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¤ љῑӠ ᾭεԀ јԀ Ἒӟ 

 

ADI╪ ᾑ ᾴADIԆᴺַײ Ғ ADI╪ ᾑ ҧᴢADIὝӖỡᶇ₈ᶳӓⱴַײ Ҭ ᾑ῞ ᶂ○ ӹ ᵘỨ

ῑԍң ᾔα ɎADIӠ ɏβַײỨῑ◌ΰ ᵫ ᵘԍңּר ҒΰᵘỨῑΰᶍṝADIԆᴺᴢԍ ᴴҙỨῑ ҅ӽΊ

ADIѾ ᴴεїỆҧҮӌᾛẩ ҮӌẺẩỡḏҞᶵֹ ֦◌ ᾂ ӡᾂ Ṝ ֪ᴦỡ ᵨADIӠ  

ADIӠ ᵘADI╪ ᾑ ᶍἸɎᴜ‒ɏὝӖ Ṓ ADIṷῗADIӠ ᵘADI╪ ᾑ ֜︢ᾢ εӆADIїḽADI╪ ᾑ

ᵘADIӠ ӏҮӌἚӟεפἭӆї ҇Ԋ҇֜︢ ᵘḡᾐ Ἒӟײַ ὑḓ ᵘԍң᷁ ᴴ Ḕᶇ ADIїӟ

ADIӠ ᵘADI╪ ᾑ ╤ ײַ ₱ ֜︢ їҹѦᾘỡїḔᶇ ADIїḽ ◕Ḧⱴ Ḫⱴ ỡїӛ

◙Үӌ єᾛּר ҒΰӏҮӌᾭ ỡῆ Ἒӟײַ ḽ҇ᵻ ӓⱴADIӠ ᵘADI╪ ᾑ ẫ ҮӌײԊַגỡјԍּײַ

ὄḰỡὄ᷁εפἭӆї ҇ᾎὊѡ᷁ỡὄᶏ ⸗ Ꞌ₥ ╩ Ѧᾘ ỡԍңᾆ εᾢ ₈ Үṝ҇ӛ

ΰ ᴿᵂỡԍңεADIᶍїἅἚҮӌ Ү ӓⱴԍѦὝַָײҮӌ єᾛᴟ Ҭ ệј₈ єᾛ ײַ ⱴ ᴴ

ᴂ α ῑβ  
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ҝᾤ  

¤ Ҭᾢ ⸗(SDR)  

¤SDRᾎḘᴜⱣ 
Á ѧ ἆ ὶᴪ ᴧṃ /ὶᾠ   
ÁᾭḔ ֺ ҟ 

¤Ḅӌ ֗Ӡ  
Á ֺᵸ/ ᵸṀ ￼ ι⸗ָῗ□ẙᵙ ꞌᴪק ἄ￼ẽᵠ  
Áή ᴵҨ֟Ṉ ￼Ṫᴔᵙאᶋ │ 

¤SDR ֗ᾛ’  
ÁFMComms1ּכ ― 
ÁṪԏ ᵙHDLט ӕ 
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қѰᾴ Ҭᾢ ⸗ψ 

¤ Ҭᾢ ⸗ (SDR)ᾴ ᾢ ⸗ Ӡ ε ẁҧ︡ҬẺẩḪ♪ַײӹ
Ҭα═ ᵷ ╥↓ᵷ ᾄᶼᵷ ֹᵷ/ ᵷβ♪ᶇҧ Ҭᾛẩᶇѥҙ
ῡỡṦԃẩ ѕḪ♪ Ṓ Ҭ︡צ  

¤SDRẉїᾴ ѥᾚồαᶼ ᶇѕћ 70Ẉҥⱶ ᶁDoDḪ ḮὝ֦βε
ײ⁴Ἠᵘᾎḓ⸗ḑἆῠַלּ ₉ Ồ ᴦṜεѲ׀ҜᶇⱣ ѕᴴ ểᶹײַ

ἆῠỆҧḪ♪  

ÁѭҜѱӔּזSDRό 
Á RFק ҭ 
ÁҨ ҭẻẪḫאι῏҈▌זᾺו  
Á ᷿ ҭᴵ ᶺזּ ֺἩ  
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ὓᴩבּ ἆῠ(FMComms1)  
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/

 
№  

 

ADL5375 ADL5602 

ADL5380 AD8366 AD9643 

AD9548 AD9523-1 
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0
0
M

H
z
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F
P

G
A

 

RF  

₮ 

RF 

 ῀ 

׆ ῀ 

῀ 

DAC 

16ᵝ  

1250MSPS* 

AD9122 
└  

400 ï 6,000MHz 
20dB  

50 ï 4,000MHz 

ADC 

14ᵝ  

250MSPS 

0.25dB  

600MHz  

 

400 ï 6,000MHz 

₮̔1 ï 1000MHz ῀̔1 ï 750MHz 

₮̔35 ï 4400MHz 

ADL5605/6 

 700 - 1000MHz 

1800 ï 2,700MHz 

 ́  ́

 

Һ ₮ 

16 + 1ҩLVDS  

(  

1000 Mbps) 

500MHz (DDR) 

16 + 1ҩLVDS

( 

500 Mbps) 

250MHz DDR 

 ́ Pi  

€  S 

S 

S 

S 

S 

1ҩLVDS 

 

50MHz  

 

SMA  

I2C/USB 

SPI 

SPI 

SPI SPI SPI 

SPI 

SPI 

SPI 

 

5V 

(500mA) 

ADL5523 

400MHz 4,000MHz  

ᵞ  

 

 ́

Tx 

Rx 

RF ₮ⱳ └
 

╠  

╠  
2 

2 

-9dB 

0dB 0dB 

SMA  

Å AD9523-1 ₮ 1GHz 



ὓᴩבּ α Ѧ βὓᾁᵘᴦṂ 

ὓᴩבּ¤ ᾁᴦᵷѻ Ѭ ṭ ᵂ₉ỡ Ѧ ᾁᴦᵷε῞ ♆ ҇ỡ ẁ
ὓ RFӠᴹַײ ↓ ♆  

Á └ ꞌ =   (LO) ꞌ 
Áӡᴺ ᴅιԏῶ Ậד 
Á ᵀ ẙ ἄ 
ÁᾟὙḴṾ  
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Ѧ ᴦṂῡҷ ᵘ ѩַײἹỢ 

¤ҷ σ 
ÁӺҭᾭ ṈӔệ ἄ ᵙו ῭Ӊ 
Á ὶіᴪ ғּו￼█  ᾫ῭Ṉ 
ÁἍ ◒└ᵸ῭Ṉ 

¤ἹỢσ 
Áᶈ₩Ὁ ֺ ѧιIQӡᴺ￼ᶭ ᵙ ӈ᷂ Һ ὶẽᵠ ṾἬֺớ   
ÁṾᶹҽ  
ÁLO/ └⌠◖ 
ÁI/Q᷂ Ṁ ֧ ѧ֧א ӵ 
Å ҺṀ ὶᾠ  ￼ Ṯ Ẅẙ(EVM) Ӊιҡ Ủק⅝⸗ Ṯꞌ(BER) 
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Ѧ ὓᾁῡҷ ᵘ ѩַײἹỢ 

¤ҷ σ 
ÁӺҭᾭ ṈӔệ ἄ ῭Ӊ 
Áῂ ӵἬֺ◒└ᵸ 
ÁᶢṾ◒└ ∂῭Ḵ— 
ÁᶢṾᶭ ḫא  כּ

 

¤ἹỢσ 
ÁᶢṾіḕᶈ ╙᷂  
Á █  
Á᷂   ᴙכּ
Á Ḿ ♇ ꞌḾ א֧ ӵ 
Á ӈᵙẄẙіI/Q᷂  
Áӱᾭ ớ 
Á ‰ӡ ￼ѣѦ ẇἣӡᴺᴵṀ ‰ṾḴ ᶀԓ￼ӱᾭ ớ  
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ᶡ︠ᵺ σ₀ἝԆẩ 

¤Sin w0tјcos w0tᵑ90  Ӈṭגּ̄

¤ẃẘᵘּגӇḡԄר ᾩε-  w0ᶳַײӠᴹԒḲ┌  
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ẃẘᵘּגӇ᷁  

¤ẃẘ᷁  

 

Ӈ᷁גּ¤  

 

 

w 
0

-w 
0

A+B

2

A-B

2

‰ӡᴺ 

ӵ 

10 



ṭּק ẃẘɇEVM  

ä
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¤ᴦṂᵘὓᾁӠᴹ ѦַײᵸᶱᵘїⱣ ḿ ᵄַײ⸗ᴘӬ Ᵽ Ӈ  

¤ ṭּק ẃẘṎᾴ Ӈ 

¤ ᶼַײEVMṃḿ ӹבֿ ᵘ₦◕ ṭ♆  צ

¤Ή ֹᾛ’  ֿבӹẾ₈Ή   EVMΉו  

Ᵽ αᴟ βӠᴹ 

Ӈגּ ṭαI/Q ṭּגӇβ 

ẃẘ ṭαI/Q ṭẃẘβ 

I  

Q 

Ḫ  
Ӡᴹ 

f 

ᴄӇ = %  



ᶬכ ᷁ ᵘּגӇ ṭַײẼᵟ  
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fLO

+10% Quadrature 

Gain Error

fLO

1
o
 Quadrature 

Phase Error

fLO

+1% Quadrature 

Offset Error
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ḿ ᾯẙᶂ Ḅ₈ѲṭַײᴜᵻᾴқѰψ 

¤ LO₇ҏּגӇ֪ ṭα ᵷβ 

¤ ḡᾐᾯẙᶂַבּײ∫᷁ αᴴ ᾴᴦṂῡѦLOָRF⅝╩β  

¤ ᵸᶱᾄᶼ҂ᾯẙ ײַ αὓᾁῡᵸᶱ ᾎїӒβ 

Ӻ 
֘  
Ӫ 

ḅ‛ Ӻ ᶈ 
￼ ἆᶹ  
ṏҺᴧּו⅝⸗ Ṯ 
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ὓᴩבּ ᴦṂῡ῾ῶ 
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ADL5375 ADL5602 

RF  

₮ 

DAC 

16ᵝ  

1250MSPS 

AD9122 
└  

400 ï 6,000MHz 
20dB  

50 ï 4,000MHz 
ADL5605/ADL5606 

 700 ï 1000MHz 

1800 ï 2,700MHz 

 ́  ́

16 + 1ҩLVDS  

(  

1000 Mbps) 

500MHz (DDR) 

SPI 

0dB 0dB 



ⱴIF DACַײᶵᾎѦ  

¤ᶵᾎѦ ῾ῶ ⱴIF DACṃѦ Ӡᴹјԍᶵᾎԉ ᴿởεӏѬ₇ҏ ֹᵷ
ײַ ԃ  

¤ ‒ṎỆָ ѥᴄ ṽ(SSB)ѕᴩ ᵷε ѕᴩ ᵷ ᶻἉֹẁ ═ Ғ
◓εҠ ӈBPF╥↓ ₱ 
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IF DAC

IF DAC

PA BPFS BPF

RF RFIF

IF

RF

RF       0
LO    90

LOFs

Fs



ᶵᾎѦ ײַ  

¤ᶵᾎѦ Ғⱳᾎѥ Ӵσ 
ÁFDAC Ɋ FOUTχѮ ‰ӡᴺ￼ ӵ 
Á └ε2₭ 3₭ ζιḫ ἆἱᴬ 

¤Ọ ӓⱴӈ ╥↓ᵷ╥ ҍӠᴹε▒ᵄỬᴴ ԃ₇ҏ ֹᵷ 

¤Ọ Ң ֭ ♆εҧԀἎᴫҒ◓ ҇ὓ ѕᴩ  Ӡᴹ אָײַ

¤ᶇ ֹᵷѲᵄӓⱴ ѥṽ ╥↓ᵷ╥ ᾢⱴҒ◓ 
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IF DAC

IF DAC

S

IF

RF       0
LO    90

Fs

IF Fs

RFLO

Ἕ 
 



ṽἉֹїⱣ  ᴜᵻײַ
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їⱣ ײַ ֗ᾛ← 
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Ḥ  

Ἕ 

LO  



└/ /NCO  
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¤ ṿ ⱴ̔ 

ÁfDATA⁞   

ÁḤ Ҋ  

ÁDACⱳ ⱴȁFPGAⱳ ᵞ 



DACԒַײᾎḓ ֪ 

¤Ὗөᵻḑᶬוσ 
ÁfDATA֟ṇ  
ÁӡᴺṾḴї  
ÁDACו ᶭז 
ÁFPGAו Ӊ 

¤FPGAᶳⱣᵘᶀḦᶳⱣѲ ײַ
ΰ  

¤FPGAѕַײ ᾩẐ Ῠ ӈ 
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AD9122 ᶇDAC ֦ѦὟө 

22 

1X 

2X 

4X 



AD9122 ᾎḓѕᴩ εDAC ֦ 
(DC -> 600 MHz)  
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҉  

f(DATA)/2҉
 

8 x f(DATA)/7 

҉  



AD9122 ᶇRFᶳᾎḓѕᴩ  
αѦ ε2.4 GHzβ 

24 

҉  

f(DATA)/2҉
 

8 x f(DATA)/7 

҉  



їḡ I/Qײַ ᵷ 

I/Q DEMODULATOR

LOIN

RFIN
0

89.5

G1

G4

G3

G2

fVo s1

V fo s2

I IN

QIN

јẈ  

ᵃ  

֫ ᵸ 

ᶭ   

јẈ  

(G1,G2,G3,G4) 

᷂  

 ᴙכּ
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I/QӠᴹ ềѦַײ  

Control
Tuning90

0

R +/- 5%

R +/- 5%

LPF

LPF

Voffset1

Voffset2

Voffset3

Voffset4

ADC

ADC

ᴥ ADCѧ￼
᷂  

PCBᴝ ṵṕјש
 

Ӻҭјש   
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IQ ᵷ ―ɇLO RF⅝╩ 
 

¤ḄῺ ҍLO⅝╩ָRF ԃεḛҹᶇ═ ᵷѦј ═ αּגѹβεᶇ ᶵ
ᶡṽᾎὊ∫ѕҒⱳїײַ ᷁∫בּ  

ADC LNA 

w

 

-70dBm 

0dBm 

 

-60dBm 

w

-40dBm 

-30dBm(~20mVp-p) 

A B C 

Ӭ   

ҡAֹC￼ᶭ  =30dB  

LO RF⌠◖ ~ 60dB  

FLO 

FLO 

X 
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᷁∫בּ ᵘ₇ҏ ṭ₇ 

᷁∫בּ¤ ᵘ₇ҏ ṭ₇ҧᾎḓᾛẩḪᾜ҇ὓᾁ  
ÁῳῶᾦΆẪιᴵḾӡᴺ Ểѧ￼Ἅῶ☺ᶈ᷂ ἆ Ṯ ӳ 

 ₇∫בּ¤
ÁӔּזῂ ╙ ιᴵּז └◒└ᵸ  

¤₇ҏ ṭ₇ 
Áᶭ ›⃰ 
Á I^2 Ɋ Q^2 ιҨ ḧIᵙQѳ ꞌṮו￼  
ÁוꞌṮẔ ט  
Á ӈ›⃰ 
ÁIᵙQѳ Ґᴢ Ѻ  
Áᴵ Ӑ█ ᵸ ╙ љIᵙQѳ ￼ ӈṮἄ⅝ӕ  
Á⁞ὯḧѲιḅ‛ ѣ Ḣԅ⃰Ґι ѱ Ẕ ѭ  
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ὓᴩבּ¤ ỡ Ѧ ὓᾁῡԎῑ ṮַײҷםᵘἹỢ 

¤ᶬכ Ӈᵘ᷁גּ ṭṎᾴԍѦ ҍἹỢε ҍἹỢᴴ ₇ҏ ṭ₇
ҧו← ֗ 
Áᶭ ӈᵙ᷂ ṮҺṀ ὶᾠ EVMᵙ♄ᾧẙ Ӊ 
Á⃰Ґ Ṯ›⃰ᴵҨώ EVMᵙ♄ᾧẙ 

¤јѦ ‒῾ῶּג₦εּבὓᴩ ᶇה ở῞ᵘ ᾛ Ḕᶇҷם  

¤₇ҏ ṭ₇ӓỆ ᶻḪ♪ᶡ /SDRẇᴵּבὓᴩ ֗ᾛ’ 

¤ADIԆᴺ ҥQECṯ ởָҧіҒᵜѦ 
ÁAD9262 Ɋ ᴥ 16ӈ Ὴ Ƌ-ŽᶚADC 
ÁAD9269 Ɋ ᴥ 16ӈ╙↨ ADC 
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FMCOMMS1 ᾩײַ  

¤AD9523 -1σᶹ ֦ ᾩ ֪
ה εԎῑӈἌח  

¤ ῑ○ԒPLL VCOᵘѢѥVCO֪
ᵷ 

¤○ԒVCO  

¤Ѣѥ PLLײַ σ 
Á PLL1ץᵍ Ѧᾯᾭ֫ PLLιӔּז

15 MHz 250 MHz￼ᶹ ᴙίῢ
(VCXO)   

Á ҇ PLL2ῗ Ѧ ꞌѺ│PLLιּ҈זṄ
֧ ꞌ Ὥֹ2.940 GHz

3.125 GHz ᶀ  

 

/

 
№  

AD9548 AD9523-1 

₮̔1 ï 1000MHz ῀̔1 Hz - 750MHz 

50MHz  

 

SPI SPI 

122.88MHz VCXO 

ᵝԍ FMCOMMS1 

҉ 

30 



FMComms1 ᾩ  

DAC_DCO 

ADC_CLK 

DAC_REFCLK 

DAC_CLK 

N/C 

N/C 

N/C 

N/C 

LOGEN_TX_REFIN 

ADC_SYNC 

N/C 

LOGEN_RX_REFIN 

N/C 

Ẋ DAC

ṿ 

OUT1 OUT2 

ֽOUT1 
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PLL2  

122.88MHz 

983.04MHz 

983.04MHz 

122.88MHz 

1,024.00MHz 

1,024.00MHz 

׀אָ¤ σ 
Á 122.88 MHz  / 1 * 24 = 2,949.12 MHz  
Á 2,949.12 MHz / 3 = 983.04 MHz  

 
Á 983.04 MHz / 4 = 245.76  MSPS (ADC)  

¤ᴴ σ 
Á 122.88 MHz  / 1 * 25 = 3,072.00 MHz  
Á 3072.00 MHz / 3 = 1024.00 MHz  

 
Á 1,024.00 MHz / 5 = 204.8  MSPS (ADC)  
Á 1,024.00 MHz / 8 = 128.0  MSPS (ADC)  

¤ᴴ  
α῏ᶼADC ♆βσ 
Á 122.88 MHz  / 10 * 244 = 2998.272 MHz  
Á 2998.272 MHz / 3 = 999.4240  MHz  

 
Á 999.4240 MHz / 4 = 249.856  MSPS (ADC)  
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ᴴ FMComms1ײַ ᾩ  

33 

DAC_DCO 

ADC_CLK 

DAC_REFCLK 

DAC_CLK 

N/C 

N/C 

N/C 

N/C 

LOGEN_TX_REFIN 

ADC_SYNC 

N/C 

LOGEN_RX_REFIN 

N/C 

N/C 

ӫ DACỳ
8xὟө 

ᴴҧᾴ1024/n σ 
Å 204.80 MHz  
Å 170.67 MHz  
Å 146.29 MHz  
Å 128.00 MHz  
Å 113.78 MHz  
Å 102.40 MHz  
Å 93.09 MHz  
Å 85.33 MHz  
Å 78.77 MHz  
Å 73.14 MHz  
Å 68.67 MHz  
Å 64.00 MHz  
Å 60.23 MHz  
Å 56.89 MHz  
Å 53.89 MHz  
Å 51.20 MHz  
Å 48.76 MHz  
Å 46.55 MHz  
Å 44.52 MHz  
Å 42.67 MHz  
Å 40.96 MHz  

̆ҌῬ
 

OUT1ỡOUT2  

ҜOUT1  


