

oy
¥
>

ZFA| B IMT-Advanced A]Z2~® 7| 24
2] %2 FDD

e T 9:23~2.7GHz, 3.3 ~3.8GHz
e Channel Bandwidth : 5/10/15/20MHz Variable

. /\/\/\]7] Tz

2~

ol-}z H =N

%217]: Direct up-conversion & Envelope Tracking PA
“417]: Direct down-conversion (Zero-IF)

AR HY =2 A9 23dBm

e 215 Dynamic Range : 75dB
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A 2 & UDMR A =3+ 47

A 1A UDMR EWdAY 718

2
(Transceiver) Wlo] X3 o] lom, FARE FAsE Ads TZ7I(LNA), WA,
MUX, TIA T%7]|, 9% 3}ZE(LPF), 7FH |55 Z7](VGA), SPI (Serial Peripheral
Interface) ¢ EF Y 3 Ao g Fe=z FAHAGY A E SAH G54
UDMR E WA /fax 3 7}

O SPIE %3 RF 9¥

O:

2139 211 ~ 90dB W] 7P o]5 FZ (Variable
Gain Amp.) 2 5/10/15/20MHz 7F#H 2|9t 3= (Variable Channel Bandwidth),
7}¥ RF carrier T3k A8 59 Ao 75

O <5°4A17] +Z: Direct up/down-conversion

1A (2010 3)7FA] = SISO T3, 2k Ao A] 4x4 MIMO A ¢)

O Linear Regulators &3 1.2V @ Ao ol ==

|

& RX_CIi(2)

I_ RX_Clo(2)
VDD_LNA2 -
VSS_LNA2 P
TP_RF2(2) l
} &
RX_IN2(2) I——‘ ®

(2.9G)

TIA o RX LPF

LNA MUX

CTRL
® TIA RX LPF

RX_IN1(2)

(3.9G)
TP_RF1(2)
VSS_LNA1
VDD_LNA1
SPI Regi

|
TX_DA_VDD(2) I
& TXLPF |— TX_In_I (2)
TVGA
CTRL

TXLPF |—0 TX_In_Q (2)
(L9 2-1) UDMR E#AH W5 block diagram

DC
offset
L RX_CQi(2)

9 RX_CQo(2)

TX_OUT(2)
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FaAldE /dE UDMR EdAHE o Al28S A 35k= RF/Analog 743
E5o] 5 9 Fog FiEHo don, 7]ES TI Alel A Agkg MTDSM <
Z X+ digital sampling RF ®2] t Aol direct conversion (Zero-IF) W& 2] 8135}

=], o]+ v A& In-band blocker & LTE-Advanced & F e EAS 19

E-UTRA (LTE) Band-7 th<] o= v 1383} o] 94 DMB A&7} 2.61 ~

2.655GHz t ol &A3}aL Wibro-Evolution 215 % 213 3] o] A, LTE <A Al 5o

gk 732 Sk In-band blocker &A1 2Z}8-3}A] At} Blockerol| 2|3 =415 7%= A3}
= 437 Yl 8 A Asol wl-$- -3 front-end channel filter’} 28
3o, o] 7]E9Y digital sampling RF W2l o2 F&dd A4 5205 H3wel A9
AR e F74E 5 ek mebd m4Ee AW HERE dnd & Qe
direct-conversion 2] S AEste] (¥ 2-1)F 2 Fx2 AA FHAL
B 190MHz |
< 70MHz e 120MHz N
| 20MHz | 20MHz | 40MHz | 20MHz | 25MHz |15MHz| 20MHz
. kT i oskT
UL W|Bro-Ev: DMB | DMB DL
‘ f
2500 2530 2550 2570 /' 2610 T 2630 2655 2670 2690
2605 2620
3GPP UL \ 3GPP TDDIE] \ 3GPP DL
(¥ 2-2) LTE-Advanced 73+ 9 U] Blocker A& 574
(3£ 2-1) E-UTRA (LTE) Operating Bands
E-UTRA Uplink (UL) operating band Downlink (DL) operating band Duplex
Operating UE transmit UE receive Mode
Band FuLow — FuL nigh FoLiow — FbL nigh
1 1920 MHz - 1980 MHz 2110 MHz - 2170 MHz FDD
2 1850 MHz - 1910 MHz 1930 MHz - 1990 MHz FDD
3 1710 MHz — 1785 MHz 1805 MHz - 1880 MHz FDD
4 1710 MHz - 1755 MHz 2110 MHz - 2155 MHz FDD
5 824 MHz - 849 MHz 869 MHz - 894MHz FDD

-15-



6’ 830 MHz — 840 MHz 875 MHz 885 MHz FDD
7 2500 MHz - 2570 MHz 2620 MHz 2690 MHz FDD
8 880 MHz — 915 MHz 925 MHz 960 MHz FDD
9 17499 MHz - 1784.9 MHz 1844.9 MHz 1879.9 MHz FDD
10 1710 MHz - 1770 MHz 2110 MHz 2170 MHz FDD
11 14279 MHz - 1452.9 MHz 1475.9 MHz 1500.9 MHz FDD
12 698 MHz - 716 MHz 728 MHz 746 MHz FDD
13 777 MHz — 787 MHz 746 MHz 756 MHz FDD
14 788 MHz - 798 MHz 758 MHz 768 MHz FDD
15 Reserved Reserved FDD
16 Reserved Reserved FDD
17 704 MHz - 716 MHz 734 MHz 746 MHz FDD
18 815MHz - 830 MHz 860 MHz 875 MHz FDD
19 830 MHz - 845 MHz 875 MHz 890 MHz FDD
33 1900 MHz - 1920 MHz 1900 MHz 1920 MHz TDD
34 2010 MHz - 2025 MHz 2010 MHz 2025 MHz TDD
35 1850 MHz - 1910 MHz 1850 MHz 1910 MHz TDD
36 1930 MHz - 1990 MHz 1930 MHz 1990 MHz TDD
37 1910 MHz - 1930 MHz 1910 MHz 1930 MHz TDD
38 2570 MHz - 2620 MHz 2570 MHz 2620 MHz TDD
39 1880 MHz - 1920 MHz 1880 MHz 1920 MHz TDD
40 2300 MHz - 2400 MHz 2300 MHz 2400 MHz TDD
Note 1: Band 6 is not applicable
A 24 UDMR 4% 75 % A% 87AF

Al XJ%_

O Direct down-conversion W2 %

O

Band Selection 7]

29§,

SPI°] ¢]%+ Low-Band / High-Band 41 &)

Z2 o5 Aol

SPI A& Ao
o] 5 Ao WS

-16 -
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€ VGA stage : -11dB ~ +66dB
€ LNA stage : 14dB ~ 35dB
€ Full receiver chain control range : 100 dB
A Ad AE filtering
m SPI A5 Ao
B 521 AFYAPE Channel selection
B LTE (3GPP-Rel. 9) ¥ 7124 <] 5/10/15/20MHz Channel mode #| ¢
Baseband I/Q Differential Analog Q1 E] 3| o] 2~
B ADC interface

Local phase calibration 7]

2. UDMR 218 A5 o+ ALg

FAN-e] A7A e AT v ok #Zo] A A oIt
(& 2:2) FAY 4714 B 274G
No. Parameter Unit Specification Comments
2300 ~ 2700, Low Band,
! RF Frequency MHz 13300 ~ 3800 High Band
400MHz, Low Band,
2 RF total band MHz S00MHz High Band
3 Channel Bandwidth MHz 5,10, 15,20 LTE / WiBro channel
- A FA
4 Max. Input Power dBm -30 64-QAM S%ITRDF_,L_ TAr
Average Power
5 Rx AGC range dB > 60 @ full subcarrier
6 Noise Figure dB <7
7 RF Flatness dB +-/2dB Baseband analog spectrum
o The lowest frequency of
8 Blocker Rejection dB <-60 DMB
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Rx Power Ol (HE & Xl system implementation
9 . . dB <5 =
implementation loss loss 27 A&
10 VSWR <1l5:1 @ Antenna port
11 Max. SNR dB >32 64-QAM

A 3 2 UDMR Receiver Integration 24 7

1. =<4 Receiver RF Front-End 2 7|
7} tt Y Front-End 7% % A A A3}

&71s S Age whel 2.3 ~ 2.7 GHz 2 3.3 ~ 3.8 GHz W19 S AW IMT-
Advanced TH'¢-8& UDMR Receiver RF Front-End(FE) 4-2] W5- sub-block diagram< T}
o 18y} Zt} RF-FE & ©@d o=z =3ty A Receiver chain =94 RF A

[o

T FEANA) B G Fag wE J15S fass 252 A3d

oDt

vsst
acTe

ar

s

a3

ar

o

o

v
-
PR
TP_RFS
PR
T
-
el
-]

DR
5B
e

\ D
LNA Gm MIXER,,
i
g
- 3
28 Mux_axs TIA
Bl & B m
e %
¥ g
e
LNA Gm MIXER,
N2N 256 256G
5 9.9
8684

.

(713 2-3) UDMR Receiver RF Front-End block diagram
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RF-FE #9] AFE5Z7] o|5& 20dB ¥9 WA SPIE T3 =449

u}
ol
s
O
N el

on, st = A3 o] 9423k current driven passive mixer 725 HS
(Gm) 2 switching core -, TIA (Trans-impedance Amplifier) = 7-/J ¥t} RF-FE<]

B8 9 Aol WAl Azdel WAL kel A% Am 2GH, el Low-

band -9} 3GHz 9 2] high-band F2 Urolx FA =] 2l

RE-FEE FA 3= Z} sub-block — LNA, mixer & — ©f 3k XA % 2 3=

=, AlEEeld A3 o] ARAI ARS dde AT RaAC ZEEo] jlen

T AAE 32 g¥|ste] el E integration YAolA AA WA
il 7HeFs] 7]l&staral vl LNAE AWHE 9l source degeneration=

2}
Zr= Common source oSO 2 A%, cascade differential pair T-Z=°]t}. U HEA

A

BN

Q1 LNA core =0l low-gain mode switch®} gain control 3| %, gain peak T 3}T%5
A& 4= 9l frequency shifter 3] 271 57} o] 1t} High-band (3.3 ~ 3.8GHz) LNAC]
e 3= T2 o 1" 2k

\ e e n) L |

|
&
5 ’—.wﬁ—-ﬁ g— L
- |

L - [0 N A O .

(L% 2-4) High-band LNA cell schematic

-19-



[¢]

st g7 = RF F3E Hloj2ME gig o Fig W3 7|= 7es F
sl 918 RF At 215 s AF2 52 53 Gm (transconductance) 43}

passive switching core 3|22 -4 H T},

L}, Post Layout Al &0l A}
A AR ERAY HLE FF layout $ post layout simulations F3l A7

A
A5S HAEsoh oS 28-S high-band (3.3 ~ 3.8GHz) fE o] tidh s-

parameterm 573 9] post-simulation 2 Z}o| T},

S—Parameter Response

. Z11 dB2BChm i Z11 <¢BZBOhm
S-Parameter Response wo
146
68 |
Iz
=368 [ i \\
- Eé 58 ¢ )
o700 | z R
-1 [ i
~15.0 —t . |
0.3 386 6.6G 9.6 ¥ E 506G 456 506
freq ( Hz ) freq ( Hz )
=T R T
(223 2-5) Receiver RF-FE block S-parameter 54J (high gain mode)
Periodic Noise Responss p.62 £
2,080 —30.8
2040 | e
-~ %—9@.@
m 2.600 L — 3
o
- —120
1,960
—156
1920 o
1K 18K ek M 1 p YRR Thed T T
freq (Hz )
LUK ZU7TTE)] B: ((WM —13@54) élope —9%6‘5%7’&\7 SE 57T

(L% 2-6) Receiver RF-FE block NF % conversion gain
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U} 3%+ RF-FEo| W3t layout &5 ¥ post-simulation 235 J2]st H o]
o AL 12V G dho] ™, Receiver RF-FE block®] A F 4% high-gain mode©l
A oF 26mA, ¥ 3Ho] 52 37dB ~ 42dB (high band)ell ©] 2t}

(3£ 2-3) Rx RF-FE Post Simulation summary

Spec.
Band Low Band High Band
Input freq. 2300~ 2700 3300~3800
VDD 1.2V
DC Current <l6mA
Gain (dB) 35 23 11 35 23 11
NF (dB) 2.02 5.19 9.33 2.52 5.67 9.7
1IP3 (dB) -25.46 -12.79 -1.19 -25.46 -12.79 -1.19

Post-Simulation Result

Band Low Band High Band

Input freq. 2300~ 2700 3300~3800

VDD 1.2V

DC Current 26mA 16mA 26mA 16mA
Gain (dB)* 41 35 31 20 37 31 27 15
NF (dB)* 1.4 2.8 2.7 5.5 2.1 2.8 43 8.3
IIP3 (dB)* -23 3 -23

2. Receiver Variable Channel Filter 22 7|

UDMR Receiveri= RF-FE®} LPF(Low Pass Filter), VGA, SPI 522 FA %, 7}
WA filtering 7155 sk LPF A7 54 2 235 gofetd v v
ARAQ A AFE Ay

o

= 3
] 53 HAel wAE FE L 54 Adas TR 7|Es
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7}. Receiver Variable Channel Filter .- A}3t

UDMR 7|8t =217] WellA o5t 45 dH"S $ldke] MTDSM 3=
= Add=e] siEek mp vk 29, 1" 8 Rl A wkel o] LTE-
Advanced o Al EF Fa el oW band-7 elA 9143 DMB %
WiBro-Evolution 217} 72 3} blocker® 2H-g3t2 & o] 8] 3} blockerE A A 37 ¢

T %41 DAC &9 ~FEH9] ojuX] Fi4

rir
vl
o
12
e
i)
Ay
ot
N
olr
o
P
rir
e
Jhu
o
fo
o
i, 19,
v

5 7bd =3 A9 LPFO cutoff T3}
2 selectivity, group delay 54 5 7124 45 S7AMS AEstd e 1%

=

i

(3£ 2-4) Rx variable bandwith channel filter requirements

RF Channel BW

[MHZ] 5 10 15 20
Signal BW [MHz] 4.5 9 13.5 18
1dB Cutoff Freq.

[MHzZ] 2.25 4.5 6.75 9

32@27MHz | 32@52MHz | 29 @7.7MHz | 26 @10.2MHz
35@5MHz | 35@7.5MHz | 32 @lOMHz | 29 @12.5MHz
Selectivity [dB] | 54 @l0MHz | 51 @12.5MHz | 47 @15MHz | 43 @17.5MHz
56 @5MHz | 53 @17.5MHz | 49 @20MHz | 45 @22.5MHz
70 @62.5MHz | 67 @65MHz | 63 @67.5MHz | 59 @70MHz

85 @87.5MHz 82 @90MHz 78 @92.5MHz 74 @95MHz

Bandwidth [MHz] 0~2.25 0~4.50 0~6.75 0~9.00

Group Delay [nsec] <469ns <469ns <469ns <469ns
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L}, Receiver Variable Channel Filter %

A7) 5 fpol olslA JbA gl E LpFsl AAE e, 1 AAHY PR
obel 1yt ok WEe] sbw W% Fo

ESN s
T

R3 ol elaln AgH v, &
DA R G 2AAE BalA ApugemA Aejel Yo%
9 QgAY A Aol BT stop-

d7] $3ke] 42k Chebyshev-1

LN

'::::P ‘\_ OM

248
reF P STunes
refp a
refbing_GAGD:3>!
bt

#
2

T
= @ 50D

ek

=2 252 X 3
VDDA YoDD

o ”
&

a 2

ki

#
2_96)HT

=

t

se hgsar

\

5> SW 5>

o pesaa

FILTER2. ety
" oF

FILTERD_elip4!
oF

‘\_DM

t

1

il
SWO<B:3> __infew_t

SWB:D>

BaN< 1> @

(1" 2-7) 7F¥ ol LPF 1%

A\

Chebyshey 4th

e

\

Elliptic 4t
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(2% 2-8) 7} Y Z LPF W3 4%} Elliptic filter schematic

AAlE 7PE g9 E LPFol= &3 W37} built-in¥] o] oW, PVT (Power,
Voltage, Temperature)ell &3+ T3 Wgto| e UAS &S Adstr] 918t F
B (tuning) 3] 2= A AAHAT. L AL tE dell 7]=g

Box

t}. Filter Tuning Block

g

=

Ad WE = o m
of Nx"l A4l A dsiaz

& Al PVT variation®l] W& EA W3y} w5}
Atk wEbA o]y sk WMstel] FHstEE AHE

wning 328 F/h2 FEsIGom, 1 TEE e 2w g

tohy
ku
b
-{>_u

| s<0:3»
c. +
x
M _
A1l End Control
=
. cMP | T
Vo AAM - . | |
1M Yy — '\ v I I I
L S
i | T >—=— UpiDown
Av g .r ¥ _~ Pasinban
UREF l/' AFLILIT IR

(28 2-9) 7} 9= LPF W Digital Tuning block
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fol

&
&

7 g ZE e Zo] RC ghell o8] A ¥ W, RC 72 HAd H2x 2l
Ao el A71E ARy sZA [t (VenR B E o] Hde vE
St Vrefe} wlulste] 7] AYERG =AY WFe 7S up/down counter ©]-8-3)
capacitor bank®] capacitance @S o EA Y= AHE3S RC #hol wE &

ATt

2

2

Eins |
+ »
| L H
J 1 3 a 4 T F T R Hl o0 11 47 1r 14 15 1r T 43 19 3§
a0 |_J | | [ | | | [ | [
HENS
at —|I——I—4|_I—I7
VL | )
e | | ] |
EAWLE] |
1UNE p— | | |
Wiy _i i—l_
—
IMNT |
| I
P 1
CON i | | I} |
uoe | |
| | I | |
- pfat M | I
' Raysl I Iriteyralicn + Comp.
oW
Comparison
Capaienr
[TIEN:T. RN N
I'url-!l-.l-
Wi -
UPCOLKRTER
A oM
......
B SO
COUNTER DN

(2% 2-10) Digital Tuning block — operational waveform
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A71%F F-xo] wel AA 2 layout 9EF 7PA hEIE AE LPF 9 post-

(3£ 2-5) Variable bandwith Channel Filter Design Summary

Performance Rx Filter Tx Filter Note
BW=2.50MHz 4™ order Cheby-I
Filter Tvne BW=4.50MHz i th_rder
P BW=6.75MHz 4"-order Cheby-I Butterworth
' +4™_order Elliptic
BW=9.00MHz
2.5 (max) <1.5dB
Passband Ripple [dB]
0.22 (max) <0.2dB
444 (max) <469nsec
Group Delay Variation [nsec]
36 (max) <40nsec
Power Dissipation [mW] 26.2 14.6 Vpp=1.2V
Area [mm’] 2.94x0.62 1.52x0.62 130nm

3. Receiver Variable Gain Amplifier (VGA) 2 7|

UDMR Receiverol /] Hlo] A<Mt A5 9] 7}H o] =% 7|5S& 4335 VGA
= DC-offset A|A 7155 ¥3tslm glom 71 W= 77dB o] o|th. VGAS
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7}. Receiver VGA %

25l A5 ADCel R17bE]+= RF AR =
27] 93 RF 49 Ao @A glo] dAs ++2
H, o]& SPIE &3] YAE A& A7} 7lEs =S dFi= digitally controlled VGA
327} NEE AT VGA S8 ol = ADC interfaces 93 buffer stage”} 1.2 DC

offset compensation (DC-OC) sub-blockS X 33Fal Itk

[
;e

(L% 2-11) Receiver VGA block diagram
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XTI T
ssene
sheee
LA LT L]

! RE I i L i T

T = @dﬁ[} ‘ mzadaj?) :_:_. 12d60> :N%ZMEP} % 5d5,P} :/.:"_:24@[;7) IZdE\V}) o —
i

(223 2-12) Receiver VGA core sub-block schematic

L}, Receiver VGA A A 23}

-Paranetar Racps

i> =321 dR2D<l> =520 5/ 571 dRA0<3> =5,
> SRZ1dBA0«9n  EES214E0« 10 =521 dB20< 11 =521

1521 d820<5> =571 dR2D<6> ISRl a7 0eTs

50.C A
5.0
4 = =
5 p
L2
-50.C:
—5.6
-1l0¢C
—iea : o - . -
go5d g2 lpist it 101 102 il 108 10%
btz | 782345 | A

(2% 2-13) Receiver VGA simulation 23} — T4 54
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Stability Responsa

(L% 2-14) Receiver VGA simulation 23} — stability

4. Receiver chain &3} layout ¥ A]Eo]d Ay

UDMR U519 Receiver chain AA o] ot F3 layout 2 Al & o] A=
U237 2k RFFE % BBA, SPI7}FA] 3233k Full chip simulation 37 9l 4] single-tone
A Holl thall post-layout transient simulations G~3s+ A3} Ao F5 ulg >
o 2l 2o

—volp —voln —vozn —woZp

444,75

444

444 25

,
o0 @ s e eiAl
AASARA
WM\X\

443 _0;

[ L]
—

=<
=]
/:}<
[T T

>
<
Bt
=

/}<‘\

el

/><
(o]

Peai
el
[t =77

Q 200 400 600 BOO 1000
514 5ns | 443 GZ0IMY (i (i)

(223 2-15) Receiver full-path transient simulation 23} (output I/Q signal)
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Adig 12, 2010

Transient Résponse

1 dftCoherent: 1)<

~+ AT w020t - ¥TE fvo2nil) Se-07 5

~ @MV /NG - VTC/INGMT)) Se-07 Se-06 64000 1 gncoh 81}
— QYT wo2p’) - VT fvo2n')) Se-07 N 1 dfCohs <>
1074
VGA output
—————"\ . Pre-sim (blue-line)
1074 \ i
| . Post-sim (red-line)
i
\
\

e LPF Input (INQ) spectrum

o

9.11186[ 8.0756-6

20
%05 Frequency (MHz)

T
30

(2% 2-16) Receiver BBA impulse response

(3 2-6) Receiver =3} simulation condition

Parameter Unit Value Comments
RF input Frequency MHz 3905 Default = High Band
LO input Frequency MHz 3900
RF input Power dBm -110
LO input Power dBm -3
RF input impedance Ohm 50
R load Ohm 200 Output load impedance
C_load pF 10 Output load impedance
Rx FE gain mode dB 39 Default SPI setting
Rx LPF BW mode MHz 10 RF 20MHz mode
Rx VGA gain setting dB 50 ->55 Gain variation via SPI
Supply Voltage v 1.2
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(£ 2-7) U5 Receiver A A3} QoF

NEEE | s
S
Block Parameters e A A 2
D v
Ty o 2.3~2.7
H <2. ’
(LTE/Wibro-&) GHz > 33~3.8
A
Front-end Gain (Max/Min) dB 34/23 41/15
Noise Figure dB 3.9 1.5~25
PRARE VGA Gain Range dB 50/-10 66/-11
T
Analog | | pE selectivity @ 2fc | dB 50 43 ~54
ESR Process Technology nm - 130
A A .
Power Consumption mW >200 134

A 4 2 UDMR Receiver A2} 2

)%

3 a3
1. UDMR Transceiver A%}

CMOS 0.13um FAS ©]&3to] A2 2+5 % RF Transceiver J AR 2 7] X
I A EE S 29I 7O, Receiver integrated chaine ©] 3 ol EgEo] )

o},

e
@
-8
o
W
w
'S
3
.
.
]
(]
]
]
]
(]
»
L]
e

e -
- ...,_.q_pa')!lﬂnnnl::.__ﬁr -

(213 2-17) UDMR Transceiver chip photo
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(713 2-18) Package pin map & bonding diagram

AZE H 7] 5Smm x 3.5mm ©olH, 7 AE Z4E HAE A 55 ¥3Hs}o]
88 ¥ MLFZ #2313t} Al 2El UDMR Transceiver= A &HSE7|E A3 $A15
2 FAE SPL Aloj - Fo] E gl o ulel FAEo] LTE =F A A3 A4
7bsdbH, 23 ~2.7GHz ® 33 ~3.8GHz U WY, 7MW AE W=F TVss AL
o},

2. =< Receiver RFFE =% 23}

A AA 2 A ZE Transceiver H oA ThEt] < Receiver RF FE HF-i#-of dj st
ds 54 A 9 Ades gS3 2ok 94 single-tone testol A+, vector signal
generator E4438C ©]-83lo] LB W9 T+ HB W9 (3.3 ~ 3.8GHz) 21 & & RF 2!
5 4= portell Q17FstT} SPI Ao A& E =EE PCo USB dongles &3 E#MA
W FHof QI7Fsk 3, 72159 BBA Y= test portell spectrum analyzer E4440A T+
digital oscilloscope 123l &8 AT E 24315tk A 2FE Receiver 53 Al E &

BE 9 54 setup> U 18I P
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Spectrum Analyzer
Transceiver Chip E4440A
(UDMR10) 4

Vector Signal Generator
E4438C

SPI1
control

Balun
Transformer

(23 2-19) t}F S Receiver RF-FE 574 %7
4713 54 B o] g3le] RF Y22 3.510GHz, -40dBm A& Z Q17}8haL
LO 39+ 3.5GHzZE setting 32 ul, oscilloscope 2 spectrum analyzer® =74 %
FAR 9 A 99s EAEE v 1y g

150

100

50

-50

Amplitude (ImV)
(=]

-100

-150

0 50 100 150 200
Time (nsec)
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Atten 18 dB
AC Coupled: unspecified below 20 MHz

F3
Marker |
9.980000 MHz
Av |-34.10 dBm
I
(1% 2-20) Receiver =2 waveform 2 spectrum 57 23}
TAI5- RF FEO] ¥t o]5o] Alj] 7|&s wetex] 543 Aol 434
(P1dB) =4 A+ vh7 2l
(3 2-8) Receiver RF-FEY- conversion gain 4] $ 2 7}
Fu Y Gain =843 H] 3L
2570MHz~2610MHz 30dB ©]7 39dB Pass
3500MHz~3600MHz 30dB ©]% 35dB Pass
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Output Power (dBm)

-50 -40 -30 -20 -10 0
Input Power (dBm)

(223 2-21) Input power sweep®ll T2 Rx =3 8 FAZ2A7 (HAPA)

A7)ek Mglo]5 W AP Fo 54 AHE 71719 band 2 gain moded] el A

(3 2-9) =Y Receiver RF-FE 423} Q. °F

Measured Result

Band Low Band High Band
Input freq. 2300~ 2700 3300~3800
DC Current 26mA 16mA 26mA 16mA
Gain (dB)* 39 33 29 19 35 29 25 14
NF (dB)*
I1P3 (dB)* 25 -16 -7 -1 21 -16 -12 -1

*Z4 BEd o &4 nAS A A

3. =)< Receiver BBA E3A|3 =4 Ay}

A2 o] Receiver®] BBA 5 545 543 A3 v 2t ofg

713> SPI gain control®]l W& BBA % (ADC $4¥) 2&E 543 Aol
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EdAH WEE AE FEH(QLPF) dFow =
] 2 HZ gain modeclA] BBA ©]5& 77} 66dB, -11dBE =4 % ATt (gain

)

A5 spectrum©] As|A|H,

control range = 77dB).
70

4= Max. Gain mode

oFf B ok Sk Bl o i v-uu-n:n- -

Ed
& '/
50— Min. Gain mode

1E6
freq, Hz

(19 2-22) Digital gain control®l] ™2 Receiver Z=HAl% 54 A3}

P R A W9l delAd A o5 At A% NFS wEHEA I

(3 2-10) Receiver ©]5 #lo] Al Az}

Rx gain range Al & 7] =X A7) H| 11
60dB ©]”
B o] AF P
(-30dBm~-90dBm) 77dB o] ass

(3 2-11) Receiver dynamic rangeA| & 2 3}

Rx dynamic range A & 7] =3 A3} W) 1
75dB o] 4 .
(-15dBm~-90dBm) 80dB ] Pass

AE TS Receivere] 7Hd e ¥ 54 A dab= v 293 2
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o} 7bE A9 ZE (5/10/15/20 MHz mode)ol] ol&] AAlE 2 &8 A5 g9=

o] A4Ee HAY 5 9l

40
| - BWSMHz (RF 20MHz) mode
BW 6.75MHz mode
20 BW 4.50MHz mode
% 1 BW 2.25MHz mode
f
S, 0
o
2 .
1]
c -20-
<,
x -
14
-40—
-60 | 1 l
1E6 1E7 1E8 1E9
freq, Hz
(X1 ¥ 2-23) Receiver channel filter (LPF) 54 =723}
(3 2-12) Rx variable bandwith channel filter =74 23}
RF Channel BW | - 5, SMHz | 10MHz | 15MHz 20MHz
mode
Signal BW MHz 4.5 9 13.5 18
1dB Cutoff Freq. |y, 225 45 6.75 9
(simulation)
1dB Cutoff Freq. 2.3 4.6 6.8 9.1
(Measured) MHz

4. B+t Receiver chain 5% A&

A2t UDMR Transceiver 3 W] thE < Receiver chain o ot 53+ Al g
< Fdsglon, 54 AyE aoketd e Zo A A9 AT

o Hile LTE Y3 WiBro-Evolution® RF Fol| ®la] F-EAH o2 43 EAS
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AT
(3% 2-13) UDMR Transceiver 3 A5 SAHZI} QoF
7| =
Block Parameters P SA43
= 5L~
Tk o 23~27
H <2. ’
(LTE/Wibro-&) GHz > 33~38
%
Front-end Gain (Max/Min) dB 34/2.3 39/14
Noise Figure (Min.) dB 3.9 2.0~2.5
2= A1 B VGA Gain Range dB 50/-10 66/-11
T T
Analog |y b electivity @ 2fc | dB 50 43 ~54
ESAE! Process Technology nm - 130
A .
Power Consumption mW >200 134

-38-
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Al

Al 3 2 UDMR

1

[S—

ofy
>
1

a8
A

=

ioh
Baseband and Mixed
H B, User
e}
T

}\E]_
L= S AR

41:
it

A9

al
a5
=
Rl Rl
7 7 A
g F%7] (PA)S] %
oA HPPes B

7]
F. ©@7]19] Power amplifier 2 Transmitter
g7 FA4E I A User Interface ¢ Modem©|
7
1=}
B

(e

R
ASICs ¥} RF Transceiver ©]5o]1#] 1th
InterfaceS A 2|3t H215 Foll A Transmitter
AYE 1EHow F33t
A @7] 9] Battery-lif
s}dl- 3]

54
olt}. e}

7T.

ol
LTE mode

k7] o
Power consumption

M PA
M RF

-9 =7] o
0]
./ BB

iR

35%
q: 2009 RFIC workshop)

(29 3-1) &7y

o] ags TxvF aHE vE 2
Al 215 2] PAPR(Peak-to-Average Power Ratio)©] wl-¢- A Th= Zlo]tl. GSM % CDMA
Ao Hojgkat Bagkel zfol7t 1y
3.5GH 4G Al=Hol A= Alse] HE

L}. PAPR (Peak-to-average power ratio)
A ol sE A S]] FA1R

J2~8o] A AT =

ok

=90 7]FE 2-3G ¢
A A9 OFDM Wz WAals o] &
-41 -
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Melo] WMz W2A/(OFDM)S. & ¢13te] PAPRO] ul$- #AXt} & PAPRS HE X
71¢] Back-off Levelg T7HAA 2o E AFAor Faletr] faia= $4l Hax
Xt} PAPR+margin(dB) W5 & PIdBE Zt+ AY STEH7]E ARESH7] witel A
d FZ7)o] H¥ &8 (PAE : Power Added Efficiency)S I A ZAA7]E= @S 7}
A ek ofF /! FR GES S F glgUth(1¥ 2-2)v A=yl H PAPR
e ZAI8E Z1oltl. WCDMA 2] PAPR#S 0.001% &4 °F 3.5dB 2] PAPR
S UER wbdA 3GLTE ULS] Al oF 9dBY] &E ¥ 5 Uedt, ol e
B AEGE otevz WAlskE 4% 3G LTES] A8 FZ7]7F WCDMA A3 %
BT} °F 6.5dB ¥ P1dB 545 7FAoF ghth= Aot

——3GPP WCDMA
10 i_ —=HSDPA15/8
3GLTE UL
1
= 0.1
=
)
3
2 0.01
1S
o
0.001
0.0001 —
0.00001 —PAPR (dB)

0o 1 2 3 4 5 6 7 8 9 10 11

(28 3-2) A28 ¥ SEETE 7|Wko 2 3 PAPREE

il

(% 3-1) A]2=¥ ¥ PAPR(2005 RFIC, UCSDAF& A 74)

System PAPR@0.001%(dB) Access type

GSM 0 TDMA
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GPRS 0 TDMA
EDGE 32 TDMA
CDMA One 55 CDMA
WCDMA 3.5 CDMA
CDMAZ2000 4 CDMA
802.11a/g 8~10 TDMA
WiMAX/WiBro 10.3 OFDM
3G LTE/WiIiMAX 9.2 SC-OFDM

AR &g ST AY S WAl 7] I-V InGaP HBT(Hetero-jucntion

Biapolar Transistor) & AH8&3t™ A8/ SwolA A7 A=t

e G dY FEH71e] gl WYl Anadigics R

o]
PR

Skworks A& A&

FEZ719 F8S Au R Average 23~25dBm = oA 15~25% & W& 58 54

o

o1 WiMAX % OFDM Al Z~Elo] =&

wolat itk olel@ ol fi= WAl A FE7) Ee] AgA 9F He] 9
=

Z7]:= PAPR ©| #A Back-off & Wol] 3}

7] wjZolth ARt o3 A& Aok @Ev]e] wiE Y FHS wg EEA7H

ol @ FoH9l JHel W] wie] was 4Y FEr)e] Fxo AT

7b v AASA 2

(% 3-2) &8 A8 S%7] 29 49 2 28
Power amp vendor 9 1 PAE
AP3012@RFIC 23dBm 20%
AWT6261@Anadigics 25dBm 21%

2. 1858 FA TE
7}. EER (Envelope Elimination and Restoration)

R mEe R

u¥

EERT% 9]

-43 -
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=AY 7)) ol ®E I ¥A]9] EERTEY -9 Up-conversion® &= 1/Q

x A% E Limiter® AX A 3}4] Envelope AHEE A 3o =93 e

SE71o 48 AlZIYh Envelopeo] AAH Alse= @A 94 ARTS E3HE17]

=] Constant Envelope 54& H<QIt}. Envelope “dE = Envelope Detectorol A

HAE5" =% Envelope X T Envelope Amplifier(E.A)E AX SFH ¥ 293
=

=
S%7]9] npoloj i Ho| WEE =S Supply Modulators O& 17FE o] HF

Envelope Supply
detector modulator

Complex Limiter
signal

VDD/VCC

VDD/NCC
T Envelopec DSM |
signal PWM [
Envelope signal O -

(AC) li LPF
* | IH I—%

o o
To PA bias To PA bias
Supply Regulation Supply Chopping

(1% 3-4) EERT-%¢] Hlo]o]~ Wiz ub2)

= 922 & & YUY

e

EER TZ°l 4 Supply Modulator®] 7 -2 !
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3-4)0 E=A] Ho| 9lko] &3] 7 7HA BHYLe= " 4 =t Op-amplifiers
o] &3l A3l Regulation™2] ¥} Envelope™d 2.5 DSM(Delta-sigma-modulation)
<2 PWM(Pulse-width-modulation) 0.2 W 3l5}o] H~F H}F % Low Pass Filtering
Sl Chopping o] Utk F WH EF opdR AsAHeE Tt A
SZ 719 DCAYS A7FsllF+ PMOS =91 %7} W%-# .

EERTZ9] AL “PolarmAlde] F3olM 7 ®A A77F A= ion
RF/Analogi-oll Al HE& Z2AAE 283 # 9o 7]& 25 9 7|40 99
E5] 725 WAsHA Fa agE Fol ARRE g e ARS Adh

EER %9 @42 RF/Analog 5ol X Envelope®} Phase “JX.7+2] Time DelayE
HASoF 3}7] wfitoll Delay Line¢] B 83}Al ¥ o] RFICT& Al &o]/do] "HojA A
Ht} 53] Strip Lines o2 73 %= 49 Line 4do|7} wl$- dojxH =2 L/CY
Passive Componentss < ©]-&3to] TS ol 1 H&wrl dojx]A HE=
T&o] golstA] &A Hul EERTx9 T dhvbe] w2 Supply Regulation'd ]S
A8 Al FAEE Op-amp H+= Class-S59 Envelope®x T%7] 59 afo
kA Fettke del vk webd o2l FEVE A AEEs W

EERZ%2] AWF4 2l Overall Efficiency™ ®°] #4stA ®rh

—
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1/Q signal
l—o
BW
201 i
BW
expansion
40 i
o
3
(0]
3 -60
=
3
<
-80
-100 g
1

-120 L L L L L L L L
-250 -200 -150 -100 -50 0 50 100 150 200 250
Frequency [MHz]

(19 3-5)phase AH O] t9Z g A

W3k RF complex 215 LimiterS 7 * Phase XY F53}= 4% Phased H =
A A Origin 1/Q Signal®.t} Bandwidth7} w]-%- &3] &S & 5 Ut} ol
LF! Fx 9L Fe F gFYY(2¥ 3-5)% 3G LTE 20MHz Bandwidth 7}
Complex Al%2] Phased 2.9 Spectrum ZIHo|th  ZEAFHO] A= FAHH
Phase”d .= 20MHzE.o} €4 1 Y& tl9S Spreading= o] = AL & 5 Ut
Phase™ H.9] Spectrum? Bandwidth Limiting A FH 2 W& A& 9] ¢ (Distortion)©]
WHAS  Signal Bandwidth®] ©F 5ull~68] H%E=°] Phased 1 9] SpectrumE ©]-&&
ujoll EVM(Error Vector Magnitude)2] d3}7} 1dB ¢to. 2 AlE#H oA Ht}h =,
20MHz RF Complex 1% 9] Phase”™ ®.2] Spectrum< °F 100MHz~120MHz t] <o &
AalHojof &M o]i= EER %9 HE ZFZ7|9] B9 Matching SXS

a9,

(3% 3-3)EER 729 ZdA

Architecture s !

EER - RF/Analog H-ol4 & Al &3] | - Time Delay Mismatch
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tio
4
BN
iz}
ko

- 71" g9 ASIC 5o A

uE Bart glo] goly ¢4

L}, H-EER (Hybrid Envelope Elimination and Restoration) or ET (Envelope
Tracking)
EER %9 Phase Signal®] Bandwidth®] & ZAE aldst7] ¢ste] “Hybrid
EER” +Z7} AA=ATE 7]¥ EERTZ9 28 Y3l Phase Signals

AE FE7]9 =¥ Al7]= Aol ofyal RF Complex SignalE Delay Line%t A

A= A
Envelope Supply
Envelope ”| detector modulator
Signal '

rr

PR LS

- Seaee

7]¥ EER 129 s2dele] AolHe EERTFXY 4% W8 FZ7]& Constant
Envelope Phase Signals 9= wWo} dg FZ7]9 njojojx~ F

Envelopes 3l ¥g]o]™, Hybrid EERT39 7o+ Y& %+ RF Complex
Signal®] Envelope 45 7] wet HPFAHS HAsHA afo] HASH=
Holoj 2~ AE|E FA3st= Aozt Stk of F! FxE YERE FAE F
dsyUth(29 3-7)2 EERTX9 Hybrid EERTZ9}2]  Zpolo sk ¢S

el As e

-47 -
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VDD/VCC

VvVDD/VCC

Envelope DSM |
signal PWM [

Envelope signal
(AC)
LPF %

IH ]

o o
To PA bias To PA bias
Supply Regulation Supply Chopping

(13 3-7)EER %9} slo]HE]= EER +x9] ¥ FZ7] 52 o]

AnkAQl Hybrid EERT-Z A¥ FTE7|E HAPHdo] 53 Class-ABF S
ALgsTE Hi So] UCSDE FAo® 293 WY ZFE7]E o] 83 Hybrid

Ejl
EERT-Z7} A% 3L v} 7]=9] Class ABE AF8-3131S W= Complex Signal®]
Envelope Z7]o] wE wufojojxgle] ojst FZ7]9] Gain Variation®} Phase
Variation®] Z}3l H3F W5 W= F7|7} 2 Envelope T4 22 W53 Gaind}
Phase Errordll W$t Calibration®] ZA FR3HA] RUAT =90 A= FE7&E
o] &3t HH dH 2139 = 7)o wEl Gain/Phase Variation®] ®j-$- Al13}7] ufj&o
Class-E/Fa< AF&3st7] 9dlAe= 9= dl¥]  Gain/Phase Deviation#tS  Digital
Block®l| 4] Look-up Table® Pre-distortiond}= ¥ o] WF=A] & Q sfr}

ol gt TS HoFst= WHO| Envelope Tracking (ET) WO 2 A& o] XgtX S
O wpolojzo] Ql7fstE o] ofdel HAl X HuY w2 FY

Hpo]o] ~E Re-shaping oo AEAS A AHA7]A] &= #¥oltl Envelope

(X 3-4) 3}o]He|= EER/ETT+%9 FoHA

Architecture s s
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EER - RF/Analog 5-oll /] EE 21&x2] 7Fs | - Time Delay Mismatch
- 1A ddel ASIC 5o AL wpE |- APl FA 2w

Za7t glol &old §=

(1

ET - RF/Analog 5-oll 4| & 25 A 2] 75
- 714 diefe] ASIC §9 TS v

T}, Class-S and 1-bit DSM(Delta sigma Modulaotor) -3

DSM + Quantizer 2] Quantization Noise 2] Noise Shaping ¢ 542 7}A|aL §17]
uli#o] DAC, ADC, PLL Block |4 o]v] 3 $|atA Ab&3sta itk DSM 9] 14}
FrE ok oF BE UEE 22 4 YEUTh(IY 399 23 S-domain
o A 9] g+ (Eqn3.1)d o] xdH

y=HA{x-y)+e,,
y=H [k+Hle,

H 1
1+H’ = 1+H

where, H =

(Eqn. 3.1)

Linear equivalent model s

X Hiw) | :F -y X H(jw) —»(:l >y

(:La 3-8) Delta Sigma _%7] 24

(Eqn.2.1)°ll A & 4= 9l5°] Signal x © 3} A= Transfer Function Low Pass
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Filter B EJ©]3l Quantization Noise®| %8 %]+ Transfer Functioni= High Pass Filter
Ades & F 3t ol = DSM o A 57F A&+ Low Pass Filter®] Pass Band
Aol thstoiA= 2= A3t Quantization Noisedl w3} A= Noises High
Pass Filtering S 0% %2 T3 thH = “Shaping” ¢t 3}S] Noise Shaping
5ol &

Noise Shaping 5Ad° wel F34 o] AA| Noise F2 old]l (Eqn.34)=E
X3 %™ OSR(OverSampling Ratio) ¢ & I & 4 921 OSR o] S71ET4=

In-band Noise &2 #HA4gS & 4 .

2
&t =[St )df =2, 2o = Lo here OsR = -
0 rms rms f; OSR 2f0

Signal band WA noise ¥ ol (Eqn3.2)9} #o] FteFst 2 4 qlo
(Eqn.3.2)°]l nS DSMS  x}Rolth. OSRe] #71&4E  wak DSMe A7)

x

7} Signal®] Bandwidthol] #3331 & Noise o] #HAsHS & 4= 9l

7Z_Zn

(2n+1)(OSR)*""!

62 - J.Ofo S(efms )DHVldf ~ efms
(Eqn. 3.3)

olef 7! FZE AES & F YFUTh(H 392 (Eqn3.2)%t (Eqn.3.3)°
tjg Signal Bandwidth Wlol SNR #S e Fo|th (a)v= ©]EA o= LPF7}

Idealdt “JEle] A3to]r (b) LPFY] Stability FactorE 1173l Empirical Casell ©]3gF
SNR Z3} grolt.
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[ St ITs ]

AN E
140 ZzzzZ N=4 N=3

120f- ..

Peak SQONR (dB)
o B 5288

(a) (b)

(2% 3-9) OSRE LPF #5470 w}& SNR

Polar Transmitter= ©]2]%F DSM2] Noise Shaping 54 3 DSM2| =% y 7} Pulse
Signal{l H & o]&3dte] T@HT. ol eF! FE dEE FE F Ysyth(H
3-10)= DSME ©]8-3F Polar Transmitter 2] A %Eo|t} 57! FF 9L A& &
gEUth(18 3-10)8 %3 Phase signal < cosd(t)2} sing(t)S Up-conversion
3}o] RF Phase Signal® W32L%|1 Constant Envelope 542 AU® A2 FZ7)
AHET 714 d G A F=F% Envelope X OSRAL] 9HA] Oversampling™] o]
DSMOo = YHESF Supply Switch'sS &3] =93 dY FFH7]E “On”, “Off
A7ty meba] &3 332 RF Phase Signal®] Pulses} o] &1 o]
ote| b2 WALE 7] A BPFE 533} Envelope©] H<1¥th

-51-
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Power control

Supply
1 »1 bit DSM/PWM

A(t) —»

cos ¢g(¢) |

sin ¢(¢) |

(L 3-10) 1-bit DSM FA17] %

1-bit DSM Tx 7% 7] EER/Hybrid EERT-Z%°| Hla] F+x7} 7hdaln A
Phase Signal®l Envelope dX.E Gating A7]%= Wi ol7] wliZol] M=ol Calibration
Issue™ EAISHA] AW vh53 22 EAHS AU 9

DSM < Polar Transmitter o] 283 uf 7} & #4142 OSR & A°]t). ¢l A
AFd-%e] OSRe] AHAH HHGF= Noise Shaping 57do] 3+ Sampling

Sx7F AReEn dE 27}

olN

7Fskal FPGAY DSPe| &=
OSR ©] Limitation®] AFTh o= ¥H& 22 OSRE A&3¥ Out-band®]
Noise ¥©] 57138Fo] Spectral Maske] 543 937] 357 In-band2] Noise & 7}%
EVM(Error Vector Magnitude) 54 2] Specification & W3}7] 3 &)

53] 3G LTEY 4G Al=F1o] A28l BW7F 20MHz ol 7] wiiel] 748§
S7lol A OSRE 16014 7FA717] 5w Al~¥] BW7F 20MHzetal s ehie
envelope HH 2] A(r) &) BWE BW expansion 5402 Q130 tjHEo] F7}3517]
ol OSRo] tlSy ol 4 wrol glvk. SFAIYE #H<: Time Delta-Sigma
Modulator 7]%9] &k °F 650MHzoll Al HStl 571 FAldl 9ol DSMAFA] OSR
T U Aem AAZIH

1 bit DSM7Z% Phase X9} Envelope AH7} MZ T2 ZHAZ=2 s o] PA
oA AjtE= FF0]7] wliTol Analog Device 5402 <lalo] ¢4 AHe} A7)
A E.2] AZHd Mismatch7} 28 8HA HTH

&£ B S5

it
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1) A(t+At)cos(w.t+¢(t)) ; 7] B1EC] Delay 7} HA3I= 45

2) A(t+At)cos(wqt+d(t+At)); A BES Delay 7} HA 3= 45

53] Signalo] Wide Band 545 712 d| Time Mismatch®| Dependant’} 43}7|
H=d obgl 18-S 20MHzo| 3G LTE SignalS ©]&3le] 2™ Order Delta Sigma
Modulator®} OSR=165 ©]-83t31S e Time Mismatchol] €13+ EVM |3} A=
EAE T a”el A E 4 9)%o] 1Sample Delay=2nsec®] Delay 7} =AYstA A1
EVMe] w243 v, o]2gt Delay’} dAsS we] Al Base-band
el A 1/sampling Clock®] ZHARHE Hio @ap ®Ao] ¥A] &+ v Zlolth
2] 9] Delay?] 2 x}ell ta]Al= Analog -%-2] Fine Tuning®l] 2]3|A] o] Fo]# ok

sl oy 0 do] 94 e,

=
=

25

N
o
T

-
[3,]
T

-
o
T

EVM threshold

EVM degradation (dB)
(3]

sample time=1/f;=1/(491.52MHz) ~ 2ns
-5 L L L L

-6 -4 -2 0 2 4 6
Delay[sample]

(229 3-11) A 24k o W& EVME 3HOSR=32)

I bit DSM 729 ® shfe] FAHE 293 A9 SF7]9] “Off-state” 3]
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Signal Leakage #|°|t}. Pulse Signal®] “0” <1 F7lllM= dAE FZ7]9
npojo] 7t k73] “Off’%©] Phase Signalo] &= A ool AT, F! F=F
LES & F JAFYUTh(E 3-12)90149F 2ol H= FF7] W9 Transistore
“Off-state” ol A 22 Capacitor 5/ Ho]7] djto] 4= == Phase Signal©]
Leakage ©U} o]& 2o =2 A B olg (Eqn.3.4)¥ 7t} P W47} Leakage
HE Foly p7t AAW AHZASGE Envelope Distortion®] A5 Signal o =3}
B]Eo] Inband W2] Signal PowerE AA7]7] wlie] ¥ FE7]o] &%
HaskA ©oh AlEdelAd A po HA Fe of 40dB A= o|AHS VAW

EVM©] 03dB €35 a8 1% ol SA4& 7He & 5 itk

¢

[A(t) +e(t)]cos(a t + §(1)) + pLeos(w .t + ¢(1))

Supply
A(?) 1 bit DSM/PWM SW

cos ¢(t) p

(Eqn. 3.4)

/[‘L
= —
L —

sin ¢(t)

Architecture | !

I-bitDSM | - F-&o] 74ekgr | - OSR & A

Class-S &1 x99 49 ofg) 133 o] RF Compex 21 %5 Band Pass Delta

Sigma (BPDSM) *]2]3}4] Semi-digitals} & bit A E&E HE ZZ7|7F FZFse +
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Zolt}.

Class-S %9 FHL 1-bit DSMI} 79| Envelope©] A|AH A57F A8 F£7]
of 17} H7] wiEel A FE77F M= HAdd S0l Aol Holx ¥+ &
A& Adk

SHA % BPDSM2] =2 1% 528 Q7 3 Signal Y] Noise Ratio?l Coding

Efficiency”7} Sol A4Sl &0l fFasdhs @dis Ayal 3l

Conventional Quadrature
Class-AB &4 X

(L9 3-13)Class-S A8 $A +x

BDSM Class-S &4 #1&

ol F! Fx BS FS F YFUTHGE 3-6)9 Class-S Tx 739 S
gelshsitt

(3£ 3-6) Class-S H417] T3] FA

Architecture s s
Class-S - 74¢o] kg | - Low Coding Efficiency A 223

BN
3

- A8 Z%7) 3 Matching T
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A 2 A ET Structure 2 Bias Modulator

1. Envelope Tracking 541 -3

UDMR A= $21 -5 dA] 7|2 =roll A4 &3] A5+F<2 Envelope Tracking
=

71HE o] &3l F-&3HH Envelope Tracking 71%
2 A d3tE= Bias Modulator®t 78 =272 LA E T

iw:‘ Efficiency
Bias Modulator For EER Tx. -

-

+ =A Envelope 2%

-

Envelope Iy % e o Vdd3 Vd“ \.’dd5
Detector Envelope Signal lI:J b S
S e VddZ‘
i /vdm '
fesamsded M‘ 3% / 74
.
L [—Im.lay - 5 o // / / /
RF Input | L] I/ RF Qutput - e T
Modulation Signal Pout (dBm)
ou m,

(L% 3-14) Envelope Tracking A& &A1 F-x

2. Hfo]oj A~ R 5| o]H (Bias Modulator)

7}. 3G LTE Signal Signal 3

3G LTE/WIMAX 20MHZ 2135 9] Envelope® Fut4tol 1elwd ofg] 1383} 7+

th. DC & TAC=Z ¢ 500KkHz el tifte] Als7F JFHo o (94%
energy), S00KHz S FE = 5~6% o] A& AU 7 EA)sA Hr).
0
af
_ o} £
2 80} g
T gl
Ao f i
82}
Am s s . s . s s 80 : L ‘ . ‘
40 30 2 A0 0 0 2 3 4 0 05 1 15 2 25 3 35
Frequency [MHz] Frrquency[Hz] 10
(28 3-15)3GLTE Al5o A8 35 2¥
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L}, Bias Modulator Design
LTE Evelope 215 A& o] tjiEo] DC ~ 500KHz o] EA8}7] wjio], o] F
g el M ZEe] £ 725 oM E H2 t9FS ZE= Envelope

& Zolzd 4 9+ Bias Modulator7} Z 83ttt olggt Qo 71 & Fgshe

ol
>
fol

=
Bias Modulator®] 7%+ th&3 o] F X ZE7|E Egsle] AlgEE W

oltt.

(1)ClassD 5Z7]
4= el A ago] =k HE 80~90% P &S HoFuh
g4 ) ol A= Parasitic Capacitance@. 18} ¢
A Ho] mfo] Wl
(2) Class AB 5%7]

T4

2

kl
AN N
%

=)

- g4

. o] SE O L == 3 5 2~
T G YYEs 2t A5 E AYSE 9
= Ea =%

71l mlsf m&o] st

= A3 AHe thiio] EA8E DC ~ 500KHz 9] LTE A5s o E e
FAR G800l £ Class D %78 T34 AEFF7|2 /e A8t 11
o =2 T34 99 LTE Envelope A& & Class AB 5% 7|8 AMg3sle] AR/RE
Aoz, W &S 2t Mg gEiA =2 888 FASHEA] 1™

T S+ Bias Modulators €& o+ U+ zlolth
1

oA

P& 7] ClassD % Class AB 5% 7]E X33 Bias Modulator®] £
oloj 1S YeRdth AAlE Bias Modulators 7] 7 S3%7] o]2o|X Current
Sensing 3] 2 9! Hysteretic Comparator7} 2.3}t}. Current Sensing 3] 2% Class AB
FZ7)o| M AHFZ7] Load® ZHFE HAFE Sensingdlo] Class D SZ7]E
TA 7= AlE o] Aol ¥t} Hysteretic Comparatori= Current Sensing 3] Zof 4]
Sensing¥l Class AB T%7]9] &9 A{F7}F 7|F o] 49 dA7FE =33 Comparator
o] &¥& WHAA Class D %75 F&she 985 3% d& 9 v
o F7HA] Adsto] EAjEA H

-57-



(1) Class AB SZ7]oH AHFE7] Load29 % AF7F +50mAS H7|9,
Hysteretic Comparator®] =¥ A% &= 0V(Logic ‘0°)7} €t} o]w Class D 5% 7] ol A
AHSH7] Load2 & A77F &2 |07 Ha, o= Qlste] W& STH7] Load
of A& Aol AAIL Class AB 9% 4135 <%] Envelope Al%.2] kool xpo] 7}t
=7 "vh. wWebA Class AB S%7]014 AHFE7] Load® ¥ 57k dAFs
At
(2) Class AB =Z 7|25 E AHFZ7] Load® 2% AHF7F ZU17} Class AB &

Z719] &9 AF7} -50mA(F, Class AB S3%7|2 S8 597 AF7F +50mA)7}

st

=

=S ul|, Hysteretic Comparator®] 2 215 3.3V(Logic ‘1°)°] ®t} oju] AgF
Z%7] LoadZH-E] & H7F7}F Class D 3572 &8 Eo2A a1, o2 Qlste] A
HF%7] Loaddll A= Aol wolAAl ¥o] Class AB 92 A15<l Envelope 2
39 Atte] zpol7b AAA €k webA Class AB 5% 7194 A =¥ 35%7] Load
= FYsoi7le AR7F UAl S7FeHAl Ek

£ Weme
ey < . -
R, s e
Corvani™ o s
| Semwisg e F o mwiiching ™.
L " !,J - Amphtar -~
L | B C e £
’ »
"f.-’-’ --.';I.;il ralie =
. -
On-Chip Campasatar
] —|_ Class AB ‘
| Env_IN | o | Buffar
fim o g
H ora |
| a Vs induslor
Clane AR — * ETI:
Bias Cweuit | | i —
1 |r' [T iR
1 e
i J_- lu..
e
.,
CMOS ™
RF M o | Lirebar _'__. —o RF_O4T

(L% 3-16) Bias Modulator Block Diagram
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(3£ 3-7) CMOS PA Performance Summary

Parameter Units Target Information
Supply Voltage \Y% 33 TSMC 0.18um 1.8/3.3V
Output Voltage Range \Y% 0.3~3.0 -
Output Peak Current A 1.33 @PA Load =2.26 2
Bandwidth MHz > 100MHz -
Efficiency % - %0 25dBm @ PA Output w/effi. of 40%
(Tx Overall Effi. ~ 32%)
#19] 3%+ AAE Bias Modulator®] Target Specifications 2] s A o]t} 3.3V 7t
S AYez Arga, 8 AgS 03 ~ 3.0vE ¥ 5 UA 3 PAPR(Peak to
Average Power Ratio)°] & thFsh 8 ¢tk A7 disidx: kg Al ¢S d

Z] e o

LIS RN

T JE==23 QI Targetdli= Bias Modulator®] U] &€ 36dBm. 2. Z 4]
(¢]" Equivalent Power Amplifier Load Resistancei= °F 2.26Q) &9
1.33A9] Ao} A{F7F 527 Ak Ao 282 0%l S ¥ F A=F AABI
t}.
ozl 192 A|ZtH Bias Modulator®] Chip % 738 PCB Aot} + 719
SMA Connectorg &3t%] Envelope Al%¢] 9J8& Wi, dEFZ7=2 dHS A
3 = | aFoaleh. &j5-9 Mgk Wit A% Ve ARE BPse IRE
Chip W¥-oll F+&ste] 33V ahte] A 5
71¢]

= o]|i= Serial Parasitic Resistance A%
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(1% 3-17) Photograph of Bias Modulator

obg]l 12 A 2% Bias Modualtor?] 54 A¥E YeldT WA ()5 A EH,
4ol 03 ~ 3.0VE Swingdli= IMHz T35 2% Sine Wave’l 50918 4§, &
ol Hd 32dBme] S dAdstwA Asef ef=gle] 4 AEE 2 wert
e ge & vk g or FAE AL Bias Modulator®] 9% A A%
E w7t ow FAE AL Bias Modulatore] &3 A A5 E e

(b)= 2 A LTE Envelope 21 & taiAE & s2st=x& gst7] ¢ste] LTE

rr

Envelope A% & #|2t¥ Bias Modulator®] 4=l Q1715 S 4%, derlse d
=

- 60 -



v V]
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(a) 32dBm(Load Impedance 5 Q) 4] In/Output Signal (1MHz Sine Wave)
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i, A

—V.n

—

— V¥_Out
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0.4
0.3 = !
o LA |
01 ' L) v T 1
-0.2 0.6 1.4 2.2 3.0 3.8 4.6 5.4 6.2 7.0
Time [us]

(b) 23dBm(Load Impedance 40 Q)| 4] In/Output Signal (Modulation)

(Z1¥ 3-18) Measurement Results of Bias Modulator
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Al 3 2 CMOS Linear Power Amplifier

AA7A] G-&3t HoldE RF AEFE7]e] A g sgsE vrEA= vt
ol AYFEI)olth, AYFE7|7F CMOS 7E2 T8 HE AL I o)F

2 21714 Digital Circuitry2}e] 2 o] 7hgsl7] wlol] A|Fe] Ad3)e}
A#E] Adzrel oA wg- mE Aotk HZol= CMOS 7= WA HH
CMOS 9] 5524 AAY AL GaAse To52Ael s E8dzy a8 o
oA FA dwksirt. =g CMOS 7|ES S35 AEF L7 AAe 7ol oA

2]
o] d7E= FAA AT HAN ojHd AFE Fall watt o =HS W]
s

oo
ofy

g dgSF719 AACl ol CMOS 7ol 7HA = B FAlE sjdstr] 4
g sl AN H AT

2. CMOS RF Power Amplifier Design Issue

7}. Low Breakdown Voltage

CMOS 7|Rke] AHZF7]elA 7hg wo] 4zl 41K CMOS AHA| o] w2
Breakdown Voltage©|th. 4 ©&7] §8& oA HBT+ 3.3ve] Y ZHstel o
3}o] Breakdown Voltage ©l9r+ 719 gl o] dnbd et} A5k CMOS 0.18um

Wl 3.3ve] WAk A
@ F7E ik Folzl 234

2] 79 Drain Breakdwon Voltage”} 6V ©]3d}o]7]

L

23 A9 oF 10V7HA] €8 7}= Drain 2¢HS o

o o
mlo
Sé
N
N
2L
N
N,
+
v
rlr
Sl
2
%)
o
o,
-
o
il
:(.71:‘,
i
o
ol
N
fu(e]
)
ok
rZ
o
il
Q
f<~)
8
o
o,
[¢]

=
2 2 Gate LengthS AFRS 4$- &8 Adte] o] g} webs FZs

A3l= NMOS$} CascodeE T4 3= NMOS2] Gate LengthS vl 3} & Alo]of A
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Optimization®] & 2.3}t}.

L}, Lossy Substrate

CMOS9] 745 Ag2 7]3e] &2o] 31gE vt 7|wko] nlsle] 7] wliol

48wl FoA HE AY FE7]

>
rlr
ﬁ'l
o,
2~
[-40
jﬁ:
12
o

[o
N
)
™
£
|
o

Matching Network®] TS 93l AF2E & Inductive AA= WEo] ZFeo 2A)
ol o}y g}, Metal Line?] Parasitic AH 02 =& Ad §8% 7|hsl7] ojdubs=
ol St} ol& SHetr] fg wHow g&d vpE &

2% Spiral Inductor’} o} 2}, Slab InductorE A}-&3FC}. Slab Inductor®] 74-9- Spiral

Inductorel]l H]3l =& Q#kS 7hde] ojn oy Ldo|A ExE ATt o]efg Slab

fo

InductorE &-835}0] ¢3}i= Power MatchingS 317] 9l A5 HAL7|E &3

A ow AYSH7|o FHAEES 87 9% WHoEs ARAF U
A4z Walo] th ARAF WAL v Y EAXAHE HEdE dds
of A A7IE 7195 Aoy, AY 2FUA S v Ay ERAAEY
ZHASS HMU7IE AMESAC AdS HAEE galFoA HE 8d8s F

Large
Inductance
| Output
I— Matching
I Metwork
Large
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WA =B A77F AAA Ho] & Ik EAVE dE EJA2E] Ao I3
}

g EWA2H 277 AZFEE 718 AGA

R <)

b 57 Al Hol HE Ae] ofHf YA Ay EWRA2E ] A7
5 S/ i =Y dEe] S s olfrh 1Al AY¥FET|e] =Y 3
# % AFRE % Choke Inductor®t DC-block Capacitor ¢ Z7]7} MMIC 7|&= 34
3} 3l7]ol= FEI High Q 548 dojof 317] wliEel olo] w2 Hefj&Eo] wo

=
APBZZA ST 5 otk olo] 7bg HlEHQ Wae] DAT

ot
ot
fl
it
)

(Distributed Active Transformer) ©]t}.

0 Slab Inductor

L 2V 2(N-LYW 2NV
e oo~ VAAAAN

s e Y +\ -

Virtual
AC GND

[ 1 [ 1

RFjpe RFjry RFjpe RFjr

(¥ 3-20) 1:1 Slab inductorE A}-&3F DATS] 7|d %

gael Ay EdxsEe) Feo] Ar)dew WMele 2 454 fE w1, 7
el g Aol 44w alAA A 1 2% A% 29 Age A4 =4
AzEe] gAY AT kAl Hel A% &Y AHS FAAA & slvh

o

o
T
DAT T7%29 FHdL& vS-3 v} 94 Differential 722} Virtual AC GroundS A}
st7] witol AHFH7]9 A5l Bonding Wire o tiall =7alZth. B3k Spiral
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Type2] Inductor’} ©}d Slab Inductor®] AF&o 2 QAst FHS 7144 4= Q). Slab
Inductor = Spiral Type ° H|3] ¥ Q-factor & 7} 4= A=, ©]i= Metal Width
7F Rl 4 ar, A FFolA 2 Negative Coupling¥ =4tel FA 48 ]2
sk 4= 1o, Port Atole] A7 "Ho] ¥ ¥-2 Substrate Resistance & A7 7142
T Qlth weEbA], DAT %9 A7 & AFEEo=x A8 Edx2HO| NeE &
7F A7 o R vlud &g 89S SUHAA 7 e, %2 Q-factors 7t

A= 1:1 A7 7F FF A4S 2A7FelFE RF choke®] 9&S A 7] wjfio] At

P

Differential

—0 RFm- pair

Differential input

((1¥ 3-21) DATE ©] &% #AHF %7
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t}. No Via Process

CMOS®] 74 3H3tE 7I9te] WAl Zsdes @ Via $8S AT %7
5ol 3] ZAAC groundE A 771 vl 5T} 7] A 91 Single-ended T
Z9] 29, GroundE 9|3t Metal Line®] Y} Bonding Wire”} Z 2.3td)], ©]59] Parasitic

Inductance Aol &3] AHFE7]9 Gaino] ZAasHA H+= Fa&S vt} o83k

A AAE fdl AEFTH T FxRE AETRE VP 7IAIEL o] FERE Tt

AHAZS FA3Fe] Chip Aol A9 AC GroundZ FA P4 4= A Ho] Parasitic
S A~

Inductance®] &S Fo|A vy Hek oA &1 = 91%0] Load o ZEl+=
=
h

KeN
=

Voltage Swing®] &2 Z719] Single-ended 7229l H|3| 2u)7} 7] W&o 1&

A% Fa2 APt

Voo Voo Voo

LOALy LOAD

—] —iC 1—
Bonding ’\ Virtual Ground

wire

Bonding
wire

(a) (b}

(L3 3-22) Power Amplifier Structure (a) Single-ended 7-Z (b) differential -3

3. CMOS RF Power Amplifier Design

AYFE)E 2 99 el wet AFAA Y Wuus HIFE7)9
4ol z2vle) wet 2e) As)oh weksA g 2904 FE/2 Vs 5 Ao
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TA R ofyE Aol T a7 ARRkelH, o] 23E& WHAITY] el
NEFTH79] AES R Stk A B AB, C o 8 A€ Z77t A3 53]
ol &3, D, E, Fa =8 A85E77F 2913 S5710 S dAh o]&4 2

= o] AP I 8L trade-off YAl Utk & = glow, MYFFE7Y] &

F& o]ZZ 07 100% (Class C)7HA 7}s 3t}

7}. Class AB Power Amplifier

Fully On-Chip3td A& AHFZ7)o] AEM YIS o] &3 At AgA ¢
<=9 Matching NetworkE | €13}31 2™, Drive Stage®} Power State =7 Class ABZ
A A&

A

Driver Stage

(213 3-23) Schematic of Class AB Power Amplifier

Chip 4] &&49 AFES $13}9], Drive Stage™= 3l-}+2] Differential PairS A&
kAL, ole] &2 719 Differential Pair® 4% & Power StageS 15 ol=E
3R ZF Power Stage?] Drain®ZHE VDDZ} 8%+ Virtual Ground”7}A] 2
Metal Line<> °F ImmA =2 A7t o|®mt}h Frobd A9 3|=27F iy 54
ZFA A = an, olBr) dojd 79 Metal Line®] Parasitic Resistance A% % 7] &
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A2 0lste] a2 A8y BT TAlo IR WA Zrtsts o] gt

£ [ |
1 PHI

A mgdle Ao dFS F
&

Spiral %2 WIS A}

5~6dB7A o] T},

1% 3-25) Chip Photograph of Class AB Power Amplifier
P
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freq, GHz
(a) Input/Output Return Loss and Gain
30
FP1dB
25 “lii"l-!"--'iiii-b-""l'l‘-l ~
Fi b
Gain .y
20 4
_,E 15 y
P Output Power
g 10
[=W
5
D L] L] i L L] 1
-25 -15 -10 -5 1] 5 10
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(b) Power Gain and Output Power vs. Input Power

(ZL¥ 3-26) Mearsurement Results of Class AB Power Amplifier

(3 3-8) CMOS PA Measured Performance Summary

Simulation Measurement
Gain 42dB 25.5dB
Output P1dB 27.6dBm 25dBm
PAE @P1dB 10% -
Chip Size 1.2mm x 1.5mm

- 69 -



CMOS 0.18um FHS AF83 Class AB 18 35E 7] -10dB ©] 32| Input/Output
Return Loss, 25.5dB2] Power Gain, 25dBm<] 1dB Gain Compression Point(P1dB)2] 57J

e,

o

L}. Class AB Power Amplifier with Adaptive Bias Circuit

#19] Class AB Power Amplifier®] & & 3/ 9|5l Adaptive Bias Circuits 4§
3131t} Adaptive Bias Circuit®] ¢ # -2 Input Matching Network® A& W t7]of A
AR HE" AHES ARS8} A1, Adaptive Bias Circuiti= Power Stages T-/d 33l S+
MN39} MN4oll z}zb A28t} Adaptive Bias Circuit®] A %53 &-845 ®7] 93t
o] X Adaptive Bias Circuit< Disable & T+ =% /A= o] At} Adaptive Bias

Circuit 98 A= 7|7} dA 5 o] o= 5H MN39 MN4°| Bias Voltage

= = vobD = =T

(2% 3-27) Schematic of Class AB PA with Adaptive Bias Circuit

ML
il

Adaptive Bias Circuit®] M13 2 M92] HjoJojx~ ZQta} A &ol st et wuj
710 & ko] A nodeol A 9] 4 o] A7]el wel, C nodedll Ao F Yo
v == A48T Adaptive Bias Circuite 2324 © 2 5431 Threshold VoltageS

ey
—

7}A] &= Low Pass Filter®] 7]5-& 43§ g+t
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1.
2 l-!Lgm
—_—
= 1 i —_—— e
ol Y =
= "
= "
L Ll BE o
el m
= B
- - BR.T
- . -
& -
- a 2. e
- —
-
e 2 e
'R e T et I-4,ﬁ....,.. e
® 108 EO6 380 480 598 B0 700 ] 108 EDO 30e 480 D 400 TR
time, paec Lime, pace
(a) (b)

(1Y 3-28) Gateoll ¢17}%]:= Bias Voltage (a) MN3, (b) MN4

Adaptive Bias Circuiti= 12 Ao 377} F7psbd U3 Threshold A5 o]

AMFH = Hdste] Trbstes AAEAH

(=% 3-29) Chip Layout and Photograph (a) Layout (b) Photograph

Adaptive Bias Circuit= %83t Class AB A8 TE7|= AlEHold A3 48317

& Class AB A& TZ7] B} oF 56dB2| PldB 47} 23%2] PAE 45 X
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MN

(3£ 3-9) Performance of Class AB PA with Adaptive Bias Circuit

Simulation
Gain 31dB
Output P1dB 33.2dBm
PAE @P1dB 33%
Chip Size 1.2mm x 1.8mm
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A 4 & UDMR HXE ZHE
A 1 2 UDMR Transceiver H|ZEHZ

1. UDMR 7]¥%} RF Transceiver H|ZEH| = 719

ZFA S IMT-Advanced A ~8 7)< Z}HA|o A ‘SISO UDMR 7|¥F ZE& ET541
RF HAEHE=E G5 4 AAAF Falde d++ &2 33 2o

O SISO UDMR Receiver AHA] EH|AE ZHZE st
e Receiver 7|5 Ao BE /N
e SISO UDMR Receiver AHA] HIAE Z#E A9
O SISOUDMR iL&& Al 7
e 133)|°5 Fractional-N PLL IP A 74|
e 11535 FractionalNPLLIP EA A
e SISOUDMR @& Al2=Hl A5 Alg
AT AHRE FAH R 7]&38l

 ZellAM= A7

=
i

Al

oot

b

lo

-z

2. UDMR Receiver 7] Ao} E&

7l 2¥ UDMR Transceiver®] &2 T3t g9 9 o]5, AdIdy dgF &
542 2% Sprel|l os] tAY Alejgeh A 9 Al $kEE SPI 559 register
map table-> T3 3o ZTh

(3£ 4-1) UDMR Transceiver Control Register Map Table

LGl Related Port

Register R/ Data Ay q q
Addr Name W Bit Description Functionality ‘ Value
RX RF Front-End
W [7] |Reserved - -
w| 6] LNALB gain 1: high gain, 0: Low 1 RX_CT<6>
mode selection gain mode
00 RX RF ; Thi 0
w| 151 LNA HB gain 1: high gain, 0: Low 1 RX CT<5>
mode selection gain mode -
1 | LNA High Gain 11: 39dB, 10: 32dB, 00: .
W | [4:3] Control 26dB 11 RX CT<4:3>
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.1 | LNA Frequency 00: 2.9GHz, 01: .
W 2:1] Compensation 2.7GHz, 11: 2.5GHz 00 RX_CT<2:1>
w | [o |Frequency 1: 3.9GHz, 0: 2.9GHz 1 RX_CT<0>
Selection
RX LPF control
BW Z& 4bit
W([74] |45, 1111: 10MHz 1111 RX_RES<3:0>
01 | RX_LPFI 2.25MHz/1bit
W | [3:0] | Tuning 4bit &S 1000: (2) 1000 RX_SW<3:0>
W | [7:2] | Reserved - -
02 RX_LPF2 W [1] |Tuning Enable 1: Enable, 0: Disable 0 RX_TUNE
1: 2.25MHz BW Ol A
W [0] |Select Chebyshev Chev OF AbS 0 RX SEL
17 | Tuning block tuning block SZHAl .
R | [7:4] ouptut E4C= code RX_SWO_I<3:0>
0 RXLPES block ing block &2 Al
.7 | Tuning bloc tuning block =% .
R | [3:0] ouptut Z2c = code - RX_SWO_Q<3:0>
RX VGA Control
[7] |Reserved - -
<1 | DC offset & 10: DC_Offset=ON, .
[6:3] VGA Bypass Bypass=Disable 10 DCf<1:0>
04 RX VGAL
- 10000: 12dB, 01000:
i . 6dB, 00100: 0dB, .
W | [4:0] | VGAL gain 00010: -6dB, 00001: - 01000 Rx_b1<4:0>
12dB
05 RX_VGA2 | W[ [7:0] | VGA2 gain " 00001000 |Rx_b2<4:0>
06 | RX VGA3 [ W|[7:0] | VGA3 gain " 00001000 |Rx_b3<4:0>
. 00111111: 6dB, .
07 | RX_VGA4 | W |[7:0] | VGA4 gain 00011111. 5dB 00111111 |Rx b4<5:0>
TX LPF control
BW Z& 4bit
w1741 a5, 1111: 10MHz iy [IXCLPERESSSO0
08 [ TX_LPF1 2.25MHz/1bit
W | [3:0] | Tuning 4bit &S 1000: (2) 1000 TX _LPF _SW<3:0>
W | [7:2] | Reserved - -
09 TX LPF2 (W [1] | Tuning Enable 1: Enable, 0: Disable 0 TX LPF _TUNE
W [0] |Reserved - -
R | [7:4] Tuning block tuning block S Al ) TX_LPF_SWO I<
“ | ouptut =2 L= code 3:0>
10 TX LPF3 -
R | 3:0] Tuning block tuning block = ZfAl ) TX LPF SWO Q<
" | ouptut E45 = code 3:0>
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TX VGA Control

W | [7:5] | Reserved - -
11 TX VGAI1

W | [4:0] | Reserved Reserved Register 00000 TX VGA Bl1<4:0>
12 TX VGA2 | W | [7:0] | VGA2 gain 1000: -6dB 00001000 | TX VGA B2<4:0>
13 TX _VGA3 | W | [7:0] | VGA3 gain 0000: -6dB 00000000 | TX VGA B3<4:0>
14 | TX VGA4 | W | [7:0] | VGA4 gain 00111111: 6dB, 00111111 |TX VGA B4<4:0>

TX RF Front-End

W | [7:4] | Reserved - -

W | [3:2] | Gain Control 11: Max, 00: Min 01 TX PRE CT<3:2>
15 TX_RF

Frequenc 00: 3.9GHz, 10:
W[ [1:01|g 1q p ny 3.5GHz, 00 TX_PRE_CT<1:0>
erecto 01:3.2GHz, 11: 2.9GHz

16 REV0 Reserved Register
17 REV1 Reserved Register
18 REV2 Reserved Register

@) Baselinev=0
| Cursor-Baseline v = 671 00025000053

LY Baseline =0
£ |Cursor-Baseline v =671 000250000505

600ns| 700ns 5 900ns 1100ns

£
:

1o e o 3o Ao o )3 oo e fa o a1 o 3o 1 ]o

{01

RW Addr Data
(1'b0) (6'h00) (8'h01)

(23 4-1) UDMR Receiver 7|5 A1o1& SPI A3 (B452 &9l)
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]

Al 2 A UDMR Receiver A4 HAE ZHE

1. UDMR Receiver A H2E ZAE %
H

UDMR Receiver A H[AE FHFE-2 A|Z%¥ UDMR Transceiver < mount
S}al balun transformer, regulator 52 TH & HES F7HE & J=F A H
ATt Transceiver 3 Wlol RF A|2HlS FAtE Ee 32 847 o A 5o 9l
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(X213 4-2) UDMR Receiver A H~E
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(713 4-3) UDMR Receiver AH#] HAE 2

Bl~E Z#¥E AolA LTE DL (Down-link) A1 &2 SHeU ¥
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(3% 4-2) UDMR Receiver EVM A5 7|5

hiEsLise Spec SA A7 SR il H] 31
64-QAM >35dB LTE BW 20MHz
- o o I:\:;:a 125% | vsa st
o [ vsac
(2% 4-4) UDMR Receiver AHA] H|AE ZE 7|6k LTEDL A& 24
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UDMR 21 &2 AY 59| Fractional-N PLL Synthesizer®] 545 Q.9FslH th5 319}

(3% 4-3) Fractional NPLLIP 54 Q.¢F

Parameter Specification Unit
Target Application 3G-LTE, WiMAX/WiBro
PLL Type Fractional-N PLL
Output Frequency 2300 ~ 2700, 3300 ~ 3800 MHz
Frequency step 50 kHz
Output Power ~0 dBm
-60dBc/Hz @ 100Hz -65dBc/Hz @ 100Hz
-80dBc/Hz @ 1kHz -85dBc/Hz @ 1kHz
Phase Noise -85dBc/Hz @ 10kHz -90dBc/Hz @ 10kHz
-105dBc¢/Hz @ 100kHz -95dBc/Hz @ 100kHz
-125dBc/Hz (@ 1MHz -115dBc/Hz @ 1MHz
Reference clock 38 ~42 MHz
Lock time <30 Us
2" Harnomic <-20 dBc
Supply voltage 1.2 M
Output type I/Q differential

IMT-Advanced A|Z=%l /ol AME-¥ F3t5 3140 7]+= 38.4MHz ¢ 7] Crystal
Azel veo ¢ FH9 2 5 H 2T E ol&ste] dIte AEE FAse

Block © ZA, Fractional-N PLL 25 7}A|™, Loop Filter =+ <5 Fj3jA]g 2

Aee AHgslnh.
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Pre-
scaler

Counter |—

M0l

Sigma
Delta
Modulator

(L3 4-5) Phase Locked Loop Block

PLL 9] Tuning <> Course Tuning ¥} Fine Tuning mode % ¥ o] 21t} Course
Tuning < Automatic Frequency Controller & &3l ¥sl= Fa5-E AT 4 9
VCO code & %= mode ©|th. 4bit ©] VCO code & AA3 7] 918 A4 Course
Tuning & A|ZHS AlAbehA 3~4us A7 Q¥

Frequency Detector DLF vCO
> th up > .
counter Comp Bmary
arator Search —>
f dn | Algorithm
» \ »
"1 | counter d

(a) Course Tuning T3
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(b) Binary Search Algorithm

(Z1¥ 4-6) PLL Course Tuning

Fine Tuning < Loop filter ] 54| we} =1 $%=7F 24 S lock ¥ 0~1.2V
Abeloll A 54 de gho® A=A ¥k PLL o] B4 4 & 49 AFC Course
tuning & 53+ ©]F Fine Tuning ©] 523} A Lock Time < 15~20 us 4 %7}
E~N:R o=

23 ~38GHz 9l |2+ FS A E U3 Fractional PLL 2 A/d3l7] 93,

olzf 183} & Hartley QVCO £} SSB mixer & 283} v}

GVCO
Referencel (2640”3_800MHZ) 1320-1800MHz  660-900MHz .
clock P A A —
pLL ol 1) I /2 B Y T3 1680-4500MHz
@ d e < I — A LO Output
\-\._7,/ .~
N
2640—3600MHz
-]
o
* o
Switch
A Frequency
Controller
Fhasa Charge Loop
Baeant [ Pump [ Filter @ —o
=
Pre-
I Counter |— Soakie
gma
Delta
Modulator

-

(Z1¥ 4-7) Automatic tuning X~ 3F3F ]S Fractional PLL 3%
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(1% 4-8) Fd'Y Fractiona-N PLL chip photography

Ref @ dBm Atten 10 dB

Mkrl 3.788 38 GHz
-3.18 dBm

LgAv

ms2ll Al A
53 rept LT I

T
s ‘i!,ir'|'| _hl:l':
£(f): ,

tyea |Marker

-3.18 dBm

s 3.700300000 GHz

]

Center 3.708 38 GHz
Res BH 91 kHz

VEH 91 khHz

Span 18 MHz
Sicen 1.48 ms (601 pts)

(Z1% 4-9) Fractional-N PLL LO output spectrum
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SISO UDMR 1& & Al2®l Ao, 7|d¥ RF Transceiver S A3sto] 7|24

Ql RF 5A4E& Algstdlon, AFEHQ 54 A= 2 9 3% 7[5 )
53 A AlES Ay Foll flom, AR FHA Ay 7]EY =i Tol Hud
LTE / LTE-Advanced 5= WiBro& RF o v|3] B2 stz 1 Ad3E QoF

(3 4-4) UDMR Transceiver 45 A& Q°F

TNEE=E
=2 A
Block Parameters e =744 3}
Ty o 2.3~27,
. GHz <25
o T
A P1dB dBm 27.7 24
PAE @ Psat % 33
Ty o 2.3~27,
) GHz <25
PURS (LTE/Wibro-§-) 3.3~3.8
AT
Front-end Gain (Max/Min) dB 34/2.3 39/14
Noise Figure dB 3.9 20~25
EARE VGA Gain Range dB 50/-10 66/-11
Analog LPF selectivity @ 2fc dB 50 43 ~54
PRARS Process Technology nm - 130
AT
A Power Consumption mW > 200 134
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3GPP
4G
ACLR
ACS
ADC
AGC
AWGN
BBA
BS
BW
CDMA
CMOS
CwW
DAC
DC

DL
DMB
DSM
EDGE
EER
ET
E-UTRA
EVM
FDD
FEM
GPRS
GSM
ICS

IF

11P3

3" Generation Partnership Project

4™ Generation

Adjacent Channel Leakage Ratio
Adjacent Channel Selectivity

Analog to Digital Converter

Automatic Gain Control

Additive White Gaussian Noise
Baseband Analog

Base Station

Band width

Code Division Multple Access
Complementary metal-oxide semiconductor
Continuous Wave

Digital to Analog Converter

Direct Current

Down-Link

Digital Multimedia Broadcasting

Direct Sampling Mixer

Enhanced Data Rates for GSM Evolution
Envelope Elimination and Reconstruction
Envolope Tracking

Evolved UTRA

Error Vector Magnitude

Frequency Division Duplex

Front-End Module

General Packet Radio Service

Global System for Mobile Communications
In-Channel Selectivity

Intermediate Frequency

Input 3™ order Intercept Point
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ITU-R
LNA
LO
LPF
LTE
LTE-A
MIMO
MUX
NF
NMOS
OFDM
OFDMA
P1dB
PA
PAPR
PLL
PMOS
QAM
QPSK
RF
RFE
RMS

RRC
SISO
SNR
SPI
TDD
TIA
X
UDMR
UE

Radiocommunication Sector of the ITU
Low Noise Amplifier

Local Oscillator

Low Pass Filter

Long Term Evolution

Long Term Evolution Advanced
Multiple Input Multiple Output
Multiplexer

Noise Figure

N-channel MOSFET

Orthogonal Frequency Division Multiplex
Orthogonal Frequency Division Multiple Access
1dB compression Point

Power Amplifier

Peak to Average Power Ratio
Phase Locked Loop

P-channel MOSFET

Quadrature Amplitude Modulation
Quadrature Phase-Shift Keying
Radio Frequency

RF Front End

Root Mean Square (value)
Receiver

Root Raised Cosine

Single Input Single Output
Signal-to-Noise Ratio

Serial Peripheral Interface

Time Division Duplex
Trans-Impedance Amplifier
Transmitter

User-Defined Multi-Radio

User Equipment
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UL

VCO
VGA
WCDMA
WLAN

Up-Link

Voltage Controlled Oscillator

Variable Gain Amplifier

Wideband Code Division Multiple Access

Wireless Local Area Network
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