(RF/microwave)

5 GHz U-NII

(bit error rate,
BER) (error vector magnitude,
EVM) (adjacent channel power
ratio, ACPR) EVM ( )

(gain compression) (LO
feedthrough) 1Q (gain imbalance)
(carrier frequency offset)
(phase noise) (intersymbol
interference, 151)
(bit error rate, BER)

)

5 GHz U-NII (unlicensed-national
information infrastructure band 5.150 5.350 GHz
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5725 5.825 GHz)
WLAN) IEEE 802.11a
IEEE 802.11a

(orthogonal frequency division multiplexing, OFDM)

54 Mb
OFDM

(wireless LAN,

HIPER&AN

B _ U-NII

JHTETTE & ™
JIILLALY 1,1 1,

|tS/S 505 508 3.0 A0 55 3713 5.8250GH

(frequency selective fading channel) 5 GHz
U-NII

200 MHz 8

20 MHz 100 MHz
4 20 MHz
52 48 4
0.3125 MHz
@)
s i I/Q Demodulator

Tulerlersuve

RIV BRI

Receive Bund

s

Planar
Anlenna Rx

Y.
*

Interlereuce
spnale  Tieired e sigual
Chunncl g 5159
f oW
(’oc

LNA

VA Mixer 1 BPY

bamneanyartad ["spreaded” by LO phase golee
hezired Bignal and ontamiate desired signal) | 1

I Amp

51775”5.825GHZ RKH 1 }" EREEEE R I Q
Synthesizer | Baseband
Sa5-5545G1, | 0000 0 S —mm o ——————m——— 4
F Y Tx Frequency
Synthesizer 1/QQ Modulator
Tx sso0-sssoGitz |00 _
desired 5.725 ~ 5.775 GlIz I |
channel siganl  3:d-1M DD to
% adjacent channel PA

Mixer 225MHz

(b)

GUDM signal speclrum

————  Power Control

|

|

|

|
@ 2 :
VO |
|

|

|

|

|

1. |IEEE802.11a (WLAN)
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(frequency synthesizer)

1 5 GHz
RF (duplexer) (LO)
(antenna switch)
FR-4 1.
RF
(RF bandpass filter) (low noise
ampliter, LNA) (mixer) (IF) (selectivity)
IQ (IQ demodulator) (in- S (Sparameter) S,
phase) (quadrature)  1/Q (return loss, RL) S, (insertion loss,
(baseband) IL)
1Q (1Q modulator) 5 GHz RF
(power amplifier, PA)
(up-/down-conversion)
(vector network ana-
- lyzer) S S
— O
=1 s
(SWR)
5.8 GHz
Incident Soq Transmitted muRata DFCB25G8OLBHAB
a1 L ‘)
511 v b2 50
Reflected [ I DUT I J S22
Port 1 Reflected 2
b1} ¢ z a2
(a) “Transmitted S12 Incident
m 3
0 b ] i &
] I|I /‘d_HMh—— o E I,l'll \
= 4] \f g i / \
: | |II ) _ |I \
] I|l I|I _ 7] l'l \I
- | T f )
E II f N . \ IJ \.///r
) 1:—: l Ilﬁl _ —3[:_: !
""-"_||||||||||||||||||||||||||||||||||||||| 49_||||||||||||||||\||||||||||||||||||||||
34 35 FNH] 45 ] ) 2] 2] T L) Ah A1 4k L b &0l 6L ]
m4 m 3 - i}
fiecy=5 800G Hz fmg=5 200G Hz
(b) |BBPF5GHZ.S(1)=-17158 © dB BPF_5GHz.8 €,1)=-1.865
2. 5.8 GHz (Sw (S)
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(@)

00000
100 00C
00000

(b)

Noise source

3. Agilent N8775A
(calibration) (b)

(return loss > 10 dB)

tionloss< 2 dB)

2.

290 K
SNR)
(noise source)
diode)

(Tw)
(T 3
5.7 GHz

24

(@)

(measurement)

(inser-
200 MHz

(noise figure, NF)

(signal-to-noise ratio,

(avalanche
+28 V

Agilent N8775A

Transccm

90.12

LT
BV = IT O
l 8.2nF 0.7pF W=2mm
O 1/4 AL=2.6mm RF out
Wednm W=l — H:’T(
1=2.6mm L=9mm
0.7pF
_| P
0.7pF 0.7pF
W=2mm =
L=3.3mm W=2mm
L=34mm

510chm =
Ikohm

1
5.725 5.745 5.765 5.785 5.805 5.825
(c) Frequency(GHz)

4.5.7 GHz

TC2281 (GaAs PHEMT) Ve 3
vV 1, 10mA
single stub
(bypass)
4 57GHz



5.725 5.825 GHz S

1.6dB
3.
Vo= ko + kv, + kv + kv
f v (t) = Acos
(2rft) V()
f, 2f, 3f, 4f, ...
(harmonics)
GSM GMSK
(channel )
GMSK (spectral efficiency)
I1S-54 DQPSK v, (t) = Acos (2rfit) + Acos (2rf,t)

V, = ko + kv + kV2 + Kvi P+ -
=k, + k,A(Cosw,t + cosw,t) + k, A’ (cosw,t + cosw,t)? + k,A’(Cosw,t + Cosw,t)° + -
=k, + k, A
+k, A’ cos(m, — w,)t + k, A’ cos(m, + w,)t ... 2nd-order IMD (o, + ®,)

+(klA+ % k3A3) cosm,t + (k1A+ % k3A3) cosm,t ... foundamental component (®,,®,)

+% k, A% cos2m,t + % k,A’cos2mw,t ... 2nd harmonics (2w,,2m,)

+% k,A® cos3w,t + % k,A’cos3wm,t ... 3rd har monics (3w,,3w,)

+% kA’ cos(2m, — w, )t + % kA’ cos(2m, — )t ... 3rd-order IMD (20, — w,) & (2w, — m,)

+% kA® cos(2m, + w,)t + g kA’ cos(2m, + )t ...... 3rd-order IMD (2w, + ,) & (2w, + )

Frrerene
f, f, 2f, 2f, .+
f, 2f,+f, ft 2f, 2f, 2,
ft f, f,—1,
(intermodulation dstortion, IMD) 2t f)  (f, 5
+ 2f) IMD
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n
E IMA 0y |y 2o+, 0y + 2,
@) — @y . 2 2
| bl e alhs
®p O3 B O] O C o 20y £ 3 "
5. IMD
(intercept point, 1P) 42 [Tip3 _ ;Ps
(3rd- 40 s /’o/
order intercept point, IP3) IP3 s ,/" /
T 36| 7
_cg s b &"
= ¥ PRt
g 32 : Vs P /(20\-—( 2.)
o - FldB P T
I 1-dB ¢pmpression
point -
1dB (1-dB il -/
1dB e 12 10 8 . ' “.4. "2 o 2P(IP3)4
i(1dB) !
7 1P3 1dB Pin (dBm)
1dB P
@ (Pus) 6.1dB (Pus ) (IP3)
@)
(©)] 1dB P,
2
IP3 « 7
4) D RF (power
combiner)
RF Signal Generator Spectrum Analyzer
7.
RF Signal Generator combiner (two-tonetest)  1P3
26 90.12




e I
8V =
B S s T + l <
+6V = P W=2
— = 8.20F 0.7p! conm
o F 1T ] - :TI: :L: O 1/4 . L=59mm RF out
OV = = 8.2nF 0.7pF W=2mm W=2mm IH—3 /
_-l:- ll O 1/4 % L26mm L75mm 'J 07IF D N
= SXFOTF W=2mm W=2mm " -
- — =Zmm
tune stub  W=2mm Iﬁ—{%nm L—%n_l 07DF D D L=3.6mm
L=9mm 1 D W=2mm W=2mm
|_| 0.7pF 0.7p L=33mm L=4.2mm
X W=2mm == =
0.47pF =
RF in P L=3.3mm W=2mm 2 5100hm
= 2281 L=ddmn
W=2mm 3000hm = Ikohm
L=3.4mm
3000h: Ikohm
— -3V
Ikohm =
— 3V l
(2) 1
30 20
"0 rw
28 o
26 1
— tra 207
& e =
< ? - ¥
3 22
g =
20 7 b il i
70
18 LTS 5.T46 5.T4T L.T48 57409 £.750 5.754 GTEE 5753 G754 5755 BTG
I I | | m 5.751GH:. Hu 5. 752GH. : olp3
i L . Z] =2- z
16 2 s 16 0 b 0 . . ] races-0 433 Twaceo dsapi __ 36.390)
Pin (dBm)
(b) 1dB ©

Agilent ESG)

@

RF

f, f (1)
©)
(4)

mf1+nf2, mfl_nfz
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1
P|P3 = E[3X Pf1 - szl—fz)]
5.7 GHz Signal Generator < ...,\
Transcom TC2281 :
TC2591 8 bL7GHz ' |
1dB il v
28.5 dBm OIP3 = 36.3 |
éem ey e )
5062
4. Toad
Signal Generator
(conversion loss) (isolation) Sfeciouin Analyies A —
: £~ VSWR to DUT
] __
(b)
(single-
ended) (singly balanced)
(doubly balanced)
1)
9(a) LO RF 5@
LO to RF Leakage e
ienal Generator L0 Feedthrough
(©
2
9(b) LO 9. @
IF 50 Q RF (b)
LO RF LO (c)
RF
LO IF
@) IF
9(c) RF
S RF
RF 4 IP3
IF 5 Q LO 10 IP3
28 90.12
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Ccw

(5) SSB
11

5.7 GHz

NE32684(HJET) RF

5.725 5.825GHz LO

5445 5545 GHz IF

280 MHz 12 57 GHz
@
5725 5.825 GHz 17 dB
(b)
5.445 5.545 GHz 15 dB
(©0 280MHz
10dB (d SSB
125dB (¢ LO-IF
() LORF )
9.5 dB (h)
LO LO
3 dBm i) 1dB
P -5.4 dBm )
OIP3 6.4 dBm
5. (FS) (VCO)
(phase-
locked loop, PLL) (frequency
synthesizer, FS)
(LO)
(
5GHz 2.4 GHz
(frequency doubler) 5 GHz
1)
13 2.4 GHz

(phase-locked loop, PLL)
fo

RF Signal Generator Spectrum Analyzer

combiner

RF Signal Generator

RF Signal Generator

10. (tow-tonetest) 1P3

RF Signal Generator

Broad Band
Noise Source BPF Mixer

RF Signal Generator,

11 SSB
(VCO)
(divider) (phase
detector) f, f.
(08
fo
(2) VCOIFS
L(f,)= N(f, @EHZ BW)
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30

W=2mm > =
L=5.54mm 9lohm NE32684

u
0
| 5
‘U;I ——
SR
7l \ //
s
o
) \ /
;qu 20 \
= \ /
En
I v
&
30 | |
50 =1 52 Ex 54 55 54 53 Ex 55 40
(a) frmcg, (3H=
i
- B
o=
o1 i
(’Q a
|TJ 3
e
ol
ol
{._Jl .
-
Exd e N
o A
5 |
' I I
200 210 220 230 240 2BG 260 2T0 ABO 290 300
(C) Iresy, MH
il T
' \ ' \ ' \ . B '
. S S S U S DU S S T
' \ ' \ ' \ . ' '
o
P T
= ' | ' \ ' \ . ' ‘
K .
=
£
L e T S
o
T
=100 pe ool yvonl ooy by v enl ey ol p ey leny s lyw e leayelyns
55 5505 551 5515 552 5525 553 5535 554 5545 555
(e) Freq(GHz)
12.5.7 GHz

(d) (e) LO-IF

LO () 1dB ()]

90.12

[
= ]
A I
w10
rry 7 /
[_]:’ -
+ | LT
e
M n
< _
H 30
kxS =
] ]
40
I I I
s5p 51 S3 53 54 S5 55 57 S5& 54 6D
(b) Levey, QT 2
20 -
- - - - - - R e IRV
o
Z w0 .
T
= .
N R N R
° ] ] ! ! !
220 240 260 280 200 320 240
(d) Frequency({MHz)
0
20 - -'- - 5 - 2t bt b e b e e
s |
B
=
5 I
® [
o8B0 - - -1- - £ - -i- - ¢ - - L T
2 L
e
i i i i i i i i i

g C
55 5505 551 5515 552 5525 553 5.535 554 5545 555

() Freq(GHz)

(& RF (b) LO (€ IF

(f) LO-RF () (h)



o T T T T 50 F
S : : | wfo S
S i e
E T 1 1 ! =4 30 E— e e e T T T R
FTAOE - - - - - - - s - - - -4 - - - - - - 2 E , ,
B . . -
- g E 1 L} 1 1 L}
5 : ' s E
o . . 6 E
A - - s - s - - - R T IR E
20l i H H i : ! 1 | 1
5725 57315 5745 5755 5.765 5775 -6 4 -2 1] 2 4 -]
(9) Freq{GHz) (h) LO Power{dBm)
o . inl
5
Z0 #
5 '
[+] '
o
A5 . . ; : . . :
: : : : : : : ' I"'.'Idlsll'.'.'ld':ll"'n"ﬂ;ll"'n"ﬂ;""'}";"I'I'}‘ll.ll".“;ll'l'n’";ll'l'n"adlll"'.'"
20 N I I 1 L. 1 L. — — e e
-5 -3 -1 1 3 5 7 9 . fireg 55K R| v §.T4E01R P
(i) Pin(dBm) (]) lioels L0 mEond B ALY 6.417
12. ( )
Directional
Coupler
Phase Detector B
{ MCI12040 } veo ; ;
= OUTPUT
Crystal
osc ©
IMHz ;E
Prescalar Prescalar
MCI12026(+17) MCI12079(+64)

2176MHz PLL

!Firx
= iﬁm

ik

ouT

2.1-2.2GHz VdO

13.
2.4 GHz
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(a) ~

Output Power (dBm)
N

C
Frequency
t (b)
Desired Desired
signal Lo
Unwanted l/ Phase
signal noise
IF
T Noisy LO
> f
fe—IF — fe— IF —
0 e—IF—> fy
14,
C fo N
f, f, 1 Hz L(f,)
14 14
(SSB)
(RBW) 1 kHz
(span) 100 kHz 10
kHz
RBW
10 kHz 1kHz
10log(1k) =30 dB
1dB 1
dB
(3) VCO
VCO

32 90.12

= ' ! K
S *\g I R S By '+ 1128
L - | Li=z.16882409
H ] i A |
) h o e
EE B R )
- UREREN \ e o d T2=2.16685:02
E ! b1 i bl |
= = f e i I
fiye :
| L - | Phase Noise =
Ll 5 g , ©—| -87.833 @ 10Kz
= M W#WMF
:_wl.\ i ! | [ | Pow'crzﬁ dBIﬂ
31687 OHe  FREG 2.1685 GH2 E
@
oo ML - o
s Y P ki
Sl ==t H1=4.5G00+00
| T1=2.1935E+03
b [2-m
oo 7,
o T - | ¥2=-52.5008+00
2 MY 4 I1=4.3757E+09
5 Yl Li-m
2 1

: H3--46, 16EE+0D
B [1-6.0A01R:09
LU VE

- _ cgq e 4= 50.B56E1G0
734 .0 Miz PRED 13,58 GHz RL'_:B.?’L?SPEIS‘

) -

15. (8) 2.12 2.203 GHz VCO
@10kHz (b)

VCO

VCO

(4) VCO  Pushing Figure

VCO VCO
pushing figure
02V

(5) VCO  Pulling Figure

VCO VCO
pulling figure stub



RF BPF LNA

IF BPEF
IF Out

Mixer IF Amp

Receiver architectore

£.7QHz Roaoivor

LO
16. 5.7 GHz
tuner VCO dBm 1dB
15 —4 dBm (© (d)
4 6dBm 5.75 GHz 30 dB
212 2203 GHz 87 dBc/Hz (e
@ 10kHz pulling figure  pushing figure pulling 4.4 dB ()]
figure 50 Q 75 Q 575 GHz
(VSWR = 1.5) pulling 4.7 dB
figure 14 MHz @ SWR =15 pushing figure 1 5.7 GHz
02V
pushing figure 400 kHz @ 0.2 V 13
212 2203 GHz 2. OFDM
2.176 GHz
2176 MHz 2
MHz Motorola
64 (MC12079) 17 (MC12026) (E/N,)
2176 MHz =2 MHz x 64 x 17 (CIN)
C_ER
N N,B
1. C
5.7 GHz N
16 E,
280 MHz 17 @ N,
5.75 GHz R, (datarate)
(b -34 B (H2)
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Pout{dBm)

(a) Pin(dBm)
i
= z[:—:
7 1o
of =
lb_||||||||||||||||||||||||
|P‘ (RJP E‘f) ||tr)“ |& 8\
SE- T R
| 2 ] lD.'J =
1) Il T =
'IJ wl " ]
o
(c)
-
-
o
]
LI I B B B S B B B B B B B B B
i o o iy o 0o’
I|—‘ lI’\J ll‘-\J II[" I(J" Ll
e ! =
™ o Ld " o
by = m i =
s} "
E1 il
(e)
17.5.7 GH @

@f=575GHz (¢

(S/N)

90.12

o

z

£

o

0

@

e

=

£

[=]

L&)

c

‘m

<

(b)
o
z
5
w
a
c
S
W
2
=
S
&)

NF{dB)

®

©

Pin{dBm})
a0 ¢
I S
S
15 [ -
105— -
D:l |I||||I||w|l|-||;|-||
5725 5745 5.765 5.785 5.805 5825
Frequency(GHz)
8
-1 e T
2
[ S T T
BE - - - - oo oLl ooL o
sspoc SRR SRR R
5L - - - - - [ e
P ey
i L i
270 275 280 285 290
Frequency(MHz)

@f=575GHz (b)
C] ()

N
N, = kBT
k (k=1.380x 10 J/°K)
T (°K)



1.5.7GHz
5.7 GHz Receiver RF Front-end
RF Frequency (Input) 5725 5.825GHz
IF Frequency (Output) 280 MHz
DC Voltage/ Current +3V/-3V /33mA
Gain 30dB
NF 4.7 dB
Input/output Py —-34dBm/ -4 dBm
E
S =KTN:R, Nz
( T=290K)

E.

OFDM
(digital audio broadcasting, DAB) OFDM
DAB channel 1.536 MHz
Philips DAB Test Encorder PDE 452  DAB Test
Receiver DAB 752 5.7 GHz
OFDM 18
DAB Test Encorder
OFDM 5.75 GHz
192
MHz DAB Test Receiver  OFDM
DAB Test
Receiver BER 5.7 GHz
DAB —93dBm DAB
( 57GHz )

(bit error rate, BER) 10" n/4-DQPSK
E,/N,=850dB (@BER=10")

S(dBm) = ~174+ N (dB) +10log[R, (bps)] + -~ (dB) 5.7 GHz 47 dB
OE., (sensitivity) (DAB
=—144+ N (dB) +10log[R,(Mbps)] + N (dB) 1.536 MHz R, = 1.536 x 2 Mbps)
Sengitivity § =-114 + N + 10log [R(Mbp9)] + (E,/No)
IEEE 802.11a WLAN OFDM =-114+4.7+10log(1.536 x 2) + 8.5
20 MHz =-95.63dBm
Philips PDE 752 Test Encoder
hstin — o0 O E| ooo o=
e <0 DO OO
@ om EI'__ ooo Qligl a <
sE B oo ©
_ (] oo : -
W 280 MHz ki
/. o !J)AB OFDM signal
5.75 GHz 5.75CGHz 280 MHz
Receiver
Adjustable RF Front-end
Attenuator
Up Down
Converting Converting
LO LO
18.5.7GH OFDM
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2.5.7GHz

Sensitivity Sensitivity
BER (measurement) (ideal)
10" —-93dBm -95.63dBm
2.6
dB 2 cable loss
implementation loss
3.
57 GHz
19
-17 dBm
1dB
E
o
&
&
(@
50 C
g
8
.5 L L e
E e
S sofF- - -t - ot
P Ll |
5725 5745 5765 5.785 5.805 5.825
(c) Freguency(GHz)
20.5.7 GHz @
@=5.75GHz (c) (d)

36 90.12

(d) L Z=13020 \gace? 30073 34.717

L0
PA

: -------------- : RF BPF IF BPF IF Amp
RF out ! 1

1

H |

e mmmmmmcmmaad Driver Mixer

amp

Transmitler archilecture

@)

(b)

19.5.7 GHz

o
=
[
il
[l
o
2
[~
E
=]
[5]
=
[}
o
5L i i i i i i i
=36 =34 =32 =30 =28 =26 =24 =22
(b) Pin{dBm}
a0 m 1

- Th

A
v

I

e b= TH ¥ T Y

il T T T T T T T T T T

STAS 5746 5747 ST4E 5749 5750 5751 S95% 5951 S 954 STSS
Lizey, Ol

m 1 m 2 oip3
fimgy STS0GH z|imxg=b SA80 1w

@=5.75GHz (b)



Ref 38 dBm Atten 48 dB Ref 38 dBm Atten 40 dB
Samp Samp
Log |i%9
18
Y : a8/ fa’“"““”" :
e e -
WW 1 WW - I
I At
Center 5.75 GHz Span 5.333 MHz Center 5.752 GHz Span 5.333 MHz
#Res BH 38 kHz HWUEH 308 kHz Sweep 12,88 ms (401 pts) #Res BH 38 kHz #JEH 300 kHz Sweep 12,88 ms (481 pts)
Channel Power Power Spectral Density Channel Power Power Spectral Density
16.11 dBm /1.6000 MHz -45.93 dBm/Hz -15.27 dBm /16008 MHz -77.31 dBm/Hz
main channel power (@) adjacent channel power
Ref 30 dBm fitten 48 dB Ref 3@ dBm ftten 48 dB
Samp Samp
Log Log
18 o o
- = I T Sw—— B/ [od I .
L
AT
Center 5.75 GHz Span 5.333 MHz Center 5.752 GHz Span 5.333 MHz
sRes BH 30 kHz 2UBH 309 kHz __ Sneen 12.68 ms (491 pts) #Res BH 30 kHz #UBH 30 kitz__ Sueep 12.68 ms (401 pts)
Channel Power Power Spectral Density Channel Power Power Spectral Density
19.30 dBm /1.6000 MHz -42.74 dBm/Hz -2.79 dBm /1.6000 MHz -64.83 dBm/Hz
main channel power (b) adjacent channel power
21.5.7 GHz ACPR (8 ACPR = -31.4dBc @ main channel power = 16 dBm (b) ACPR =

—22.1 dBc @ main channel power =19.3 dBm

280 MHz IF
5725 5.825 GHz RF
20
-25 dBm 1dB
25.3dBm 50dB OIP3
35dBm 3 b575GHz
(ACPR 21)
4, (ACPR)
FM (sidelobe)
( QPSK raised-cosine
filter GMSK Gaussian filter
)
(adjacent
channel interference, ACI) PSK

( QPSK m/ADQPSK )

ACPR
( )
Philips DAB test encorder PDE 452
OFDM

1.6 MHz
21 16 dBm
ACPR  -31.4 dBc 19.3
dBm ACPR -22.1dBc
5.
(EVM)
22 57 GHz
( Agilent
E4433B) 280 MHz  32QAM
1.2 Msps SRRC (square root
raised cosine filter: o = 0.25) 1.536 MHz

DAB OFDM
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3.5.75GHz

2.4 GHz

5.75 GHz Transmitter RF Front-end (input SWR <2 @ 5.7 GH2)
IF Frequency (Input) 280 MHz DAB test encorder DAB test
RF Frequency (Output) 5.725 5.825GHz receiver 5.7 GHz
DC Voltage/ Current +8V/-3V/540 mA OFDM HP3648C
Gain 50 dB 3 GHz
OIP3 34.7dB
fr I L H
P ST (frequency doubler) @] | 5 6GHz
ACPR* —31.4 dBc@main channel power = 16 dBm 13 dB (@ input power =
—22.1 dBc @main channel power = 19.3 dBm 14 dBm at 2.7 GH2z) DAB test encorder 1
* With DAB OFDM signal : BW = 1.536 MHz kHz 15
DAB test receiver BER =2
x 10 4 57 GHz
(vector Signd anayzer)
EVM
EVM 1%
EVM 1.6% (
-50 dBm) 23(a) 1.23%
5 Msps
EVM 3%
EVM  54% 23(b) (BER) (EVM)
4.5% (ACPR) 5 GHz U-NII
6.
24
280MHz 5.75GHz
;_fila’.,.iﬁi;: 5.7 GHz 5.7 GHz
2| 31 ";—f:. == Transmittcr —'-_b Receiver
2 Ia. == == jgﬁzg RF Front-end Adjustable RF Front-cnd
E4433R Attenuat .
Series Signal Generalor et L
H @ ©
LD Lo 89410A
Vector Signal Analyzer

22.5.7GHz

38
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[ H:ﬂ Cﬂrll]r senan w%cf%ouﬁmsyw 444.03  n 160.72 deg e F“H CNPI]JP — H%(fséo.(r)f)"esyu-u 813.98 n -119.17  deg
1.5 PULSE NOT FOUND PULSE NOT FOUND| 1.5 PULSE NOT FOUND PULSE NOT FOUND
|
I-8 I-0 ]
300 300
/cii‘vI di‘\lu!
=-1.5 =1.%
5 = 1.0051 E 5 = 7
3 PULSE NOT FOUND[,EVT_ % oo s 3 | PULSE NOT FOUND[ EJM - H ;iagéﬁm g
. LR I KA iy
e Phose Err = 910.12 ndeg L infiag ” - Phase Err = 1.6805 deg
3,5142  deg pk ot _syn 104 Il Al -6.7404 deg pk ut sym 115
500 Freq Err = -6.5382 Hz 500 i (1Tl Freg Err = 23496 Hz
(o1 10 Offset = -55.047 dB e - 10 Offset = =553 dB
sdiv SNR (HER) = 35.834 dB raiel | O I 1T SHR (MER) = 31.777 B
o e T ol ToE
' i 13 10010111 00009111 13 90100171 16190171
o 48 00010000 01110010 0 48 Q101000 1010011
| 64 11110001 10110110 % 64 00001110 11011101
-1.9736841917 1.9736841917 -1.97368491917 1.9736841917
HfE [ HEAE: EVM=1% FEE U TR : EVM=1.6%
(@) symbol rate=1.2 Msps)
[RACE Pl Gikr. 200" H%%OTOHIEWN 740.08 n 78.195 deg TRACE A5 ke 2" N%‘f%oyomsym 492.89  n -164.87  dea
1.5 PULSE NOT FOUND PULSE NOT FOUND PULSE NOT FOLND FULSE NOT FOUND
|
1-2
300
fdi!\.!
=15
5 = "
- LSE : UkD BF%Q]S S gkoilssm HIPHS 5.4813 KPS
. - KK
- inHag I Phase Err = 2,7585 de
I Al 13.583_  deg pk_ut syn 6
500 Freq Err = -15,466 Hz
[ I8 Offset = -54.186 dB
fdiv SMR (MER) = 26.418 dB
0 R TE i
16 MIO 11011001
32 Q1110110 01111100
4] 48 0QOOOO10 01001010
E3 E9 10100101 10100011 |
-1.9736841917 1.8736841917 -1.8736841917
AFE EfEA: EVM=3% TR : EVM=5.4%
(b) symbol rate=5 Msps
23.5.7 GHz 32Q0AM EVM ( -50 dBm)
Wired Transmission Test (@ receiving power = —50 dBm) 4,
(through cable connection with adjustable attenuator to control transmission power) 57 GHz
Modulation signal No RF modules With TX & Rx
(only ESG to VSA) modules
32QAM (symbol rate = 1.2 Msps) EVM = 1% EVM = 1.6%
32QAM (symbol rate =5 Msps) EVM = 3% 4EVM =5.4%

Wireless Transmission Test (@ transmitting power = 23 dBm)
(through 2.4 GHz dipole antennas:. input SWR < 2 @5.7 GHz)

Modulation signal

15 m distance (indoor)

DAB OFDM (BW = 1.6 MHz)

BER=21x10"
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192 MHz

Philips PDE 752 Test Encoder Tx Rx

o @ @ v Anlenna Antenna
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P wor @@ @ e E
PP ET v @ @ —
5.7 GHz U 57 GHz
PIIILIPS

Transmitter | Receiver
TOE 452 DAD 145t eacudar M 5 75 GHT
280 MHz — 5.47 GHz

DAR OFDM signal

— Frequency WET=TEEEEEE
S FyBER[EEIRER
= RORRIcE OFEEEE0
(OFEEEEEEEO Cm HAHERS G R
AR nAt s [0 HI §648C
O gpoojooo g o & HP §36204 RF Sivral G .,
IIF 8648C 2.735CHz Sgnal tremeralor

Synthesived Sweeper
Rl Signal Generator

@

(b)
24.5.7 GHz OFDM
input power = 14 dBm at 2.7 GHz)

EVM = (average error magn.itude) < 100%
peak symbol magnitude
(error vector magnitude, EVM) (adjacent channel power ratio,
( A-1 ACPR)
(vector signal analyzer) A-2
EVM ( Agilent ESA E440 x B)

ACPR
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A Magnitude Error
Q N Error Vector

Measured Sign

N\

Ideal Reference Signal

Phase Error

Y

A-1. EVM
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