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Abstract

In recent years, orthogonal frequency division multiplexing (OFDM)
becomes a key technology in the development of new wireless communication
systems. It enables high data rate .transmission and is suitable for frequency
selective channels caused- by multipath .propagation. On the other hand,
multiple-input multiple-output (MIMO). technique has a great potential of
delivering either a dramatic”increase of throughput or improvement of link
quality. Combined with the MIMO "technique, OFDM systems become more
suited to next generation wireless communications. In this thesis, a complete
verification tool and environment for 2x2 MIMO-OFDM are developed. First, a
PC application software is developed; most of the communication parameters,
including adopted transmitter and receiver algorithm and structure, RF related
settings, and so on, are all configurable on this tool. Second, a couple of
self-designed FPGA boards are implemented. In particular, DAC, ADC, RF, and
USB modules are integrated into this platform. Finally, to verify the system, real
time video frames are transmitted from and received by PC through the USB
interface, and the received picture and post analyzed results are calculated and
displayed on PC. Based on this system, a MIMO-OFDM system combined with
Reconfigurable radio concept can be verified and analysed.
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Zlk Hlkl H2kl X1k Hlkl'Xlk—’_Hgl'Xéc
zi||HY HS| | xE| AH, X HL - X (2.6)
BAR YT AT B MIMOZ B il i Bk 5 H B 4o(27)58 #1F o

=~k ~k

ok Hii Hx

H =
~k =~k (2.7)
Hia Ha

BEFEAV-BLASTHE 2425 » 2 4 2 a3 PR &IE » &% - [FET
P G REF R R IRLE R D RRE - AT BRI
AL 4e(2.8) 74 #1or o

bi| |4
—Wh.
l/jé Zk (2.8)
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He Wi b fgmaed » kRZFEMMSER % ¥ #6307 %
% 0 4eZF>(2.9) 3% 22 MMSE*+(2.10) 58 #777 o

(1)ZF
itk ([ E ) (2.9)
Wk:( k) :Hk.[(Hk) k]
(2)MMSE
2 -1
W = k(Hk) + 0 NIy (2.10)
09

=k + Voo 3220 S 2 N . s - Re 22
2 (H ) i BaE 2 g F 4 (pseudo-inverse) o of v ob R £ -

BERAREF - BIAGHEIZ NN » 2 E 3 Qe

o2 = E{(ﬁ - E{ﬁ})2} —E {n2} — E%m) (2.12)

PA-oMRETREARSR B IEEFTH G R R Y AR e V(T

TR R E W B SR B =HE S F R R R e(2.12) 5
SRR AN AR AR S

~k e\ V][40 — Ha- D2 k2 ek P2 L
D = (Hu) (H12) o | = H| | Huef |- X
Zy — Ha - Do
=k ok
~k e\ g\ ZF —Hui - Dy B2 g 12 i
DQZ(HQI) (H22) . o T H2| [ H2| | X
%o PP ETOR O RINCREAC B 27 40 0 TR R TR R
v Y ﬁ?*’E’MRC s Fp Hoaa vt F - FEERZ AR D R - PR
TR ZFEMMSE S > 2 ¢ ZFeh 2 ¢4 30 F B gy o
Mo AEIF A W ay s MMSES 2 5 < £ je i FlF > Flytoaka v ofRE o
PETERATELE o
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V-BLAST

Detected

l Detected
<$mmmn
Suppressed 0 e
Detected Cancelled
Suppressed 9
Detected
HEEEEN
Decoded

LLLLL]
Suppressed e at

B 2-7 V-BLAST 74 i ipl 4

2.3 p FAE A IR PBIEE

%7 A % 3 MIMO-OFDM & 413 21 & Se2 4§ A HF[16] > & % B p (747
A B > 2B F % T M AT MIMO-OFDM % 5 @ #7233 e
H[17]-[19]% 5 - Bep FF 8 2R A #HIEH - A 5 7 te 200
feF g RS 0 AR A B TR G ORGUR RS D i S B
AL B RRY REMBASAT ARG S - p FFAH
MIMO-OFDM & #iL 31 % 5ert ip 2 HAdo B 2-8 #7577 » 037 30 % Se 2 4
® > 5 OFDM#+ 3 & (AFFTL IFFTH 4 > 5> HIFFTR * 22 3 Jk H
ho@] 2-11 #57 > AMIMOF TRt & S3RA 3 * 2x2 X AcF i h B 2
SAH AT REAIFEE YR ERFE kA AR AFEFA
ACF R L BF AR AF AL DBE S N A ST AR

14



T R AT F HIEEES02. 1la%§%[20] BT R MA S
e 2 A EE R B
3o 4 FnARACR) 2-9 H1F 0 4 e f*##ﬁr%l 2-10 °

B ﬂﬁ%ﬁ?%

Hppdte 2 A e AR A F LS 0§ 748 MIMO-OFDM

& R 7}5 v
L P o SiE RIS H
7 7% MIMO-OFDM & 413 2 % % IEEE802.11a
e 4 LR AR B 2-12 Aror o Bt dte 4 S GRARER ¢ R A IEEE802.11a
T @ BH P i 5L (signal) 8 >
AR RY EE Y TALGRERCHS 2B Y S
B e[21] B F & CHL chE B 2 %k RiplHL1L 27 H12 3 3§

B 5CH2 ¢ * ch& B < (long
preamble) ;
A & 2
BREZ AT B > B * CH2
2 BT R ERIMIMOZ B i el if Pk 5 B

(I G I S UPEE AN S

E Ak RBipIH2L BH22 i i B B
o sradlens wE B
P E Blge e g s AL
g oo 4k Sk

59t 4 ehp FFEMIMO-OFDME & it 2] 4o B 2-13 #r7 > @ p (7475

Fp % & MIMO-OFDM & 280 % S (722 7 I Al

=

—\\

e g i

$¥che 24 2-1 97 .

i 2-1 MIMO-OFDM #f# %k

Number of Transmit Antennas 2
Number of Receive Antennas 2
Number of Long Preambles / Packet 2
Number of Short Preambles / Packet 10
Number of OFDM Symbols / Packet 6 (min.)
Number of Data Tones / Symbol 48
Number of Zero Tones / Symbol 12
Number of Pilot Tones / Symbol 4

FFT Size 128

Long Preamble Size 64+16 (CP)
Short Preamble Size 16
Locations of Data Tones {-26:-22,-20:-8,-6:-1,1:6, 8:20, 22:26}
Locations of Zero Tones {-32:-27,0, 27:31}
Locations of Pilot Tones {-21,-7,7, 21}
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~ C . W
Source: [—»| Mapping (| s/p—= KT —>PG/IS—> MUX |— DAC |—{ RF
1.File =
2.Image
Preamble
Channel | )

Target:
1.File
2.lmage

. P/S FFT Remove Gl
Frequency/Channel/Phase Package/Frame
Estimation Detection

Bl 2-8 f i7F% MIMO-OFDM i 2 7 it %

Preamble Signal Data
||
Scrambler
LERLN
f.%ggé‘“ L , -
L Convolution Coder
" 2 b e
E E" oo n W AN 1
h.': e *““jﬁ} Interleaver
'—'\-r_l o " = F
-.;_E Vs 4l -l _ [ 1
. W ET Modulation (BPSK...64QAM)
. . o =
. e 7 Sl 1

phl el [ [

Guard Interval

- N
{ SHORT Preamble 1 LONG Preamble Iel SIGNAL IGI DATA L..N CH1
2 N v
B] 2-9 IEEE802.11a #t# 2z 2 = /i4%
i B
= 8+8=16us )
2 10x08=8ps | 2x08+2x32-80ps | 08+32-40ps | 08+32=40ps| 08+32=40ps
BT T I \‘;, . —
hbhtytytstgtaty oty GI2 1 Ty | Ty )\Gl ISIGNAL | GI1 Data 1 ) Gl Data2
1 1 1 1 1 1 1 1 1 1 1 1 M
< > 4 >4 rP4—r 4
Signal Detect, Coarse Freq. Channel and Fine Frequency ~ RATE SERVICE + DATA  DATA
AGC, Diversity Offset Estimation Offset Estimation LENGTH
Selection Timing Synchronize )
o _J/

B 2-10 IEEE802.11a #f¢ 44
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IN — S/P

S [T e

-64,-63...-34,-33,-32-31...-2,-1,0,1,2...30,31,32,33...62,63
IFFT 128

CLLLEELE DL

P/S e QUL

clock x 2

Bl 2-11 IFFT 2 5§ $ i Bl

Preamble Data *2

| Modulation (QPSK) |
[

IFFT 64> 128 |
[ 1 [

Guard Interval

~~ ~~
A A
— ~ r N
SHORT Preamble I LONG Preamble ] (GII DATA 1..N L CH1

A A
Y

- N
A (GII LONG Preamble IGII DATAL..N L CH2

Bl 2-12 p 7% MIMO-OFDM #te 2 24 = /i4g

Short Preamble TX 1 Long Preamble TX 2 Long Preamble

B 2-13 p 7% MIMO-OFDM #f & 4 4]
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%‘;-—._“.L
=F

MIMO-OFDM @& &g 3 5 52T 2 4 5

bAR N F MG S A EFPGARKE § T r:’x%f@ % M
}

& 5 BT 5 0 iE A MIMO-OFDM & 4038 2 % 5oz B0 o3 18

T,

SRR ORRE RS NG o N E &N FRP A FFPGAR ik BT
cBE A s R N B ae (B o hp (T FPGA#K
T St BiEAR Y 0 A REREFPGA#ct i AL AR A enl F (TS
BFFEEL T DACH 22 %d  FEFHEERF I E2Z %F » I - %RFIFE
2 _éaijgwfuﬁﬁé;?ﬁifw AR R KRB RER 4B 31 =TT 4
B (T E FPGA#c % ST 5% S DACH. e P RF#C® @ Bl & ] 5 & * i 21
ERREERIZE S o

4B 3-2 7 G

')
|~
Ty

-
=
~

SN
%

BT 5 & DACH e~ ADCHC e 22 RFHC . »
¥ A RS e iE 0 4oB) 3-3 #r 5 MIMO-OFDM:E 3 4 i

T o ple g, HeY - BT BiE - BREAEAELT T MY - T

i

v
e R AT BRAPIEIUEL D I Y T A RE Y g A BiE X ehig
M FEd R BHAL 0 X A PCZ A S MR (S
RS 552353 » b R LR ARSI S > e ko
MIMO-OFDM & #iE 30 4 Sz IR > 32 @ % » & {7 e R4 FE 1B B2 2
Felofecne £ 5L ML AT B AR o



Platform

—— -

B 3-2

Module

—-—— - —— o —— -

1 i
Agilent E4443A .
I 1 |
: | PSA Series 1 Agilent 856008
1 1

I 1Vector Signal Analyzer
I

1
1
Spectrum Analyzer | I

kL

N Xilinx Virtex2
6000 FPGA

MAC/BB
| module




i
: Analog Signal
I

Generator . = | ! . :
y i‘ ! 1 Supply
L, 1

I
: PSA Spectrum ! : :
1 Analyzer | PC :
By iR 1 I
Lo o= o o=
£1T

T MIMO
: Logic Analysis 4 o j———=—==
. G & i | I
: i et LR R P R 1 Camera
. 1

1
: Vector Signal
I Analyzer

I Platform

B 3-3 MIMO-OFDM zfzn s S * = 52§ Pl B

TG

R,
v

’

31 p 7778 FPGA #Iei 1 ¥

TR -BEFNEARNEE FAZFREALAT I FHRIT T FAF
FPGA#ic > s 52T 5 > it d v BFPGAS ¥ 91 & @ = el 20 % SuF &
P RJEE R i % FPGA“# BB B I r T (T L 8 e
Bz i iwm e a TR @RS G b R
Bl s RFFCE S USBH e » 8t A B S 6 en i SR BT RS )
ZUJ BB e Bl 3% SLe AU I B e 29 B TS e R e 0 iR A
VA A FE BT Lo 4ol 3-2 o e p AR F FPGA#K ik T
o £ * 7 4 BXilinxs 7 2 FPGAZ & ¢ 7] » FPGA & & A 8 &
XC2-V6000 » ¥ 3 pr2d] @ * Verilog/VHDLA # 3% = [22]-[24] £ Xilinx
ISE% E 4« %[25]-[27] % = = H FPGA% 2* -

20



p (TAEFPGASic d 3T 5 Fo B BFPGAMR T 2 FF323 | Bk
PABLAUAR T il 0 RS FPGAZ [ e 5L TR @@?Jrh LR A o T
FPGAZy 7 7 Al @R stz X g ehl & #5 > £ 5 4 4374

oo G ARG 0w 7k S B R MU U RS 0 VR ADCHC

<

2~ DACHice ~ RFficke USB’fK:@g?ﬁ?ﬁi%J 41~ v (input/output, I/0) % » & H i

4

% % MIMO-OFDM:E 31 & 5T o4 i 28 4 0 4o 3-4 57 ; B fs 2973 2

1

T

24

=N
_;‘

T BRI 4 AR L e (S o] 35 4T 0 B A
FRPANGHEC TN RERY AR ECEP AT
() R REG» A6 1 @ * +8VI3A & -5V/IA 2 T iR it
(2)USB 4 & : 22 PC 4 T 5 ehdp 3 i & USB 4 &
Q) hEXMA G 1 BHATAR F
(4)FPGA #2538 { #7141 @t o PC i 7| 1 3% #4 FPGA #23% § #7

2.4GHz £ 52GHz % &g+

Y

FPGA#E ;% B /i 424 ] 3-6 277 » Ad5d 2L fcid &% #ithd (matrix
laboratory, MATLAB) % = =Vid 21 ;% & ;2 275 8L:F 5 #3% (floating point) »
BRTEIH B A E (S o BT RGE A e 5 o= B iE #1050 (fixed point)
VoA Pl B AR SR S ST E TR R F 2 4 Xilinx-ISE
FE R FET > ol 3-7 o7 0 i 5 d FPGAA %8 3% 5 Verilog/VHDL
FHEE o RFRATR U FE 2 TR 0 TR R D
Fos 08 (ModelSim SE)#a s # a2 0 s d & 5L p Bo 3 5 2 S

v A A - BEIUES TR E 0 FM 22 T FPCGATBR FF R o p (7
FAEFPGA#i s L 2+ > 5 - B FF’GAJ,Slg FF S BRFEEC 0 ke
B R B i & b4oddE A 47 & (logic analyzer, LA) » % FPGA i 5L 4 7
REAEPE T .u%gé LA /2 5 Soeri@ (Fk 0 302 7 12 RE T B0 RAR AL A
T * 5 ¥ bR ER. P k- &4 (light emitting diode, LED) %k s
S (TR PR o
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< L«

<

( )
DAC RF
FPGA DAC2900 MAX2827
USB
|
EM78M612 DAC RE
XC2-V6000 *4
USB DAC2900 MAX2827
| ]
- Y,
( )
ADC RF
FPGA ADS2807 MAX2827
USB
| '
EM78M612 ADC RE
XC2-V6000 *4 |«
USB ADS2807 MAX2827

N F y '!“&?.. = 73 : J

l"

B 3-4 MIMOOFDML?%,, R AR T

Xilinx
Virtex2
6000 FPGA

MAC/BB
module

P -

ADC+DAC+ |
| RF module 2 |

:- ADC+DAC+ 1

I RF module 1 1|

B 3-5 MIMO-OFDM i . & kT 5



Floating point MATLAB .m

|

DSP Designer
(Manual)

Quantization @

Fixed point MATLAB .m

Hardware Designe

(Manual)

Coding

Eiinr IREG.1

Bit true VHDL/Verilog .vhd/.v

.é

Automatic

.‘

Automatic

RTL Simulation M IEI')t

Logic Synthesis indelsim £E &ymplity P
& a2

%

Netlist of gates .edf

Place & Route

Eiinr IREG.1

FPGA bit stream .bit

‘é

Bl 3-6 [FPGA #84825 = 5 & iz

|@ Xilinx - Project Navigator - D:\__my workingt schooldmimo_fpgaimimoyvmimo np... [Z]@

File Edit View Project ZSource Process Window Help »| - | &

TEHE BR&E K

LD dd =35
= ]
Sonrces i Project: l;
=1 £ wc2va000-44£1152
- fop_main { op_main v}
[0 top_medn nef -

N B2 hodul... ] X Gnap... |E Libar .. ]

1=l

Processes for Sowmre: "top_main" l;

01  Create New Somice
W Design Entor Utilities
W Teer Constraints

7§

¥ Generate Programming F_ |

| B

1

B Process iiew

Hierarchor iz up to date.

— B-E-E-E-E

o

5

=

St module top_main( _A0mhz_clk_in,

9 Q1 tx clk, Il _rx clk, 11 _data_out,Q
10 02 _tx_clk,I02 rx clk, 12 data_out,Q
11 EXI_OE4A, RO OEE, .

12 pl_rf cs,pl_rf ck,pl_xf s1,pl_rf tx
13 p2_ef cs,p?_of ck,pd_«f s1,p2 of tx
14 p_spl_ck,p_spi_si,p_spi_cs,p_spi_soa
15 :
16 ' j AR
17 input _Almhz_clk_in;
18
19 output IQ1_tx_clk,IQl _rx_clk,IQ2
20 output [8:0] Il _data_out;
21 output [B:0] Q1 _data_omt;
2z putput [&:0] I2_data_omt;
232 output [B:0] Q2_data_out;
24 output p2_rf cs,pd_rf_ck,p?_«f
25 output pl_of tx on,p?_rf_ tx onfe
4 >
- top_metny  |[Z] top_mainsy...
L8 Call -

B 3-7 Xilinx-ISE # & % 32 1 it o




3.2 DAC #-kx 2 ADC #-%&

4o@ 3-8 ¢ 4ty A AP AP FPGA#c T Lori i v chDAC
e 22 ADCHicie » DACH- 222 ADCHicleenfy P38 % 4g -V R B o 2 (Texas
instruments, TI)e2usiidd& 2 5 % 7 > 2 DACS % A% 5 DAC2900 ¥ ADC
o 7 AIEL 5 ADS2807 0 B B H AR N IR BLE R 4 E 4B 3-10 I B
3-13 #ion 3 tIEEE802.11a%Lf ¥ % & & B ST if 5 20MHZAE 5 » #7##
* DAC%KJ‘:P_%FL%E F| 125MHzPF % @32 sxiy o § #rid # ﬁ?ADC%Kf‘:.EL%%?
el 50MHZB??’«“§$;*] 3y o Tt A DACH e &2 ADCH- e e 3 ¢ & 535 4F
oAk i * i BB R AT T nE 2 274 P-4k 5 (Nyquist-rate) -

4ol 3-11 #r7 5 DACH i hpF B 3 41404 0 JF 0 34 perisris Mi%]
NFEE TR A FPGAf;ﬁ%J:". » B gl 2 ADC~DACE &+ F
RPEFATOREPIRA ERERE 35 Ry o de iR R By TR R A
TAEREETERF > =P Baldn T £ 7s - 2ADCEDACS ficke b
B A T TR FI s 2 e i 2 1/Q
(inphase/quadrature) st 5L 4 = & 3k - 1 2 4 fiCle b ARE 5§ {4F l/QU L
BrAr KR > Bl T R R A PR sL2 4 > 2 ADCE DAC T
3o A EMEL R RIT 0 Fl L A BB AT G dnde @ L A
M+ T AR PTRY L3891 RPEGR > 87 0 eFd -
THLFETRY > 1 FPNFAREAML FTRBDEHFEZEI o

4Bl 3-9 #t & - DACHSA #Hiiy 2 Ant sl 2} o B e L B2 b7
15 » > 20752 5 A& 2 A 5uh &> ROLA] 5 me A s

PR LA Al/QMELE ARFS AR F > A A ETERY > DAC
Wt ADCH- e 35 ARFHC e 2 PR B de » — BB L B » iV LR
P RFEC R FE S IR EHRF o

24



g

. I/Q_o_utpu.t ...... ........

B 3-9 DAC 4 2ih < 2 i3
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r'l;‘

Data Input Input DAC DACH lou+1
Part 1 A Lateh 1 7 Lateh 1 A Segmented Switches
9 g
D[a-0]_1 Current Sources [
WRT1 REFi
CLK1 FoAl
DAC2900 Corﬁ?;?fnqz?ﬂer o
CLK2 ; GSET
. PD
WRT2
1 lowr2
Data Input Input DAC DACZ
Part 2 Latch 2 :ll> Latch 2 :D Segmented Switches
D[o:0] 2 Cument Sources Tour2

DGND DGND AGND

® 3-10 DAC & 7 # it ##

DATA IN X | DIS0] X DI90],. ., X
I

WRT1

WRT2

CLK1

CLK2

III:JT1

CUT(R + 1)

III:JT2
SYMBOL DESCRIPTION MIN TYP MAX UNITS
i Input Setup Time 2 ns
fa Input Hold Time 15 ns
Lpw topw Latch/Clock Pulsewidih 35 4 ns
fow Delay Rising CLK Edge to 0 tow — 2 ns

Rising WRT Edge

fep Fropagation Delay 1 ns
o Setiling Time (0.1%) 30 ns

Bl 3-11 DAC & 2 i/ 5 R
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+Vg OE, OVR,
CM, O—{ ADS2807
Vin m INg & 12-Bit Error S D124
U T&H Pipelined =1 Correction > Outputs =
N, © P —\ ADC Logic DiA
(Opt.) r i t *
SIS ARE internal Timing | _ o oLk
FSep, O Reference Circuitry
Vin [\U INg O 12-Bit Error . Pz
T&H Pipelined Correction Outputs G
mﬂ I ADC Logic D18
(Opt)
e P
IR b4
o]
| Optional External | OFs OVRg
: Reference |
Ju s K=
® 3-12 ADC & #+ it %4
..»-‘.'____'.'"-——-_
T N+1 N+2 e
- —~_N+4
Analog In N+3 H‘% N+§ NP N_:Z/
S G O
—| [—-— 1y =t ™ _-t_L-' tH
Clock (R N A T YA o /N
. \/ "\ [ N _/ \ [/ S
- & Clock Cycles -
- - — t:
Data Out ¥ N-6 ;{ N-5 ¥ N-4 J}(f N-3 ¥ N-2 A N-1 W | N N+1
—=| |=— Data Invalid —| |— 1,
— ty
Data Valid \/ ‘-\_‘ /\ ,,-’f \-\_\ /N / \ / Y \
— | -ty
SYMBOL DESCRIPTION MIN TYP MAX UNITS
- Convert Clack Period 20 100us ns
I Clock Pulse LOW 9.0 toomd2 ns
ty Clock Pulse HIGH 9.0 toonl2 ns
tp Aperture Delay 2 ns
ty Data Hold Time, C, = OpF 27 ns
a1 New Data Delay Time, G, = 15pF max 12 ns
t, Data Valid Falling Edge Delay, G, = 15pF max 5 ns
N Data Valid Rising Edge Delay, C_ = 15pF max 5.6 ns

NOTE: (1) t; and t; times are valid for VDRY voltages of +2.7V to +5V.

W 313 ADC f % #4158 A 2§
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3.3RF #-%&

d DAC%K.&.ELL??ADC%&‘?%&E’%&_i@?] DM 1QBLTS » 3T — &P T RFHC
ERGFHAIASIEA L BE R 4B 3-14 #r7 2 RFHCE > RFfCE fas
L BRI  fp 8 4 RS ORFECE 2 T I s ARFH
EF B o EFEPEOP2ZRFAS ] B P AIBLE MAX2827 0 & B
MOERFS G BAe B 3-15 A7 0 BRFS PRI SRR T B RER 2
IEEE802.11a/b/g % .4 & * > F & SPHEHE F A %) 5 IEEE802.11b/g R 5
2400Mhz 1 2500Mhz§%@ ¥ - A IEEE802.lla%ﬁ§j§ﬁ?5150Mhzi 5350Mhz
R Ae® 3-16 #7m 5 d AR F e £ 41T R B ATRIE IO A B
5 5.2GHz2 AR I/Q L T = e & jk Bl ¥ & (constellation mapping) ;
MAX2827 v & 2~ AR g = EAJE G i S HApM S Hrt i @ 3
B0 PR AR 4 i B (phase-locked 100p,PLL) & 2 4 $9 it FL B350 ~ w s i
H e Eo %*@VQ%%%J%’E&* By AR U gk B - = AN
HA B agif L rkae THE

MAX2827 4+ & 7 F5d = MRS e 3u 5Lk Rdy 4] > #4130 5Lk 7 4 B
3-18 #7171 HPF R AR 4E 4B 3-19 TR 0 UBLAE S| L FALEL - EIR LBl
gp 7 IR A FUEL 0 G = AU B Bt K 8 0 o i@ MAX2827 1 i
et dp e A 5 (carrier frequency) 4 2 Ap BE B4R 22 A 03 £ < 0] 0 B
s £ K TTXERXT RE M ’%"fifj&? YRR (T SRR B el 3E B T o Ao )
3-17 #i7% 5 RFECE ARICHNEFT » [t PR 2 MEF IR R, &
Tk B2 A BAT L QMELSE LR > BT ERIE A L A5T
%fuﬁis?] Mo R A RBERE G I NEL o A& S BE AR R
T2 b2 3 - RATE R > e d W FE 2 AITS > BT g

FEAR o AR B R Hl/QenE BIUELE B i RTR TAEARRZ o
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FO¢ FRONT-END) AND TX BASEBAND
GAIN-CONTROL BIT FROM
BASEBAND IT

X FRONT-ENID

GAIN-CONTROL BIT

FROM BASERAND 10

SGHz RX RFOUTPLUT FROM

SWITCH AND BPF
SGHTX RF
OUTRUT TO
EPF AND P,

1.3F

ne | 4
BND

0 Ep’:HXRFH

430H_6ND
L

TXRFH:

-
RUTX BASEBAND CONTROLEITS FROM
BASEBAND IC

B 3-14 S44 R0 MAX2827

B L
BE 1
R AMALDES OUTPUT
TOBASEBAND I

000

BB+

>

RXBBO-

iz

FXHP CONTROL BT FROM
< BASEBANDIC

MUDE—CONTRULD THERA
LOGIC SIGNAL FRONY -

BASEBANDIC
PABIAS CLURRENT TO P4

PABIAS

MODECONTROL

PRXBA ] G SIGAL FAOM
BASERAND G

IBSSL 1 sy ourur

o MODE-CONTROL
O [ G6IC SIGNAL FOM
BASERANDIC

ROSC REFERENCE
< peciLLamce meur

2

Vec k-,

I TXANALOG INPUT I

= SIGHAL FROM
BASEBAND I

B 3-15 RF #i

2

Vec k-,

29

2
i
Nt
SE EIBB }14 75

FEe s LookDeTeCT
= OUTRLT T

L L BASERAND 15
1261 126,
] 1
—

L sema i mons

= BASEANDIC

5=
At
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ﬁﬁAgilent 89600 Vector Signal Analyzer - | ﬂ

File Edit Control Sgurce Inpnt TestSetup MeasSetup Display Trace Markers Utilities Help
Il (& || BEOODODER Gd2e - ke [ M| E -

Start-13.44uSec  Stop: 109.28 uSec

0 Chi =/Errs 100 my

0 11100001 11000001 11001100
24 11010110 01007110 01001001

-56.185 dBEm

hMeasurement running Digital LMNLOCKED Cal: Needed

B 3-16 VSAwAE 47T RF et & @

o M

EE‘-HM \|,|“ fo\ \YMIL \jﬂ H \N{J .\J\UJ

’H\ W M

M \wr

Jh ; '\\J

|
m -| ’4 “ N “” "b \ ! JJ\LUI

5.000us/div 20.0M5 a2/

B 3-17 RF ficeitjcw €587
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Agilent

. Wﬂhﬂmﬁﬂ.‘w‘w ;

Bl 3-18 , REjBE& i | & i )

DIN D13 >§<D12 )L) Dﬂ>< A3 >< A2 M A0
=L LA, LA A

' ' - W ET.-E —D—i i“*‘CH

i leso : I3 ; i losH iicswi
T—-
PARAMETER MIN TYP MAX UNITS

SCLK Rising Edge to CS Falling- . e
Edge Wait Time, tcso

Falling Edge of CS to Rising . e
Edge of First SCLK Time, tcss

DIN to SCLK Setup Time, tpg e ns
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