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ABSTRACT

The paper treat the resul t of signal'distortion by different modulated
signal after Power Amplifier. -We analyze the parameters, EVM (Error
Vector Magnitude) and find Magnitude ‘error is the dominant factor. By
the way, IEEE 802.11b for WLAN includes 4 kinds of digital modulation
such as IM/2M/5. 5M/11M bps , BPSK/DQPSK/0QPSK/QPSK. Each modulation has
different EVM performance. Then we compare the difference by different

encoding of 802.11b modulation.

To improve the worse signal performance with larger Output Power, we
design a compensated system which can de-modulate parameter and record
data to LUT(Look—up table).We transmit compensated value in LUT to the

data source by automatically controlling instruments and improve signal



quality. The EVM performance can be improved 15~29% and doesn’ t need

any closed-loop algorithm.

The Power Amplifier Sample 1s normal IC , which can be get easily,
Part No. SST12LP14A, typical gain=29dB, operating frequency= 2. 4G~2. 5GHz

Current consumption=240mA, efficiency=25%.
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{GHz}) 5250 to 5.350 [U-IIny
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2.2 1/Q Modulation Concept
A SEEA L AK D PP E 1 [(inphase) Q (Quad-phase) % 7t
#ci>A % Data 3 N o 4r@ 2.5

Logic 1=+1V

Logic 0= -1V ® £sin o, t
| channel
sin ot
Data 01010101 @—

——— | Demultiplexer )
Sin C()Ct 900

phase shifter

Z—BPF—»

COS ,t
Q channel
Logic 1=+1V +Cos o)t
Logic 0= -1V

B 2.5 Data split te-1Q channel

do b B ATR - B RRFjoE B o2 4k ¢ “4Baseband (A4 ) @ % sData
& d Demultiplexer » = @& P & /= > — B. 8. %1 channel » ¥ - ¥ 2%
channel - @ g efDatas W3k + 4 3= ¥ (Local Oscillator) shf' = 47 -
P B H ¢ - B 5B 90° phase shifter i 1Q channel % 3R 90°sh4p =% »

In-phase & Quad-phase > B f4v 2 2 {6 4 _F B chz FEL o

T R2.6®2.7 5% 1Q modulation @ i% Tl @
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™ Signal
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B 2.6 [Q Modulatin for Transmitter

——— = Quadrature Component
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Phase Shift
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INpUl. —p }
Signal
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e = |-Phase Component

Bl 2.7 1Q Modulatin for Receiver
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2. F1* In-phase (sinw.t) % Quadrature (coswc t)¥ J4#F FE 5 itData

-11 -



75 o
- U * &5+ Data 0> ¥ * fmA e £ £ 57 % (Polar display) o 4v

B 2.8 77 > 4 e 7 d Magnitude # Phase #iHf % -

0 deg
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Power drift ~ Noise + 4§ % F14 i = Distortion> @ #F % £ R E L L
B3 FAL o RhTEALEREDLENPHL EWC Error Vector
Magnitude) > 4=~ B 2. 10 #77 :

Magnitude Error
Q (1Q error mag)

_— Errer Vector

Measured
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B] 2. 10 =Error Vector-Magnitude

Error Vector Magnitude (EVM)= #x & 2 Root Mean Square(RMS)# -+ » H i+

N Vi
- 0

FUEE SN AT AT

Magni tude Error = \/l 24+Q2 —\/lideaI2+QideaI2

Phase Error = arctan(lg arctan ?'dea'
ideal

£nr = (1 - lideal)2+(Q—Qideal )2
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2.3 = #p#H4t(Binary Phase Shift Keying, BPSK)

Bl B A A F S AR R kR B DR (TR R
#p =45 4 (phase shift keying) - f8 @2 &g jcdicizgian 2 » 2 ¢ X
BELefp i 87 o BPSK Z_PSK ¢ & ¥ - A % > 1+ 3 f4p
> (0" and 180° %% Data “07 & 17 f¥As o Ft o 07 & 7 17
sfp =4 £ 1807 0 4e® 2. 11 ¢

» O

i8] 2. 13 BPSK
E A
Eb = Energy-per-bit
Es = Energy-per-symbol
Tb = Bit duration
fc = carrier frequency

S, (1) = /ﬁ cos(2rz f t)
Tb

-15-



s (t) = icos(27rft+7z)_— Ecos(27zft)
Tb Tb

Frg(t) = T—COS(27zf t) % % Base function B “0” ¥ 12 ,/E #(t) % 7

b

1”7 7 10— JE, #(t) 7 » £ 802. 11b 71 Mbps T £ o 4833 % - 2 Mbps
Be SR AL 1 DQPSK > fe A& F b 5 EB BPSK eh- 80 2 R B 6 2.9 & 2R

2.4 = 1p# 4+ (Quadrature Phase Shift Keying, QPSK)

QPSK i&— 2zt ¥ PSK e g » v BakAp =B e p 7 £ A A B o
1% QPSK » it 7 12 5 ﬁmﬁWWma%v@%w%:@&ﬁﬁﬁ?ﬁ’é
soehe BAR R o B FALEFIL2-bits 5=
00011011 5 dibits > #:®s& Logicd=+1V ~ Logic 0= -1V > B I channel

13\\-

ERr AV g s e g

thfp = 5 £SiN(awt) » Q channel Mémdpins £C0S(w.t) » Q 1 % 4v 2t e

= % cos(aw,t) £sin(awt) » 12 Data=007 5 ¢
Q=—cos(awt) - 1T =-sin(aw,t)

. J2 .o -
—cos(a,t) —sin(at) = —7(S|n 45° cosm t +sinwtsin45%)

J2

= —TSin(45" +at)= %sin(a)ct —135%°)

=1.414sin(ew,t —135")

et i > digbits= 01 10 117 417 + e 47 4 2. 12
JQPSK 4 3¢ % 5 -
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s, (t) = J% cos(2x f.t + (2i —1)%), i=12,34

w 37 57 Trn

v

Ao dp T A B — ’

4°4° 4 4
Q I Q I
10 cos(art) 11
COS awct —SIn ot A COS @t +SIN @t
sin(w,t +135°%) sin(wgt+45°)
@ @
—Sin(axt) » SIN(ax.t)
@ @
Q I Q |
00 —COS(a,t) 0 1
—COS .t —sin ot —COS et +Sin @t
sin(aw.t—135°) sin(awt—45)
® 2. 14 QPSK

2 2 .
0 g(t)= _I_—COS(27Z ft)  ¢,()= T—Sln(27z f.t) 2 orthogonal base

S S

function °
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s (1) =, /% cos(2zft+6)=, /% cosé cos(2r f t) —, /% sing. sin(2x f t)

=S4 (t) + 5,4, (1)
s, = || 5, (0 (0)dt = VE cosq

S, = [ (04, (Dt = VE sing

si:c;j,izl,z,u

dibit =116, =7/, 5,=+[E/ . 5,=+[E/
dibit =01,6, =37/ 5, =~ [E4)s =+ [E/
dibit = 00,6, =37 4,5,1——\/7, 5,0 = \/7
dibit =10,6, =~/ .5, =+ [E 8= fE)

% 802.11b 11Mbps F E />t & % o

2.5 +# e pH4E(0ffset Quadrature Phase Shift Keying, 0QPSK)

Bete k3> OQPSK E_QPSK s— fa %2 > — 4 k3 QPSK ez 8L FPF R £ 7
wAERAE > ARE 07907~ 1807 ~ 270 e AR 0 ST WA LRI ERFE
i /i B (zero-crossing) ° 0QPSK i #z5L¢ 7] channel §-Q channel 45 P
- B Th REAGEEXFERFT A 07290 %t Fwhd % 2 %ff
TR E AT - &M o 2802 11b ¢ 5. HMbps T E AT fAH F o

-18 -



2.6 ~ip#4£(8 Phase Shift Keying, 8-PSK)
8PSK 4 BPSK ~ QPSK & # & % » 41 8484 i % % 7 1Q data @i -
FM-Ary PSK i 5% %k 5 :

s (1) = ,/% cos(2rz f t + (2i —1)%), 1=12,3,4,5,6,7,8

. . n 37 57 Inr 97 1lxr 137 15«
A AR TR B o 9%

8'8'8'8'8'8'8"'8

110

B 2.15 8PSK

2.7 2 &% 7 B4 DSSS(Direct Sequence Spread Spectrum)
BAEch= N % R e chid SRR K P BL S S B cha B ¥ )
4 e B L T R Y T - b s (code), A 2 i T

LEM e Befoe [ bR i R R R BT

-19 -



BAT iR B Rt 4 R endit a4 0 BT AR |TehT i R o F)
Fkogrh FOEE K F & AR code {2 RELR R 0 F
BTG FE R o R B ST R T e
5 e/ (Multi-path)F 49 A & H B IR o 133 PR JR e F &
e sk o

® ¥ F 7| E#E Direct Sequence Spread Spectrum (DSSS) » f1* E B 75
(Spreading Code) #-f 3L 5L = gL B el 5LiB iz 13 » P o A @ SR D
ro B 11 g B B (Spreading code) #-k &k dm T A NEE B
2 11 &5 £ @2 (IEEE802. 11b 5. 5M/11M bps ¢ Spreading code % 8 == )>
4o @] 2. 16

Hl ey

R =
BEEEEEEEEE- D Data—>®—>Result
5 S N N R Y :

1 I_ B | I_ J
0 Spreading code
a J 1 J 1

+1

B] 2. 16 Direct Sequence Spreading Spectrum

2.8 Constant and Non-constant Envelope
B LB Bt e (envelop) » FHAHEHHDE AL LA - 5

Constant envelop modulation>GMSK % MSK *# &>+t 4 2 [Q Data Trajectory

-20 -



(Bjs )¢ 5 Bl @ enFl1B] > 4o MSK @ % pF 2 @8 e Symbol 4 71 [ & > 0+ ¥
Symbol %77 Q & o 4B 2. 17 ¢ chA gL -2 # 82> T - BiE S FEB&
Ceh(izgp I Emm =) o #7020 MSK % 3L > 1Q Vector =% f 3 i pF » 1t ¥ 4o
Bl NI B > 3 ¢ 538 R B(zero-crossing) » iz k c# i ®_Data & @ %?]ﬁ’éll
e A mEIRE S 2 180 R i > B A4 MR % (zero-
crossing)im$ 5 A4 % > Data BiEpA T enis g A5 P EW p 2R g £ > Flet4p
¥ constant envelope # % 7% - #8 7 5 Nonconstant envelope
modulation » BPSK ~ QPSK ~ QAM ¥ F_§ >t igfd & 5L 4o 2.18 -

- Ak o 483 3 GSM/GPRS % 2G/2.5G 2% % > 3% > GMSK » ¥ &
Constant Envelope > # € 3 24 zero-crossing e} » Flpt L iplE P 7 #
= EVWM(Error Vector Magnitude) @ ™ el » i & & G878 P g & TX
Output Spectrum ~ Phase Error -~ Spurious. emissions ~ SNR ~ Blocking ~ AM

suppression:-- % o

5>

Bl 2. 17 Constant Envelope
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B] 2. 18 Non-Constant Envelope

@ WLAN =2 %= 7% & 2 BPSK ~ QPSK»: 4 ** zero-crossing # & f.F

Nonconstant envelope > ]t EVM gdfid Becd 8 975 & RpRFHF T & 5

Teb| h° AT -

2.9 B> %2 %rh %2 zero-crossing ¥

T - amEWMGrms) T 5 R AP g FRieg %7 B Digital
Modulation # 3| % F e EVM performance @ &]4c: % 3 %fuﬁ%J 415 & PA P1dB 2+
F > 1Mbps~2Mbps>11Mbps>5. SMbps(1Mbps performance # % - 5. bMbps # i ) »
@I R R FIE RO e f8 3 ¥ e encoding N KRR o

WLAN 802.11b # 7z 7 w #% e ch#ic =34 % : 1Mbps BPSK ~ 2Mbps DQPSK -
5. bMbps OQPSK ~ 11Mbps QPSK > # %:#% (coding) = 3% 2 zero-crossing
F e o
2.9.1 1M bit/s BPSK

IMbps 734 % > 3% 5 & A BPSK > B2 g k- 2 PNcode H iv#
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2RIk 2.6 DSSS E 4 A 5B 4T chp o
IMbps PN code:+1, -1, +1, +1, -1, +1, 41, 41, -1, -1, -1 (= 11 ® chip)
HY 4] &7 Logicl  —1 ¥4 57 Logic 0 @ 1245 IEEE 802. 11b standard >

IMbps s encoding table 4% 3.1:

Bit input Phase change (+jw)
0 0
1 s

# 2.1 1Mbps encoding

% input & 0 PF4p =7 % > input sk B e % 180 & » & @i {0} iz-
i# Data > B coding 2 ? enOutput chip code: =
—1k(+1, —1, +1, +1, —1, +1, +1, +1, - -1)=
-1, 41, -1, -1, +1, -1, -1, -1, +1, +1, +1
Phase change=(0, »,0,0, »,0,0,0, =, z,z) > » & %748 2.19

d Bl¥ &> 11 @ chip® 3 5% chip4p =% 180 & chec s » F|ptid if fn B
(zero crossing)s % 2 5/11 » #* 5 odd symbol e7encoding table » % &_
even symbol evencoding table » Bl4p =2z % eh= V45 odd symbol 4p &~
FlpbAp e e ;0 11 B chip® 7 6 B chiptp =% 180 & :c % > zero
crossing s & % 6/11 » 5 #odd symbol # even symbol =7 total chip 4p
v BS A
zero crossing e & L 11/22=1/2 -

&3 =@z 2 B Symbol % 22 # chip «hi42¥ » £ 3 11 B chip «hi@x F_

-23-



Im
AP e 180 R
chip5.10
i %
Ap =7 % chip3.4 chipl.6.7.8
A0 e %180 Re
chip2.9.11

Bl 2.19 1Mbps Chip Code Trajectory

2.9.2 2M bit/s DQPSK

2Mbps =734 % = ;4 A 5 im L BPSK > 2Mbit/s DBPSK ¢7encoding table 4
2.2 % B 2.20 > A3k *+ spreading code (PN code)z = » &£d Dibit A2
initial phase> & 0°~90" ~ 180" ~ 270" w fA:EH ¥ » 3w & 2 - i € 5
) 180° efp g i o

2Mbps B4 2 w4 € 3k P - 2 PN code:
+1, -1, 41, +1, -1, +1, +1, 41, -1, -1, -1 (% 11 ® chip) > & IM bit/s4pk - B
4 183i% % - B chip code P¥ » £ zero crossing =85 5 1/4 > #7010

® chip code » zero crossing %% 5 1/2 - 4oB 2.21 -

=24 -



Dibit pattern (d0,d1)

. s Phase change (+jw)
(d0 is first in time) ge 17

00 0

01 /2

11 T

10 3n/2 (—m/2)

# 2.2 2Mbps encoding

Im

AP e 90 &

iz R0
<

s 1808
Re

i s 270 R

B8] 2. 20 2Mbps Chip Code Trajectory
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symbol odd even
chip |1]2]3]4]5]6|7]8]o]10]11|1]2]3]4]5]6]7]8]9]10] 11
l _ J lk J
hd hd
1/4 zero crossing

1/2 zero crossing

1/4 zero crossing

1/2 zero crossing

B 2. 21 2Mbps zero-crossing on odd/even symbol

714t total symbols 7 zero crossing % 3 & .

2120121
22422244

2.9.3 5.5M bit/s 0QPSK

5. bMbps 733 % = 5 >+ OQPSK » = i symbol ¢ 4 % data bits #=
(d0~d1~d2~d3)> & & =& B3x 4 bitsha € - H ¢ d0~dl A= initial
phase (4ck 2Mbit/s — #%) » d2 ~d3wd=F_coding =753 » 5. bMbps % 11Mbps
sispreading code &2 1Mbps % 2Mbps # I > — £ 4L 5. SMbps 2 11Mbps 77PN code
% CCK code » CCK code ¥2 PN code s7p erfp e » — 2 5 8 B chip’ 4= 7| ¢

-

=+ #T o

- (ei(¢1+¢z+¢3+¢4) | ! (9i+ds+6n) | p! (Ai+dr+ds) | _@!(4+d) )
=<

.

| ! (4i+dr+43) | p'(#i+4s) | _@!(#+4,) | (%)

W6 coding 0 ;¢ - 4 AL 5 Hadamard transform encoding’ @ @ @, @, @, ¢
802. 11b 4 =] 3 %%
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o d0~dl ks bt R ER G001 = (d2x7)+ 7/ > =0 -

¢, =d3x7m o &/ E»F > 7 FFLT table
d2, d3 cl c2 c3 cd S ch c7 S
00 1] 1 1j -1 1] 1 1 1
01 1 | -1 _1j 1 1 1 1 1
10 1 1 -1j | -1 —1j 1 1j 1
11 1] 1 1] 1 1 1 1] 1
# 2.3 5. bMbps encoding
&g C1~C2eeeee- C8 i i > £ 7 Hichipcode /T + 58 B 2. 22~ B 2. 23 ~

B 2.24 ~ B 2.20 4077

{g;ﬁ?

] 2. 22 5. bMbps chip code trajectory , d2d3=00

=27 -

Initial
phase



Initial
phase

] 2. 24 5.5Mbps chip code trajectory , d2d3=10
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Initial
phase

8] 2. 25 5. bMbps chip code trajectory , d2d3=11

r b e # chip code %% e jo v WgELE 1L “,f 7 initial phase -2
¥ it J1I zero crossing 0 i _F = Bosymbol 816 - ¥ chip code & % >
|~ = Symbol #% — i chip **F &% & Zero crossing (I % » H&an T B
chipcode @iz % & M3 A8 2 > 7 ¢ il 3§/ 2 o F] total chip code zero
crossing = & .

1 1 7 1
—x—+—x0=—
8 4 8 32

2.9.4 11M bit/s QPSK

11Mbps 7% % = 5% >+ QPSK- # % symbol ¢ 8 i databits # = (do~
dl ~d2~d3~d4~d5~d6~d7) > & == B 8B bitehFHE > H P (d0 -
d1)i = initial phase (4 2M 5.5M bit/s) > Phase she &40 % 2.4
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Dibit Iplattern .[(Ii_.. dii+1)] Phase
(di is first in time)
00 0
01 w2
10 T
11 32 (—mi2)

% 2.4 11Mbps encoding

di ~d(i+D) %@ @ = (42 vd3) A (A4 d5) - (d6~dT)A B2 g, ~ ¢y ~

@, 2 & - =(di ~d(i+1)) ¢35 4 PN code & pattern » F]* 5 d2~dT7 % 6

i bit § § 2°=64 48 pattern - & 5 64 4 pattern §1* i 5. 5Mbps
7 4 JQ BT B 4 0 0 % 11Mbps #hphase i 5% > c={c0~cT} % 7 4= :

c0: A+t ditd,
cl: ¢ 1étd,
c2:  ftd  t4,
c3: - (¢ +d,)
¢+t

ch: @4t

N

Ca:
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cb: - (¢1+¢2 )
cl: ¢

(d0~dD -2 ¢ > ¢1€{0,%,ﬂ,—£} ’
O e T T
B e L RS 7

T T
(d4 ~d5)it-% ¢, » ¢, G{O,—JL—_} ’ Pb‘¢3:7r :%

2 2
T T
(d6 ~d -2 g, > ¢, E{O’E’”’_E} 4 Pb’¢4:7r =%

c0 X cl #phase £ 3

A¢(c0—c1):(¢1+¢2+¢3+¢4)-(¢1+¢3+¢4):¢2’¢2 = {0’%1”:_%}’ Pb ‘¢2:,, = %

A¢(c1_c2) =(4+ P+ 8,)-(4+0,+0,)=¢5- b,

T T 4l 7
@y, 0, € {0,5,72',—5},-'- (4s-9,) € {O’E’”’_E}’Pb‘(%'ﬂ)” - %

A¢(c2—c3) =(¢+d,+9,)-[-(4 + 4,)]72¢+29,+ ¢,

T T T T
B, b, B, € {Ozﬂ—a} 2¢9,+24,+¢, € {O’E’”’_E}’Pb‘(2¢1+2¢4+¢2)n — %
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M o= B+, + 8- + 8)1726,420, + 6P | sy sr = ¥
R Micacs=r %
R Mics coy=7 %
R Mics cn=r %

F]pt > 11Mbps zero crossing =% 5=1/4 -

BB b 448 Digital Modulation zero-crossing =4 3 2 EVMrms
performance 7% = » 12 1Mbps .BPSK %2 2Mbps DQPSK zero-crossing 4% &
# % ° EVM performance # % = 5. 5Mbps OQPSK- zero-crossing % & # i€ >

EWM & i » # m #F]k p »>* 2 encoding #3>a" A g = o 4k 2.5

Bits/sec | Digital Modulation | EVM(rms) | Zero crossing Pb
1M BPSK Bad 1/2
2M DQPSK Bad 21/44
5.5M OQPSK Good 1/32
11M QPSK Medium 1/4

% 2.5 IM/2M/5. bM/11M bps compare

2.10 # &3+ B (Power Amplifier)P1dB Gain Compression

- RGUEL G BiEpE o £ 5 PA < g4 0 g Input Power 4§ kg <
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Output Poweri§§ﬂ=%fiéﬁéﬁfrgk%%% £ "¢ ¥ Input Power @ 4r = > P1dB sz
& H.12 1 e Qutput Power ¥ ¢ 2 e Qutput Power 4p £ 1dB pF¥r 5 P1dB g >
4o @ 2. 26 °

Pout(dB)

A

> Pin(dB)

 pidB

B 2. 26 PldB Galn Compressmn
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o\

\_.

W
=
-
=

o

H\
e

Bl 3.1 &1 - & RF tranceiver -7Block diagram -’ Data ¥ 2547 e
DB A R IMELS A

= BAE (RF) 50

*
J9 ® %

-~

= [Q channel > (§:E R4 =

(Mixer) » = #g (Up-convert)
P EiEr Fank

% (Power Amplifier)#-31 553

< fS P iE
PTG B E F BTG R T AR R R R e
2%+ B(Low Noise Amplifier)#itgiic <~ » £ 5847 B (Mixer) "% 47
(Down-convert) = fA#FMEL B S fF 2 Data 0 =~

B3 X e anE A o

RF LNA/Mixer/NVCO

Receiver
\F2
= Iz

*‘ E@# LJ /

IF, AGC
Channel

IF PLL
Select PLL

Tank

SO § DAC | |
< =: :

T ~
Power Amplifier @C < S

// \(ele]
Modulator Transmit PLL

Tank

Transmitter

B] 3.1 Tranceiver Architecture
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N B en P et WLAN 3 i 2 o end vk n > KON R Y 7 —%— 4
Bow A SR Bl BB BB R KB 0 o F5 PAS
RAMBFE TR EIANENLE > ¥ 2 AR FHREFAEALTE 2

BL VRS F TR R o de] 3.2
Stepl :Baseband Data 4 = IQ channnel ¢ & > Mixer = #f -
Step2: = 4 i enRF signal i& » PA3x+ -
Step3d: 5§ PA 3z {8 enis BLig ~ Mixer "84 o
Stepd: "% 47 {s eniz L4 = [Q channel :® &k = k4> Data o

T d BRI BTG ﬁ‘?mﬁéﬁf—rg?ﬂ L d BRG BT AR

SR E T LW -

Ideal EVM :i Distortion EVM

.........

Transmitter Receiver

-35-



Bl 3.2 Digital Modulation Test Block Diagram
FRIOF&RREEE T ABA-T > B 3.3% 3.4

Vector Signal Analyzer

Rar =

Bl 3.3 Digi Test Platform

Agilent E4438C Signal generator

PC

Vector Signal Analyzer

GW Power supply
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] 3.4 Digital Modulation Test Platform
4B “75r » Baseband Data it %.d Agilent E4438C Signal generator(it
B A4 E)AL > "M Datas e [+ [-QH Q-ARBE > pE 320

5

stepl » &4 Tektronix differential probe #-differential = B 5id 2
[Q = & 13 55 3% i R&S SMIQ = #7 (up-convert)  #* ks SMIQ 4p % »+ Mixer>
21 47 15 st iE 2 BL(RF signal ) ¥ i PA <9 input » 48 % ** 8] 3. 2 sh step2 » &
d PA 3z * {8 » & Output 5 5o i€ Agilent 89600S Vector Signal Analyzer
(v B EEAITR) 0% > B 3.2 Grstepd s 89600S ¢ #-i%ie k ehRF 12 5im
AR fofE hde (T B 3.2 dhstepd R BN IR B2 £ i 89600S € ¥
£ ¥ 1Base DATA 12 1Q constellation (& KB ) 27k > # 2 5 d

EVM(Error Vector Magnitude) ~ Magnitude error ~ Phase error ~ Quadrature

error ~ Gain Imbalance--- ¥ %3k > 4c® 3.5
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@ 3.5 EVM constellation
ig=x & * e PA Sample #15L % SSTI12LP14A > - #3 £ 5 29dB » & (¥45 5 &
2.4G~2.5GHz - ‘R & # & 0°C~85°C~ % 7 802. 11b #i-3* ™ - Power=23dBm F* -
=% 240mA 0 peF 5 25% 0 % 1 802. 11g #5554 ™ » Power=22dBm ¥ - 4= 7 %
210mA » »x 5 5 23% > P1dB 2-+ ** 29dBm - ®] 3.6 5 ¥ “#5% %% (Evaluation
Board) > B 3.7 % T BB -

@]
]
I B [~ [ S50 AP
L | S0 v el ..,rl,,..-
T i =B
I -]

Lok *® Iqur

0 [
[ & v |T| Suggested cperation conditons:

{ = =
% 0P 1. Voo = 3.3V

Torwr i 2. Center slug to RF grouna

100 P I NVREG=2.25V with R1=1100
a1 1 o 4. R2=0-400 depending on ruggedness
o requrement under overdrive
" Can be replaced by a ~1.2 nH
VREG chip inductor for compaciness
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Bl 3.7 PA Sample Evaluation Board Schematic
3.2 Lookup table #uz =
d - & & ehzero-crossing probability £ EVM 3234 4 472 & — F 1§
P lg %o NP R T P EVWM ehig w25, SMbps & & - IM/2M bps & £ -
T A EVM o AP - A 1 chdiedg & (Lookup Table) o

Lookup Table #3558 4™ % 4.1 :

i

Input Power | EVM | Phase Err | Quad Err | Gain Imb. | Mag. Err

(dBm) (%) (deg) (deg) (dB) (dB)
-20 1.2 0.45 0.01 -0.01 0.62
-19 1.18 0.45 0.01 -0.01 0.63
-18 1.17 0.46 0.01 0 0.64
-17 1.14 0.45 0.01 -0.01 0.64
-16 1.15 0.44 0.01 -0.01 0.61
-15 1.28 0.48 0.01 -0.01 0.75
-14 1.31 0.47 0.01 -0.01 0.99
-13 1.5 0.48 0.02 -0.01 1.27
-12 1.76 0.48 0.02 -0.01 1.51
-11 2.31 0.45 0.02 0 1.96
-10 2.49 0.46 0.02 -0.01 2.05
-9 2.45 0.45 0.02 -0.01 2.03
-8 2.37 0.56 0.02 -0.01 1.96
-7 2.26 0.61 0.02 -0.01 1.81
-6 2.27 0.72 0.02 -0.01 1.61
-5 2.31 0.93 0.02 -0.01 1.48
-4 2.21 1.1 0.02 -0.01 1.45
-3 2.37 1.19 0.01 -0.01 1.39
-2 2.39 1.26 0 -0.01 1.41
-1 2.19 1.28 0.01 -0.01 1.36
0 2.26 1.3 0 -0.01 1.31

# 3.1 Lookup Table
Input Power #-20dBm & 0dBm- & 3 # %}/& 7 EVM~Magnitude error - Phase

error ~ Quadrature error ~ Gain Imbalance % % > &5 S#cdp® » 2 PE v
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3.3 FHEARLT oK (HHKL)

2 % - Compensation Block Digram -+ & Bl 3.8 40T :

Magnltude error Magnltude error
Phase error...... * Phase error......

Compensation path

o @

Ideal EVM Distortion EVM

B 3.8 IQ compensation test platform
dofeam 3.1 4 > B 3.84r® 3.2 Ak F 3 2 L2

Stepl :Baseband Data 4 = IQ channnel #é i& » Mixer = #f -

Step2: B 47 15 9 RF signal :& » PA 2z & o
Step3 PA TR S m: ¥ i~ Mixer %3 3}:;1 o

Stepd: "% 47 {5 eniz 5L 4 = [Q channel :® & = k4> Data o
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Stepb: #-1Q channel ¢ Data 4 47 % 5.5 5 > ¥ ¥] Magnitude error~Phase
error % %#k» #-H % & k%% Input Power 7| % %l & Lookup table °
Stepb: #- Lookup table #hig i 1848 i & /%1% w i X Baseband Data ik Eg »

ez R ki £ 0 ][Q signal o

At @ %P 1 GPIB Port s RE p i AlenEL S 0 § PARELEDL
Agilent 89600S & 13 5L4 7 ik (Vector Signal Analyzer)f# d) 3% i s koen
Data T 4 47 1 EVMrms ~ Magnitude error ~ Phase error------ g % €
i## IEEE 1394 Port w @ 3| & "t > VP2 2 47 Xk > 4% Input Power * |
#l = lookup Table » £ P2 inverse: i p d+4rd]en> N FwgFE ik >
E 3L EW ehp ehe ﬁvﬁ}\ mf’”é,qu |# Labview = & - ik ¥y IEEE 488. 2
ik 4y standard iR E T a‘p GPIH Port ; TRTrREERBERERF D

@ [ /\ o A P i, ” "_,- : '-II
Agilent E4438C Signal generator
o- e o SEEs Q
= m— e == e@ i
IBe | BEo e 3 et gag;
= O 858 55E e
il

x
0
+
O

Tektronix differential probe

[ ]

Agilent 89600S
Vector Signal Analyzer

. £
Il{..q e

GW Power supply
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Bl 3.9 IQ compensation test platform

B 3.10 % 7+ 1Q compensate 1§ ¥ 7+ & B:

F4eBaseband Dataz [(n) ~ Q(n) » 47 i & ¢ Lookup tablem % » & & I=tg
£ (Magnitude error)if ~ » P& :E1Q amplitude modulation & 2 12 it &
Ic(n)~Qc(n)4c » I(n)~Q(n) > &4+ @ F [a(n)~[a(n) »F F_4p =% (Phase
error)i® ~ - i :iE1Q phase modulation # 2 2 & & Ic(n) ~Qc(n)4e » [(n) »
Q(n) » ¥ #3 u(n) ~ La(n)

d > 4p £ %4 EW(Error Vector Magnitude)+ it ¢ Magnitude error s
% Phase error--- % # &5 SBcsrip 4 0 F A iz 6 FIE T A Sl

% @ % 48 Lookup Table =f 4%
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B] 4. 28 Gain Imbalance vs Pin on Sample 1 after compensation
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Bl 4.40 % % % 1IM bps 1Q constellation # P1dB 2h4F iF & 1 ernsg it o

original

compensation

B 4.40 11Mbps EVM Constellation Original vs. Compensation

3% P~ P1dB 2L EVMrms & vvipee s @0 32 & & e, v @R T A% 0 £

4.1:

EVMrms(%) | 1Mbps | 2Mbps | 5.5Mbps | 11Mbps
Original 3.18 3.03 1.78 2.7
Compensation| 2.42 2.31 1.51 1.92

Improvement | 23.9% | 23.8% 15.2% | 28.9%

% 4.1 EVM improvement summary
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