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1

DAC   14   
    
 6.5  % FSR 
 3.5  % FSR 
8.66 20.2 31.66 mA 
−1.0  +1.0 V 
 70  Ω 
 1  pF 
    
 135  ppm/°C 
 25  ppm/°C 
    
 1.2  V 
 5  kΩ 
    
3.14 3.3 3.47 V 
1.71 1.8 1.89 V 
    
3.14 3.3 3.47 V 
1.71 1.8 1.89 V 
1.43 1.5 1.58 V 
    
    
 45  mA 
 72  mA 
 180  mA 
    
 42  mA 
 16  mA 
 640  mA 
    
 37.4 38.5 mA 
 67.3 70.5 mA 
 155.4 180 mA 
 40.3 50.7 mA 
 517 556 mA 
 365 391 mA 
    
    
 1.7  W 
 1.63  W 

 
1

 

AVDD33 = DVDD33 = 3.3 V CVDD18 = DVDD18 = 1.8 V DVDD15 = 1.5 V fDAC = 2.4 GHz IFS = 20 mA

 
. 

1
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2

    
2.0 3.3  V 
 0 0.8 V 
−10  +10 μA 
−10  +10 μA 
 2  pF 
5.3   ns 

 −1.4   ns 
    
2.4  3.3 V 
0  0.4 V 
 12  mA 
 12  mA 
150   MHz 
0.28  0.85 ns 
    
825  1575 mV 
−100  +100 mV 
 25  mV 
80  120 Ω 
150   MSPS 
1.41   ns 
0.24   ns 
    

  1375 mV 
1025   mV 
150 200 250 mV 
1150  1250 mV 
40  140 Ω 
  10 % 
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  25 mV 
  20 mA 
  4 mA 
  10 mA 
150   MHz 
0.12  0.37 ns 
    
1.4 1.8  V 
 900  mV 
2400   MHz 
    
  25 MHz 
20   ns 
20   ns 
 10  ns 

AVDD33 = DVDD33 = 3.3 V CVDD18 = DVDD18 = 1.8 V DVDD15 = 1.5 V fDAC = 2.4 GHz IFS = 20 mA LVDS
IEEE 1596.3-1996

CMOS (D[31:0], P0, P1) 
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IIL
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 0 1 |VOD| |ΔVOD| 
 0 1 VOS ΔVOS
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 DCOx FSx  
DAC (CLKP CLKN)3

 
 

 

 
(fSCLK 1/tSCLK) 
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 SDIO CS SCLK tDS
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 5  ns 
20  ns 

 5  ns 
    
2.0 3.3  V 
 0 0.8 V 
−10  +10 μA 
−10  +10 μA 
    
2.4  3.6 V 
0  0.4 V 
 4  mA 
 4  mA 

 
1 CMOS  
2 LVDS  
3  

 

3 

     
 2400   MSPS 
To 0.025%  13  ns 
     
     
  70  dBc 
  63  dBc 
  58  dBc 
     
  70  dBc 
  70  dBc 
  60  dBc 
  60  dBc 

(IMD) fOUT2 = fOUT1 + 1.25 MHz     

fDAC = 2000 MSPS      
fOUT = 100 MHz   86  dBc 
fOUT = 316 MHz   73  dBc 
fOUT = 550 MHz   62  dBc 

fDAC = 2400 MSPS      
fOUT = 100 MHz   86  dBc 
fOUT = 316 MHz   74  dBc 
fOUT = 550 MHz   66  dBc 
fOUT = 850 MHz   66  dBc 

(NSD)      
QAM fDAC = 2400 MSPS     

fOUT = 100 MHz POUT = −14.5 dBm  −167  dBm/Hz 
fOUT = 316 MHz POUT = −15.5 dBm  −166.5  dBm/Hz 
fOUT = 550 MHz POUT = −18 dBm  −166.5  dBm/Hz 
fOUT = 850 MHz POUT = −18.5 dBm  −166.5  dBm/Hz 

SCLK SDIO tDH

SCLK SDIO SDO tDV

SCLK SDIO SDO tDNV

(SDIO SCLK CS )
VIH

VIL

IIN

IIL

(SDO SDIO) 
VOH

VOL

IOH

IOL

AVDD33 = DVDD33 = 3.3 V CVDD18 = DVDD18 = 1.8 V DVDD15 = 1.5 V fDAC = 2.4 GHz IFS = 20 mA
 = 0 dBFS  

 
 
(tST) 

(SFDR) 
 fDAC= 2000 MSPS 
 fOUT= 100 MHz 
 fOUT= 316 MHz 
 fOUT= 550 MHz 
fDAC= 2400 MSPS 
 fOUT= 100 MHz 
 fOUT= 316 MHz 
 fOUT= 550 MHz 
 fOUT= 850 MHz 
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(ACLR) fDAC= 2293.76 MSPS 6 MHz
 

    

     
fOUT = 200 MHz (Harmonics)   −76  dBc 
fOUT = 200 MHz (Noise Floor)   −82  dBc 
fOUT = 500 MHz (Harmonics)   −74.5  dBc 
fOUT = 500 MHz (Noise Floor)   −78  dBc 
fOUT = 800 MHz (Harmonics)   −69  dBc 
fOUT = 800 MHz (Noise Floor)   −78  dBc 

     
fOUT = 200 MHz (Harmonics)   −77.5  dBc 
fOUT = 200 MHz (Noise Floor)   −81  dBc 
fOUT = 500 MHz (Harmonics)   −68  dBc 
fOUT = 500 MHz (Noise Floor)   −76  dBc 
fOUT = 800 MHz (Harmonics)   −66  dBc 
fOUT = 800 MHz (Noise Floor)   −76  dBc 

     
fOUT = 200 MHz (Harmonics)   −75  dBc 
fOUT = 200 MHz (Noise Floor)   −76  dBc 
fOUT = 500 MHz (Harmonics)   −69  dBc 
fOUT = 500 MHz (Noise Floor)   −72  dBc 
fOUT = 800 MHz (Harmonics)   −67  dBc 
fOUT = 800 MHz (Noise Floor)   −72  dBc 

WCDMA ACLR fDAC = 2304 MSPS, 
 

    

fOUT = 1850 MHz     
 −70  dBc 

  −72.5  dBc 
  −74  dBc 
fOUT = 2100 MHz     
  −68  dBc 
  −70.4  dBc 
  −72.7  dBc 
fOUT = 2100 MHz     
  −63.5  dBc 
  −65.1  dBc 
  −66.9  dBc 

 

QAM

QAM

4 QAM
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4

−0.3 V  +3.6 V 
−0.3 V  +1.98 V 
−0.3 V  +3.6 V 
−0.3 V +1.98 V 
−0.3 V  +1.98 V 
−0.3 V  +0.3 V 
−0.3 V  CVDD18 + 0.3 V 
−0.3 V  DVDD33 + 0.3 V 
−0.3 V  DVDD33 + 0.3 V 

−1.0 V  AVDD33 + 0.3 V 
−0.3 V  AVDD33 + 0.3 V 
−0.3 V  DVDD33 + 0.3 V 

150°C 
−65°C  +150°C 

5. 

θJA θJB θJC

164
CSP_BGA

25.5 14.4 6.8 °C/W 4  
4 4 PCB  
8 4 PCB  
8 16 PCB

24.4   °C/W 
19.0   °C/W 
17.2   °C/W 

 

ESD

ESD

 

 

AVDD33 AVSS 
DVDD18 DVSS 
DVDD33 DVSS 
DVDD15 DVSS 
CVDD18 AVSS 
AVSS DVSS 
CLKP CLKN AVSS 
FS DCO DVSS 
CMOS LVDS DVSS
 
IOUTN IOUTP AVSS 
I120 VREF IPTAT AVSS 
IRQ CS SCLK SDO
SDIO RESET DVSS

 
 

θJA

ESD
ESD
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CVDD18

DVDD18

AVDD33IOUTN IOUTP

A

M

N

P

L

K

B

C

D

CMOS_BUS

CMOS_CTRL

CMOS_FS

CMOS_DCO

J

E

F

H

G

11 21 3111108 97 6 52 43 4

07
85

2-
00

5D[31:0] CMOS DATA INPUTS

PARITY AND CONTROL INPUTS

P1 31 27 23 19 15 11 7 3

P0 30 26 22 18 14 10 6 2

29 25 21 17 13 9 5 1

28 24 20 16 12 8 4 0

BU

CT

FS

DC

A

SCLK  M

SDO  N

SDIO P

CS L

K

B

C

D

J

E

F

H

G

11 421 3111108 97 6 52 43

+ + + + + +

X X X X

+ + + +

X X X X

RESET IRQ

SB

CK

DO

NC

NC

R

I

NC

NC

NC

NC

NC

NCIO

07
85

2-
00

6

DVDD15DVDD33 +XDVSSNO CONNECTNC

A

M

PARN

PARP

N

P

L

K

B

C

D

FSP

FSN

DCOP

DCON

J

E

F

H

G

11 421 3111108 97 6 52 43

07
85

2-
00

7

P+ 15 13 11 9 7 5 3 1

P– 15 13 11 9 7 5 3 1

14 12 10 8 6 4 2 0

14 12 10 8 6 4 2 0

FS

FS

DC

DC

14 14 –LVDS+LVDS  

 

4. 

5. CMOS ( )
7. LVDS

6. SPI
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6.  

A1, A2, A3, A6, A9, A10, A11, 
B1, B2, B3, B6, B7, B8, B9, 
B10, B11, C2, C3, C6, C7, C8, 
C9, C10, C11, D2, D3, D6, D7, 
D8, D9, D10, D11, E1, E2, E3, 
E4, E13, E14, F1, F2, F3, F4, 
F11, F12, F13, F14 

AVSS 

A4, A5, B4, B5, C4, C5, D4, D5 CVDD18 1.8 V
DAC
DAC
3.3 V

A7 IOUTN 
A8 IOUTP 
A12, A13, B12, B13, C12, C13, 
D12, D13 

AVDD33 

A14 NC 
10 kΩ 120 μA

DAC (DACCLK)
I/O 1 nF

5 kΩ
DAC (DACCLK)

25°C 10 μA 20 nA/°C
1.8 V
1.5 V

B14 I120 
C1 CLKN 
C14 VREF 

D1 CLKP 
D14 IPTAT 

E11, E12 DVDD18 
G1, G2, G3, G4, G7, G8, G11, 
G12, G13, G14 

DVDD15 

H1, H2, H3, H4, H7, H8, H11, 
H12, H13, H14, J1, J2, J3, J4, 
J11, J12, J13, J14 

DVSS 

K1, K2, K3, K4, K11, K12, K13, 
K14 

DVDD33 3.3 V

L1 CS 

SPI

CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS

LVDS (FSP)
CMOS

LVDS
SPI
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS

LVDS (FSN)   

L2, L3, M2, M3, N3, N4, P3, P4 NC 
L4 P1/PARP 
L5 D31/D15P 
L6 D27/D13P 
L7 D23/D11P 
L8 D19/D9P 
L9 D15/D7P 
L10 D11/D5P 
L11 D7/D3P 
L12 D3/D1P 
L13 FSP 
L14 CMOS_BUS 

M1 SCLK 
M4 P0/PARN 
M5 D30/D15N 
M6 D26/D13N 
M7 D22/D11N 
M8 D18/D9N 
M9 D14/D7N 
M10 D10/D5N 
M11 D6/D3N 
M12 D2/D1N 
M13 FSN 



AD9789
 

Rev. 0 | Page 11 of 76

M14 CMOS_CTRL 

N1 SDO 
N2 RESET 
N5 D29/D14P 
N6 D25/D12P 
N7 D21/D10P 
N8 D17/D8P 
N9 D13/D6P 
N10 D9/D4P 
N11 D5/D2P 
N12 D1/D0P 
N13 DCOP 
N14 CMOS_FS 
P1 SDIO 
P2 IRQ 

P5 D28/D14N 
P6 D24/D12N 
P7 D20/D10N 
P8 D16/D8N 
P9 D12/D6N 
P10 D8/D4N 
P11 D4/D2N 
P12 D0/D0N 
P13 DCON 
P14 CMOS_DCO 

 

 

CMOS_DCO CMOS_FS DCOP/DCON FSP/FSN
CMOS_DCO CMOS_FS DCOP/DCON FSP/FSN

SPI
AD9789

CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS

LVDS (DCOP)
CMOS

SPI /

10 kΩ DVDD33
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS
CMOS/LVDS

LVDS (DCON)
CMOS
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8. fDAC SFDR fOUT  = 20 mA
 = 0 dBFS  = 25°C

9. fOUT fDAC = 2.4 GHz
 = 20 mA  = 25°C

10. SFDR fOUT fDAC = 2.4 GHz
 = 0 dBFS  = 25°C

11. SFDR fOUT fDAC = 2.4 GHz
 = 20 mA  = 25°C

12. fOUT fDAC = 2.4 GHz
 = 20 mA  = 25°C

13. SFDR fOUT fDAC = 2.4 GHz
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14. fDAC IMD fOUT  = 20 mA
 = 0 dBFS  = 25°C

17. IMD fOUT fDAC = 2.4 GHz
 = 20 mA  = 25°C

18. IMD fOUT fDAC = 2.4 GHz
 = 20 mA  = 0 dBFS

19. NSD fOUT QAM
fDAC = 2.4 GHz  = 20 mA

15. IMD fOUT fDAC = 2.4 GHz
 = 0 dBFS  = 25°C

16. fDAC NSD fOUT QAM
 = 20 mA
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20. ACLR QAM fDAC = 2.3 GHz
 = 20 mA fOUT = 200 MHz  = 48

DOCSIS SPEC −73 dBc −63 dBc

23. ACLR QAM fDAC = 2.3 GHz
 = 20 mA fOUT = 800 MHz  = 48

DOCSIS SPEC −73 dBc

24. fOUT QAM
fDAC = 2.3 GHz  = 20 mA  = 48

DOCSIS SPEC −73 dBc −63 dBc

25. fDAC ACLR QAM
fOUT = 850 MHz  = 20 mA  = 25°C

 = 48 DOCSIS SPEC −73 dBc

21. fOUT QAM
fDAC = 2.3 GHz  = 20 mA  = 48

DOCSIS SPEC −73 dBc −63 dBc

22. fOUT 30 MHz ACLR
QAM fDAC = 2.3 GHz  = 20 mA

 = 48 DOCSIS SPEC −73 dBc
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26. CMOS LVDS ACLR QAM
fOUT = 840 MHz fDAC = 2.4 GHz  = 20 mA

 = 48(DOCSIS SPEC −73 dBc)

29. ACLR QAM fOUT = 200 MHz
fDAC = 2.3 GHz  = 25 mA  = 32

DOCSIS SPEC −70 dBc −63 dBc

30. fOUT
QAM fDAC = 2.3 GHz  = 25 mA  = 32

DOCSIS SPEC −70 dBc −63 dBc

31. fOUT ( 30 MHz ACLR)
QAM fDAC = 2.3 GHz  = 25 mA

 = 32(DOCSIS SPEC −70 dBc)

27. ACLR QAM
fOUT = 800 MHz fDAC = 2.3 GHz  = 25 mA

 = 32 DOCSIS SPEC −70 dBc

28. fOUT
QAM fDAC = 2.3 GHz  = 25 mA  = 32

(DOCSIS SPEC −70 dBc −63 dBc)
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32. ACLR 4 QAM fOUT = 200 MHz
fDAC = 2.3 GHz  = 25 mA  = 20

DOCSIS SPEC −67 dBc −63 dBc

33. fOUT 4 QAM
fDAC = 2.3 GHz  = 25 mA  = 20

DOCSIS SPEC −67 dBc −63 dBc

34. fOUT 30 MHz ACLR
4 QAM fDAC = 2.3 GHz  = 25 mA

 = 20 DOCSIS SPEC −67 dBc

37. fDAC ACLR 4 QAM fOUT = 850 MHz
 = 25 mA  = 25°C  = 20
DOCSIS SPEC −67 dBc

36. fOUT 4 QAM
fDAC = 2.3 GHz  = 25 mA  = 20

DOCSIS SPEC −67 dBc −63 dBc

35. ACLR 4 QAM fOUT = 800 MHz
fDAC = 2.3 GHz  = 25 mA  = 20

DOCSIS SPEC −67 dBc
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76 

CENTER 840.00MHz
RES BW 56kHz VBW 560kHz

SPAN 42MHz
SWEEP 39.12ms (601 PTS)

ATTEN 2dBREF –32.76dBm

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–18.10dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –65.57   –83.66    –68.98   –87.07
6.375MHz   5.250MHz   –75.01   –93.11    –74.62   –92.71
12.00MHz   6.000MHz   –76.83   –94.92    –76.46   –94.55
18.00MHz   6.000MHz   –77.17   –95.26    –76.56   –94.66  

07
85

2-
06

1

CENTER 840.00MHz
RES BW 30kHz VBW 300kHz

SPAN 42MHz
SWEEP 136.2ms (601 PTS)

ATTEN 2dBREF –35.91dBm

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–21.75dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –71.64   –93.39    –72.50   –94.25
6.375MHz   5.250MHz   –73.71   –95.47    –66.72   –88.47
12.00MHz   6.000MHz   –73.58   –95.33      0.50     –21.10
18.00MHz   6.000MHz   –73.70   –95.45    –66.72   –88.48

CENTER 840.00MHz
RES BW 30kHz VBW 300kHz

SPAN 18MHz
SWEEP 58.4ms (601 PTS)

ATTEN 2dBREF –32.76dBm

07
85

2-
02

3

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–17.98dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –73.99   –91.97    –74.93   –92.91
6.375MHz   5.250MHz   –74.94   –92.92    –75.35   –93.33

 

07
85

2-
06

6

START 831.00MHz
RES BW 30kHz VBW 300kHz

STOP 873MHz
SWEEP 136.2ms (601 PTS)

ATTEN 2dBREF –35.91dBm

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–21.29dBm/

RMS RESULTS
3.375MHz   750.0kHz    –70.07   –92.16    –73.20   –94.49
6.375MHz   5.250MHz   –69.05   –90.34    –73.87   –95.16

6.00000MHz 12.00MHz   6.000MHz     –0.49   –21.78    –73.29   –94.58
18.00MHz   6.000MHz   –66.61   –87.90    –73.98   –95.27

38. QAM ACLR fOUT = 840 MHz  = 25°C
 = 48  = 20 mA  = 42 MHz

39. QAM ACLR fOUT = 840 MHz  = 32
 = 25 mA  = 42 MHz 1

40. QAM ACLR fOUT = 840 MHz  = 25°C
 = 48  = 20 mA  = 18 MHz

41. QAM ACLR fOUT = 840 MHz  = 32
 = 25 mA  = 42 MHz 2
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07
85

2-
06

5

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–21.56dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –75.37   –96.93    –75.56   –97.11
6.375MHz   5.250MHz   –73.85   –95.41    –72.54   –94.10

CENTER 840.00MHz
RES BW 30kHz VBW 300kHz

SPAN 18MHz
SWEEP 58.4ms (601 PTS)

ATTEN 2dBREF –35.91dBm

CENTER 834.00MHz
RES BW 30kHz VBW 300kHz

SPAN 42MHz
SWEEP 136.2ms (601 PTS)

ATTEN 2dBREF –35.96dBm

07
85

2-
02

1

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–23.63dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –70.33   –93.96    –11.07   –34.70
6.375MHz   5.250MHz   –69.04   –92.67    –0.49     –24.12
12.00MHz   6.000MHz   –70.38   –94.01      0.00     –23.63
18.00MHz   6.000MHz   –71.02   –94.65      0.43     –23.20

07
85

2-
06

7

CENTER 852.00MHz
RES BW 30kHz VBW 300kHz

SPAN 18MHz
SWEEP 58.4ms (601 PTS)

ATTEN 2dBREF –35.91dBm

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–21.03dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –75.51   –96.54    –75.17   –96.20
6.375MHz   5.250MHz   –72.55   –93.58    –73.90   –94.93

ATTEN 2dBREF –35.96dBm

CENTER 852.00MHz
RES BW 30kHz VBW 300kHz

SPAN 42MHz
SWEEP 136.2ms (601 PTS)

07
85

2-
026.00000MHz 12.00MHz   6.000MHz   –0.59     –23.81    –70.32   –93.55

18.00MHz   6.000MHz   –0.35     –23.58    –70.70   –93.93
2

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–23.23dBm/

RMS RESULTS
3.375MHz   750.0kHz    –11.10   –34.32    –72.19   –95.42
6.375MHz   5.250MHz   –0.75     –23.98    –68.97   –92.20

42. QAM ACLR fOUT = 840 MHz  = 32
 = 25 mA  = 18 MHz 1

44. QAM ACLR fOUT = 840 MHz  = 32
 = 25 mA  = 18 MHz 2

45. 4 QAM ACLR fOUT = 840 MHz  = 25°C  = 20
 = 25 mA  = 42 MHz 4

43. 4 QAM ACLR fOUT = 840 MHz  = 25°C
 = 20  = 25 mA  = 42 MHz 1
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CENTER 834.00MHz
RES BW 30kHz VBW 300kHz

SPAN 18MHz
SWEEP 58.4ms (601 PTS)

ATTEN 2dBREF –35.96dBm

07
85

2-
02

4

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
RMS RESULTS

3.375MHz   750.0kHz    –72.95   –96.56    –10.86   –34.48
–23.62dBm/
6.00000MHz

6.375MHz   5.250MHz   –69.38   –92.99    –0.51     –24.13
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CENTER 852.00MHz
RES BW 30kHz VBW 300kHz

SPAN 18MHz
SWEEP 58.4ms (601 PTS)

ATTEN 2dBREF –35.96dBm

07
85

2-
02

5

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–23.20dBm/
6.00000MHz

RMS RESULTS
3.375MHz   750.0kHz    –11.20   –34.40    –74.44   –97.64
6.375MHz   5.250MHz   –0.77     –23.96    –69.07   –92.26
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46. 4 QAM ACLR fOUT = 840 MHz  = 25°C  = 20
 = 25 mA  = 18 MHz 1

49. 4 QAM ACLR fOUT = 840 MHz  = 25°C  = 20
 = 25 mA  = 18 MHz 4

50. 4 256-QAM fDAC = 2.29376 GHz
 = 25 mA  = 20

51. 4 256-QAM fDAC = 2.29376 GHz
 = 25 mA  = 20

47. 256-QAM fDAC = 2.29376 GHz
 = 20 mA  = 48

48. 256-QAM fDAC = 2.29376 GHz
 = 20 mA  = 48
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FIRST ADJACENT CHANNEL
SECOND ADJACENT CHANNEL
THIRD ADJACENT CHANNEL
FIFTH ADJACENT CHANNEL

CENTER 2.100GHz
RES BW 30kHz VBW 300kHz

SPAN 53.84MHz
SWEEP 174.6ms (601 PTS)

ATTEN 0dBREF –32.62dBm

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–19.95dBm/
3.84000MHz

RMS RESULTS
5.000MHz   3.840MHz   –68.93   –88.88    –67.99   –87.94
10.00MHz   3.840MHz   –71.31   –91.26    –70.42   –90.37
15.00MHz   3.840MHz   –73.43   –93.37    –72.68   –92.63
20.00MHz   3.840MHz   –75.12   –95.07    –74.89   –94.84
25.00MHz   3.840MHz   –75.60   –95.55    –76.51   –96.46

07
85

2-
09

2

CENTER 2.102 50GHz
RES BW 30kHz VBW 300kHz

SPAN 63.84MHz
SWEEP 207ms (601 PTS)

  FREQ.                                LOWER                UPPER
OFFSET     REF BW       dBc       dBm       dBc       dBm

CARRIER POWER
–26.06dBm/
3.84000MHz

RMS RESULTS
5.000MHz   3.840MHz     –0.25   –26.31      –0.42   –26.47
10.00MHz   3.840MHz     –0.42   –26.48    –63.50   –89.56
15.00MHz   3.840MHz   –64.07   –90.13    –65.13   –91.18
20.00MHz   3.840MHz   –65.36   –91.42    –66.97   –93.03
25.00MHz   3.840MHz   –66.86   –92.92    –68.70   –94.76
30.00MHz   3.840MHz   –67.83   –93.89    –68.64   –94.70 07

85
2-

09
3

ATTEN 2dBREF –38.62dBm

52. SFDR fOUT fDAC = 2.4 GHz
 = 20 mA

53. IMD fOUT fDAC = 2.4 GHz
 = 20 mA

54. ACLR fOUT WCDMA
fDAC = 2304 MHz  = 20 mA

55. WCDMA ACLR fOUT = 2.1 GHz
fDAC = 2304 MHz  = 20 mA

56. WCDMA ACLR fOUT = 2.1 GHz
fDAC = 2304 MHz  = 20 mA
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57. fDAC 4 DOCSIS fOUT = 915 MHz
 = 25 mA( QAM

SRRC 2 )

58. fDAC 16
fOUT = 70 MHz  = 20 mA

59. AVDD33

60. fDAC 4 DOCSIS fOUT = 915 MHz
 = 25 mA QAM

SRRC 2

61. fDAC 16
fOUT = 70 MHz  = 20 mA 
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AD9789
SERIAL

CONTROL
PORT 8

SCLK
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SDO

SDIO
 

7
MSB/LSB

CS
 

AD9789 16
16 SCLK AD9789

AD9789

 

 

AD9789
SCLK  

1/2/3 N1 N0
1 2 3 8
CS

CS
CS

 

0x16 0x1D

0x16 0x1D
FREQNEW 0x1E[7] 1

FREQNEW 1 0x16 0x1D  

PARMNEW 0x24[7]
0x22 0x23

FREQNEW PARMNEW

AD9789

Motorola SPI® Intel® SSR
AD9789

/ MSB
LSB AD9789
I/O ( SDIO) I/O (SDIO/SDO)

AD9789 (
)  

SCLK( ) SCLK

30 kΩ
 

SDIO( / )
( ) ( )

AD9789 I/O ( 0x00[7] = 0)  

SDO( ) I/O
 

CS( )
CS SDO SDIO 30 

kΩ DVDD33  

AD9789 CS
7 CS
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CS

 

CS

CS
SCLK 8 SCLK

CS
 

62.  
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7. 

N1 N0 

0 0 1 
0 1 2 
1 0 3 
1 1 

 

8. 

LSB 0x02D, 0x02E, 0x02F, 
MSB 0x001, 0x000, 0x02F, 
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A
C

T
IV

E
 R

E
G

IS
T

E
R

S
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F

WRITE REGISTER 0x1E = 0x10
TO UPDATE REGISTERS

F
E

R
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E
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S

FREQNEW

 
63. AD9789  

N × 8 SCLK
N 1 3

[N1:N0] N = 4 CS

SCLK  

AD9789
SDO SDIO_DIR

0x00[7] AD9789
SDIO  

63  

AD9789 0x00[4:3] 11
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0x55 [A12:A7] 0
MSB

 

MSB/LSB  

AD9789 MSB LSB
0x00 [7:4]
[3:0] LSB MSB

0x00[7:0]
0x18 4 3

AD9789 MSB  

0x00[1] 0x00[6] LSB

 

MSB MSB
LSB MSB

MSB

1  

LSB LSB
MSB LSB

1  

MSB AD9789
0x00 I/O

LSB
0x55 I/O

 

0x2F
I/O
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9. 16 MSB

MSB               LSB 

I15 I14 I13 I12 I11 I10 I9 I8 I7 I6 I5 I4 I3 I2 I1 I0 

R/W N1 N0 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0  

 

CS

SCLK DON'T CARE

SDIO A12N0N1 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

DON'T CARE

DON'T CARE DON'T CARE

16-BIT INSTRUCTION HEADER REGISTER (N) DATA REGISTER (N – 1) DATA

R/W

07
85

2-
05

0

CS

SCL

 

 

K

SDIO

SDO

A12 0A1A2A3A4A5A6A7A8A9A01A11A1N 0N

DON'T CAREDON'T CARE

DON'T CARE

R/W

REGISTER (N) DATA16-BIT INSTRUCTION HEADER REGISTER (N – 1) DATA REGISTER (N – 2) DATA REGISTER (N – 3) DATA DON'T
CARE

D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

07
85

2-
05

1

tS

DON'T CARE

DON'T CARE N1 N0 A12 A11 A10 A9 A8 A7 A6 A5 D4 D3 D2 D1 D0

DON'T CARE

DON'T CARE

 

 
tDS

tDH

tHI

tLO

tCtCLK

CS

SCLK

SDIO R/W

07
85

2-
05

2

CS

SCLK

 

 

DATA BIT N – 1DATA BIT N
SDIO
SDO

tDV

07
85

2-
05

3

SCLK DON'T CARE DON'T CARE

16-BIT INSTRUCTION HEADER REGISTER (N) DATA REGISTER (N + 1) DATA

SDIO DON'T CAREDON'T CARE A0 A1 A2 A3 A4 A5 A6 A7 A8

 

 

CS

A9 A10 A11 A12 D1D00N 1N D2 D3 D4 D5 D6 D7 D0 D1 D2 D3 D4 D5 D6 D7R/W

07
85

2-
05

4

 

 

64. MSB 16  

65. MSB 16 4

66. MSB 16

67. 

68. LSB 16  
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CS

SCLK

SDIO

tHI tLO

tCLK

tS

tDS

tDH

tC

BIT N BIT N + 1

07
85

2-
05

5

 

10. 

tDS SCLK  
SCLK  

 
CS SCLK
SCLK CS  
SCLK  
SCLK  
SCLK SDIO SDO 67  

tDH 
tCLK 
tS 
tC 
tHI 
tLO 
tDV 

 

69. 
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SPI

 11. 

   7  6  5  4  3  2  1  0  

0x00 SPI SDIO_DIR LSBFIRST RESET LNG_INST     0x18 
0x01  SATCNT[7:0] 0x00 

0x02  PARCNT[7:0] 0x00 
0x03 PARERR BISTDONE PARMSET PARMCLR LOCKACQ LOCKLOST SATERR 0x00 

/  PARERR BISTDONE PARMSET PARMCLR LOCKACQ LOCKLOST SATERR 0x00 

0x05  

QAM/SRRC  

NCO 0
 

NCO 1
 

NCO 2
 

NCO 3
 

(Q) 

(P) 

BPF

DCO  

0  
1  
2  
3  

CHANEN[3:0] 0x00 
0x06 QAM SRRC INT[4:0] 0x00 
0x07 ALPHA[1:0] MAPPING[2:0] 0x01 

0x08 SUMSCALE[7:0] 0x0D 

0x09 INSCALE[7:0] 0x20 
0x0A FTW0[7:0] 0x00 
0x0B FTW0[15:8] 0x00 
0x0C FTW0[23:16] 0x00 
0x0D FTW1[7:0] 0x00 
0x0E FTW1[15:8] 0x00 
0x0F FTW1[23:16] 0x00 
0x10 FTW2[7:0] 0x00 
0x11 FTW2[15:8] 0x00 
0x12 FTW2[23:16] 0x00 
0x13 FTW3[7:0] 0x00 
0x14 FTW3[15:8] 0x00 
0x15 FTW3[23:16] 0x00 
0x16 Q[7:0] 0x00 
0x17 Q[15:8] 0x00 
0x18 Q[23:16] 0x80 
0x19 P[7:0] 0x00 
0x1A P[15:8] 0x00 
0x1B P[23:16] 0x80 
0x1C FC[7:0] 0x00 
0x1D FC[15:8] 0x00 
0x1E FREQNEW 0x00 
0x1F VER[3:0] 0x03 
0x20 CMOS_BUS CMOS_CTRL DCO_INV IF_MODE CHANPRI PAR[1:0] 0xC8 

0x21 BIN BUSWDTH[1:0] DATWDTH CMPLX LTNCY[2:0] 0x61 
0x22 DCODIV[2:0] ONES[3:0] 0x1F 
0x23 DSCPHZ[3:0] SNCPHZ[3:0] 0x85 

0x24 PARMNEW 0x00 
0x25 CHAN0GAIN[7:0] 0x80 
0x26 CHAN1GAIN[7:0] 0x80 
0x27 CHAN2GAIN[7:0] 0x80 
0x28 CHAN3GAIN[7:0] 0x80 
0x29 SPEC_INV 0x00 
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0x2F SEARCH_ 
TOL 

SEARCH_ERR TRACK_ 
ERR 

GUARDBAND[4:0] 0x0B 

0x30 0x40 

0x31 CLKN_CML[3:0] 0xF0 
0x32 CLK_DIS PSIGN CLKP_CML[3:0] NSIGN 0x3F 
0x33 MU_CLKDIS SLOPE MODE[1:0] MUSAMP GAIN[1:0] MU_EN 0x42 

0x34 0x00 
0x35 0xCA 
0x36 PDBIAS MSEL[1:0] 0x03 
0x37 0x00 
0x38 0x00 
0x39 MUDLY[0] SEARCH_DIR[1:0] MUPHZ[4:0] 0x40 

0x3A MUDLY[8:1] 0x00 

0x3B 0x00 
0x3C FSC[7:0] 0x00 

0x3D FSC[9:8] 0x02 

0x3E PHZ_PD Reserved CMP_BST AUTO_CAL PHZ_DET_BIAS[3:0] 0x18 

0x3F 0x00 
0x40 CLKSHDN INPUTSEL Reserved BENABLE BMODE[3:0] 0x00 
0x41 BDONE BSTATUS[6:0] 0x00 
0x42 PADLEN[7:0] 0x00 
0x43 PADLEN[15:8] 0x00 
0x44 VECTLEN[7:0] 0x00 
0x45 VECTLEN[15:8] 0x00 
0x46 VECTLEN[23:16] 0x00 
0x47 BCLKDIV[3:0] BCLKPHZ[3:0] 0x00 
0x48 S0ENABL S0RDEN S0PRNG S0ZERO S0NEG S0FNLCH S0SEL[1:0] 0x00 
0x49 S0CLKDIV[3:0] S0CLKPHZ[3:0] 0x00 

0x4A S1ENABL S1RDEN S1PRNG S1ZERO S1NEG S1FNLCH S1SEL[1:0] 0x00 
0x4B S1CLKDIV[3:0] S1CLKPHZ[3:0] 0x00 

0x4C   0x00 
0x4D   0x00 
0x50 SGN0[7:0] 0x00 
0x51 SGN0[15:8] 0x00 
0x52 SGN0[23:16] 0x00 
0x53 SGN1[7:0] 0x00 
0x54 SGN1[15:8] 0x00 
0x55 SGN1[23:16] 0x00 

 

 

   7  6  5  4  3  2  1  0  

Mu 1 

Mu 2 

DAC  

DAC   

1

2

BIST
BIST

BIST

BIST

BIST
0  
0  

1
1  

/ 0 [7:0] 
/ 1 [7:0] 

BIST 0 

BIST 1

RegFnl0Freq

RegFnl1Freq

DAC
Mu 3 

Mu 4 

Mu INC_DEC MANUAL_ADJ[5:0]
 

1  
2  
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SPI

12. SPI 0x00

13. 0x01

14. ( 0x02)

15. ( 0x03)

7 SDIO_DIR 

6 LSBFIRST 

5 RESET 

4 LNG_INST 
[3:0]  

 

 

[7:0] SATCNT[7:0] 

 

 

[7:0] PARCNT[7:0] 

 

 

7 PARERR 

6 BISTDONE 

5 PARMSET 

4 PARMCLR 

3 LOCKACQ 

2 LOCKLOST 

1 SATERR 

0 

 

 

 

SDIO / SPI  
0 =  
1 = /  

SPI MSB LSB SPI  
0 = MSB  
1 = LSB

1 0  
0 =  
1 = 

SPI 1
[7:4] 3 4 2 5 1 6 0 7

SUMSCALE
1 0x04 1 0

1 0x04 7 0

1 PARERR 0x04 7 1
IRQ

1 BISTDONE 0x04 6 1
IRQ

1 PARMS_SET 0x04 5 1
IRQ

1 PARMS_CLR 0x04 4 1
IRQ

1 LOCKACQ 0x04 3 1
IRQ

1 LOCKLOST 0x04 2 1
IRQ

1 SATERR 16 0x04
1 1 IRQ
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7 PARERR 

6 BISTDONE 

5 PARMSET 

4 PARMCLR 

3 LOCKACQ 

2 LOCKLOST 

1 SATERR 

0 

 

[7:4] 
[3:0] CHANEN[3:0] 
   
  0000 
  0001 
  0010 
  0011 
  … 
  1110 
  1111 

 

7 QAM 
6 SRRC 
5 
[4:0] INT[4:0] 

   
  00000 
  00001 
  00010 
  00011 
  … 
  01111 

  … 
  11111 

 

 

 

 

1 1

1 BIST 1

1 ( 0x24) 1

1 0x24 0 1

1 DAC

1 DAC 1

1 ( 16 ) 1

0
1
0 1

…
1 2 3

1 0000

1 0
1

16. / ( 0x04)

17. ( 0x05)

18. ( 0x06)
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20. ( 0x08)

21. ( 0x09)

19. QAM/SRRC ( 0x07)

[7:6] 
[5:4] ALPHA[1:0] 
  α  
  00 0.12 
  01 0.18 
  10 0.15 
  11 0.13 
3 
[2:0] MAPPING[2:0] 
  QAM   
  000 DOCSIS 64-QAM 
  001 DOCSIS 256-QAM 
  010 DVB 16-QAM 
  011 DVB 32-QAM 
  100 DVB 64-QAM 
  101 DVB 128-QAM 
  110 DVB 256-QAM 
  111 

 

[7:0] SUMSCALE[7:0] 
  2.6  

3.5  

 
  00000000 
  00000001 
  00000010 
  … 
  00001101 
  … 
  11111110 
  11111111 

 

[7:0] INSCALE[7:0] 

   
  00000000 
  00000001 
  00000010 
  … 
  00100000 
  … 
  11111110 
  11111111 

 

 

 

AD9789

SRRC α  

QAM

2.6

3.5 QAM
QAM

0 
0.015625 
0.03125 
… 
0.203125  
… 
3.96875 
3.984375

 0 
0.03125 
0.0625 
… 
1  
… 
7.9375
7.96875 
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0x0A FTW0[7:0] 
0x0B FTW0[15:8] 
0x0C FTW0[23:16] 
 

0x0D FTW1[7:0] 
0x0E FTW1[15:8] 
0x0F FTW1[23:16] 
 

0x10 FTW2[7:0] 
0x11 FTW2[15:8] 
0x12 FTW2[23:16] 
 

0x13 FTW3[7:0] 
0x14 FTW3[15:8] 
0x15 FTW3[23:16] 
 

0x16 Q[7:0] 
0x17 Q[15:8] 
0x18 Q[23:16] 
 

0x19 P[7:0] 
0x1A P[15:8] 
0x1B P[23:16] 

 

22. NCO 0 0x0A 0x0C

23. NCO 1 0x0D 0x0F

24. NCO 2 ( 0x10 0x12)

25. NCO 3 ( 0x13 0x15)

26. (Q) 0x16 0x18

27. (P) 0x19 0x1B

NCO 0 NCO 0 24

NCO 1 NCO 1 24

NCO 2 NCO 2 24

NCO 3 NCO 3 24  

(Q) 24

(P) 24

NCO 0 [7:0]
NCO 0 [15:8]
NCO 0 [23:16]

NCO 1 [7:0]
NCO 1 [15:8]
NCO 1 [23:16]

NCO 2 [7:0]
NCO 2 [15:8]
NCO 2 [23:16]

NCO 3 [7:0]
NCO 3 [15:8]
NCO 3 [23:16]

[7:0]
[15:8]
[23:16]

[7:0]
[15:8]
[23:16]
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0x1C FC[7:0] 
0x1D FC[15:8] 

 

7 FREQNEW 

[6:0] 

 

[7:4] 
[3:0] VER[3:0] 

 

7 CMOS_BUS 
6 CMOS_CTRL 
5 
4 DCO_INV 
3 IF_MODE 

2 CHANPRI 

[1:0] PAR[1:0] 
    
  00 

  01 

  10 
  11 

 

 

 

 

 

 

 

28. BPF 0x1C 0x1D

29. ( 0x1E)

30. ( 0x1F)

31. 0x20

BPF 16 16 16

[7:0]
[15:8]

1 AD9789 0x16 0x1D
0  

(0011)

CMOS_BUS (L14)
CMOS_CTRL (M14)

IQ
(I 0 Q 1)

1 DCO

0 = 8 16 fBAUD fDAC/48
1 = (QDUC) 32 16 fBAUD fDAC/16

0 = 
1 = 

AD9789
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7 BIN 

[6:5] BUSWDTH[1:0] 

4 DATWDTH 

  

DCO

 
  00 
  01 
  10 
  11 

3 CMPLX 

[2:0] LTNCY[2:0] 

   
  000 

  001 

  … 
  111 

 

7 
[6:4] DCODIV[2:0] 

[3:0] 

   
  000 
  001 
  010 
  011 
  100 
  101 
  11x 

ONES[3:0] 

 

 

 

 

 

 

 

 

 

 

32. 0x21

33. DCO 0x22

0 = 
1 = 

0 = 8
1 = 16

0 = 
1 = 

DCO
fDACCLK/16 
fDACCLK/32

fDACCLK/64
 

FS DCO

FS DCO

…
FS DCO

1111

4  
8  
16  
32
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[7:4] DSCPHZ[3:0] 

   
  0000 
  0001 
  … 
  1111 
[3:0] SNCPHZ[3:0] 

   
  0000 
  0001 
  … 
  1111 

 

7 PARMNEW 

[6:0] 

 

0x25 
0x26 
0x27 
0x28 

CHAN0GAIN[7:0] 
CHAN1GAIN[7:0] 
CHAN2GAIN[7:0] 
CHAN3GAIN[7:0] 

   
   00000000 0 
   00000001 0.0078125 
   … … 
   11111111 1.9921875 

 

[7:1] 
0 SPEC_INV 

 

 

 

 

 

 

34. 0x23

35. 0x24

36. 0x25 0x28

37. ( 0x29)

(DSC) 16

(SNC) DAC 16
DAC

1/16 DSC
…

1/16 DSC
…

0
1
2
3

0 1 0x22 0x23 0 1

( SPI 0 )
0 = 
1 = 

SUMSCALE 1.7
0 1.9921875 0.0078125 0

1 Q -1
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7 SEARCH_TOL 

6 SEARCH_ERR 

5 TRACK_ERR 

[4:0] GUARDBAND[4:0] 

  Setting Guard Band 
  00000 0 
  … … 
  01011 11 (默认) 
  … … 
  11111 31 
 

7 

6 INC_DEC 
[5:0] MANUAL_ADJ[5:0] 
 

[7:4] CLKN_CML[3:0] 

[3:0] 
 

7 CLK_DIS 

6 
5 PSIGN 

[4:1] CLKP_CML[3:0] 

0 NSIGN 

 

38. Mu 1 ( 0x2F)

39. Mu ( 0x30)

40. 1 ( 0x31)

41. 2 ( 0x32)

1
0 = 
1 = 

0 = 
1 = 

0
0 = 
1 = 

1 mu mu
0x3E[5] mu

AD9789 0
DAC 1

0 = 
1 = 

CLKP_CML
0 = 
1 = 

CLKP CLKN_CML[3:0] 0xF

CLKN_CML
0 = 
1 = 

GUARDBAND[4:0] x 8 = mu

mu
Mu
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7 MU_CLKDIS 

6 SLOPE 

[5:4] MODE[1:0] 

3 MUSAMP 

[2:1] GAIN[1:0] 

0 MU_EN 

 

7 PDBIAS 
[6:2] 
[1:0] MSEL[1:0] 

 

[7:2] 
[1:0] 

 

 

 

 

42. Mu 2 0x33

43. DAC ( 0x36)

44. DAC ( 0x38)

mu
0 = 
1 = 

mu
14

0 = 
1 = 

mu
00 = 
01 = 
10 = 
11 = 

0 1 mu 0x39 0x3A MUDLY
0x39 MUPHZ

0 = 
1 = 0 1 mu

mu
00 = 
01 = 
10 = 
11 = 

mu mu 0x3E[5] mu
0x30[7] mu

0 = mu
1 = mu

1 DAC

1/f
00 = 
01 = 
10 = 
11 = 

DAC  
00 =  
01 =  
10 =  
11 = 

DAC
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7 MUDLY[0] 

[6:5] SEARCH_DIR[1:0] 

[4:0] MUPHZ[4:0] 

 

[7:0] MUDLY[8:1] 

 

[7:0] FSC[7:0] 

  0x3D[1:0] (mA)

  0000000000 8.6 
  … … 
  1000000000 20 ( ) 
  … … 
  1011010000 25 
  … … 
  1111111111 32.1 
 

[7:2] 
[1:0] FSC[9:8] 

 

7 PHZ_PD 
6 
5 CMP_BST 
4 AUTO_CAL 
[3:0] PHZ_DET_BIAS[3:0] 
 

45. Mu 3 ( 0x39)

46. Mu 4 ( 0x3A)

47. 1 ( 0x3C)

48. 2 ( 0x3D)

49. ( 0x3E)

mu
00 = 
01 = 
10 = 
11 = 

mu LSB 0x3A [7:0] mu mu
MUDLY MUDLY 9

mu 431 (0x1AF) 216 (0xD8)

16 (10000) 16
0x33[6] SLOPE

14 (01110)

0x39 7 mu mu
MUDLY MUDLY 9 mu
431 (0x1AF) 216 (0xD8)

0x3D [1:0] DAC

0  

1
1

0x3C FSC[7:0] DAC 47
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2N

(N = 0 TO 5) (P/Q = 0.5 TO 1)

RATE
CONVERTER

P/Q 24-BIT

CH GAIN
0× TO 2×

24-BIT NCO
0 TO fDAC/16

SRRC

2

BYPASS
SRRC

BYPASS
QAMINSCALE

QAM
MAPPER

07
85

2-
12

9

 

110,111 111,011 010,111 011,011 100,101 101,111 110,101 111,111

110,100 111,000 010,100 011,000 100,000 101,010 110,000 111,010

100,111 101,011 000,111 001,011 000,101 001,111 010,101 011,111

100,100 101,000 000,100 001,000 000,000 001,010 010,000 011,010

010,011 011,001 000,011 001,001 000,001 001,101 100,001 101,101

010,110 011,100 000,110 001,100 000,010 001,110 100,010 101,110

110,011 111,001 100,011 101,001 010,001 011,101 110,001 111,101

110,110 111,100 100,110 101,100 010,010 011,110 110,010 111,110

I

Q

07
85

2-
05

7

C5 C4 C3, C2 C1 C0

 

 

 

 

 

AD9789 2400 MSPS 14 DAC
(DSP) 70 DSP QAM

2 (SRRC) 16 512

QAM
16 32 64 128 256

DAC
DC 0.5 × fDAC

DAC  

AD9789 (SPI)

 

AD9789 DSP

71 DSP

 

DSP

DATA

DATA

DATA

R
E

T
IM

E
R

TA
 F

O
R

M
A

T
T

E
R

/A
S

S
E

M
B

L
E

R
D

A

15
0M

H
z

LV
D

S
/C

M
O

S

QAM/
FILTER/

NCO

QAM/
FILTER/

NCO

QAM/
FILTER/

NCO

QAM/
FILTER/

NCO

32 INPUT
PINS
AND

2 PARITY
PINS

DCO

FS

16×
INTERPOLATOR

AND BPF
+ SCALARS

14-BIT
2.4GSPS

DAC

07
85

2-
09

9SPI IRQ RS

DATA
CMOS

0 TO 15
LVDS
RISE

CMOS
16 TO 31

LVDS
FALL

 

70. 

5
QAM

ENCODER
8

5

I

Q

FROM INPUT
INTERFACE

07
85

2-
05

6

 
72. QAM /

71. 

73. DOCSIS 64-QAM

QAM  

QAM 7
QAM QAM 8

16 32 64 128 256
5 QAM QAM

QAM/SRRC 0x07[2:0]  

50 QAM
QAM DOCSIS 64-QAM

 

73 DOCSIS 64-QAM QAM
QAM 111111

64-QAM  
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50. QAM

ITU-T J.83 SPI

0x07 MAPPING[2:0]  B7 B6 B5 B4 B3 B2 B1 B01

B DOCSIS 64-QAM 000 −14  +14 X X C5 C4 C3 C2 C1 C0 
B DOCSIS 256-QAM 001 −15  +15 C7 C6 C5 C4 C3 C2 C1 C0 
A DVB 16-QAM 010 −15  +15 X X X X C3 C2 C1 C0 
A DVB 32-QAM 011 −15  +15 X X X C4 C3 C2 C1 C0 
A  C DVB 64-QAM 100 −14  +14 X X C5 C4 C3 C2 C1 C0 
A  C DVB 128-QAM 101 −11  +11 X C6 C5 C4 C3 C2 C1 C0 
A  C DVB 256-QAM 110 −15  +15 C7 C6 C5 C4 C3 C2 C1 C0 

111   
 
1 X =  
 

I

Q

07
85

2-
05

8

14

10

6

2

–2

–6

–10

–14

–14 –10 –6 –2 2 6 10 14

SYMBOL I = 14, Q = 14
I = 01110, Q = 01110

SYMBOL I = 6, Q = –10
I = 00110, Q = 10110  

SRRC

2

BYPASS
SRRC

BYPASS
QAM

X

INSCALE

QAM
MAPPER

07
85

2-
05

9

16

165

8

16

5

16

16

 

32
0]INSCALE[7:

otcaFelacS r �  

ROUND
SATURATE

INSCALE 07
85

2-
10

08

 

 

 

I/Q 74
64-QAM I = 14 Q = 14 1 I = 6

Q = −10 2  

I/Q 5 QAM
011101 QAM-64 I = 6 Q = −10

I = 00110 Q = 10110  

74. I Q

76. 

75. QAM SRRC
I Q

 
QAM INSCALE[7:0]

0x09[7:0]

0 7.96875 0.03125
0x20 1 76

16
(0x7FFF 0x8000)

SRRC  

(SRRC) 2
DOCSIS Euro-DOCSIS DVB SRRC

 

α 0.12 0.13 0.15
0.18 0x07[5:4] fN

77 SRRC  

SRRC 5 ( 0x06[6])
SRRC 5
8 5 MSB  
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–3.01dB

0dB

10

0

–10

–20

–30

–40

–50

–60

–70

–80

–90

–100
–2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

FREQUENCY × fINPUT (Hz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
10

3

07
85

2-
06

0

FREQUENCY

<0.4dB

<0.4dB

<–43dB

(1 –α) fN fN (1 +α) fN  

2 0

1

BYPASS
REGISTER 0x06[4:0] 07

85
2-

10
1

 

10

0

–10

–20

–30

–40

–50

–60

–70

–80

–90

–100
–2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

FREQUENCY × fINPUT (Hz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
10

2

 

 

 

 
10

0

–10

–20

–30

–40

–50

–60

–70

–80

–90

–100
–2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

FREQUENCY × fINPUT (Hz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
10

4

 

 
10

0

–10

–20

–30

–40

–50

–60

–70

–80

–90

–100
–1.875 –1.250 –0.625 0 0.625 1.250 1.875

FREQUENCY × fINPUT (Hz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
10

5

 

77. SRRC

78. 2

80. 2 1

81. 2 2

82. 2 3和4

79. 2 0

SRRC 4 2
fDAC/16 SRRC

12  

AD9789 5
1 32 0x06[4:0]

0 1
79 82 0.8 × fINPUT

fINPUT

0.01 dB 0 1 2
85 dB 3 4 75 dB  
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51. 

(P) (Q)

 

 

P Q

QP 07
85

2-
10

6

2424

 
83. 

[23:16] 2  
[15:8] 1  
[7:0] 0  

0x1B
0x1A 
0x19 

0x18 
0x17 
0x16

(SRC) DAC

(SRC) 0.5 1.0
24 P Q 83 SRC

 

P Q 0x16 0x1B P[23:0] Q[23:0]

(fBAUD) DAC (fDAC) P Q
 

I SRRC 5  

1 fBAUD

 

P Q

3 Q MSB 1  

DAC

DAC
P Q   

DOCSIS fMASTER

 

fBAUD 1 DAC
fMASTER

fMASTER = 10.24 MHz 32 MHz
1 GHz DAC

4 5 1 6

 

SRRC 4 I
32 32 I 6 7

N M
5.0569 MHz M = 401 N = 812

9 P Q

 

Q MSB 11
P Q 0xB1A000 0xC80000  

DC fDAC/16

24 FTW 0 FTW 3
FTW
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52. FTW

53. 

FTW Channel 0 Channel 1 Channel 2 Channel 3 

[23:16] Reg. 0x0C Reg. 0x0F Reg. 0x12 Reg. 0x15 
[15:8] Reg. 0x0B Reg. 0x0E Reg. 0x11 Reg. 0x14 
[7:0] Reg 0x0A Reg 0x0D Reg 0x10 Reg 0x13 

128
:7 ]0CHANxGAIN[

otcaFelacS r �  

CHANxGAIN 0  1 2 3 

[7:0] 0x25 0x26 0x27 0x28

64
:0]SUMSCALE[7

otcaFelacS r �  

 

 

 

FTW 52

SIN
COS

FTW NCO FREQUENCY
TUNING WORD 07

85
2-

10
724

 
84.  

ROUND
SATURATE

CHANxGAIN[7:0] 07
85

2-
10

88

 
85.  

ROUND
SATURATE

SUMSCALE
REGISTER 0x08

TO SATURATION COUNTER
SATERR

REGISTER 0x03[1]

07
85

2-
11

0

8

 
87. 

DATA-
PATH

0

DATA-
PATH

1

DATA-
PATH

2

DATA-
PATH

3

07
85

2-
10

9

SUM
SCALE

BPF
fC

DIGITAL BLOCK
UPCONVERTER

16
×

IN
T

E
R

P
O

LA
TO

R

BPF
fC = 0 TO

fDAC/2

 
86.  

FTW (NCO)
NCO

84
 

 
8 ( 0x25

0x28)

0 1.9921875 0.0078125
0

AD9789 DSP
DAC

16
DAC

 

SUMSCALE[7:0]
0x08

 

0 3.984375
0.015625 0x0D 0.203125

0x7FFF
0x8000

16
0x10 (0.25)  

(SNR)
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54. QAM

QAM 1 3 4

DVB 
16-QAM 

48 28 22 16 

DVB 
32-QAM 

54 34 26 20 

DVB 
64-QAM 

54 34 26 20 

DVB 
128-QAM 

80 50 38 30 

DVB 
256-QAM 

54 34 26 20 

DOCSIS  
64-QAM 

54 34 26 20 

DOCSIS  
256-QAM 

54 34 26 20 

 

 

0

–20

–40

–60

–80

–100
0 0.5 1.0 1.5 2.0

FREQUENCY (GHz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
06

2

 

 

0

–20

–40

–60

–80

–100
0 0.5 1.0 1.5 2.0

FREQUENCY (GHz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
06

3

 

 

0

–2

–4

–6

–8

–10
0 20 40 60 80

FREQUENCY (MHz)

M
A

G
N

IT
U

D
E

 (
d

B
)

07
85

2-
06

4

 

 

 

54 QAM
MER/EVM

1 2 3 4 850 
MHz DAC RF

BER

16

16 88 16
DAC 16

15
DC fDAC/2

16 0x1D
[7:0] 0x1C[7:0]   

fDAC/64 fDAC/64
89 91

88. 16

90. 1 GHz fADC = 2.4 GHz

91. (fADC = 2.4 GHz)

89. 200MHz fADC = 2.4 GHz
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UP TO
32 BITS

CMOS
0 TO 15
LVDS
RISE

CMOS
16 TO 31

LVDS
FALL

UP TO
32 BITS

UP TO
32 BITS

UP TO
32 BITS

P
R

O
G

R
A

M
M

A
B

L
E

 D
A

TA
F

O
R

M
A

T
T

E
R

/A
S

S
E

M
B

L
E

R

R
E

T
IM

E
R

32
 IN

P
U

T
P

IN
S

P0
P1

FS
DCO

07
85

2-
11

2

SUM
SCALE

BPF
fC

4
TO

 3
2 

B
IT

S

fDAC

16 TO 1024

CLK
CTL

fDAC

16
×

IN
T

E
R

P
O

L
A

TO
R

BPF

fC = 0 TO

fDAC/2

fDAC

16

32

DATA-
PATH

0

DATA-
PATH

1

LV
D

S
/C

M
O

S

DATA-
PATH

2

DATA-
PATH

3
 

55. 

56. CMOS

0x21[6:5] 0x21[4] 0x21[3]

 
 
 

 
 
 

 

BUSWDTH[1:0] 

D[3:0] 00 
D[7:0] 01 
D[15:0] 10 
D[31:0] 11 
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(QDUC)

0x20[3] = 0 4
32 4

fDAC/48

QDUC 0x20[3] = 1 32
1

16 512 0.5 1.0 QDUC
fDAC/16

QDUC
CMOS_BUS (L14) LVDS CMOS

CMOS_BUS 3.3 V CMOS
D[31:0] P0 P1 CMOS_BUS 0 V

LVDS D[15:0]P D[15:0]N PARP
PARN

AD9789
(DCO) DCO

DACCLK (FS)
FS

D C O F S
CMOS_CTRL (M14) LVDS CMOS
CMOS_CTRL 3.3 V DCO FS CMOS
P14 N14 CMOS_DCO CMOS_FS
CMOS_CTRL 0 V DCO FS LVDS N13
P13 L13 M13 DCOP DCON FSP FSN

AD9789
4 8 16 32

8 16

55

QAM
8 SRRC

8
QAM SRRC

16

CMOS CMOS_BUS CMOS_CTRL 3.3 V
AD9789 56

92. 

32
16
8
4

8
8
8
8

QAM

SRRC 8
8
8
8

4
8
16
32

16
16
16

32
16
8
4
32
16
8
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57. LVDS
BUSWDTH[1:0] 

4 D[3:0]P, D[3:0]N 00 
8 D[7:0]P, D[7:0]N 01 
16 D[15:0]P, D[15:0]N 10 
32 D[15:0]P、D[15:0]N 11 

58. CMOS  = 32  = 8
 = 1

DCO D[31:24] D[23:16] D[15:8] D[7:0] 

1 R3 R2 R1 R0 
 
1 R R

59. CMOS  = 32  = 8
 = 1

DCO D[31:24] D[23:16] D[15:8] D[7:0] 

1 Q1 I1 Q0 I0 
2 Q3 I3 Q2 I2 
 
1 I Q
 I Q

60. LVDS  = 16  = 8
 = 1

DCO D[15:8]P, D[15:8]N D[7:0]P, D[7:0]N 

1 Q0 I0 
2 Q1 I1 
3 Q2 I2 
4 Q3 I3 
 
1 I Q
 I Q

61. LVDS  = 32  = 8
 = 1

DCO2 D[15:8]P, D[15:8]N D[7:0]P, D[7:0]N 

1 Q0 I0 
1 Q1 I1 
2 Q2 I2 
2 Q3 I3 
 
1 I Q
 I Q

2 “ ” DCOx
 “ ” DCOx

LVDS AD9789
57 32

(DDR) DDR 16
(DSC DCO ) 16

DSC
(SDR) DSC

3 
16 8

LVDS
60

4 
32 8

LVDS
61

1

2 
32 8

CMOS
59

DCO FS  
DCO

DCO DAC FS
FS (fFS)

(fBAUD) FS DCO DCO
(fDCO) (fBAUD) DAC (fDAC)

 

                                                                                          (1)

                                                                                          (2)
 

I 1 64  
P/Q (0.5 1.0)  
N DCO 0x22[6:4]
DCODIV[2:0]  

DCODIV[2:0] 1 2 4 0 DCO 3
DSC DCO

 
BAUDDAC f

Q
PIf ×××= 16

 ( )Nff DACDCO ×= 16/
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62. 
 = 0

CMOS

[D31:D24] [D23:D16] [D15:D8] [D7:D0] 

4 3 2 1 0 

0  3 2 1 

0
2

  3 1 

63. 
 = 1

CMOS

[D31:D24] [D23:D16] [D15:D8] [D7:D0] 

4 3 2 1 0 

0 3 2 1  

0
2

3  1  

I AND Q
16 BITS

I AND Q
16 BITS

I AND Q
16 BITS

I AND Q
16 BITS

LV
D

S
/C

M
O

S

32
INPUT
PINS

P0
P1

FS
DCO

07
85

2-
06

9

CMOS
0 TO 15
LVDS
RISE

CMOS
16 TO 31

LVDS
FALL

ONI

Q

OFF

OFF

OFF

BPF
fC =
0 TO

fDAC/2

16
×

IN
T

E
R

P
O

L
A

TO
R

BPF
fC

 
93. QDUC

DCO
FS

DCO (cyclesAVAIL)  
 

FS
DCO

 
 

 
N (1 4) 1 N

4( )  
F F = 1

F = 2  
DW (8 16 )  
BW (4 8 16 32 )  

FS DCO
DCO  

 
fFS = 6.4 MHz

8 4
fDCO 8 × fFS 1 2

N = 1 P/Q = 0.7 I = 32  

 fDAC = 32 × 0.7 × 16 × 6.4 MHz = 2293.76 MHz 
 fDCO = 2293.76 MHz/(16 × 1) = 143.36 MHz 

fDCO/fBAUD = 22.4 N = 2 DCO
11

 

 

( 0x20[2]) 0
DUT

0
( ) 1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

BAUD

DCO
AVAIL f

ffloorcycles
max

 

BW
DWFNcyclesINTERFACE ××=

4
0

/  

62 0
CMOS 32 8

1
63

(QDUC)

QDUC ( 0x20[3] = 1) 32
16 QDUC

I Q
QAM SRRC ( 0x06[7:6] = 11)
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64. QDUC CMOS

D31 I MSB L5 
D16 I LSB P8 
D15 Q MSB L9 
D0 Q LSB P12 
P1 D[31:16] L4 
P0 D[15:0] M4 

 

A

M

N

P

L

K

B

C

D

CMOS_BUS

CMOS_CTRL

CMOS_FS

CMOS_DCO

J

E

F

H

G

11 421 3111108 97 6 52 43

A

M

PARN

PARP

N

P

L

K

B

C

D

FSP

FSN

DCOP

DCON

J

E

F

H

G

11 421 3111108 97 6 52 43

07
85

2-
11

4

P+ 15 13 11 9 7 5 3 1

P– 15 13 11 9 7 5 3 1

14 12 10 8 6 4 2 0

14 12 10 8 6 4 2 0

FS

FS

DC

DC

14 14 –LVDS+LVDS  
95. LVDS

07
85

2-
11

3

P1 31 27 23 19 15 11 7 3

P0 30 26 22 18 14 10 6 2

29 25 21 17 13 9 5 1

28 24 20 16 12 8 4 0

BU

CT

FS

DC

D[31:0] CMOS DATA INPUTS

PARITY AND CONTROL INPUTS  
94. CMOS

65. QDUC LVDS 1

D15P, D15N I MSB L5, M5 
D0P, D0N I LSB N12, P12 
D15P, D15N Q MSB L5, M5 
D0P, D0N Q LSB N12, P12 
PARP, PARN D[15:0]P、D[15:0]N L4, M4 

PARP, PARN D[15:0]P、D[15:0]N L4, M4 

 
1 “ ” DCOx
 “ ” DCOx

QDUC  
CMOS AD9789 64

LVDS AD9789 65

QDUC DCO FS

QDUC DCODIV 1( 0x22[6:4] = 
001) DCO 16 DAC 16

fDCO   

fBAUD FS fFS fBAUD

 

 
N 2  
P/Q

FS DCO
P/Q = 1 N = 0 DCO

FS FS ( ) DCO

 

Q
P

ff
N

DCO
BAUD

×
=

2
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7 DCO CYCLES 6 DCO CYCLES 7 DCO CYCLES

tPD tPD tPD

SAMPLE
0

SAMPLE
1

SAMPLE
2

DCO

FS

D[31:0]

DSC

07
85

2-
11

5
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96. FS QDUC

 

Q
D
CLK

Q
D
CLK

Q
D
CLK

32
32 32

BITS
0 TO 31

CMOS
DATA

DSC
Φ 0 TO 15

SNC
Φ 0 TO 13 0

PHZ
Φ 15 07

85
2-

07

 
97. CMOS

Q
D
CLK

Q
D
CLK

Q
D
CLK

16
Q

D
CLK

16 16

BITS
16 TO 31

DSC
Φ 0 TO 15

SNC
Φ 0 TO 13

PHZ
Φ 15

Q
D
CLK

Q
D
CLK

Q
D
CLK

16
16 16

BITS
0 TO 15

LVDS
DATA

07
85

2-
07

1

 
98. LVDS DSC

DAC 1600 MHz 15 MHz
fDCO = fDAC/16 = 100 MHz fDCO/fFS = 6.667
P/Q 0.5 1.0 8

N = 3 P/Q 5/6

20 DCO 3
(fFS/fDCO = 3/20) 96
tPD FS

AD9789 tPD
1 DCO   

AD9789
DAC 16

15
(DSC) (SNC)

0x23[7:4] DSC (DSCPHZ) 0x23[3:0]
SNC (SNCPHZ) 16

15

CMOS LVDS 97
98

0x23 0x21[2:0]
  

DSCPHZ = 0 SNCPHZ = 3 LTNCY = 
0( )

DSCPHZ = 0 SNCPHZ = 7 LTNCY = 
0( )

FPGA

SNCPHZ 14 15
CMOS DSCPHZ
SNCPHZ

0x21[2:0]
7 DCO

1 DCO

FS
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SAMPLESAMPLESAMPLESAMPLESAMPLESAMPLESAMPLESAMPLESAMPLE

SAMPLESAMPLESAMPLESAMPLESAMPLE

SAMPLE

0 1 2 3 4 5 6 7 8 16 24 32 40 48 56 64 72

DCO

FS

LVDS DDR

LVDS SDR

SAMPLESAMPLESAMPLESAMPLESAMPLE
CMOS

07
85

2-
11

6

 
99.  = 0

 

 

0 100 DAC
99  = 0 LVDS DDR

LVDS SDR CMOS 99 DCO
66 67 DAC

800 ps
800 ps 1.6 ns 2.4 GHz DAC

DCO 0
66 4 1.2 GHz DAC 0

2

66 67 AD9789 FS DCO

FS
1.6 ns DAC

DAC
66 67

LVDS DDR
 

LVDS SDR
 

CMOS
 

DCO

CMOS LVDS

66 67 LAT SNC DSC
0x21[2:0] LTNCY[2:0] 0x23[3:0]

SNCPHZ[3:0] 0x23[7:4] DSCPHZ[3:0]

 16
16/

6.1
+

+
=

DCO

MEASURED
OPTIMAL t

nsDelayDelay

8
16/

6.1
+

+
=

DCO

MEASURED
OPTIMAL t

nsDelayDelay

8
16/

6.1
+

+
=

DCO

MEASURED
OPTIMAL t

nsDelayDelay
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66. 
(LVDS )

0 1 2 3 4 5 6 7 

LAT 0 0 0 0 0 0 1 1 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

8 9 10 11 12 13 14 15 

LAT 1 1 1 1 1 1 1 1 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

16 17 18 19 20 21 22 23 

LAT 1 1 1 1 1 1 2 2 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

24 25 26 27 28 29 30 31 

LAT 2 2 2 2 2 2 2 2 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

32 33 34 35 36 37 38 39 

LAT 2 2 2 2 2 2 3 3 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

40 41 42 43 44 45 46 47 

LAT 3 3 3 3 3 3 3 3 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

48 49 50 51 52 53 54 55 

LAT 3 3 3 3 3 3 4 4 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

56 57 58 59 60 61 62 63 

LAT 4 4 4 4 4 4 4 4 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

64 65 66 67 68 69 70 71 

LAT 4 4 4 4 4 4 5 5 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

72 73 74 75 76 77 78 79 

LAT 5 5 5 5 5 5 5 5 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

80 81 82 83 84 85 86 87 

LAT 5 5 5 5 5 5 6 6 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

88 89 90 91 92 93 94 95 

LAT 6 6 6 6 6 6 6 6 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

96 97 98 99 100 101 102 103 

LAT 6 6 6 6 6 6 7 7 
SNC 7 8 9 9 10 10 2 3 
DSC 8 9 10 11 12 13 14 15 

104 105 106 107 108 109 110 111 

LAT 7 7 7 7 7 7 7 7 
SNC 3 4 4 5 5 6 6 7 
DSC 0 1 2 3 4 5 6 7 

112 113 114 115 116 117 X X 

LAT 7 7 7 7 7 7 X X 
SNC 7 8 9 9 10 10 X X 
DSC 8 9 10 11 12 13 X X 
 

67. 
(CMOS )

0 1 2 3 4 5 6 7 

LAT 0 0 0 0 0 0 1 1 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

8 9 10 11 12 13 14 15 

LAT 1 1 1 1 1 1 1 1 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

16 17 18 19 20 21 22 23 

LAT 1 1 1 1 1 1 2 2 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

24 25 26 27 28 29 30 31 

LAT 2 2 2 2 2 2 2 2 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

32 33 34 35 36 37 38 39 

LAT 2 2 2 2 2 2 3 3 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

40 41 42 43 44 45 46 47 

LAT 3 3 3 3 3 3 3 3 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

48 49 50 51 52 53 54 55 

LAT 3 3 3 3 3 3 4 4 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

56 57 58 59 60 61 62 63 

LAT 4 4 4 4 4 4 4 4 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

64 65 66 67 68 69 70 71 

LAT 4 4 4 4 4 4 5 5 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 
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72 73 74 75 76 77 78 79 

LAT 5 5 5 5 5 5 5 5 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

80 81 82 83 84 85 86 87 

LAT 5 5 5 5 5 5 6 6 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

88 89 90 91 92 93 94 95 

LAT 6 6 6 6 6 6 6 6 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

96 97 98 99 100 101 102 103 

LAT 6 6 6 6 6 6 7 7 
SNC 7 8 8 9 9 2 2 3 
DSC 0 1 2 3 4 5 6 7 

104 105 106 107 108 109 110 111 

LAT 7 7 7 7 7 7 7 7 
SNC 3 4 4 5 5 6 6 7 
DSC 8 9 10 11 12 13 14 15 

112 113 114 115 116 117 X X 

LAT 7 7 7 7 7 7 X X 
SNC 7 8 8 9 9 2 X X 
DSC 0 1 2 3 4 5 X X 

 

 

 

68. DCO CMOS
t
S

(ns) t
H

(ns) DVW (ns)

−40°C 4.9 −1.4 3.5 
+25°C 5.1 −1.6 3.5 
+85°C 5.3 −1.7 3.6 
−40°C +85°C 5.3 −1.4 3.9 

DCO

INPUT
DATA

DSC

07
85

2-
11

7

tS tH

 
100. CMOS

DCO

FS

DSC

07
85

2-
11

8

tD

 
101. CMOS_DCO CMOS_FS

69. CMOS_DCO CMOS_FS
DCO  FS

t
D, MAX

 (ns)

DCO  FS

t
D, MIN

 (ns)

−40°C 0.64 0.28 
+25°C 0.71 0.4 
+85°C 0.85 0.49 
−40°C +85°C 0.85 0.28 

 

 
FS DCO

(cyclesAVAIL) DCO
(cyclesINTERFACE) FS DCO

DCO AD9789
FS AD9789

(LTNCY[2:0])  

 

 cyclesAVAIL ≥ cyclesINTERFACE + LTNCY[2:0] + 2

CMOS  
AD9789 CMOS (CMOS_CTRL = CMOS_BUS 

= 3.3 V) CMOS DCO
DCODIV = 1

( fDAC/16) CMOS
(DSC) DCO

DSC DCO DSC DSCPHZ(
0x23[7:4])  

DSC DCO
DCO_INV = 0( 0x20[4]) DSCPHZ = 0( 0x23
[7:4]) DCODIV = 1( 0x22[6:4]) CMOS

68 68
(DVW) DVW

DSCPHZ 0 tDCO/16
tDCO  

 tS = 5.3 ns − ((tDCO/16) × DSCPHZ) 
 tH = 0.24 ns + ((tDCO/16) × DSCPHZ)

DCO FS
69
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70. DCO LVDS
t
S

(ns) t
H

(ns) DVW (ns)

−40°C 1.04 0.24 1.28 
+25°C 1.23 0.16 1.39 
+85°C 1.41 0.03 1.44 
−40°C +85°C 1.41 0.24 1.65 

H DCO

DCO

INPUT
DATA

DSC

tS tH

tS tH tS tH tS tH

SINGLE DATA RATE (SDR)

DCO

INPUT
DATA

DSC

DOUBLE DATA RATE (DDR)

07
85

2-
11

9

 
102. LVDS (SDR DDR)

DCO

FS

DSC

07
85

2-
12

0

tD

 
103. LVDS DCO FS

71. LVDS DCO FS
DCO  FS

t
D, MAX

 (ns)

DCO  FS

t
D, MIN

 (ns)

−40°C 0.37 0.21 
+25°C 0.35 0.16 
+85°C 0.32 0.12 
−40°C +85°C 0.37 0.12 

72. SPI
0x20[1:0]

00 
IQ 01 

10 
11 

LVDS  
AD9789 LVDS (CMOS_CTRL = CMOS_BUS 

= 0 V) LVDS DCO
LVDS

(SDR) (DDR)
SDR (DSC)

DCO DSC
DCO DCO DSC DSCPHZ(

0x23[7:4]) DDR DSC
DCO

32 DDR DCODIV = 1
DCO fDAC/16  

DSC DCO
DCO_INV = 0( 0x20[4]) DSCPHZ = 0( 0x23
[7:4]) DCODIV = 1( 0x22[6:4]) LVDS

70

DCO FS
71

 
AD9789

IQ IQ
I 0 Q 1

IQ LVDS
0x20[1:0]

FS AD9789
DCO
L4

M4 CMOS
P1 P0 LVDS

PARP PARN  

LVDS (SDR)
(DDR)

32 DDR

DDR DCO
SDR

DCO  

DSCPHZ 0 tDCO/16
tDCO  

 tS = 1.41 ns − ((tDCO/16) × DSCPHZ) 
 tH = 0.24 ns + ((tDCO/16) × DSCPHZ) 
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73. QDUC

/ IQ

CMOS 32 P1 D[31:16] P1 = 0 
P0 D[15:0] P0 = 1 

LVDS1 
(DDR) 

32 [PARP, PARN]
D[15:0]P, D[15:0]N

PARP  = 0 
PARN  = 1 

[PARP, PARN]
D[15:0]P, D[15:0]N

PARP  = 1 
PARN  = 0 

 
1 “ ” DSC
 “ ” DSC

74. 

 
1 “ ” DSC
 “ ” DSC

INPUT DATA

DACCLK

2-SWITCH
DAC OUTPUT

4-SWITCH
DAC OUTPUT

(NORMAL MODE)

D1 D2 D3 D4 D5

D1 D2 D3 D4 D5

D1 D2 D3 D4 D5

D6 D7 D8 D9 D10

D6 D7 D8 D9 D10

D6 D7 D8 D9 D10

t

t

07
85

2-
07

2
 

104. DAC

/ IQ

CMOS 4 P1 P1 = 0 
P0 D[3:0] P0 = 1 

CMOS 8 P1 P1 = 0 
P0 D[7:0] P0 = 1 

CMOS 16 P1 P1 = 0 
P0 D[15:0] P0 = 1 

CMOS 32 P1 D[31:16] P1 = 0 
P0 D[15:0] P0 = 1 

LVDS 
(SDR)1 

4 [PARP, PARN]
D[3:0]P, D[3:0]N

LVDS 
(SDR)1 

8 [PARP, PARN]
D[7:0]P, D[7:0]N

LVDS 
(SDR)1 

16 [PARP, PARN]
D[15:0]P, D[15:0]N

LVDS 
(DDR)1 

32 [PARP, PARN]
D[15:0]P, D[15:0]N

PARP  = 0 
PARN  = 1 

[PARP, PARN]
D[15:0]P, D[15:0]N

PARP  = 1 
PARN  = 0 

QDUC 32
( 73)

( 0x02
[7:0]) 0

255 1 0x04[7]
0  

1 0x03[7] IRQ
IRQ 0x04[7]

IRQ ( P2) IRQ
IRQ IRQ 0x04
IRQ 1 0x04[7]

IRQ 0  

 
AD9789

RZ  

DAC
104 DAC DAC

D1 D2
D1 D2

DAC

2 × fDAC

(RZ)
DAC

 

RZ
105

RZ DAC

 

4 8
8

1 4
4

 

74
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INPUT DATA

DACCLK

4-SWITCH
DAC OUTPUT

(fS MIX MODE)

4-SWITCH
DAC OUTPUT
(RETURN-TO-
ZERO MODE)

D1 D2 D3 D4 D5

D1

D2

D3

D4

D5

D1 D2 D3 D4 D5

D6 D7 D8 D9 D10

D6

D6

D7

D7

D8

D8

D9

D9

D10

D10 t

07
85

2-
07

3

–D10

–D1

–D6

–D5

–D2

–D3

–D4

–D9

–D8

–D7

t

 
105. RZ DAC

0

–10

–5

–15

–20

–25

–30

–35
0 0.5 1.0 1.5 2.0 2.5 3.0

FREQUENCY (Hz)

A
M

P
L

IT
U

D
E

 (
d

B
m

)

07
85

2-
07

4

FIRST
NYQUIST ZONE

SECOND
NYQUIST ZONE

THIRD
NYQUIST ZONE

NORMAL
MODE

RZ MODE

MIX MODE

 
106. Sinc (fS = 2 × DACCLK)

FREQUENCY (kHz)

N
O

IS
E

 (
d

B
m

/H
z)

–110

–115

–120

–125

–130

–140

–135

11 10 00

07
85

2-
08

3

MSEL = 11

MSEL = 10

MSEL = 01

MSEL = 00

 
107. MSEL 1/f

DAC sinc

sinc 106

 
AD9789

 

 
MSEL[1:0] ( 0x36[1:0])

1/f 107 20 mA
50 Ω MSEL 1/f

RZ
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CURRENT
SCALING

FSC[9:0]
AD9789

DAC

FULL-SCALE
CURRENT10k

I120
AVSS

1nF

VREF

I120

VBG
1.2V

+

–

07
85

2-
08

4

 
108. 

35

30

25

20

I F
S

(m
A

)

15

10

5

0
0 200 400 600 800

DAC GAIN CODE

1000

07
85

2-
08

5

 
109. DAC

75. QAM

QAM I
FS
(mA) FSC[9:0] 

1 20 512 
2 25 720 
3 25 720 
4 25 720 

90
70

IOUTP

IOUTN

90

JTX-2-10T

07
85

2-
12

1

 
110. /

90

70

IOUTP

IOUTN MABACT0039

90

07
85

2-
12

2

 
111. 

 
AD9789 I120

108

1 nF VREF( C14)

5 kΩ
VREF  

IPTAT( D14) IPTAT
25°C

10 μA 20 nA/°C  

DOCSIS 3.0 ACLR 75

DAC  
AD9789

 

110 SFDR IMD DAC

111 (
)

I120( B14) 10 kΩ
1.2 V VREF( C14) 10 kΩ

120 μA FSC[7:0]( 0x3C
[7:0]) FSC[9:8]( 0x3D[1:0])

IFS( mA)  

 IFS = 0.023 × FSC[9:0] + 8.58 

0x000 0x3FF
8.6 mA 32.1 mA 0x200 20 mA

109

I120 10 kΩ
AD9789 DAC

I120
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90
70

IOUTP
5.6nH4.7pF

2.2pF

90 5.6nH
IOUTN

4.7pF

JTX-2-10T

07
85

2-
12

3

 
112. CMTS

50

REF

VCC

VEE

VT

D

D

50

V

50 50
Q

Q

ADCLK914

07
85

2-
12

4

 
113. ADCLK914

5 4 3 2

1

GND

N
C

N
C

V
E

E
V

C
C

V
T

V
R

E
F

V
E

E

V
C

C

Q

NC
NC

Q
D

NC
NC

D

1

16 15 14 13

2
3
4

5 6 7 8

12
11
10
9

C31
0.1μF
C0402

GND

C32
0.01μF
C0402

GND

C33
0.1μF
C0402

GND

C34
0.01μF
C0402

GND

ADCLK914 SUPPLY DECOUPLING

VCC33

CLKN

VCC33

VCC33

VCC33

CLKP

R13
49.9

R15
49.9

R14
49.9

R17
100
R0402

C99
2400pF

C0803H50

C102
2400pF

C0803H50

U3
ADCLK914

GND

GND
GND

GND

C83
0.01μF

C81
0.01μF

C82
0.01μF

J3
PSTRNKPE4117

07
85

2-
12

5

 
114. ADCLK914/AD9789

 

CMTS
DAC 1 dB 1.2 GHz

DAC
CMTS

JTX-2-10T
112

PCB
CML PECL ,

100 fs AD9789
113 ADCLK914

114 ADCLK914/AD9789
ADCLK914 DAC

ADCLK914 50 Ω
PECL CML VT VCC(PECL

) VREF

ADCLK914 LVDS

DAC
50 Ω( 110 112) 25 Ω( 111)  

AD9789  
AD9789

CLKP CLKN
PCB

ADCLK914
1.9 V VCC (3.3 V) 50 Ω

3.8 V
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CLKP/CLKN

CLKx_CML
SIGN = 0

CLKx_CML
SIGN = 1

1.10

1.05

1.00

0.95

0.90

0.85

0.80

0.75

0.70
–15 –13 –11 –9 –7 –5 –3 –1 1 3 5 7 9 11 13 15

OFFSET CODE

C
O

M
M

O
N

-M
O

D
E

 V
O

L
T

A
G

E
 (

V
)

07
85

2-
08

2

CVDD18 07
85

2-
08

1

 
115. 

CLKP CLKN

 
116. CLKP_CML/CLKN_CML

PSIGN/NSIGN

76. 900 MHz
DOCSIS ACLR

(dBc)

1 2 3 4 

750 kHz 
6 MHz 

−71 −67.2 −62.4 −59.1 −60 

6 MHz
12 MHz 

−70.9 −70.3 −67 −63.8 −63 

12 MHz
18 MHz 

−71 −70.8 −70.8 −70.8 −65 

77. 
 (dBc/Hz)

1 1 2 3 4 

2 kHz −114.8 −112.8 −111.7 −111.2 
20 kHz −117.8 −115.5 −114.6 −113.8 
200 kHz −128.3 −118.9 −118.3 −116.8 
2 MHz −148.5 −127.9 −122.2 −117.9 
20 MHz −152.5 −149.9 −148 −145.7 
 
1 500 kHz

 

14-BIT
2.4GSPS

DAC

DIGITAL
CIRCUITRY

1416

MU
Φ DET

MU Φ
CONTROL

MU
DELAY

16-BIT
DATA

DAC
CLOCK

07
85

2-
07

7

 
117. Mu

 

CLKP CLKN
115

CLKP CLKN CLKP_CML ( 0x32
[4:1]) CLKN_CML ( 0x31[7:4]) CLKP
CLKN PSIGN NSIGN (

0x32 5 0) PSIGN NSIGN
CLKP_CML/CLKN_CML

PS IGN NS IGN
CLKP_CML/CLKN_CML 116
CLKP_CML CLKN_CML 0

0.9 V CLKP CLKN −15

77 (
dBc/Hz )

DOCSIS ACLR 3
 

MU  
mu mu

mu
117 DAC mu

mu
mu

mu
mu

mu 
ADCLK914 AD9789

ACLR 76 900 MHz
DOCSIS ACLR ( ACLR dBc
)
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18

16

14

12

10

8

6

4

2

0
0 40 80 120 160 200 240 280 320 360 400 440

MU DELAY

M
U

 P
H

A
S

E

07
85

2-
07

8

GUARD
BAND

GUARD
BAND

SEARCH STARTING
LOCATION

DESIRED
PHASE
AND

SLOPE

 
118. 2.4 GSPS Mu

DESIREDDESIRED

POSITIVE SLOPE NEGATIVE SLOPE

10

11

12

13

14

15 9

8

7

6

5

4

07
85

2-
07

9

 
119. 

Mu  
mu 0x33[0] mu

mu
( 0x3E[5]) mu

( 0x30[7]) mu
mu

0x33[5:4] MODE[1:0]  

(00)( )
(01) 
(10) 

MUDLY[8:0] mu
LSB 0x39[7] MSB 0x3A

[7:0] 9 mu
431( )

216 mu
0x39[4:0] MUPHZ[4:0]

16 16

( 0x33[6] SLOPE )

14
SEARCH_TOL ( 0x2F[7])

 

(0)  
(1) ( )

118 2.4 GSPS mu mu
mu

0x39[6:5] SEARCH_DIR[1:0]
 

(00) 
(01) 
(10)( )

( 0x2F[4:0]
GUARDBAND[4:0] )

mu
TRACK_ERR ( 0x2F[5])

 

(0) ( )
(1) 

mu
mu

 

2  
16( )  
0( )  

431( )  
0( )  

mu

119
120
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DESIRED

DESIRED

12

13 13 2 2

1 1

07
85

2-
08

0

14 14

15 15 4

3 3

 
120. 78. AD9789 Mu

/

0x30 0x80 
0x31 0xF0 CLKN

CLKN_CML = 0xF
0x32 0x9E CLKP

CLKP_CML = 0xF
CLKP_CML CLKN_CML

PSIGN = 0 NSIGN = 0
CLK_DIS = 1

0x3E 0x38 
(AUTO_CAL 1)

0x24 0x00 
0x24 0x80 
0x2F 0xCE 98

0x33 0x42 
0x39 0x4E 14

0x3A 0x6C mu
( 216)

0x03 0x00 
0x04 0xFE 
0x03 0x0C 
0x33 0x43 mu

/
0x33 0x4B mu
0x33 0x43 mu
0x04  

LOCKACQ
LOCKLOST

0x39  
( 14)

mu
( 1)

( 1) mu
mu
 

LOCKACQ( 0x04[3]) LOCKLOST(
0x04[2])

5 LOCKACQ 1
LOCKACQ 0 LOCKLOST 1

 

MUSAMP ( 0x33[3])
MUDLY ( 0x39[7] 0x3A[7:0])

mu MUPHZ[4:0]
( 0x39[4:0])

mu

78

mu 180,000 DAC (2 GSPS
75 μs)
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Mu  
mu

118 MUDLY
MUDLY MUSAMP

mu

14
MUDLY

MUDLY[8:0] ( 0x39[7] 0x3A)  

Mu Delay  
mu mu mu

mu
mu mu

DAC
118 56 270 214

mu 2 ps/  
 

mu
DAC ( ps)

ps 95.1
214

GHz 4.2
1

=
⎟
⎠
⎞

⎜
⎝
⎛

 
(IRQ)

 

 
1  
0  

mu
 

mu (
1)

 

IRQ 0x03 IRQ
/ (

0x04) SPI IRQ ( P2)  

0x04 (
) IRQ 1 0x04
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79

79. 

0 AD9789   
0   
1 CML 0x32 0x9E 
1 0x30 0x80 
2 0x24 0x00 
3 0x24 0x80 
4 mu 0x2F 0xCE 
4 0x33 0x42 
4 0x39 0x4E 
4 0x3A 0x6C 
5 mu 0x03 0x00 
6 0x04 0xFE 
7 mu 0x03 0x0C 
8 mu 0x33 0x43 
9 0x06 to 0x15  
9 0x16 to 0x1B  
9 BPF 0x1C to 0x1D  
9 0x20 to 0x23  
9 0x25 to 0x28  
9 0x29  
9 0x3C to 0x3D  
10 mu (SPI )1 0x04 0x08 
11 BPF 0x1E 0x80 
12 0x24 0x00 
13 0x24 0x80 
14 0x05  
15 0x03  
 
1 mu 180,000 DAC (2 GSPS 75 μs)
 

 

AD9789 
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BIST

80. 

0x30 0x80 
0x31 0xF0 CLKN

CLKN_CML = 0xF
0x32 0x9E CLKP CLKP_CML = 0xF

PSIGN = 0 NSIGN = 0
(CLK_DIS = 1)

81. PRN

0x42 0x10 
0x43 0x00 
0x44 0x10 
0x45 0x00 
0x46 0x00 
0x47 0x10 
0x49 0x16 
0x4B 0x17 
0x4C 0x4E 
0x4D 0x1F 
0x05 0x0F 

82. PRN

0x48 0xAB 
0x4A 0xAB 
0x40 0x56 

83. 

0x30 0x80 
0x31 0xF0 CLKN

CLKN_CML = 0xF
0x32 0x9E CLKP CLKP_CML = 0xF

PSIGN = 0 NSIGN = 0
(CLK_DIS = 1)

 

84. LVDS

0x20 0x08 
0x21 0x41 
0x22 0x1F 
0x23 0x87 

AD9789

PRN QAM  
AD9789 (PRN)
PRN

PRN QAM
QAM PRN

DAC QAM
PRN  

1. 80

PRN 0x40 0x55
 

PRN 0x00 0x40  

(BIST)  
AD9789 (BIST)

BIST
(L4 L12 M4

M12 N5 N12 P5 P12)
( 0x50 0x55)

 

LVDS  
LVDS

 

1. 83

2. 0x24 0x00 0x80
PARMNEW  

3. 84 LVDS
16 16

2. 81 BIST
PRN

3. 0x24 0x00 0x80

PARMNEW  

4. 82 PRN
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85. 

0x42 0x00 
0x43 0x08 
0x44 0x00 
0x45 0x08 
0x46 0x00 
0x47 0x10 
0x49 0x1C 
0x4B 0x1C 
0x4C 0x00 
0x4D 0x00 

86. BIST

0x48 0x80 
0x4A 0x80 
0x40 0x55 

87. 
LVDS

0x50 D[7:0]
0x51 D[15:8]
0x52 PAR
0x53 D[7:0]( )
0x54 D[15:8]( )
0x55 PAR( )

88. 

0x30 0x80 
0x31 0xF0 CLKN

CLKN_CML = 0xF
0x32 0x9E CLKP CLKP_CML = 0xF

PSIGN = 0 NSIGN = 0
(CLK_DIS = 1)

89. CMOS

0x20 0x08 
0x21 0x61 
0x22 0x1F 
0x23 0x87 

90. 

0x42 0x00 
0x43 0x08 
0x44 0x00 
0x45 0x08 
0x46 0x00 
0x47 0x10 
0x49 0x1C 
0x4B 0x1C 
0x4C 0x00 
0x4D 0x00 

 

91. BIST

0x48 0x80 
0x4A 0x80 
0x40 0x55 

92. 
CMOS

0x50 D[23:16]
0x51 D[31:24]
0x52 P1
0x53 D[7:0]
0x54 [D15:8]
0x55 P0

 

 

4. 85 2. 0x24 0x00 0x80
PARMNEW  

3. 89 CMOS
32 16

4. 90

5. 0x24 0x00 0x80
PARMNEW  

6.  CMOS  
7. 91 BIST

8.  ( 0x50 0x55)
( 92)

8. ( 0x50 0x55)
( 87)

CMOS  
CMOS

 

1.  88

5. 0x24 0x00 0x80
PARMNEW  

6.  LVDS  
7. 86 BIST
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07
85

2-
08

6

of 76 

QAM

Q

I

IKQK = 10 IKQK = 00

IKQK = 11 IKQK = 01

1011 1001

1010 1000

0010 0011

0000 0001

1101 1100

1111 1110

0100 0110

0101 0111

IKQK ARE THE TWO MSBs IN EACH QUADRANT.

07
85

2-
08

8

 

121. DVB 16-QAM

Q

I

IKQK = 10

IKQK = 11

IKQK = 00

IKQK = 01

IKQK ARE THE TWO MSBs IN EACH QUADRANT.

101100 101110 100110 100100

101101 101111 100111 100101

101001 101011 100011 100001

101000 101010 100010 100000

001000 001001 001101 001100

001010 001011 001111 001110

000010 000011 000111 000110

000000 000001 000101 000100

110100 110101 110001 110000

110110 110111 110011 110010

111110 111111 111011 111010

111100 111101 111001 111000

010000 010010 011010 011000

010001 010011 011011 011001

010101 010111 011111 011101

010100 010110 011110 011100

07
85

2-
08

7

Q

 

I

IKQK = 10

IKQK = 11

IKQK = 00

IKQK = 01

122. DVB 64-QAM

10111 10011

10010 10101 10001

10110 10100 10000

00110 00010

00100 00101 00111

00000 00001 00011

11011 11001 11000

11111 11101 11100

11010 11110

01000 01100 01110

01001 01101 01010

01011 01111

IKQK ARE THE TWO MSBs IN EACH QUADRANT.

07
85

2-
08

9

IKQK = 10

π/2 ROTATION

IKQK = 11

π ROTATION

IKQK = 00

IKQK = 01

3π/2 ROTATION

11010 11011 01011 01010

11000 11001 01001 01000

10000 10001 10101 10100 11100 11101

10010 10011 10111 10110 11110 11111

00010 00011 00111 00110 01110 01111

00000 00001 00101 00100 01100 01101

123. DVB 32-QAM

11

1

1 3 5 7 9 11

9

3

5

7

I Q ARE THE TWO MSBs IN EACH QUADRANT.K K

124. DVB 128-QAM
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07
85

2-
09

0

IKQK = 10

π/2 ROTATION

I Q  = 11 I Q  = 01K K

π ROTATION

K K

3π/2 ROTATION

0000 0001 0101 0100 0100 0101 0001 0000

0010 0011 0111 0110 0110 0111 0011 0010

1010 1011 1111 1110 1110 1111 1011 1010

1000 1001 1101 1100 1100 1101 1001 1000

1000 1001 1101 1100 1100 1101 1001 1000

1010 1011 1111 1110 1110 1111 1011 1010

0010 0011 0111 0110 0110 0111 0011 0010

0000 0001 0101 0100 0100 0101 0001 0000
1

1 3 5 7 9 11 13 15

3

5

7

9

11

13

15

00

10

01

11

10 11

00 01

IKQK = 00

IKQK ARE THE TWO MSBs IN EACH QUADRANT.

125. DVB 256-QAM

110,111 111,011 010,111 011,011 100,101 101,111 110,101 111,111

110,100 111,000 010,100 011,000 100,000 101,010 110,000 111,010

100,111 101,011 000,111 001,011 000,101 001,111 010,101 011,111

100,100 101,000 000,100 001,000 000,000 001,010 010,000 011,010

010,011 011,001 000,011 001,001 000,001 001,101 100,001 101,101

010,110 011,100 000,110 001,100 000,010 001,110 100,010 101,110

110,011 111,001 100,011 101,001 010,001 011,101 110,001 111,101

110,110 111,100 100,110 101,100 010,010 011,110 110,010 111,110

I

Q

07
85

2-
09

1

C5 C4 C3, C2 C1 C0

 
126. DOCSIS 64-QAM
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1110,
1111

1111,
1101

1110,
1011

1111,
1001

1110,
0111

1111,
0101

1110,
0011

1111,
0001

0000,
1111

0011,
1111

0100,
1111

0111,
1111

1000,
1111

1011,
1111

1100,
1111

1111,
1111

1100,
1110

1101,
1100

1100,
1010

1101,
1000

1100,
0110

1101,
0100

1100,
0010

1101,
0000

0000,
1100

0011,
1100

0100,
1100

0111,
1100

1000,
1100

1011,
1100

1100,
1100

1111,
1100

1010,
1111

1011,
1101

1010,
1011

1011,
1001

1010,
0111

1011,
0101

1010,
0011

1011,
0001

0000,
1011

0011,
1011

0100,
1011

0111,
1011

1000,
1011

1011,
1011

1100,
1011

1111,
1011

1000,
1110

1001,
1100

1000,
1010

1001,
1000

1000,
0110

1001,
0100

1000,
0010

1001,
0000

0000,
1000

0011,
1000

0100,
1000

0111,
1000

1000,
1000

1011,
1000

1100,
1000

1111,
1000

0110,
1111

0111,
1101

0110,
1011

0111,
1001

0110,
0111

0111,
0101

0110,
0011

0111,
0001

0000,
0111

0011,
0111

0100,
0111

0111,
0111

1000,
0111

1011,
0111

1100,
0111

1111,
0111

0100,
1110

0101,
1100

0100,
1010

0101,
1000

0100,
0110

0101,
0100

0100,
0010

0101,
0000

0000,
0100

0011,
0100

0100,
0100

0111,
0100

1000,
0100

1011,
0100

1100,
0100

1111,
0100

0010,
1111

0011,
1101

0010,
1011

0011,
1001

0010,
0111

0011,
0101

0010,
0011

0011,
0001

0000,
0011

0011,
0011

0100,
0011

0111,
0011

1000,
0011

1011,
0011

1100,
0011

1111,
0011

0000,
1110

0001,
1100

0000,
1010

0001,
1000

0000,
0110

0001,
0100

0000,
0010

0001,
0000

0000,
0000

0011,
0000

0100,
0000

0111,
0000

1000,
0000

1011,
0000

1100,
0000

1111,
0000

1110,
0001

1101,
0001

1010,
0001

1001,
0001

0110,
0001

0101,
0001

0010,
0001

0001,
0001

0000,
0001

0001,
0011

0000,
0101

0001,
0111

0000,
1001

0001,
1011

0000,
1101

0001,
1111

1110,
0010

1101,
0010

1010,
0010

1001,
0010

0110,
0010

0101,
0010

0010,
0010

0001,
0010

0010,
0000

0011,
0010

0010,
0100

0011,
0110

0010,
1000

0011,
1010

0010,
1100

0011,
1110

1110,
0101

1101,
0101

1010,
0101

1001,
0101

0110,
0101

0101,
0101

0010,
0101

0001,
0101

0100,
0001

0101,
0011

0100,
0101

0101,
0111

0100,
1001

0101,
1011

0100,
1101

0101,
1111

1110,
0110

1101,
0110

1010,
0110

1001,
0110

0110,
0110

0101,
0110

0010,
0110

0001,
0110

0110,
0000

0111,
0010

0110,
0100

0111,
0110

0110,
1000

0111,
1010

0110,
1100

0111,
1110

1110,
1001

1101,
1001

1010,
1001

1001,
1001

0110,
1001

0101,
1001

0010,
1001

0001,
1001

1000,
0001

1001,
0011

1000,
0101

1001,
0111

1000,
1001

1001,
1011

1000,
1101

1001,
1111

1110,
1010

1101,
1010

1010,
1010

1001,
1010

0110,
1010

0101,
1010

0010,
1010

0001,
1010

1010,
0000

1011,
0010

1010,
0100

1011,
0110

1010,
1000

1011,
1010

1010,
1100

1011,
1110

1110, 1101, 1010, 1001, 0110, 0101, 0010, 0001, 1100, 1101, 1100, 1101, 1100, 1101, 1100, 1101,

I

1101 1101 1101 1101 1101 1101 1101 1101 0001 0011 0101 0111 1001 1011 1101 1111

1110,
1110

1101,
1110

1010,
1110

1001,
1110

0110,
1110

0101,
1110

0010,
1110

0001,
1110

1110,
0000

1111,
0010

1110,
0100

1111,
0110

1110,
1000

1111,
1010

1110,
1100

1111,
1110

Q

07
85

2-
12

6

C7 C6 C5 C4,
C3 C2 C1 C0

127. DOCSIS 256-QAM
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CMOS LVDS

93. 

4 8 
4 8 
8 8 
8 8 
8 16 
16 8 
16 8 
16 16 
32 8 
32 8 
32 16 

 

94. CMOS
BUSWDTH[1:0] 

4 D[3:0] 00 
8 D[7:0] 01 
16 D[15:0] 10 
32 D[31:0] 11 

 

95. LVDS
BUSWDTH[1:0] 

4 D[3:0]P, D[3:0]N 00 
8 D[7:0]P, D[7:0]N 01 
16 D[15:0]P, D[15:0]N 10 
32 D[15:0]P、D[15:0]N 11 

A

M

N

P

L

K

B

C

D

CMOS_BUS

CMOS_CTRL

CMOS_FS

CMOS_DCO

J

E

F

H

G

11 421 3111108 97 6 52 43

07
85

2-
12

7

P1 31 27 23 19 15 11 7 3

P0 30 26 22 18 14 10 6 2

29 25 21 17 13 9 5 1

28 24 20 16 12 8 4 0

BU

CT

FS

DC

D[31:0] CMOS DATA INPUTS

PARITY AND CONTROL INPUTS  
128. CMOS

 

A

M

PARN

PARP

N

P

L

K

B

C

D

FSP

FSN

DCOP

DCON

J

E

F

H

G

11 421 3111108 97 6 52 43

07
85

2-
12

8

P+ 15 13 11 9 7 5 3 1

P– 15 13 11 9 7 5 3 1

14 12 10 8 6 4 2 0

14 12 10 8 6 4 2 0

FS

FS

DC

DC

14 14 –LVDS+LVDS  
129. LVDS

 

 

 

 

 

 

 

 

93 AD9789

96 97

94 95 128 129 CMOS LVDS
CMOS DSC
LVDS 4 16

(SDR) 32
(DDR)
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96 “R” “I” “Q”
R I Q

96. CMOS  = 1
CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

4 8 1        R0 
2        R0 
3        R1 
4        R1 
5        R2 
6        R2 
7        R3 
8        R3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

4 8 1        I0 
2        I0 
3        Q0 
4        Q0 
5        I1 
6        I1 
7        Q1 
8        Q1 
9        I2 
10        I2 
11        Q2 
12        Q2 
13        I3 
14        I3 
15        Q3 
16        Q3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 8 1       R0 
2       R1 
3       R2 
4       R3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 8 1       I0 
2       Q0 
3       I1 
4       Q1 
5       I2 
6       Q2 
7       I3 
8       Q3 
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CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 16 1       I0 
2       I0 
3       Q0 
4       Q0 
5       I1 
6       I1 
7       Q1 
8       Q1 
9       I2 
10       I2 
11       Q2 
12       Q2 
13       I3 
14       I3 
15       Q3 
16       Q3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 8 1     R1 R0 
2     R3 R2 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 8 1     Q0 I0 
2     Q1 I1 
3     Q2 I2 
4     Q3 I3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 16 1     I0 
2     Q0 
3     I1 
4     Q1 
5     I2 
6     Q2 
7     I3 
8     Q3 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 8 1 R3 R2 R1 R0 
CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 8 1 Q1 I1 Q0 I0 
2 Q3 I3 Q2 I2 

CMOS

DCO [D31:D28] [D27:D24] [D23:D20] [D19:D16] [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 16 1 Q0 I0 
2 Q1 I1 
3 Q2 I2 
4 Q3 I3 
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DDR “ ” DSC “ ” DSC

97. LVDS  = 1
LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

4 8 1    R0 
2    R0 
3    R1 
4    R1 
5    R2 
6    R2 
7    R3 
8    R3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

4 8 1    I0 
2    I0 
3    Q0 
4    Q0 
5    I1 
6    I1 
7    Q1 
8    Q1 
9    I2 
10    I2 
11    Q2 
12    Q2 
13    I3 
14    I3 
15    Q3 
16    Q3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 8 1   R0 
2   R1 
3   R2 
4   R3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 8 1   I0 
2   Q0 
3   I1 
4   Q1 
5   I2 
6   Q2 
7   I3 
8   Q3 
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LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

8 16 1   I0 
2   I0 
3   Q0 
4   Q0 
5   I1 
6   I1 
7   Q1 
8   Q1 
9   I2 
10   I2 
11   Q2 
12   Q2 
13   I3 
14   I3 
15   Q3 
16   Q3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 8 1 R1 R0 
2 R3 R2 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 8 1 Q0 I0 
2 Q1 I1 
3 Q2 I2 
4 Q3 I3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

16 16 1 I0 
2 Q0 
3 I1 
4 Q1 
5 I2 
6 Q2 
7 I3 
8 Q3 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 8 1 R1 R0 
1 R3 R2 

LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 8 1 Q0 I0 
1 Q1 I1 
2 Q2 I2 
2 Q3 I3 
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LVDS

DCO [D15:D12] [D11:D8] [D7:D4] [D3:D0] 

32 16 1 I0 
1 Q0 
2 I1 
2 Q1 
3 I2 
3 Q2 
4 I3 
4 Q3 

 



AD9789 
 

Rev. 0 | Page 74 of 76 

11
18

08
-

*COMPLIANT TO JEDEC STANDARDS MO-219 WITH THE EXCEPTION
TO PACKAGE HEIGHT.

 

A

0.80
BSC

0.80
REF

A
B

C
D

E
F

G
H

J
K

L
M

N
P

14
13

12
11

10
9

8
7

6
5

4
3

2
1

BOTTOM VIEW

10.40
BSC SQ

DETAIL  A

TOP VIEW

DETAIL A

COPLANARITY
0.08

0.53
0.48
0.43

0.38
0.33
0.28

BALL DIAMETER

SEATING
PLANE

12.00 BSC SQ
A1 BALL
CORNER

*1.30
1.22
1.14

0.96
0.89
0.82

0.24
REF

0.65
REF

 
 130. 164 CSP_BGA (BC-164-1) 

mm

 

AD9789BBCZ1 −40°C +85°C 164 (CSP_BGA) BC-164-1 
AD9789BBCZRL1 −40°C +85°C 164 (CSP_BGA) BC-164-1 
AD9789BBC −40°C +85°C 164 (CSP_BGA) BC-164-1 
AD9789BBCRL −40°C +85°C 164 (CSP_BGA) BC-164-1 
AD9789-EBZ1  CMTS  
AD9789-MIX-EBZ1   
 
1 Z = RoHS

 



AD9789
 

Rev. 0 | Page 75 of 76 

 

 



AD9789 
 

Rev. 0 | Page 76 of 76 

 

 

 

 

©2009 Analog Devices, Inc. All rights reserved. Trademarks and  

 registered trademarks are the property of their respective owners. 

  D07852-0-4/09(0)  


