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3
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4,1: through(90)2,1 : isolation
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4,1: Isolation

3,1: coupling(0)

10 dB Coupler(RCP890Q10) @ 917 MHz

2,1 : output(90)
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% . MwCD
Zero bias Power Detector
HSMS~2820

Vge (t) =V COS @, t

(2-7)
Vo (t) =V, Coswot

(V) =15(e” -1) (2-8)

a=— (2-9)
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A3 AP Y A LdF FPGA
3=
A 1 A FPGA RE

e s

B8

&
L *E%

£
it m sy j{ { j{%i

3
WLL

_AHHRE Hmmw\m\HmuuHmHwumHu\Hmmwummu

a9 3-11Q EA FPGA HE 3 2%
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N
|

?
L
(=]
A
)
m
)
-t
o
-

10°21

J;‘g]&

m
—
)

a9 3-2 AFAE 10 BAS 9% FPGA BE=

Y

o2 AzE 1Q HAS 93 FPGA HEE R
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veep
VeCD
Veeh
VCCDPL

vecnz

1

W
T

10

cLk1

T
D T B —

n
EEE] e EEEEEEEEEEE SONNOOIIONRRRE DR gggggggg 9311 DAOD
d337 =2=2cczscozoccczocoz 000CC000000000088 22222222 S4l0.0ER0 B3P For 1 omor
FaiE SEEESCCEEiESciiiif 58088805008s000s Aaszasaz
8888 SSESSISSSSSIiSoSss SSUESSEESEESERSs Lhbibhin
9980  EINBRIRIIBLE8EEEEE SA33RBIILBEBBIBE > CoCon

CLK_DIFFIO_4P

BLIO_DIFFIO_LIP

TAD® AN
Dol B3_I0_DIFFIO B2t
-2b0 B3_I0 DIFFIO_B2N

Bi-A00r B3_I0_DIFFIO_B3P

BT ADDI—71] B3 10 Pe8

510 DIFFIO_B4P

B3_I0_DIFFIO_B11P

CONE_DATAD

EP3C25Q240CBNREY.

8610_P:
B6_10_DIFFIO_R4N
BE_IO_DIFFIO_R1P
87.10_DIFFIO_T24P
8710 DIFFI

8710 DIFFIO T26P [ 717—osBAgs
610_DIFFIO_T11P [ 715 PesBAGe
B8_10P216 | 7177 DAL

B8 10_P217 715 ps7DA0e
88_10_DIFFIO TISN [oTy—prBac
88_10_DIFFIO_T19 [77T—psrDato
B6.10_DIFFIO_TI8P [ 723 per DALY
88710 DIFFIO_TISN 775 T2 bAd0

[738 ANz DATS

BEI_DIFFIO_TIP

Rag
0 R
PLLL CLKOUTN
PLLICLKOUTP
PLL2 CLKOUTN
PLLZ.CLKOUTP
PLLS CLKOU
PLLS_CLKOUTP
PLL4 CLKOUTN
PLLA_CLKOUTP
0onm
00hm

a3 3-3 Alterajit 2] EP3C25Q240C8N FPGA ¢ ¥ 94 3%

ARS8 FPGA H. =1 Alteraji: ©] Cyclone Il EP3C25Q240C8N°] U}, 718 Ao =

24,62471 9]

22 Jdyw=9 667019 MIK R

=5, 608,256H|E°] wme,

66712 18X18 H417],470¢) PLL, H ) 21570 AF&AF 107} St}

- 52 -



A 2AEH FAE Z=2aH% 94
R28
R29 MSEL2
MSEL1
V33DO§§E,” MSELO
1 kOhm
1 kOhm
Swi
TH H H H SW DIP-4
N
a9 3-4MSELY A8E T8 T2 2t AY

MSELS DIP A9 X2 zd3le] ojust Tz gaw

St

R 31 Z=a" 44 34

a7 MSEL | MSEL | MSEL | 4dd s
[2] [1] [0] EE(V)

w24 AlEYd E2FE (AS

' L 1 0 3.3

Standard POR)

e gy AEd ®FE (AS

Standard POR) 0 ! ! 3.0/2.5

m= g4 Agd 314 (AS F

e &4 AgY 1% (AS Fast ! 0 L 23

POR)

T35 AEY ®EF(PS  Standard

T = e

POR) 0 0 0 3.3/3.0/2.5

& Alg]d 314 (PS Fast POR) 1 0 0 3.3/3.0/2.5

w2 G5 g 14 (FPP Fast

POR) 1 1 0 3.3/3.0/2.5

w2 55y 14 (FPP Fast

POR) 1 1 1 1.8/1.5
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AA mEE WE 8y

MSEL®] A7 F A&t

Algd 1& Ao HAsth JTAG Walo] o] &xw

¥ 3252 44 9 429

A olE o A4

DATAO A7 dlolH e 93 :o= Active Serial WA OE o] &
3o},

MSEL[3..0] zRagWEd o A e FRE AYshed ol 8%
t}.

nCE LOwW M e w g7} o] 8§7Hs 3hth

nCONFIG ARE2E REOA LOWZE ™ ol Zmagho] A
4 o Lowel A thA] HIGH AEj7l =9 tha] -
298 F33

CONF_DONE 2y dy s T LOWE Ha BE HolHE
A8 o] HIGH7} Ht}

nSTATUS olef7t gstd Lowrt ot

TCK JTAGS] =4

TMS JTAG®] TMS I

TDI JTAGS] 98 dlelH

TDO JTAGO.E 9] =¥ oy

DCLK AARE g 29

Flash_nCE_nCSO Active Serial FZo|A nCSOZ w2tslH, A4 A7}
enable¥ =% 3t}

DATA1_ASDO tlolE gHor AREFTL
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Vean (1) Vecio (1)

V, (1)

2 . I L

10 k0t < T 1w
Serial Configuration IS )
Device S Cyclone Il Device Family
—{nSTATUS
CONF_DONE
nCONFIG
[—{nCE nCEO N.C.(3)
N4
GND
25 (6)
DATA|— AN\ ————— | DATAID)
DCLK DCLK
nCs - nCS0 (5)
J ASDI - ~ ASDO (5} MSEL[3. 0] e (4]
| S——————— =] (2

a9 35 99 3N 84 A 44 P49 BSE
ASDO®} ASDI= AA FAAE Aost= Az olrd. nStatus, CONF_DONE,
A

HE o] M=ot =golHel duds RAJNS  HAgidrh E=d, o=
DATA[0]°] YElYE= QHfFE AAS Zt}

AS A oA, A¥ H4 FX= DCLKEY 4% olxolA da Ao
NoE 7P s oA A dEdth o] F< FPGA HE=i DCLKe| 3a}7%
o #Joll DCLKS] Alojxlz et 247 deolHE Ao WEua 7HA = d43h=
S¢F nCSOE LOW “dElol]l Al ¥th. DATA[1] ¥ o 2= DCLKel uwebr Ao
I glojol = FAE Y A4 AX=2 B 44 FX & do]EE DATA
Aol AF3}y, HdAHo] HEFH CONF_DONES] HIGHZ o] %7]8} F#H]7}

G T3k 44 AE<Q] DATA[L.0], DCLK, nCSO+ HIGH “FEj7F # ).

- B5 -



V§3I3

R20 R21 { R22 R23
10 kOhm» X0 kOhm < oohm 10 kOhm
J3
—
DCLK 1 2
CONF_DONH 3 7
NCONFIG 5 3 . NCE
DATA 7 8 __NCS
ASDO g 10 R25
— < 10kohm
HEADER 5X2 INSTATUS

N

29 36 Bd 33 84 A9 474 24 g=s
ISP(In system programmer) & AZ3}7] 98 3|2 % o|t},

V33D u9 V33D
o) 8 o)

NCS 1

DATA 2% NCS ool —

—— 3| DATA VCC DCLK
i

vee DCLK [¢5 ASDO

Cc92 GND ASDI

1
Oul
EPCS16
i N

a9 3-7 =& AF3] Y3 PROM

EPCS16< 16,777,216 H|E<S H7|E& 7}l PROMOZ X2 1w

A}
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A 3 A ITAG T2 ¥4 Ad

Veea
Vccfm wkugv
CCA
Vecio (1 210k 58
XE 1 Cyclone Ill Device Family §10 kQ
10 k(2 nCE (4) TCK
6 TDO
GND
NG9 EQ TMS - Download Cable 10-Pin Male
nSTATUS TDlil¢—o Header (Top View)
ONF_DONE
(2 nCONFIG o j
(2) et IS EL[3..0] " / Vecals)
(2 DATA{O] '—I ]
(2 DCLK o B
»o B ob
@ @ i \"|(j 3
o g
@
1 k2 ——
GND GND

TDI(Test Data Input)= HIAEE 913 wHy 2w dolgs 93 24
Aot} dlolHE TCKE A% oA &<tell 412 E =t} TDO(Test Data Output)
DIt F43 HelHE t-Fu doly wako] whjolrt. TMS(Test Mode Select)+
TAP(Test Access Port) #lo]7]12] 2] wAale]l Holg AAS = Alo] Aas Alad).

TCK(Test Clock Input)= BST(Boundary-Scan Testing) 3] =¢] & o]t}
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I -

PIN_N

From of
o Devica

0

1.
VO Caf OEJ —P 0 -
Croutry "
andior ‘ 0 Q o o 1
Loge o oE '
e 1 A A

)

1

SO

TS

2
A
CLOCK UPDATE MODE }

P

Capture update
Registers Ragsten

\ SHIFT

19 3-9 IEEE 1149.1 BST 3] Z(EPC16)[18]

o] 3|+ JTAGS IEEE 1149.1 <<%l BST(Boundary State Testing) ™%l

2o

ol xlo

il

=23 w o]f3¥E FZolth o7]dE SAMPLE/PRELOAD, EXTEST,

=

BYPASS, IDCODE, USERCODE, CLAMP, HIGHZ S¢] W& o] gt}
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SELECT DR_SCAN TMS=1 | SEIECT IR_SCAN

TMS =1

RUN_TEST/
IDLE

UPDATE_IR

% 3-10 IEEE 1149.1 BST 3|29 e HAX[18]
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9 2¥8e BST 329 16719 AEHES 7131 AeHxEE Btk TCKel ulebA

7= TMS Fo =z o]},

AN
J5
JTAG FPGA
TCK R32 1 2
TDO 3 4
™G 49K S
7
™I, X—g Fo—=X
L1
HEADER 5X2
R42 R47 R48 N R43
R46 10K » 10K 1kohnK 0 Ohm
R

& :
V25D

13 3-11JTAG AR w29 2%

9l 12 ISPE JTAG BER w1 we] dAE Hol= IRkt
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Al 4 A ADC 98 =golH

ouF c167
n
l

R191
A1
499 K0mm
RI%y 5opp
AN
a6 U5 ol oo
1
- Ris9 9
o $ loum pos_sg90mm 8 e Vg cuoc cags
o S50 4 vocm k) | v
7 WS wisg e vo
cE = 499 0hm , i c11 _lcies
N Rio7 L~ Tour Touoor
— LA
= Ape1% 00Mm
R4
0.uF c17 499 kOhm \_500P V33D
I e
1 RN30
1 801 omo
R103 - by Bkl - A0
oMoy R um QI AD0
Q 25 O ) 3 & 35 Ll QT AD0Z
Py 399¢ omp |2
T H 21 p008
s Doo(Lse) 57— TADDAR
ol Enc pos 5 001 35— 5
S-ENenec s Encone o0z QLADOS
SLINC REC Y JeNcone o003
® o0
— 005
EanA oos
oo7
18R D08
oos
e e o1
_leczz pawe| [ 12 012
A ouaso)
ARz

[ Fiemmm= 10 cog0000s0000000 O
; G| 999220000000000 s e
010, ORBLY oNe  5555566066666005 ow TWV‘ OVR

e R187
”
P A
D665 o s0m
~

¥ 3-12ADC 98 =gy

9 3ol ADBIBS AE-AE o5 BEow 9 NEE

o] FATH19]. EE 1% ADCE ARSAbel o3 AlwsE HEW Yo 54

o=, o=, Eloln AHE= dste AlEeh 4ol ADCOl ¥ yERUAl HTh

aemE el ey gzs FE el getel Mg ANF FIF ) Eolof
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Ag]o] A (Aliasing): Y3 AEZH Az thoZo] AR Ao A

@7] witel A7]= el=olth. vl AAE] webd, AAl Azel= velF

yeldt) o & 59, 2kHz A5 5 15kHzZ AMZFH3sd 500 HzA d 29

Ak, AA ABA Uo] ALE Fag Farud e ARES

>

A RE dolgE A4a B ATolAe wAGY] Nt AE

1o,
D
=
N
i)

sho el of 5-100 A WA sl Belols WA B
El7} ADC o] dlo] Abglofof duh whof oMUY AME Aarh @

B ADCE ol &3thd, dgfold W I8 s 245 ¥a 5 o

7] wjiolth. of# A &= clock A B efaiA A1),

X(t) = Asin(2z f t) (3-1)

9 A3 e AEE CAEs @ W A A AA BEY A



E,, <I X'()At < 2A7 f At (3-2)

At <

3-3
27 f, 33

e AH 87AMEE 919k 2ol AME 4 3tk qi= ADCO] H Egroltt
124 E aMHz ME3 9 49 4t= 1943ps Bl Folop gt} o] Zle] <]
vaks vk BEYS 98 ADCE fEets 299 AEt Y ghEt
Zrofok gtk ofwloth. F, o] ghHth AA HA F{FVF dATTAE
b= Aol BE Fho] obd 1 odolut o] %] Al AE ke 25

a7

A Jitter): A E = st e F71HA 2se defe] F7] 2lsel
s LA A e WAtelth e T 2liE FE Fx FE
gk vl grolth. =, AE7F flvkH dA S Akl MERLS SHA H o
o220 g IMHz AlZEd thal] 4aMHz AN EE AEH 3l 483 9=
Ao w AE7E Apel7t yAl drk AE7E A= AdEel A= slew ratet

clock @2F] Ao ghell weh exke] A7|7F vlEl Aoz o Axt

SNR

SNRyz =—1010g[27* fypyr *tygys)* +10 (3-4)
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o] Ao e FukpoA SNRE 7FoE E2 FuH5o SNRS A4t

o ST a(Slew rate) AF Wate] A) Lotk F, AEst Wl vhEA 2

&t7] woll ADCollA = ofj =] Aygitt,

® -9 Z(Noise): A'H AlA(thermal sensor) :=°]=, ol 21 37 o]z &

<ol 3

®  <Fx3H(Quantization): WEE FS HASHE Ko ALl R QA

3 dA

ADC Egtolwlolq ¥ wmul YESAE ASHn 1w olf

=
% Ajolty. Z4zke] Wrul Bejo) o] 5L thge] s4ow gAY

1% 3-13ADC ¥ =golH BEEx
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B _ RGl
1

RGl + RFl
B, = Rs,
2
RGZ + RFZ
Gain = 20-p,)
P +P, (3-5)

AAR AR AR we s 22 gholnE gadt o] 4 (35w HeEE)

g 5 oo
RGl _
Bl - RGl + I:\)Fl - Bz
Gain=-1+—
By (3-6)
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A 5 4 DAC 29 H|3

R20s | Rao
v R | R
P P, o
1 I— S
oonm | 10komm
oonm_| 00m

DAC CLKL s o 1

11 DAGOL 3 e & &= o
TLDAC - -
DA | S8cock 588 4 9 A _
11_DAQ3’ 1% DBOO(LSBE > > [l /[ R200
110A0 iz 2 o
To eor g R 0o
| o802 R21s N
TLDAGS: 7 - ) )
s - Jgoa i 7 S ooy B
07
= —) e a R f Bom? Hom e 3
7 D80 vt Ot 1 +11 DA bY MHZ
11 DAGS1 s D809 2 - 499 Ohm / on sy
115765 [—oee ¢ 5 0m
TIDAID — oeiise) 234 =2 25 0hm wn
x 23h832.. .
TDAIT 33883840
EREIEEES L 1
AR_33 kbR RRER ) [ apess  oom Ry

Xk sosom

AD9742TSSOP
==
b fF

o $3
i

N

53

2
0 kohm

% 3-14 A FZAR AL 913 31F DAC €8 B9

100MHze] 9438 FHolA 1MHze ARl 3l 3 S Ysid AFeEE

s ZmZolm® FPGACIA AlQlyl zARSl 3=

N

DAC =9 Hdoltf. F¥&

AAshE 0%, 90, 1805, 270= 2] A&7} A4 Hh

2kQ
0TO 30 mA 499Q
0TO+0.5V .
lOUT :
500 2.4V,
AD8138 DIFFERENTIAL
OUTPUT
Tour ——O
lout * R
30 TOOmA 499Q
+0.6 TO OV
50Q
2kQ
Vocm

iluA
b

¥ 3-15 A+ DAC £9 H¥ &5

o] 59 A4k ADC EgholHel FUsit) FPGAdA HAFE AR Hde
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RN9

PS1_DAGD 8 u17
PSI_DAGL

2
PS1_DA clock 38
PSI_DAGS DBOO(LSBF =
——= DBO1

PS1 DAG4 8

PS1_DAGS
PS1_DAB
PS1_DAST

0
il XSO0
0 Ohm 10 kOhm
0 Ohm 0 Ohm
Q| |
V_50DP

RE6 84
> 250hm > I kohm BUL =
S

DVDD
MODE
REFLO

37

2 TN FEEDBACK 8
2 > 6 PS1 DA OUT 1
S hmJ_l—g—' /N OUTPUT ‘@

mt t t
oo SMA
3 w
1kohm =
ADB045S0I

2 0%
=
= V_-500M

Rivs—
PS1_DAdS PR.3T
PSTDAB [
PSI_DAR|
PS1_DARL

p
2
@
8
g
b XX
SRR
EN
v%_l
Py
3
g
z
PAD
4
VEE
NC1
NC2

AR_33

7§ Ael7)eh Zhw ravlel Ak Alelsy] 919 DAC &Y wH ol
g Aolvlsh b 2avlm AgEE A% DC oy AZds FHz

[e))]
H

)

S vt ¥ EE DAC 8 Wy AId=m AT
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A4 T XE $F7|9 XE 3 47
FAE AT Y dagF

Al1AdER LudFE A.

9 AE wrh e WE FeE A5E A%5Y oW A5t 12n Ao

dEEy, aeuE 5 Aol HushA
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l,=tan(S, ..,S,,)
Q, =tan™"(Sq .1, SQ,n) (4-1)

T 1
’ 2
Ia S| n+1 S| n (4 2)
Qamp - Q n+1l + SQ n
| Start ::
|
_tani(S,,,8,) F tan (55,5, 0) + o+ 1N (S, 011, S10)
(/7 n
Q- tan™}(Sg,Sqa) + taN '(Sq5:Sg2) * o+ taN (S 0t Sqa)
., n
T
update DAC1 [¢N +sgn [Ao *ijlj.
- R S R CIR
am N
niEMEL JS +SQZ+\/SQ2+SQ3+ -+-\/S2 -*-SQ,,1
(EME Qu
DAC1: #4f# °17l 98 DAC 2 I
DAC2: I#i1l =8 DAC
Lymp : I T &
Q:Amp QU= N
Ay : T EHAE @ update DAC2(G+5gn(Agmp) ¥ 1) I
Ip ;T84
Qo:QHA Y
Dg: HAPAE
€, 101

a9 42 ¥ L= duIdF
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e vl mekel Aoz Syl AL 93 whE W g ghol A3
A gkolok @tk oo, 7 gl uhA W 914l A3 wA folol gl

AR A 9

0%
i)
™
i
o

%)
8]
ox

[o

5 A3 Q)
oAE  ZFolyl  YaH  AZel W e AFYG. AIZ  Are
2% Jl(=10485767) oIt} =, & wer=eol gmaFo| Hae w F 10485761

N e ARt o] B ws

|
ol
:)é
e
fo
Ho
o
o
fru
ol
%
o
e
K
o
il
rlo
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A 2 4 ADC Ho|HY FF

ADCol A 50l A= 2724 HEERE Yo} gt}

¥ 4-1AD66469 ¢4 HS

AIN #H (V) AIN 28 (V) =9 =9 3
VREF+0.55 VREF - 0.55 9] FS 011111 1111 1111
VREF VREF oinis 00..0/11..1
VREF-0.55 VREF + 0.55 9] FS 10 0000 0000 0000

A3 ADC= Analog Deviceiit 2] AD6646°]tE o] zhe] <18 W= 99 )
%, 29 B xdoltt o]E HE AT Pom FHsh= A wske] ot

AAZ dolgr 28 ~
ot o2 Aite W -1-19 £25HS 7R
she e Augow WAFAY Adgte 948 FeFE Aotk @ we
Aoigkel 52

Artelgte Fole ol Fomw
144]

o2 EW 81922 UHFTAL 1/8192E5

alifp_corwerier
roeger mIF T )2’7 313:“21 0] residi31 0] AUTET X
& ——— dioc S -
5 o
= - e Tc
alifp_corwerer
—— ,;-7 gtz 1 resuli31 0f JUTET —— flax sm2R1.0]
clock i
n=t ke To 7P

Y 4-3328E ALY binary32 ¥ W3 32 EEL

- 71 -



AHL integer EFY o)™ 22 IEEE 754 single precision(binary32) sAtZ 1} A|
Ad. g oz Soj71 integer EFY S signed EFJolRZ A EH AL ¥ wk

signed Etoz St HIE 2 sMUR FE, AF, 7bee EAR H

Arstd =2E g @k g8 S9], 219.078S A f3lelH 2.19078x1020] 1, -

0.000321755 A -3}l -3.2175x10%0] ) TSo 2 Ad FES WA o

il

X
=2
af
flo

o, 03755 HHy W HER, &gl 28 wal 7hiA A7 A7 o
AFE e AR A% dAEY 503755 Wdste W vt o gl
0.375x2=0.75=0+0.75 ©| =& 0(HF )
0.75(c14 #rell M Foli)x2=15 |22 1(H5 L)

0501 gtell M Aai-i 18 Wi F2 F)x2 = 1 o|=m= 1(F5 5

N

277F fleng Wl FuEch

¢

285 o|xlg= WASIH 111000 i o]E 03759 FAA HW

11100.011°] #t}.

=
e
rob
O

o] 2 |EEE 754 binary32 ™o & WAslew ol FAAHY

- 72 -



1.X X, Xg... X 27

(4-3)

1110.0011x 2" (4-4)
110.0011x2? (4-5)
11.100011x 2° (4-6)
1.1100011x 2* (4-7)

A9 £ (447

N

PE e o AZE e FaRe e 14 A5

g =7k

=]

& HeErd

&
4

o] ol FZE AXS F 4 FIYPFoug AFE
40]3l, 7} 11000110) ), A SRS 49X g e gHE A FHE = AA] X5

1272 Y3 AF A S(biased exponent)E EAIS7] uwEol| HIFTHoZE 1319

Fe

o] 214 Zkel 100000118 o]-&&jof dhr), wd 74 RE LS 23 H|ERE AR
Aok gt} ayrEe ydd 2EY s 22 @& 7FAA ¥tk 0-10000011-

11000110000000000000000°] ¥t}

AA AlEdeld Ayt gex Fdsty] Y3 A HZE binary329] 160, -250S
ety ZH7h o] e HRIT

0 10000110 (01000000000000000000000
1 10000110 11110100000000000000000

31 30 23 22 0
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Iy Master Time Bar 1U7sns «|p|Pointer: | 38255ns  Intervak | 3778ns St | E
A 380,0 ns 3900 ns

&% Name

g Ll clk_in

& (D] float_out! 000 T00TO0000000000000000000

53 float_out2 TTO000T 10T T T0TO0000000a00000000

# 67 integer_in1 160

A, (5100 integer_in2 =250

_.

g

198 4-4328)E AS¢ binary32 FE] W3 A EHolA

AAlZ= o] 14¥]EQ] 29 B %7

rBL
©
=t
fitl
9
il
83
=
ful
o
¥
=
2
>
ofo
)

4ol A% Blew FddW ded 2L A% 9 4 Aok FoT 4L Ay
g Axghe EAT W, 20 B B Ho ghe 2N - 19 g ke
Holt}, of7]oA N2 ADCE HIES o|t}, gkl 81912 011111111111119] #<,

H A7k -8192+ 100000000000008 714 =eldk 4= gt}

ftest_trigometric_af...
ftest_trigometric-af.., |1
ftest_trigometric_af.., |0

Jtest trigometric af o [OREEERHET T 0111111101111
frest_trigometric_af...
ftest_trigometric_af.,,
ftest_trigometric_af..,

a9 45328 E A5 AU binary32 FH W A EH A
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Jrest_trigometric_af... |0
ftest_trigometric_af.., |1
Jtest_trigometric_af... |0

Jtest_trigometric_a/... |10000000000000

jtest trigometric_aji [0011100100000000(/001 11001
Jtest trigometric &l [TOLTEETT 0000000 1011111110
{tist brigomettic_af... [1100011000000000(| 110001 1000

1Y 4-6328E AS A4 binary32 FE #H3 A EF oA

G5g  Fat

TH

wAow  FHEeE A9 181929 o]XF

@

00111001000000000000000000000000% #3ll5=H Erh e} A Fh& o] o|XF

SaelFol muE Aol FAZF YUhE FPGAY AHEE £ 9t A
HoBe o A0S ARSHES G4Y 5 duh aeEs 4 222 FEE Fof
Ao AQ9e AgHES AAsE FaUth el PR Allerail o $E
aFAE 2AE o §3E 7t F5E AT W a g Y AgFolvh

® 42 W7t g FEA

A== A A

stel 2= A4

ALTFP_SQRT 370 LUT + 761 REG # 16 cycles
ALTFP_ATAN 7093 LUT + + 9 M9K + 1388 REG # 36 cycles
ALTFP_MULT 7 dsp_9bit + 111 LUT + 209 REG # 5 cycles

ALTFP_ADD_SUB

142 LUT + 347 REG # 7 cycles

ALTFP_COMPARE

51 LUT + 1 REG # 1 cycles

ALTFP_DIVIDER

16 dsp_9bit + 194 LUT + 1 MIK + 74 mux21 + 339 REG # 6
cycles

ALTFP_INV

22 dsp_9bit + 467 LUT + 1217 REG
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A3 A AZ AN 5 2541 £ 34 74

obeh 1 AE 2709 ghol disAR WEES ek

altfp_multiplier

altfp_adder
_ | DATAIN_S1SIGNALSL.0) | dataa[31.0 resul31.0]] DATA_POWERED S1_SIGNAL[31..0] ADDED_AMPLITUDE SIGNAL[ZL.0
DATAIN_S1B1.0] [ T 131.0), - - - dataa[31..0] result[31..0]
Gatab|31. 0] DATA POWERED 52 SIGNALITL 0 ot
CLOCK_ENABLE_SIGNAL 8
CLOCK_ENABLE [ WA ck_en
CLOCK_SIGNAL clock CLOCK_ENABLE_SIGNAL
CLocK [ —— clock
CLEAR SIGNAL ach CLOCK SIGNAL
CLEAR [——a chk_en
GLEAR SIGNAL e
Clock cycles: aclr
— Clock Cycles: 7
atm1
ata
altfp_multiplier
DATA_IN_S2_SIGNAL[3L.0] | dataa(31.0] 5

Bt —— s iss
latab[31..0]

CLOCK_ENABLE SIGNAL | cl_en

CLOCK SIGNAL clock
CLEAR_SIGNAL acl
Gloc
fm2
altfp_sqrter

AoDED AvPLTUDE SiGNAsL | | T — ] AMPLITUDE_OUT_SIGNAL[3L..0] _
* 31.0] resulf3L [~ AWPLITUDE_OUTEL0]

CLOCK_SIGNAL

CLOCK ENABLE_SIGNAL lock
CLEAR SIGNAL i en
cir

Clock Cycles: 16

arst

39 47 AF AR BF 257 274 B4 7@ 28=

% 43 A2 A2e] 2% 253 £24 ¥4 T AL 28

= #k

Total logic elements 2131

Total combinational functions 1735

Dedicated logic registers 1134

Total registers 1134

Total input pins 67

Total output pins 32

Total memory bits 179

Embedded Multiplier 9-bit elements 14
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A 44 ATAN29] 55 &4 <A %2 74

V|EAo R ATANS 17 MAFEHAA AltdEd. 54 1Q AE7t 14 2E

AHEHO A ANHEZ a17] 9s|A ALTFP_ATAN w7} 349 7159 x=3

TSkl ATAN2= T-@slloF Foh ATAN2= thavt o] Aot

arctan , x>0

arctan +m, y=0,x<0

X |< xX|w x|«

arctan 2(y, x) = arctan -, y<0,x<0
T

+=, y>0,x=0
> y

T
—=, y<0,x=0
5 Y

undefined, y=0,x=0 (4-8)

o]& olgdte] YFe Tl 9F FAL ggI grh ok xsk y7h 09

0 - {arctan (sQM, Son ) = 27[} —{arctan (Slm, S, ) = 27r} (4-9)

1
o

delate] FAdd ghol HalAAY wiAAl st F 479 FArtArE

e,
fo
1)
Au

Ir

L

L FACA FAaart gle AeE A 0 #E dete Aoz ok
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rr
2 .2

EEORE AFHAA RES RAY £ onE 5+, T 42 2 oy
OB Wk Qe MUXE TAstel FYsE Atk @489 £ F 4

Aol g A& vhehila Qlek, Az 7t o] 09 wle] =7k F7hslof
Atk %, b onh Aick), Onok Ak, 07 Prhyel Al zam el Fgshe

vel A7 FAW MUKIA Aa 5 gl i 97bdoln 4uEe] e

Opyyux = (X =0)(X >0)(Y =0)(Y >0) (4-10)

Aeld Ao wEld =4 4-8) T I A Aike] AElmo] ATAN27)

e W5 AFH £7 %A TR ATANZ F57 AHE e Aeleltt,
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E 4-4ATAN2Y HF5 &2FH 2 ¥4 29 &A%

g s
Total logic elements 8280
Total combinational functions 7758
Dedicated logic registers 1573
Total registers 1573
Total input pins 67
Total output pins 32
Total memory bits 6120
Embedded Multiplier 9-bit elements 52
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A5 A g ALY $F 257 24 B T

Azl = 1 Ada Q A 72 sy F 2709 ATAN2 &5°] Sojiith

f
oz

39 49 4 A B 257 274 B4 7@ 28E

22
il
S
rlo
i)
dlo
i
s
rlo
e
o
4
O:O:g,
e
i)
2
2
k)
i
0,
i
ftlo
&
t

ATAN2S] F
Foez WwAsYg, g5z 360=E 9AY 5 4= 232 A HAS d,

3602 TlatA W= S e

E 45 A% AR £F 254 274 94 TR A 4%

35 ak

Total logic elements 18308

Total combinational functions 17201

Dedicated logic registers 3927

Total registers 195

Total input pins 131

Total output pins 64

Total memory bits 12474

Embedded Multiplier 9-bit elements 118

A AXS e 2702 ATAN2 ESo] o]gHtl F 449 ATAN2 &9

2x ADS Qs ¥ a5 et 94 AN mEolA ATAN29] Fde] 7hE
2 A 2RE e L 5 A
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daty Hloh dE 5], 3258 29 1A Ad g2 WSy 11.010] #Hh

149 E 29 B4 ZdQ ADCE dHlolHe AS -1-1=2 Azl sh7] HFAE

eEXO0R 13 HZTE AXNE FyPed Ao AN EAE AFHS
SEZom 13¥ HITE I AL HAT 1ZHET} Q. EZ glojof sttt Aol

A2 dEE = doly 81919 4% 10] 0.11111111111110] Hojof dmz £2Ao]
S FEE s sted HAg 26 E o)k &xbyt desi)h

VHDL FEo|A] sfixed(X DOWNTO Y)&= X w9 A4 H|ES Y 7HF9] A4H
obef MIEE 7FAaL = 7 "vh ADCO| TIAE gro] 14WEe|nR X 139
#s 7t Y= AarstE sty 9% is 7HAoF stEE miivbA R 139 ghs
THAA A AarstE vkl Sl dagss A v dagsda Zew
st oo weba Xeob YO g g sok gtk

th5ol FEeA HolRol 5A dig FIg Helvw AAl JERIA e

xAel ARl Aagle]l AA WEe Ar)7F AXT] wiiel Ax T3t
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® 46 1 273 A F dstd g 27

operation Result range

A+B Max(A'left, B'left)+1 downto Min(A'right, b'right)
A-B Max(A'left, B'left)+1 downto Min(A'right, b'right)
A*B Al'left+B'left+1 downto A'right+B'right

Arem B Min(A'left, B'left) downto Min(A'right, B'right)
Signed / A'left-B'right+1 downto A'right - B'left

Signed Amod B

Min(A'left, B'left) downto Min(A'right, B'right)

Signed Reciprocal(A)

-A'right downto -A'left-1

Abs(A) Al'left+1 downto A'right
-A Al'left+1 downto A'right
Unsigned / A'left-B'right downto A'right - B'left-1

Unsigned Amod B

B'left downto Min(A'right, B'right)

Unsigned Reciprocal(A)

-A'right+1 downto -A'left

o] FolM Z 3+& A: Aleft, B: Aright, C : B'left, D : Bright= o} &7]3t} A}
247y AHA A #WES] X DOWNTO Yol A X3k, Y- veErdth cof D

oA Axkak dEel A XE, YES dET S, v 2ekd Ak C=

MSBE ueElf i B9 DE LSBE EldT
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A7 A AZ AR 18 258 £7 #4974

W7l sz FEPdd WeS 5AsA VHDL-2008 Support Librarye] i 4%
=2 R A FAse] AL AbgES B w3k} VHDL-2008 Support Library 2]

AGe 14 25E QNS FARE Ao A F oA A7E WHAY

7]

el REEA WE e H7]1E A derh dvH24] F AR 3 G

R 47 AFZ ALY AL ALEB.28 HE 2AY =AU F9)

= 7t

Total logic elements 2024

Total combinational functions 1724

Dedicated logic registers 613

Total registers 613

Total input pins 67

Total output pins 32

Total memory bits 121

Embedded Multiplier 9-bit elements 16

¥ 48 AZ Ao ALg AYL@R.14 HE nAY <A< F9)

K ak
Total logic elements 1428
Total combinational functions 1156
Dedicated logic registers 585
Total registers 585
Total input pins 39
Total output pins 32
Total memory bits 121
Embedded Multiplier 9-bit elements 4
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Aol A wolfol JUES RFW A Age] Mol FaBrh e
04 A5 A P4 AE AN dndES 48T u A% M) 27] WsE

ADCe] oA F& A7) s 7P WA ddigte FAdoh 99 vS3

g2 HE A7]8 7R

A:13,B:0,C:13:0D:0

o] X0 2 sfixed(14 DOWNTO 0) 15 H|E 97} T},

tgoz o] AES 47 144 E(1 DOWNTO -12)¢] <4sheo} el 44 zka

etk A WEHe HE A7]= vaat 2o

A:14,B:0,C:1D:-12

o] AAto R sfixed(16 DOWNTO -12)¢] 29 HIE ®WEg7l @ty g&2 o]

Wl S72le] ot

A:16,B:-12,C:16,D:-12

o] dAlo 7 sfixed(17 DOWNTO -12)¢] 30 H|E g7} Hr},

e HE ARE 99 @S 81918 YN T AafrstE shA €k

A:17,B:-12,C:13,D:0
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o] AAalo & sfixed(18 DOWNTO -25)2] 44 H|E HWE 7} ) x5 AA 2=

19 @S 7HAA "o el HE RS Afjsta 28 EE U] F7kelA 3

HEgln 71481 sfixed3 DOWNTO -25)¢ #& o voz {AFHI:

oJ71ell A ZAl= WxAlZlE ol&ste] FEsHA HW Ak ARvE g4 "k

aHEE A7) diale] AXE itz yeAls FEeT o 7)ol v Aok

S i 200l Z, 26W QBE ANE QA sof @k AU F5 wES
FEE HA Formw 25W 0 EXFO®R FXE s ®rh ¥thd o] 30H] E ]
ZAFell A A (significant) 52 #} HE W §x o=t} 8oz & HEQ]

wekom  7]9Jop gty UH|ES] AHAUEE 47 fsiAe @ ¥ERg
MHERSE o 2% wfo=m ] Aof drf. a#B=E FHF HE=  sfixed(l7

DOWNTO -26)¢] ¥t}
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A 8 A Alpha Max Beta Min 27| 44 1A &54H
<A WA FE[21]

ARAQ A FEe we AN andt aHnz Hadel oxw
A ke EET 4 Qe dueFol STECL 9% e AEe 3¢
Bage] SHE AS FYS =W Y wolle] Fashl Ha o Pad
wvlolel tE ghe AR ShW il Has ®rh F, AHRW F 1 ARW
Awuk o] gatel AT + gk,

¥ 4-9AlphaBeta 3&vE ¥ 2% H9] H2E Z3}

Avg Err RMS
N Alph B .
ame pha et (linear) (dB)
E/Irlrn RMS 0.947543636291 0.392485425092 0.000547 -32.6
Min Peak Err 0.960433870103 0.397824734759 -0.013049 -31.4
M.m RMS 0.948059448969 0.392699081699 0.000003 -32.6
with Avg=0
1-Min RMS Err | 1.000000000000 0.323260990000 -0.020865 -28.7
1-Min Peak Err | 1.000000000000 0.335982538000 -0.025609 -28.3
1-1/2 1.000000000000 0.500000000000 -0.086775 -20.7
1-1/4 1.000000000000 0.250000000000 0.006456 -27.6
Frerking 1.000000000000 0.400000000000 -0.049482 -25.1
1-11/32 1.000000000000 0.343750000000 -0.028505 -28.0
1-3/8 1.000000000000 0.375000000000 -0.040159 -26.4
15/16-15/32 0.937500000000 0.468750000000 -0.018851 -29.2
15/16-1/2 0.937500000000 0.500000000000 -0.030505 -26.9
31/32-11/32 0.968750000000 0.343750000000 -0.000371 -31.6
31/32-3/8 0.968750000000 0.375000000000 -0.012024 -31.4
61/64-3/8 0.953125000000 0.375000000000 0.002043 -32.5
61/64-13/32 0.953125000000 0.406250000000 -0.009611 -31.8
S AAsl Aurd, 19k Qe AME dtel Wil Adigks FHskd 0~90%=
Atole] oz AdteA "ok dgoz Hue HA #e FHSA HW 0-45%




ol
a
o
>
=]
=
S

Atole] gho 2 AlgE Tt o] A Ak mHQlel A 5 A
Beta®] #o.2 XM®3ta & ME Fholl Alpha 22 ME Fholl Beta®s w5 3to).
AFo] Ae A FEe HUHRS 1otk agE=R 29 BE4 flolu

sttt 2 ERE glow ®h &g R s E(resolution)’t H=S-E FEH

2~

FS

e 3 Ad s @ g Ay ¥Ee ariE dEpdt. 347E
&

o AL A

r (]

¥ 4-10 Alpha Max Beta Min ¢a8]&

K i
Total logic elements 630
Total combinational functions 630
Dedicated logic registers 38
Total registers 38
Total input pins 59
Total output pins 84
Total memory bits 0
Embedded Multiplier 9-bit elements 0
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A3 = A AAREZ @] 9E AlEo| o=
A ADCelA A2 delg7t stk EF 4 22k AlE#H ol AdA
ADS4226EVM¥} TSWI1200EVMol A & HolE S o]&F )l o] H7} H:=EL

14°] E 160MSPS7HA] MZH S X Y3FA|uk, 4AMSPSE T ZAI A AL, 29 B4 B9

HelHE + RIEY FAZESIe] Al Abgeh= ADCO HEW HIE 9 dA

[H

A3
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a9 4-11 Al g oA dole AAE $§ Texas Instrumentjite] B7tH=

CEREL

100MHzZ Y

KR
=

Zg)

=

50

(¢}

4000 §

w00 L7

ANEdolA dold A4S % By B=g BT of:
g 1Q HlolHE Hth
charwd 141)
carmtelation plot
08— r—vrs
20 « a0 80 100 4
ol
chamel 21Q) .’
08 ————e-a
; 25 1] 0s
3 v
20 a0 80 B 10
a9 4-12 B7} REAA BEHI dolH
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A 9 A A7 ZF3 ATAN2 A &5H 2 44
T&d[22]

x=real(z), y=imaginary(z)e}3l 3}31, 54 z7F 1 AHEH S o

, T3} 2ol
03 S Atk Aake 4 ik
r=-
X+y (4-11)
6, = Z_Zxy
4 4 (4-12)
B 27 2 AR glohd, gg3 2
K, =XL_§ (4-13)
3 *
szzﬂ——ﬂ' r (4-14)
B 27} 3 AFRHe glohd, gg3 2k
K, :XL_i (4-15)
Oy =——rm+—r*r (4-16)
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B z7h 4 AR o, g 2o

W=y (4-17)

0, =——+%*r (4-18)

Al Aol 007rad el A7k led ol 4= gEelrh © e

o
AYEE do8d s o8 5 At

[e]

6, =0.1963*r* —0.9817*r +%
6, =0.1963*r° —0.9817*r +3*%
6, =—-0.1963*r? +0.9817*r—3*%

6, =—-0.1963* r®+0.9817*r _r
4 (4-19)

o] A9 At 00lradd =2 ©x7F glom o= 05% A Lo|th
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¥ 4-11 A7} B33 ATAN2 138 ZE 2D AHE

o= s
Total logic elements 3431
Total combinational functions 3431
Dedicated logic registers 106
Total registers 106
Total input pins 31
Total output pins 78
Total memory bits 0
Embedded Multiplier 9-bit elements 24

gavanReR . 0ARR

a9 4-13 YA o2 A EFolA
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A 78

o] AA Fdeoltk

1EF

ol
=4

of A vjg7tA s 1Q BA

=

9] 1YL FPGA H

Fole

100MHze] k. ADCell A]

7o
2

=
=

A}
.

=
o

SAR vE o

g A

o o]l

AEEst 27

EPERE

A =

2 100MHzZ 3

7321

HAI R,

S

N
B

olyz} 100MHz

dolzlsk a7l

914

DAC®] 4]

DAC

7 9 ages

14

5]

=]t

o] AN A% AR

th. &3 dolH

i3
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E 412 AA LagdFoA AHEgH 2

o= s
Total logic elements 3621
Total combinational functions 3621
Dedicated logic registers 132
Total registers 132
Total input pins 30
Total output pins 58
Total memory bits 0
Embedded Multiplier 9-bit elements 24
Total PLLs 1

TR TP S Helrish vl AE I ATl 2 S vAA

[e]

Za71e) grol wiHolA 29 AEel A7k deitin A4 AT 2Me AAl 94
ZlA QA AT Qelok sk gk AAY 4L Aol ok ZA 4
oA YEhs " F, ok gmEel Fd¥ 4+ QA H: zdo] At

aeBE AE oxke] 4L 4% ex vt A9 glein

o
=
=2
R
5
Og‘;,"
i
&
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Al 11 A NCOoY +&
NCO w7} g2 sARQI T ARl st o] A9 & AAs7] HsiA o] &gt
phi_inc_ie ald A4 F4 golth clks o], reset_n¥} clk_end high®= Fojof

3t} out_valid7}F high?}F € o] 3= fsin_out, fcos_out] #ko] o]& 7153k Fto] %t}

NCO _1Mhz PHI INCREMENT|

4204967 ey [NCO_IWHTZ
phi_const 1 SINE_OUT[11..0]
ook t— PHLINC_i31.0]  5i0_0[11.0] et e TR TLDATL G|
CLOCK [— T ok fcos_o[11..0] —_— UTELT [ Q1 DA[IL.0]
prm_consone] crock cumeie [ e vl T oUT ENABLED
clken_const
ncol
pll_100MHz
inclkO {11c10 trequency 100.000 MHz 0 BT DAc_cLkT
Operation Mode: Normal
st e
[ e e SRR
=]
d% 4-15NCO E8%
Required
g Dither
e Optional Generator
i
Frequency ! Phase
Modulation Internal Modulation
Input Dither Input
0F\.A
|
]
v
Phase - — sine
increment g _>__|_
i N — cosine
Phase Accumulator
3% 4-16 NCO9| &2} w4
fe) =0 = & O o -
A a1e]ES CORDIC — MY BE o)n, & WA 94 FA7] w2

guwsk wiE, 7 sguel 1eME, A% aEsk 120 E(DACY 4

- 05 -



FAdck @), o1F 29, A4 Ouy BYS ok 9 Furi

2
12
i
N
i

FUASA Sk EUE IMHzE AAse]l AT :Akel shel sigske Y

)
o
o=

X,
i
=
S
e
A
o
ofl
rlo
)
dlo

o Ao AT

s(nT) = Asin[27((fo + feu )NT + oy + o )] (4-20)

A7 T F4 2e Folow, 0 e 99 24 ga e g
= (e} = = L2~ f (e} ¢F (e} =
Neow Awa BzHA 2o 29 Faeod, e B jzee

Awe o owe sevideln, ®M e ey wx Qe g e el wE

P

_ 9 Ruidan
gop(Pianyz Om =2 o o e gl gy, = W B Y grelw,

AE No| Z7]e] guxa w 2V e grolu}.

fO — (hnc fclk HZ
2" (4-21)

7)ol A 2V

rlo
do
o>

oAzl AdEeld A Y S w2

4294967301, =, $19 F2lo] w2 42949672.962] Fko] WhE

o
e
M)
a2
ftlo
u2
o

Atk mE3H o] wlio] 1MHz 4l 1.0000000009313226 MHz7} A &2 F3k57}

s},
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[ I MatoTraBae | W7mec  s[ofFeew | TIESm eyl | B%BEm St | |
A 710,00 MIra N |
%6 Name
A 50 clk S — A T— B
N T 0 clien
@ fcos.out =15 (o -6 G S QT
" 05| @ fein.out E K E] 1t T2 by & e
L% FTE] out_vald
= lga @ phidncJ el ]
fi% .’g ressn
8

0| 2l = jui|

1% 4-17 NCO 1IMHz AFQl FARS A A E#H o)A

-1~19] AFelzm :ARGl Zk tiAl 12 H|E DACE 9% 3ew A7) WIEo

i
R
ottt
o

J‘
o
i)
4
%0,
o

¥ 4-13NCO F¢¥9 AE A4

= 7t
Total logic elements 1060
Total combinational functions 988
Dedicated logic registers 1035
Total registers 1035
Total input pins 1
Total output pins 31
Total memory bits 78
Embedded Multiplier 9-hit elements 0
Total PLLs 1
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Al 12 4 JEHE 19 Q Ad Az Y

pll_100MHzZ

cLock inclko 0 PLL_OUT_DAC

cock [ inclko frequency: 100.000 MHz LTBIT [ T1_ENC_POS

Operation Mode: Normal

inst1 Cyclone Ill

[ [Ny
G ey D > LoAT
oA

ALt E0F [ALT OUTEF > LoAl

a [T GPT T 1 DAlZ]

ins
[ALT_OUTBUR
in:

ik oo TLoAG
WEOF [ALh.00TE0F )

i
0, A0; [OUTPUT 11_DA[4]
odts ok FmEr——— oA
) ingfi3 indfia OUTPUT
inst1s insT16 N N [OUTPUT X
= oA
- 11_DA[9]
11_DA[10]
R e > R i S L)
| T inefel__line22__  IOUTeT T 11 DA1]]
[DATA Q. IN[Z] T ns23 ins24 PNQEUF [ALRQUTEY [oUTPUT QL_DA[0]
A ONE > R
LQINET o e T > -
DATA QNG > meur | | %5__|indG6 GBI QibAN
DATA_Q_IN[4] > Weur f IGUTPLT. 1_DA[2]
ome ke Wl : > oom
I [oUTPUT 1_DA[3]
BATA QNG [>T I T OA)
SR G N R | D
QN Voo d> [ALT NGO [ALT QUTEUF )
DATA QNG s insts __linsi6 ITRIT ——— o1.0Al8]
0 o A TR >’ X
DATA_Q_IN[9] [— T I > QLDA[]
QINI] vee in i INBUF [ALT OUTBUF TS Q1DAIT]
BATA QNI > R ] T omE
RO w— o e $m; 2 e — LA U N
o

3

n
LT NBUF,

o

¥

¥

‘\(

INBUF [ALT OUTBUF

5

¥

by

1
i; T %:) Q1_DA[9]

" . TALT. NS0 [AL.OUTS!
DATA_Q_IN[12]  [——>—INpUT ;’}Aj};@wm_: QL_DA[10]
_ — VCC ]
DATA_Q_IN[13] :>_mauLi Gl ins@ __|inet6 BB o1 oA
— Vit |indtds L =
ing!

¥

¥

pll_direct
cLock PLL_CLOCK_OUT
0cko inclk0 frequency: 100.000 MHz <0 QUIBLT { > DAC_CLk1
Operation Mode: Normal _
~ —
— ——

plid1 Cyclone Ill

—
a

1% 4-18ADC-DAC AH ¥4 &

-IHU

Analog Device jik2] 149]E ADCSl AD66469} 72 3412 12 H]E DAC ¢
AD97425 ©]&3th ADCO ¥¥ #s AZES: 45 9dAM ADC =

DACS] §ig o= 2HEH o] 5|7 AZt ADCS DACS] 28 £&=5 §dd)

X

te] 715 gt
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1% 4-19ADCY ¥ RA 1MHz 229 AR 3ZAQ 33
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H{

Ch1+Ch2 2|4 |
20

86.1

Chl z|Z-=z|= -
’ 4,963V

Ch2 z|=-z|= -

5.123V

‘Ch1  2.00v @B 2.00V ~~M1.00us A Chl F 80.0mv-
Refl 100V 4.00ms @+v0.000005 S

a9 420 BEE He P2 NEE 29 Bz A5 YAE

olf g wolz= EAE HEY #wE vE

A3 QA S YA AT 5
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A5% MPA AS EE9Y
Al 1A AA FA

[y
o

AHe AL oS Zrl 916MHze] RFAIZE ICHLIC = ¢l7Fstth Lo ¢#
EEd] 917MHzo] 215 & <I7Fgth OCH1¥ OCH2E= ZH7) =3 Ed] A7)

dAdgth, dagFo] WPl wep ocHel 2lErt HAdt Hol Aywrt

29 511Q B LAF AFS A% Y FACHEY 227))
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Al 2AdS3 23

g5 7t

¥ RFAIZ(ICHL) 916MHz@4.48dBm
9¥ Lo A5 917MHz@8.53dBm
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Abstract

A study on the control of amplitude and phase of

multiport amplifier

EunCheon Lim,

Department of Electrical and
Computer Engineering
Graduate School of Engineering
The University of Seoul
(Supervised by Professor,

Moon-Que Lee, Ph. D.)

In recent design of satellite payload, the multiport power amplifier (MPA) has been utilized.
The MPA is capable of controlling output power level and is less vulnerable to failures. With
these merits, high isolation among output ports should be achieved to apply the MPA to payload
architectures. Especially, in high frequency application such as K-band MPA, the power
amplifiers have individual variations in characteristics so that it is not easy to control them and
achieve the ideal isolation.

In this research, we propose an I-Q calibration algorithm enabling high isolation among MPA
output ports by driving the voltage on variable phase shifter and attenuator applied on the RF
signal path. The algorithm has been developed to find the phase and amplitude mismatch and
programmed in an Altera Cyclone Il FPGA chip. As a prototype module for demonstration of
the proposed algorithm, we have designed a UHF-band MPA and calibration block using 7-port

demodulator. The 7-port demodulator structure allows converting radio-frequency signals into
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base-band signals without intermediate frequency. The voltage controlled phase shifter changes
the phase in range of 96.02 degree with the insertion loss of 1.04 dB. The voltage controlled
attenuator modifies the insertion loss ranged from 1.17 to 3.1 dB with 0.6-degree phase shift.
Two DAC voltages driving the phase shifter and attenuator are generated from the FPGA. The
voltage variations of phase shifter and attenuator due to the DAC output buffer determine the
balance of attenuation and phase between two RF signal paths.

The first algorithm manipulates floating point numbers to maintain highest precision during
entire calculation. However, the cost of resource was too high to be fit in the FPGA device.
Instead, we replace the floating point numbers into fixed point numbers for optimal resource
utilization. The direct implementation of the arctangent and square root is simple and intuitive
but the efficiency and resource utilization are degraded significantly. For more efficiency, the
approximated method was successfully applied.

The final full-path test shows the performance and feasibility of the algorithm. We have
tested the algorithm with different input power and type of demodulator. The first test
configuration for variable type demodulator has following parameters: input RF power of 4.48
dBm at 916 MHz, input LO power of 8.53 dBm at 917 MHz, voltage of phase shifter of 2.38 V,
and voltage of attenuator of 0.523 V. Using the proposed algorithm, we have obtained 47.74 dB
port isolation at the best and 20 dB for typical. For fixed type demodulator the test
configuration has the following parameters: input RF power of -12.44 dBm at 916 MHz,
demodulator phase offset of -82.5 degree. The other parameters are the same with the first test
configuration. The result shows the isolation of 40.0 dB at the optimal condition and normally
18.0 dB.

In conclusion, the algorithm demonstrates its capability to find optimal phase and amplitude
according to the RF | and Q signals from the 7-port demodulator MPA prototype module in

UHF band.

Keywords: Multiport Amplifier (MPA), lsolation, Satellite Payload, Butler Matrix, 1Q
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Calibration Algorithm, Modulator/Demodulator Circuit, Field Programmable Gate Array

(FPGA), Very High Speed Intergrated Circuit Hardware Description Language (VHDL)
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