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1

 AD9776A AD9778A AD9779A  

 12   14   16  Bits 
          
 ±0.1   ±0.65   ±2.1  LSB 
 ±0.86   ±1.5   ±6.0  LSB 
          
−0.001 0 +0.001 −0.001 0 +0.001 −0.001 0 +0.001 % FSR 
 ±2   ±2   ±2  % FSR 
8.66 20.2 31.66 8.66 20.2 31.66 8.66 20.2 31.66 mA 
−1.0  +1.0 −1.0  +1.0 −1.0  +1.0 V 
 10   10   10  MΩ 

 
          
 0.04   0.04   0.04  ppm/°C 
 100   100   100  ppm/°C 
 30   30   30  ppm/°C 
          
 10   10   10  Bits 
−1.998  +1.998 −1.998  +1.998 −1.998  +1.998 mA 
0  1.6 0  1.6 0  1.6 V 
0.8  1.6 0.8  1.6 0.8  1.6 V 
 1   1   1  MΩ 

 
          
 1.2   1.2   1.2  V 
 5   5   5  kΩ 
          
3.13 3.3 3.47 3.13 3.3 3.47 3.13 3.3 3.47 V 
1.70 1.8 2.05 1.70 1.8 2.05 1.70 1.8 2.05 V 
          
3.13 3.3 3.47 3.13 3.3 3.47 3.13 3.3 3.47 V 
1.70 1.8 2.05 1.70 1.8 2.05 1.70 1.8 2.05 V 
          
 250 300  250 300  250 300 mW 
 498   498   498  mW 
 588   588   588  mW 
 572   572   572  mW 

 980   980   980  mW 

 2.5 9.8  2.5 9.8  2.5 9.8 mW 
−0.3  +0.3 −0.3  +0.3 −0.3  +0.3 % FSR/V 
−40 +25 +85 −40 +25 +85 −40 +25 +85 °C 

TMIN TMAX AVDD33 = 3.3 V DVDD33 = 3.3 V DVDD18 = 1.8 V CVDD18 = 1.8 V IOUTFs = 20 mA

 
(DNL) 
(INL) 

DAC  
 
( ) 

1

 
 

DAC  
DAC  

  
  
  

 
 . 
  

 
 AVDD33 
 CVDD18 

 
 DVDD33 
 DVDD18 

1 10 kΩ  
2   

DAC  
  
 1

  
  
  
 DAC  

2

 1× fDAC=100 MSPS IF=1MHz 
 2× fDAC = 320 MSPS IF = 16 MHz PLL  
 2× fDAC = 320 MSPS IF = 16 MHz PLL  
 4× fDAC/4 fDAC=500 MSPS
  IF = 137.5 MHz Q DAC  
 8× fDAC/4 fDAC = 1 GSPS
  IF = 262.5 MHz 

 
(AVDD33) 
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2

     
 2.0   V 
   0.8 V 
     
 300   MSPS 
 250   MSPS 
 200   MSPS 
DVDD18, CVDD18 = 1.8 V ± 5%  112.5   MSPS 

 DVDD18, CVDD18 = 1.9 V ± 5% 125   MSPS 
 DVDD18, CVDD18 = 2.0 V ± 2% 137.5   MSPS 

     
2.4   V 

   0.4 V 
40 50 60 % 

SYNC_I+ = VIA, SYNC_I− = VIB     
 825  1575 mV 
 −100  +100 mV 
  20  mV 

80  120 Ω 
  250 MSPS 

0.4   ns 
 0.55   ns 
SYNC_O+ = VOA, SYNC_O− = VOB, 100 Ω      
   1375 mV 
 1025   mV 
 150 200 250 mV 
 1150  1250 mV 

80 100 120 Ω 
     
 400 800 2000 mV 
 300 400 500 mV 
DVDD18, CVDD18 = 1.8 V ± 5%, PLL 900   MHz 
DVDD18, CVDD18 = 1.9 V ± 5%, PLL 1000   MHz 

 DVDD18, CVDD18 = 2.0 V ± 2%, PLL 1100   MHz 
 DVDD18, CVDD18 = 2.0 V ± 2%, PLL 250   MHz 

 

TMIN TMAX AVDD33 = 3.3 V DVDD33 = 3.3 V DVDD18 = 1.8 V CVDD18 = 1.8 V IOUTFs = 20 mA
LVDS IEEE-1596  

CMOS  
 VIN  
 VIN  
  
  1× 
  2× 
  4× 
  8× 

CMOS (DATACLK, PIN 37)1

VOUT  
VOUT  

 DATACLK  
LVDS (SYNC_I+, SYNC_I−) 

VIA VIB 

VIDTH 
VIDTHH − VIDTHL  

RIN 

 LVDS  

 SYNC_I REFCLK  
 SYNC_I REFCLK  
LVDS (SYNC_O+, SYNC_O−) 
 VOA VOB 
 VOA VOB 
 |VOD| 
 VOS 
 RO

DAC (REFCLK+, REFCLK−) 
 

 
 

fSYNC_I 14 0x05
[3:1]

250 MHz 5 pF  

1 100 MHz DATACLK 1 kΩ 8 mA   
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3

    
3.0   ns 
−0.05   ns 
−0.80   ns 
3.80   ns 
   
 25  
 70  
 146  
 297  

  18  
     
 40   MHz 
   12.5 ns 

    12.5 ns 
2.8   ns 
0.0   ns 
2.8   ns 
2.0   ns 

  260  ms 
     
   2 

 

−40°C +85°C  

1 PLL (
) 28  

2 0x00 4 1 0 CSB VREF 0.1 μF   

1 
 
 
 
 

 
 1×  
 2×  
 4×  
 8×  

Sinc
 

(SCLK) 
( )tPWH 
( )tPWL 

tDS 
tDH 
tDS 
tDV 

2

 
( ) 

DATACLK 
DATACLK 
REFCLK 
REFCLK 

SDIO SCLK 
SDIO SCLK 
CSB SCLK 
SDO SCLK 

DACCLK
DACCLK
DACCLK
DACCLK
DACCLK

DACCLK
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4

 AD9776A AD9778A AD9779A  

参数 

          
fDAC = 100 MSPS, fOUT = 20 MHz  82   82   82  dBc 
fDAC = 200 MSPS, fOUT = 50 MHz  81   81   82  dBc 
fDAC = 400 MSPS, fOUT = 70 MHz  80   80   80  dBc 
fDAC = 800 MSPS, fOUT = 70 MHz  85   85   87  dBc 

          
fDAC = 200 MSPS, fOUT = 50 MHz  87   87   91  dBc 
fDAC = 400 MSPS, fOUT = 60 MHz  80   85   85  dBc 
fDAC = 400 MSPS, fOUT = 80 MHz  75   81   81  dBc 
fDAC = 800 MSPS, fOUT = 100 MHz  75   80   81  dBc 

          

fDAC = 200 MSPS, fOUT = 80 MHz  −152   −155   −158  dBm/Hz 
fDAC = 400 MSPS, fOUT = 80 MHz  −155   −159   −160  dBm/Hz 
fDAC = 800 MSPS, fOUT = 80 MHz  −157.5   −160   −161  dBm/Hz 

          

fDAC = 491.52 MSPS, fOUT = 100 MHz  76   78   79  dBc 
fDAC = 491.52 MSPS, fOUT = 200 MHz  69   73   74  dBc 

          

fDAC = 491.52 MSPS, fOUT = 100 MHz  77.5   80   81  dBc 
fDAC = 491.52 MSPS, fOUT = 200 MHz  76   78   78  dBc 

 

TMIN TMAX AVDD33 = 3.3 V DVDD33 = 3.3 V DVDD18 = 1.8 V CVDD18 = 1.8 V IOUTFs = 20 mA
 

(SFDR)  

(IMD) 

(NSD) 500 kHz  

W-CDMA (ACLR)  

W-CDMA (ACLR)  
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5

AVDD33, DVDD33 AGND, DGND, 
CGND 

−0.3 V +3.6 V 

DVDD18, CVDD18 AGND, DGND, 
CGND 

−0.3 V +2.1 V 

AGND DGND, CGND −0.3 V +0.3 V 
DGND AGND, CGND −0.3 V  +0.3 V 
CGND AGND, DGND −0.3 V  +0.3 V 
I120, VREF, IPTAT AGND −0.3 V  

AVDD33 + 0.3 V 
OUT1_P, OUT1_N,  
OUT2_P, OUT2_N,  
AUX1_P, AUX1_N,  
AUX2_P, AUX2_N  

AGND −1.0 V  
AVDD33 + 0.3 V 

P1D[15:0], P2D[15:0] DGND −0.3 V  
DVDD33 + 0.3 V 

DATACLK, TXENABLE DGND −0.3 V  
DVDD33 + 0.3 V 

REFCLK+, REFCLK− CGND −0.3 V  
CVDD18 + 0.3 V 

RESET, IRQ, PLL_LOCK,  
SYNC_O+, SYNC_O−,  
SYNC_I+, SYNC_I−,  
CSB, SCLK, SDIO, SDO 

DGND −0.3 V  
DVDD33 + 0.3 V 

 +125°C 
 −65°C  +150°C 

θJA θJB θJC 

    
19.1 12.4 7.1 °C/W 
27.4   °C/W 

 

ESD 

 

 

 

 

 
100 TQFP

(EPAD)  
θJA θJC 4

θJA  

ESD
ESD

6. 

100 TQFP 
EPAD 
EPAD 

ESD( )
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74 VREF

73 IPTAT

72 AGND
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P
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2CVDD18

3CGND

4CGND

7CGND

6REFCLK–

5REFCLK+

1CVDD18

8CGND

9CVDD18

10CVDD18

12AGND

13SYNC_I+

14SYNC_I–

15DGND

16DVDD18

17P1D11

18P1D10

19P1D9

20P1D8

21P1D7

22DGND

23DVDD18

24P1D6

25P1D5

11CGND
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ANALOG DOMAIN

DIGITAL DOMAIN
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00
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NOTES

1. FOR OPTIMAL THERMAL PERFORMANCE, THE EXPOSED

PAD SHOULD BE SOLDERED TO THE GROUND PLANE FOR

   THE 100-LEAD, THERMALLY ENHANCED TQFP PACKAGE.  

7. AD9776A

1 CVDD18 17 P1D11 
2 CVDD18 18 P1D10 
3 CGND 19 P1D9 
4 CGND 20 P1D8 
5 REFCLK+ 21 P1D7 
6 REFCLK− 22 DGND 
7 CGND 23 DVDD18 
8 CGND 24 P1D6 
9 CVDD18 25 P1D5 
10 CVDD18 26 P1D4 
11 CGND 27 P1D3 
12 AGND 28 P1D2 
13 SYNC_I+ 29 P1D1 
14 SYNC_I− 30 P1D0 
15 DGND 31 NC 
16 DVDD18 32 DGND 

3. AD9776A

1.8 V
1.8 V

1.8 V
1.8 V

1.8 V

1 D11(MSB)
1 D10
1 D9
1 D8
1 D7

1.8 V
1 D6
1 D5
1 D4
1 D3
1 D2
1 D1
1 D0(LSB)
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33 DVDD18 
34 NC 
35 NC 
36 NC 
37 DATACLK 
38 DVDD33 
39 TXENABLE/ 

IQSELECT 
40 P2D11 
41 P2D10 
42 P2D9 
43 DVDD18 
44 DGND 
45 P2D8 
46 P2D7 
47 P2D6 
48 P2D5 
49 P2D4 
50 P2D3 
51 P2D2 
52 P2D1 
53 DVDD18 
54 DGND 
55 P2D0 
56 NC 
57 NC 
58 NC 
59 NC 
60 DVDD18 
61 DVDD33 
62 SYNC_O− 
63 SYNC_O+ 
64 DGND 
65 PLL_LOCK 
66 SDO 
67 SDIO 
68 SCLK 

69 CSB 
70 RESET 
71 IRQ 
72 AGND 
73 IPTAT 

74 VREF 
75 I120 
76 AVDD33 
77 AGND 
78 AVDD33 
79 AGND 
80 AVDD33 
81 AGND 
82 AGND 
83 OUT2_P 
84 OUT2_N 
85 AGND 
86 AUX2_P 
87 AUX2_N 
88 AGND 
89 AUX1_N 
90 AUX1_P 
91 AGND 
92 OUT1_N 
93 OUT1_P 
94 AGND 
95 AGND 
96 AVDD33 
97 AGND 
98 AVDD33 
99 AGND 
100 AVDD33 

 

1.8 V

3.3 V

IQSELECT
2 D11 (MSB)
2 D10
2 D9

1.8 V

2 D8
2 D7
2 D6
2 D5
2 D4
2 D3
2 D2
2 D1

1.8 V

2 D0 (LSB)

1.8 V
3.3 V

PLL

/

25°C 14 μA 20 nA/°C

120 μA
3.3 V

3.3 V

3.3 V

2 DAC
2 DAC

2 DAC
2 DAC

1 DAC
1 DAC

1 DAC
1 DAC

3.3 V

3.3 V

3.3 V
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74 VREF

73 IPTAT
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12AGND
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NOTES

1. FOR OPTIMAL THERMAL PERFORMANCE, THE EXPOSED

PAD SHOULD BE SOLDERED TO THE GROUND PLANE FOR

    THE 100-LEAD, THERMALLY ENHANCED TQFP PACKAGE.  

8. AD9778A

1 CVDD18 
2 CVDD18 
3 CGND 
4 CGND 
5 REFCLK+ 
6 REFCLK− 
7 CGND 
8 CGND 
9 CVDD18 
10 CVDD18 
11 CGND 
12 AGND 
13 SYNC_I+ 
14 SYNC_I− 
15 DGND 
16 DVDD18 
17 P1D13 
18 P1D12 

19 P1D11 
20 P1D10 
21 P1D9 
22 DGND 
23 DVDD18 
24 P1D8 
25 P1D7 
26 P1D6 
27 P1D5 
28 P1D4 
29 P1D3 
30 P1D2 
31 P1D1 
32 DGND 
33 DVDD18 
34 P1D0 
35 NC 
36 NC 

4. AD9778A

1.8 V
1.8 V

1.8 V
1.8 V

1.8 V
1 D13 (MSB) 
1 D12 

1 D11 
1 D10
1 D9

1.8 V
1 D8
1 D7
1 D6
1 D5
1 D4
1 D3
1 D2
1 D1

1.8 V
1 D0 (LSB)
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37 DATACLK 
38 DVDD33 
39 TXENABLE/ 

IQSELECT 
40 P2D13 
41 P2D12 
42 P2D11 
43 DVDD18 
44 DGND 
45 P2D10 
46 P2D9 
47 P2D8 
48 P2D7 
49 P2D6 
50 P2D5 
51 P2D4 
52 P2D3 
53 DVDD18 
54 DGND 
55 P2D2 
56 P2D1 
57 P2D0 
58 NC 
59 NC 
60 DVDD18 
61 DVDD33 
62 SYNC_O− 
63 SYNC_O+ 
64 DGND 
65 PLL_LOCK 
66 SDO 
67 SDIO 
68 SCLK 
69 CSB 
70 RESET 

71 IRQ 
72 AGND 
73 IPTAT 

74 VREF 
75 I120 
76 AVDD33 
77 AGND 
78 AVDD33 
79 AGND 
80 AVDD33 
81 AGND 
82 AGND 
83 OUT2_P 
84 OUT2_N 
85 AGND 
86 AUX2_P 
87 AUX2_N 
88 AGND 
89 AUX1_N 
90 AUX1_P 
91 AGND 
92 OUT1_N 
93 OUT1_P 
94 AGND 
95 AGND 
96 AVDD33 
97 AGND 
98 AVDD33 
99 AGND 
100 AVDD33 

 

3.3 V

IQSELECT  
2 D13 (MSB) 
2 D12 
2 D11 

1.8 V

2 D10
2 D9
2 D8
2 D7
2 D6
2 D5
2 D4
2 D3

1.8 V

2 D2
2 D1
2 D0 (LSB)

1.8 V
3.3 V

PLL

/

25°C 14 μA 20 nA/°C

120 μA
3.3 V

3.3 V

3.3 V

2 DAC
2 DAC

2 DAC
2 DAC

1 DAC
1 DAC

1 DAC
1 DAC

3.3 V

3.3 V

3.3 V
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74 VREF

73 IPTAT

72 AGND

69 CSB

70 RESET

71 IRQ

75 I120

68 SCLK

67 SDIO

66 SDO

64 DGND

63 SYNC_O+

62 SYNC_O–

61 DVDD33

60 DVDD18

59 P2D0

58 P2D1

57 P2D2

56 P2D3

55 P2D4

54 DGND

53 DVDD18

52 P2D5

51 P2D6

65 PLL_LOCK
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P
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1

36
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0
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T
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K
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D
D

3
3
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T
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L
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/I
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S
E

L
E

C
T

40

P
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D

1
5

41

P
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1
4
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P
2
D

1
3
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D
V

D
D

1
8
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D
G

N
D
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P
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1
2

46

P
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D

1
1

47

P
2
D

1
0

48
P

2
D

9
49

P
2
D

8

50

P
2
D

7

2CVDD18

3CGND

4CGND

7CGND

6REFCLK–

5REFCLK+

1CVDD18

8CGND

9CVDD18

10CVDD18

12AGND

13SYNC_I+

14SYNC_I–

15DGND

16DVDD18

17P1D15

18P1D14

19P1D13

20P1D12

21P1D11

22DGND

23DVDD18

24P1D10

25P1D9

11CGND

AD9779A

TOP VIEW

(Not to Scale)

ANALOG DOMAIN

DIGITAL DOMAIN

06
45

2-
00

4

NOTES

1. FOR OPTIMAL THERMAL PERFORMANCE, THE EXPOSED

PAD SHOULD BE SOLDERED TO THE GROUND PLANE FOR

    THE 100-LEAD, THERMALLY ENHANCED TQFP PACKAGE.  

9. AD9779A  

1 CVDD18 19 P1D13 
2 CVDD18 
3 CGND 
4 CGND 
5 REFCLK+ 
6 REFCLK− 
7 CGND 
8 CGND 
9 CVDD18 
10 CVDD18 
11 CGND 
12 AGND 
13 SYNC_I+ 
14 SYNC_I− 
15 DGND 
16 DVDD18 
17 P1D15 
18 P1D14 

20 P1D12 
21 P1D11 
22 DGND 
23 DVDD18 
24 P1D10 
25 P1D9 
26 P1D8 
27 P1D7 
28 P1D6 
29 P1D5 
30 P1D4 
31 P1D3 
32 DGND 
33 DVDD18 
34 P1D2 
35 P1D1 
36 P1D0 

1.8 V
1.8 V

1.8 V
1.8 V

1.8 V
1 D15 (MSB) 
1 D14 

1 D13 
1 D12 
1 D11 

1.8 V
1 D10
1 D9
1 D8
1 D7
1 D6
1 D5
1 D4
1 D3

1.8 V
1 D2
1 D1
1 D0 (LSB)

5. AD9779A
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37 DATACLK 
38 DVDD33 
39 TXENABLE/ 

IQSELECT 
40 P2D15 
41 P2D14 
42 P2D13 
43 DVDD18 
44 DGND 
45 P2D12 
46 P2D11 
47 P2D10 
48 P2D9 
49 P2D8 
50 P2D7 
51 P2D6 
52 P2D5 
53 DVDD18 
54 DGND 
55 P2D4 
56 P2D3 
57 P2D2 
58 P2D1 
59 P2D0 
60 DVDD18 
61 DVDD33 
62 SYNC_O− 
63 SYNC_O+ 
64 DGND 
65 PLL_LOCK 
66 SDO 
67 SDIO 
68 SCLK 
69 CSB 
70 RESET 

71 IRQ 
72 AGND 
73 IPTAT 

74 VREF 
75 I120 
76 AVDD33 
77 AGND 
78 AVDD33 
79 AGND 
80 AVDD33 
81 AGND 
82 AGND 
83 OUT2_P 
84 OUT2_N 
85 AGND 
86 AUX2_P 
87 AUX2_N 
88 AGND 
89 AUX1_N 
90 AUX1_P 
91 AGND 
92 OUT1_N 
93 OUT1_P 
94 AGND 
95 AGND 
96 AVDD33 
97 AGND 
98 AVDD33 
99 AGND 
100 AVDD33 

 

3.3 V

IQSELECT  
2 D15 (MSB)
2 D14
2 D13

1.8 V

2 D12 
2 D11 
2 D10
2 D9
2 D8
2 D7
2 D6
2 D5

1.8 V

2 D4
2 D3
2 D2
2 D1
2 D0 (LSB)

1.8 V
3.3 V

PLL

/

25°C 14 μA 20 nA/°C

120 μA
3.3 V

3.3 V

3.3 V

2 DAC
2 DAC

2 DAC
2 DAC

1 DAC
1 DAC

1 DAC
1 DAC

3.3 V

3.3 V

3.3 V
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100
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100
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S
F

D
R

 (
d

B
c
)

90

80

70

60

20 40 60 80
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100

50
0 50

fOUT (MHz)

S
F
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90
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70

60

10 20 30 40

fDATA = 50MSPS fDATA = 100MSPS

fDATA = 125MSPS

06
45
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01

0

6. AD9779A INL

7. AD9779A DNL

8. AD9779A SFDR fOUT 1×

9. AD9779A SFDR fOUT
2×

10. AD9779A SFDR fOUT
4×

11. AD9779A SFDR fOUT
8×



AD9776A/AD9778A/AD9779A
 

Rev. B | Page 17 of 56 

100

50
0 100

fOUT (MHz)

S
F

D
R

 (
d

B
c
)

90

80

70

60

20 40 60 80

fDATA = 200MSPS

fDATA = 160MSPS

fDATA = 250MSPS

06
45

2-
01

1

100

50
0 100

fOUT (MHz)

S
F

D
R

 (
d

B
c
)

90

80

70

60

20 40 60 80

fDATA = 150MSPS

fDATA = 100MSPS

fDATA = 200MSPS

06
45

2-
01

2

100

50
0 50

fOUT (MHz)

S
F

D
R

 (
d

B
c
)

90

80

70

60

10 20 30 40

fDATA = 50MSPS

fDATA = 100MSPS

fDATA = 125MSPS

06
45

2-
01

3

100

50
0 40

fOUT (MHz)

S
F

D
R

 (
d

B
c
)

90

80

70

60

10 20 30

PLL OFF

PLL ON

06
45

2-
01

4

100

50
0 80

fOUT (MHz)
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12. AD9779A SFDR fOUT
2×

13. AD9779A SFDR fOUT
4×

14. AD9779A SFDR fOUT
8×

15. AD9779A SFDR fOUT
4× fDATA = 100 MSPS PLL /

16. AD9779A SFDR fOUT

17. AD9779A SFDR fOUT
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18. AD9779A IMD fOUT
1×

19. AD9779A IMD fOUT
2×

20. AD9779A IMD fOUT
4×

21. AD9779A IMD fOUT
8×

22. AD9779A IMD fOUT
4× fDATA = 100 MSPS PLL /

23. AD9779A IMD fOUT 50
4× fDATA = 200 MSPS
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STOP 400.0MHz

SWEEP 1.203s (601 pts)VBW 20kHz

START 1.0MHz

*RES BW 20kHz

REF 0dBm

*PEAK

log

10dB

LGAV

51

W1

S3

£(f):

FTUN

SWP

S2

FC

AA

*ATTEN 20dB

EXT REF

DC-COUPLED

06
45

2-
02

3

 

STOP 400.0MHz

SWEEP 1.203s (601 pts)VBW 20kHz

START 1.0MHz

*RES BW 20kHz

REF 0dBm

*PEAK

Log

10dB

LGAV

51
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£(f):

FTUN
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AA

*ATTEN 20dB

EXT REF

DC-COUPLED
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fDAC = 800MSPS

fDAC = 400MSPS

fDAC = 200MSPS
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24. AD9779A IMD fOUT

4× fDATA = 200 MSPS

27. AD9779A 4×
fDATA = 100 MSPS fOUT = 30 MHz 35 MHz

25. AD9779A IMD fOUT
( ) 4× fDATA = 200 MSPS

26. AD9779A
4× fDATA = 100 MSPS fOUT = 30 MHz

28. AD9779A fOUT
2× fDATA = 200 MSPS

29. AD9779A fOUT fDAC( )
500 kHz fDATA = 200 MSPS
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0

0dBFS, PLL DISABLED

–3dBFS, PLL DISABLED

–6dBFS, PLL DISABLED

0dBFS, PLL ENABLED

SPAN 50MHz

SWEEP 162.2ms (601 pts)VBW 300kHz

CENTER 143.88MHz

*RES BW 30kHz

RMS RESULTS
CARRIER POWER

–12.49dBm/

3.84000MHz

FREQ OFFSET

5.000MHz

10.00MHz

15.00MHz

REF BW

3.840MHz

3.840MHz

3.840MHz

dBc

–76.75

–80.94

–79.95

dBm

–89.23

–93.43

–92.44

LOWER

dBc

–77.42

–80.47

–78.96

dBm

–89.91

–92.96

–91.45

UPPER

REF –25.28dBm

*AVG

log

10dB

PAVG

10

W1 S2

*ATTEN 4dB

EXT REF
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1

–3dBFS, PLL DISABLED

–6dBFS, PLL DISABLED

0dBFS, PLL ENABLED

0dBFS, PLL DISABLED
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2

–3dBFS, PLL DISABLED

–6dBFS, PLL DISABLED

0dBFS, PLL ENABLED

0dBFS, PLL DISABLED

SPAN 50MHz

SWEEP 162.2ms (601 pts)VBW 300kHz

CENTER 151.38MHz

*RES BW 30kHz

1 –17.87dBm

2 –20.65dBm

3 –18.26dBm

4 –18.23dBm

TOTAL CARRIER POWER –12.61dBm/15.3600MHz

REF CARRIER POWER –17.87dBm/3.84000MHz

FREQ OFFSET

5.000MHz

10.00MHz

15.00MHz

INTEG BW

3.840MHz

3.840MHz

3.840MHz

dBc

–67.70

–70.00

–71.65

dBm

–85.57

–97.87

–99.52

LOWER

dBc

–67.70

–69.32

–71.00

dBm

–85.57

–87.19

–88.88

UPPER

REF –30.28dBm

*AVG

log

10dB

PAVG
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W1 S2

*ATTEN 4dB

EXT REF
06
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30. AD9779A fOUT
fDAC( ) −6 dBFS

31. AD9779A W-CDMA ACLR 4×
fDATA = 122.88 MSPS IF

32. AD9779A W-CDMA 4×
fDATA = 122.88 MSPS fDAC/4

33. AD9779A W-CDMA ACLR 4×
fDATA = 122.88 MSPS IF

34. AD9779A W-CDMA ACLR 4×
fDATA = 122.88 MSPS IF

35. AD9779A W-CDMA
4× fDAC = 122.88 MSPS fDAC/4
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SPAN 50MHz

SWEEP 162.2ms (601 pts)VBW 300kHz

CENTER 143.88MHz

*RES BW 30kHz

RMS RESULTS
CARRIER POWER

–12.74dBm/

3.84000MHz

FREQ OFFSET

5.000MHz

10.00MHz

15.00MHz

REF BW

3.884MHz

3.840MHz

3.840MHz

dBc

–76.49

–80.13

–80.90

dBm

–89.23

–92.87

–93.64

LOWER

dBc

–76.89

–80.02

–79.53

dBm

–89.63

–92.76

–92.27

UPPER

REF –25.39dBm

*AVG

log

10dB

PAVG

10

W1 S2

*ATTEN 4dB
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36. AD9778A INL

37. AD9778A DNL

38. AD9778A IMD fOUT
4×

40. AD9778A ACLR W-CDMA 4×
fDATA = 122.88 MSPS  = −3 dBFS

41. AD9778A ACLR fDATA = 122.88 MSPS
4× fDAC/4
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42. AD9778A fOUT
500 kHz fDATA = 200 MSPS

−

44. AD9776A INL
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48. AD9776A ACLR fOUT fDATA = 122.88 MSPS
4× fDAC/4

49. AD9776A W-CDMA 4×
fDATA = 122.88 MSPS  = −3 dBFS

50. AD9776A fOUT
500 kHz fDATA = 200 MSPS

51. AD9776A fOUT
−6 dBFS fDATA = 200 MSPS
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10. AD9776/AD9778/AD9779 AD9776A/AD9778A/AD9779A  
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0x0A [4:0]
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VCO
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LVPECL (<1.6 V ) PLL
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AD9776/AD9778/AD9779 AD9776A/AD9778A/ 
AD9779A PLL  

AD9776A/AD9778A/AD9779A

IRQ 1
 

28 AD9776A/AD9778A/ 
AD9779A AD9776/ 
AD9778/AD9779  

DATACLK  

AD9776/AD9778/AD9779 0x04
[7:4] 25°C 180 ps/ AD9776A/ 

AD9778A/AD9779A
0x01 1 AD9776A/ AD9778A/AD9779A

180 ps/  

AD9776A/AD9778A/AD9779A 0x1F
0x07 AD9776/AD9778/AD9779
0x03  

PLL VCO

0x08 [1:0]



AD9776A/AD9778A/AD9779A 
 

Rev. B | Page 26 of 56 
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14. 
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1: PLL DAC REFCLK
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15. 1 

H(1) H(55) −4 
H(2) H(54) 0 
H(3) H(53) +13 
H(4) H(52) 0 
H(5) H(51) −34 
H(6) H(50) 0 
H(7) H(49) +72 
H(8) H(48) 0 
H(9) H(47) −138 
H(10) H(46) 0 
H(11) H(45) +245 
H(12) H(44) 0 
H(13) H(43) −408 
H(14) H(42) 0 
H(15) H(41) +650 
H(16) H(40) 0 
H(17) H(39) −1003 
H(18) H(38) 0 
H(19) H(37) +1521 
H(20) H(36) 0 
H(21) H(35) −2315 
H(22) H(34) 0 
H(23) H(33) +3671 
H(24) H(32) 0 
H(25) H(31) −6642 
H(26) H(30) 0 
H(27) H(29) +20,755 
H(28)  +32,768 

 

16. 2 
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H(11) H(13) +2530 
H(12)  +4096 

17. 3 
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H(4) H(12) 0 
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18. Sinc
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−

65. fDAC/8 /

66. 2fDAC/8 /

67. 3fDAC/8 /

±0.5 fDATA ±1.5 fDATA

±2.5 fDATA ±3.5 fDATA

67 3.2 fDATA 3.3 fDATA

3.5 fDATA

DAC
 

AD9776A/AD9778A/AD9779A DAC

1
2 I Q fDAC/2 fDAC/4

fDAC/8 DAC  

0x02 6 1 1 I Q I Q 
… 

I Q

 

0x02 5 1 Q I Q
1× 2× 4× 8× I DAC
1  

±0.4 × fDATA

0.8 × fDATA  
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19. 0x01 [5:2]  

[7:6]  [5:2]   

fDAC

   

8 0x00 0 −0.05 0 +0.05 
  8 0x01 +1 +0.0125 +0.0625 +0.1125 

8 0x02 +2 +0.075 +0.125 +0.175 
8 0x03 +3 +0.1375 +0.1875 +0.2375 
8 0x04 +4 +0.2 +0.25 +0.3 
8 0x05 +5 +0.2625 +0.3125 +0.3625 
8 0x06 +6 +0.325 +0.375 +0.425 
8 0x07 +7 +0.3875 +0.4375 +0.4875 
8 0x08 ±8 −0.55 −0.5 −0.45 
8 0x09 −7 −0.4875 −0.4375 −0.3875 
8 0x0A −6 −0.425 −0.375 −0.343 
8 0x0B −5 −0.3625 −0.3125 −0.2625 
8 0x0C −4 −0.3 −0.25 −0.2 
8 0x0D −3 −0.2375 −0.1875 −0.1375 
8 0x0E −2 −0.175 −0.125 −0.075 
8 0x0F −1 −0.1125 −0.0625 −0.0125 
4 0x00 0 −0.1 0 +0.1 

  4 0x01 +1 +0.025 +0.125 +0.225 
4 0x02 +2 +0.15 +0.25 +0.35 
4 0x03 +3 +0.275 +0.375 +0.475 
4 0x04 ±4 −0.6 −0.5 −0.4 
4 0x05 −3 −0.475 −0.375 −0.275 
4 0x06 −2 −0.35 −0.25 −0.15 
4 0x07 −1 −0.225 −0.125 −0.025 
2 0x00 0 −0.2 0 +0.2 
2 0x01 +1 +0.05 +0.25 +0.45 
2 0x02 ±2 −0.7 −0.5 −0.3 
2 0x03 −1 −0.45 −0.25 −0.05 

DC 
DC  
fDAC/8 
fDAC/8  
fDAC/4 
fDAC/4  
3fDAC/8 
3fDAC/8  
fDAC/2 
fDAC/2  
−3fDAC/8 
−3fDAC/8  
−fDAC/4 
−fDAC/4  
−fDAC/8 
−fDAC/8

8×  
BW =0.0375 × fDAC 

BW =0.1 × fDAC 

DC 
DC  
fDAC/4 
fDAC/4  
fDAC/2 
fDAC/2  
−fDAC/4 
−fDAC/4  
DC 
DC  
fDAC/2 
fDAC/2  

4×  
BW( )= 0.075 × fDAC 

BW( )= 0.2 × fDAC 

2×  
BW( )= 0.15 × fDAC 

BW( )= 0.4 × fDAC 
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10
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fOUT (× Input Data Rate),
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C(t) = cos(ωct) + j sin(ωct) 

AD9776A/AD9778A/AD9779A
DAC IF 68

DAC IF
0.5 × fDATA 1.5 × fDATA

2.5 × fDATA  

8×
3 × fDAC/8

69 70

 

68. TxDAC IF

70. 

69. 

DAC

DAC
 

0.1 dB 0.8  
×    fDATA 19 DAC

0.25 × fDATA

0.4 × fDATA

0.1 × fDATA

0.25 × fDATA

0.3 × fDATA (±n ± 0.25) × fDATA

n
 

C(t)  
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21. Sinc  

H(1) H(9) +2 
H(2) H(8) −4 
H(3) H(7) +10 
H(4) H(6) −35 
H(5) N/A +401 
 

20. 

fDAC/2 I = I, −I, I, −I, … 

0

–0.5

–1.0

–1.5

–2.0

–2.5

–3.0

–3.5

–4.0

–4.5
0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

f/fSAMPLE

(d
B

)

06
45

2-
08

8

SINC–1 RESPONSE

COMBINED SINC AND SINC–1 RESPONSE

 

Q = Q, −Q, Q, −Q, … 
fDAC/4 I = I, Q, −I, −Q, … 

Q = Q, −I, −Q, I, … 
−fDAC/4 I = I, −Q, −I, Q, … 

Q = Q, I, −Q, −I, … 
fDAC/8 I = I, r(I + Q), Q, r(−I + Q), −I, −r(I + Q), −Q, r(I − Q), 

… 
Q = Q, r(Q − I), −I, −r(Q + I), −Q, r(−Q + I), I, r(Q + I), 
… 

 r = √2/2 

20 I
Q fS/2 I Q

I Q DAC
fS/2

Sinc  

Sinc 9 FIR
0.4 × fDATA ±0.05 dB

sinc 3.4 dB
71 21

 

sinc 0x02 sinc
( 3) 1  

71. Sinc DAC sin(x)/x
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ADC

PHASE

DETECTOR
VCO

LOOP

FILTER

PIN 65 AND

0x00[1]

PLL LOCK

DETECT

REFCLK

(PIN 5,

PIN 6)

0x0A[7:5]

PLL CONTROL

VOLTAGE

0x09[7]

PLL ENABLE

DACCLK

DATACLK OUT

(PIN 37)

0x01[7:6]

INTERPOLATION

FACTOR

0x09[6:5]

PLL VCO

DIVISOR

0x09[4:3]

PLL LOOP

DIVISOR

÷IF

÷N2 ÷N1

0x08[7:2]

VCO BAND

SELECT

06
45

2-
09

2

 

22. PLL

PLL  

PLL  0x0A [4:0] 01111 
PLL VCO  0x08 [1:0] 11 
PLL  0x09 [2:0] 011 

 

DAC  
AD9776A/AD9778A/AD9779A DAC

(DACCLK)
( )

PLL
DAC

DACCLK
DACCLK REFCLK

DAC
DAC

REFCLK DACCLK  

( REFCLK
DACCLK) REFCLK

DAC  

PLL ( 0x09 7 = 0) REFCLK
DAC (DACCLK) REFCLK

(
2)  

PLL ( 0x09 7 = 1)
REFCLK DAC

72  

PLL PLL
00000 1 MHz 11111 10 
MHz 01111 3 MHz  

PLL  

PLL VCO 1.0 GHz 2.0 GHz
63 23

VCO PLL
23

VCO 30 MHz 40 MHz
VCO PLL

 

PLL
PLL

±60°C

PLL  

VCO fVCO REFCLK
N1 × N2  

DAC fDACCLK

PLL fREFCLK 250 MHz
N1 N2 fVCO 1.0 GHz 2.0 GHz

VCO
PLL ( 0x08 [7:2])  

PLL  

PLL
22 PLL  
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23. VCO PLL

−40°C +85°C PLL

PLL

VCO (MHz)

−40°C +85°C PLL

PLL

VCO (MHz)

fLOW fHIGH 

111111 (63) 
111110 (62) 1975 2026 
111101 (61) 1956 2008 
111100 (60) 1938 1992 
111011 (59) 1923 1977 
111010 (58) 1902 1961 
111001 (57) 1883 1942 
111000 (56) 1870 1931 
110111 (55) 1848 1915 
110110 (54) 1830 1897 
110101 (53) 1822 1885 
110100 (52) 1794 1869 
110011 (51) 1779 1853 
110010 (50) 1774 1840 
110001 (49) 1748 1825 
110000 (48) 1729 1810 
101111 (47) 1730 1794 
101110 (46) 1699 1780 
101101 (45) 1685 1766 
101100 (44) 1684 1748 
101011 (43) 1651 1729 
101010 (42) 1640 1702 
101001 (41) 1604 1681 
101000 (40) 1596 1658 
100111 (39) 1564 1639 
100110 (38) 1555 1606 
100101 (37) 1521 1600 
100100 (36) 1514 1575 
100011 (35) 1480 1553 
100010 (34) 1475 1529 
100001 (33) 1439 1505 
100000 (32) 1435 1489 

fLOW fHIGH 

011111 (31) 1402 1468 
011110 (30) 1397 1451 
011101 (29) 1361 1427 
011100 (28) 1356 1412 
011011 (27) 1324 1389 
011010 (26) 1317 1375 
011001 (25) 1287 1352 
011000 (24) 1282 1336 
010111 (23) 1250 1313 
010110 (22) 1245 1299 
010101 (21) 1215 1277 
010100 (20) 1210 1264 
010011 (19) 1182 1242 
010010 (18) 1174 1231 
010001 (17) 1149 1210 
010000 (16) 1141 1198 
001111 (15) 1115 1178 
001110 (14) 1109 1166 
001101 (13) 1086 1145 
001100 (12) 1078 1135 
001011 (11) 1055 1106 
001010 (10) 1047 1103 
001001 (9) 1026 1067 
001000 (8) 1019 1072 
000111 (7) 998 1049 
000110 (6) 991 1041 
000101 (5) 976 1026 
000100 (4) 963 1011 
000011 (3) 950 996 
000010 (2) 935 981 
000001 (1) 922 966 
000000 (0) 911 951 
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24. 0 31 PLL  

PLL

PLL

−40°C  −10°C 
−10°C  +15°C 
15°C  55°C 
55°C  85°C 
 

25. 32 62 PLL  

−40°C  −30°C 
−30°C  −10°C 
−10°C  +15°C 
15°C  55°C 
55°C  85°C 
 

26. VCO PLL  

fREFCLK (MHz) fVCO (MHz) 

PLL

 

PLL

59.73335 955.7336 2 16 
61.44 1966.08 61 32 
67.2 1075.2 11 16 
76.8 1228.8 20 16 
80.01 1280 23 16 
81.92 1310.72 25 16 
92.16 1474.56 34 16 
112.0 1792.0 50 16 
119.4667 955.7336 2 8 
122.88 1966.08 61 16 
 

32 62 VCO
25  

PLL  

PLL
(−40°C

+85°C)
REFCLK

 

1. N1( 0x09 [6:5]) N2 0x09
[4:3] 22 PLL  

2. PLL ( 0x08 [7:2]) 63 PLL
 

3. PLL_LOCK PLL ( 0x00
1) 5 ms  

4. 6 PLL ( 0x08 [7:2])  
5. PLL

24 25 PLL PLL
( 0x08 [7:2])  

PLL

0 31( VCO )
24

PLL = +2
PLL = +1
PLL =
PLL = −1

PLL = +3
PLL = +2
PLL = +1
PLL =
PLL = −1

 

 

1. N1( 0x09 [6:5]) N2 0x09
[4:3]) 22 PLL  

2. PLL ( 0x08 [7:2]) 63 PLL
 

3. PLL_LOCK PLL ( 0x00 1)
5 ms  

4. 6 PLL ( 0x08 [7:2])  
5. PLL 24 25

PLL
PLL PLL

( 0x08 [7:2])  

“ ”  

PLL

PLL
REFCLK VCO

26  
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LVDS_P_IN REFCLK+

50Ω

50Ω

0.1μF

0.1μF

LVDS_N_IN REFCLK–

VCM = 400mV

06
45

2-
06

8

 

50Ω

50Ω

TTL OR CMOS
CLK INPUT

REFCLK+

REFCLK–

VCM = 400mV

BAV99ZXCT
HIGH SPEED
DUAL DIODE

0.1μF

06
45

2-
06

9

 

A simple bias network for generating VCM is shown in Figure 75. 
It is important to use CVDD18 and CGND for the clock bias 
circuit. Any noise or other signal that is coupled onto the clock 
is multiplied by the DAC digital input signal and can degrade 
DAC performance.  

0.1μF 1nF

1nF

VCM = 400mV

CVDD18

CGND

1kΩ

287Ω

06
45

2-
07

0

 

 

REFCLK  

REFCLK
400 mV 400 mV

1.6 V REFCLK+
REFCLK− 400 mV
200 mV 800 mV

LVDS REFCLK
LVDS 73

 

74. TTL CMOS REFCLK

75. REFCLK VCM

73. LVDS REFCLK
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I DAC

DAC FULL-SCALE
REFERENCE
CURRENT

CURRENT
SCALING

I DAC GAIN

Q DAC GAIN

Q DAC

AD9776A/AD9778A/AD9779A

VREF

10kΩ

1.2V BAND GAP

0.1μF I120

06
45

2-
07

3

 

 35

0
0 1000

DAC GAIN CODE

I F
S

 (
m

A
)

30

25

20

15

10

5

200 400 600 800

06
45

2-
07

4

 

 

I DAC Q DAC 8.66 mA 31.66 mA
1.2 V I120

75
76 10 kΩ

IREFERENCE 120 μA DAC
20 mA

 

I DAC Q DAC
10 0x0B

0x0C 0x0F 0x10 DAC
IFS 20 mA IFS

76. 

77. IFS DAC
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��

 

�� (LO)
LO

LO  

AD9776A/AD9778A/AD9779A

 

I/Q  

DAC I 
DAC 0x0B 0x0C I DAC
Q DAC 0x0F 0x10 Q DAC

10

DAC

 

LO
LO

LO  

DAC  

AD9776A/AD9778A/AD9779A DAC
DAC 1.2 V I120

DAC
10 0x0D 0x11

(IREFERENCE) DAC
16.67 DAC1 DAC2
2 mA  

06
45

2-
30

3

AUXP

AUXN

P/N

SOURCE/
SINC

0mA TO 2mA
(SOURCE)

VBIAS

0mA TO 2mA
(SINK)

 
78. AD9776A/AD9778A/AD97779A DAC /

0 V 1.6 V
0.8 V 1.6 V

0x0E 0x12 6  

DAC 78 DAC
(>100 kΩ)

0x0E 0x12 7
 

DAC1 0x0D 0x0E DAC1
DAC2 0x11 0x12 DAC2

DAC
DAC 6

 

DAC DAC LO
LO

DAC
 

DAC 79
DAC

DAC 79
DAC DAC

79
50 Ω  
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RBIP

50Ω
RBIN

50Ω

93

90

92

21

22
IBBN

IBBP

AD9779A

RBQN

50Ω

RBQP

50Ω

84

87

89

83

86

9

10

RSLI

100Ω

RSLQ

100Ω

OUT1_N

AUX1_N

AUX2_N

OUT1_P

AUX1_P

OUT2_P

AUX2_P

OUT2_N

QBBP

QBBN

LPI

390nH

LNI

390nH

82pF

C1I
39pF

C2I

LNQ

390nH

LPQ

390nH
82pF

C3Q

39pF

C2Q

250Ω

500Ω

500Ω

500Ω

500Ω

250Ω

250Ω

250Ω 82pF

C3I

82pF

C1Q

06
45

2-
09

3
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4

SPAN 200MHzCENTER 2.1GHz

REF LVL
0dBm

20MHz

0

–100

–10

–20

–30

–40

–50

–60

–70

–80

–90

RBW 3kHz REF ATT 30dB
VBW 3kHz MIXER –40dBm
SWT 56s UNIT dBm
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5

SPAN 200MHzCENTER 2.1GHz

REF LVL
0dBm

20MHz

0

–100

–10

–20

–30

–40

–50

–60

–70

–80

–90

RBW 20kHz REF ATT 20dB
VBW 20kHz MIXER –40dBm
SWT 1.25s UNIT dBm

 

79. DAC

LO  

LO
DAC 78

LO DAC
500 Ω 250 Ω

 

LO DAC
DAC

LO
LO DAC

DAC
 

AD9776A/AD9778A/AD9779A LO

 

80 81 80
81

2.1 GHz LO

 

80
81

 

81. AD9779A ADL5372 2.1 GHz
LO

81. AD9779A ADL5372 2.1 GHz
LO
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DATACLKDIVFI SZ PS
ff DACCLK

DATACLK � � �
�  

 

06
45

2-
30

6

DATACLK

P1D[15:0]

TXENABLE

I DAC[15:0]

Q DAC[15:0]

I DAC[15:0]

Q DAC[15:0]

Q FIRST = 1

Q FIRST = 0

P1D1 P1D2 P1D3 P1D4 P1D5 P1D6 P1D7 P1D8

P1D1 P1D3 P1D5

P1D1

P1D0

P1D3 P1D5

P1D2 P1D4 P1D6

P1D2 P1D4

 

 

AD9776A/AD9778A/AD9779A
(

 = 0) DAC
(  = 1) DAC 1 DAC1
DAC2 TXENABLE
DAC TXENABLE

 

DAC
300 MSPS

DAC 150 MHz  

(DATACLK) FPGA
 

DAC 1 (P1D
[15:0]) I Q DATACLK

TXENABLE (
39)
DAC TXENABLE I 

DAC TXENABLE Q DAC
83  

Q ( 0x02 0) Q
0 DAC I-Q TXEN-

ABLE Q 1
DAC I-Q TXENABLE

TXEN-
ABLE I DAC TXENABLE

Q DAC

DATACLK

DATA

tSDATACLK tHDATACLK

06
45

2-
30

8

 

82. DATACLK

83. 

DATACLK  

28
(KOW)

 
DATACLK  
DATACLK DAC DACCLK
DATACLK
DATACLK DACCLK DATA-
CLK  

IF ZS SP DATACLKDIV 27  
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27. DACCLK DATACLK

IF (1 2 4 8) 

1( ) 
2( ) 
0.5( ) 
1( ) 
1 2 4 

0x01 [7:6] 

ZS 0x01 [0] 

SP 0x02 [6] 

DATACLKDIV 0x03 [5:4] 

06
45

2-
30

9

tSREFCLK

tHREFCLK

tS_SYNC

tH_SYNC

SYNC_I

REFCLK

DATA
 

tSREFCLK

tDACCLK

tH_SYNC

tS_SYNC

tHREFCLK

06
45

2-
31

0

DACCLK

DATA

SYNC_I

REFCLK

 
Figure 85. Input Data Port Timing, Data Referenced to REFCLK,  

fDACCLK = fREFCLK × 4 

28.  

  

PLL PLL

Min tS (ns) Min tH (ns) Min KOW (ns) Min tS (ns) Min tH (ns) Min KOW (ns) 

REFCLK± −40°C −0.80 3.35 2.55 −0.83 3.87 2.99 
+25°C −1.00 3.50 2.50 −1.06 4.04 2.98 
+85°C −1.10 3.80 2.70 −1.19 4.37 3.16 
−40°C  +85°C −0.80 3.80 3.00 −0.83 4.37 3.54 

DATACLK −40°C 2.50 −0.05 2.45 2.50 −0.05 2.45 
+25°C 2.70 −0.20 2.50 2.70 −0.20 2.50 
+85°C 3.00 −0.40 2.60 3.00 −0.40 2.60 
−40°C  +85°C 3.00 −0.05 2.95 3.00 −0.05 2.95 

SYNC_I± REFCLK± −40°C  0.30 0.65 0.95 0.27 1.17 1.39 
+25°C 0.25 0.75 1.00 0.19 1.29 1.48 
+85°C 0.15 0.90 1.05 0.06 1.47 1.51 
−40°C  +85°C 0.30 0.90 1.20 0.27 1.47 1.74 

DATACLKDIV DATACLK
fDATACLK

DATACLKDIV 00  

REFCLK

REFCLK DATACLK
DACCLK

REFCLK± 28
DACCLK

DATACLK
REFCLK DATA-

CLK

  

SYNC_I 13
14 REFCLK REFCLK
SYNC_I 84 85

SYNC_I
28   

84. REFCLK fDACCLK = fREFCLK

85. REFCLK fDACCLK = fREFCLK × 4

SYNC_I REFCLK
SYNC_I DACCLK

PLL SYNC_I REFCLK 
(tS_SYNC) SYNC_I

SYNC_I
DACCLK

REFCLK PLL DACCLK
REFCLK 85

SYNC_I
tS_SYNC tDACCLK − tH_SYNC  
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29. 

 −40°C +25°C +85°C 

630 700 740 ps 

175 190 210 ps 
 

TIMING

ERROR IRQ

D

Q

Q

D

CLK

CLK

DCLK_SMP

PD1[0]

ΔtM

ΔtD

ΔtM

DATACLK

DELAY[3:0]

TIMING

MARGIN[3:0]

DATACLK

TIMING

ERROR TYPE

TIMING

ERROR

DETECTION

06
45

2-
40

2

 

86. 

ΔtM ΔtM

DATA

TIMING ERROR = 0

ΔtM ΔtM

DATA

TIMING ERROR = 1

DATA TIMING ERROR TYPE = 1

ΔtM ΔtM

DATA

DELAYED

DATA

SAMPLING

ACTUAL

SAMPLING

INSTANT

DELAYED

CLOCK

SAMPLING

TIMING ERROR = 1

DATA TIMING ERROR TYPE = 0

06
45

2-
40

3

 
87. 

AD9776A/AD9778A/AD9779A
DATACLK DCLK_SMP( )

( )
DATACLK

 

86
DCLK_SMP

tD DATACLK
DCLK_SMP

( )

 

[3:0]

IRQ ( )
[3:0] IRQ

1  

IRQ

87

( 0x03 7=1)
IRQ

DATACLK [3:0]
DATACLK [3:0]

DATACLK [3:0]  

( 0x03 7 = 0)
DATACLK [3:0]

DATACLK DATACLK [3:0]
00000 11111 DATA-

CLK ( ) 700 ps 6.5 ns 29

IRQ /

[3:0] DATACLK [3:0]
 

( ) 
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30. SYNC_I  

SYNC_I

[2:0] SYNC_I  

000 1  
001 2 
010 4 
011 8 
100 16 
101 
110 
111 

DAC

DAC DAC

DAC

 

88
DACCLK

[4:0]
32 DACCLK

DACCLK 32
DACCLK

 

SYNC_I 32
32

SYNC_I
DACCLK/32 30

SYNC

DELAY

PULSE

GENERATION

LOGIC

ERROR DETECT

CIRCUITRY

CLOCK

GENERATION

STATE

MACHINE

DACCLK

BIT 0 (1× INTERPOLATION)

BIT 1 (2×)

BIT 2 (4×)

BIT 3 (8×)

BIT 4 (8× WITH

ZERO STUFFING)

MUX

SYNC IRQSYNC_I

DELAY REGISTER

(REG 0x0, BITS[7:4])

REFCLKINTERNAL

PLL

PLL
BYPASS

06
45

2-
09

4

LOAD DACCLK OFFSET VALUE (REG 0x07,

BITS[4:0]), ONE DACCLK CYCLE/INCREMENT

fSYNC_1 < fDATA/2^N

 

88. 

32 DACCLK
S Y N C _ I

DACCLK/32 SYNC_I
fDATACLK  

fDACCLK/4 SYNC_I
SYNC_I [2:0] 011 100 011

32 DACCLK 100
64 DACCLK

 

[4:0]
SYNC_I

[4:0] 1
DACCLK  

SYNC_I [3:0]
IRQ

SYNC_I
[3:0] IRQ 1

SYNC_I  

IRQ 1

IRQ 0 SYNC_I

SYNC_I
SYNC_I
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fSYNC_I ≤ fDATA 

 

SYSTEM CLOCK
LOW SKEW

CLOCK DRIVER

LOW SKEW

CLOCK DRIVER
MATCHED

LENGTH TRACES

REFCLK

SYNC_I

REFCLK

SYNC_I

OUT

OUT

MATCHED

LENGTH TRACES

PULSE

GENERATOR
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45
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31

1

 

DACCLK

REFCLK

SYNC_I

tS_SYNC

tH_SYNC

06
45

2-
31
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AD9776A/AD9778A/AD9779A (
89) DAC

D A C C L K S Y N C _ I
(SYNC_I+ SYNC_I−)

SYNC_I DACCLK
 

SYNC_I

REFCLK DATACLK  

/
DAC SYNC_I
DAC REFCLK

DAC
89

 

90 SYNC_I REFCLK
REFCLK SYNC_I

DACCLK SYNC_I
DACCLK

REFCLK

IRQ ( 71)
0x19

IRQ
IRQ IRQ

“ ”  

1 IRQ
IRQ  

0x19

 89. 

90. SYNC_I REFCLK
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0.4
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0.1

25 50 75 100 125 150 175 200 225

8× INTERPOLATION,
ZERO STUFFING

8× INTERPOLATION

4× INTERPOLATION

4× INTERPOLATION,
ZERO STUFFING

2× INTERPOLATION

1× INTERPOLATION

2× INTERPOLATION,
ZERO STUFFING

1× INTERPOLATION,
ZERO STUFFING
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6

0
0 250

fDATA (MSPS)
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R
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0.4
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8× INTERPOLATION 4× INTERPOLATION

2× INTERPOLATION

1× INTERPOLATION

0.3
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0
0 250

fDATA (MSPS)
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R
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W
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0.08
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8× INTERPOLATION
4× INTERPOLATION

2× INTERPOLATION

1× INTERPOLATION
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06
45
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0
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fDATA (MSPS)
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R
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0.050
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ALL INTERPOLATION MODES
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0
0 300250 275

fDATA (MSPS)
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0.7

0.8
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0.4

0.3

0.2

0.1

25 50 75 100 125 150 175 200 225

1× INTERPOLATION

1× INTERPOLATION,
ZERO STUFFING

2× INTERPOLATION,
ALL MODULATION MODES

2× INTERPOLATION,
ZERO STUFFING

4× INTERPOLATION,
ALL MODULATION
MODES

4× INTERPOLATION,
ZERO STUFFING

8× INTERPOLATION, ALL
MODULATION MODES

8× INTERPOLATION,
ZERO STUFFING
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07

7

0
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fDATA (MSPS)
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R
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)

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

25 50 75 100 125 150 175 200 225

2× INTERPOLATION

4× INTERPOLATION

1× INTERPOLATION,
NO MODULATION

8× INTERPOLATION, fDAC/8,

fDAC/4,

fDAC/2,

NO MODULATION
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45

2-
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1

91 99 DAC DAC 1.8 V 3.3 V DAC 3.3 V
/ 102 mW/31 mA DAC 182 mW/55 mA PLL 1.8 V /

50 mA/90 mW  

91. I 94. 3.3 V I

95. DAC

96. 1.8 V I Q DAC

92. 1.8 V I

93. 1.8 V I
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31

TXENABLE

( 39)

0 

1 

97. 1.8 V I Q DAC

98. 3.3 V I Q
DAC

99. Sinc DVDD18

AD9776A/AD9778A/AD9779A
TxDAC DAC

TxDAC
TxDAC

0x00 4 1

DAC
0x00 3

TXENABLE 39
31  

 = 0 0

 = 1 REFCLK

DAC
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DIGITAL

PATTERN

GENERATOR

ADAPTER

CABLES

CLOCK

GENERATOR

AD9776A/

AD9778A/

AD9779A
EVALUATION

BOARD

CLKIN SPI PORT

DATACLK OUT

CLOCK IN

SPECTRUM

ANALYZER

1.8V POWER SUPPLY

3.3V POWER SUPPLY

06
45

2-
09

7

 

 

SPI PORT

AD9779A

J1 CLOCK IN
P4 DIGITAL INPUT CONNECTOR

S7 DCLKOUT

DVDD18 DVDD33 CVDD18 AVDD33
J2

5V SUPPLY

ANALOG

 DEVICES

AD9776A/

AD9778A/

AD9779A

S5 OUTPUT 1

S6 OUTPUT 2

ADL537x

LOCAL OSC

INPUT

MODULATOR

OUTPUT

+5V

GND

JP4
JP15
JP8
JP14

JP3
JP16
JP2
JP17
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AD9776A/AD9778A/AD9779A

PC 5 V
DAC  

100
DAC

 

101  

101. AD9776A/AD9778A/AD9779A  

100. 
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 1. SET INTERPOLATION RATE

2. SET INTERPOLATION FILTER MODE

3. SET INPUT DATA FORMAT

4. SET DATACLK POLARITY TO MATCH INPUT TIMING

06
45

2-
09

9
 

 

102  

ADL537x RF
ADI

102. 
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COMPLIANT TO JEDEC STANDARDS MS-026-AED-HDT

1

25
26 50

76100

75

51

14.00 BSC SQ

16.00 BSC SQ

0.27

0.22

0.17

0.50 BSC

1.05

1.00

0.95

0.15

0.05

0.75

0.60

0.45

SEATING

PLANE

1.20
MAX

1

25

2650

76 100

75

51

6.50
NOM7°

3.5°

0°

COPLANARITY
0.08

0.20

0.09

TOP VIEW
(PINS DOWN)

BOTTOM VIEW
(PINS UP)

CONDUCTIVE
HEAT SINK

PIN 1

0
7

2
4

0
8

-A

FOR PROPER CONNECTION OF
THE EXPOSED PAD, REFER TO
THE PIN CONFIGURATION AND
FUNCTION DESCRIPTIONS
SECTION OF THIS DATA SHEET.

 

AD9776ABSVZ1 −40°C  +85°C  SV-100-1 
AD9776ABSVZRL1

 −40°C  +85°C  SV-100-1 
AD9778ABSVZ1

 −40°C  +85°C  SV-100-1 
AD9778ABSVZRL1

 −40°C  +85°C  SV-100-1 
AD9779ABSVZ1

 −40°C  +85°C  SV-100-1 
AD9779ABSVZRL1

 −40°C  +85°C  SV-100-1 
AD9776A-EBZ1

   
AD9778A-EBZ1

   
AD9779A-EBZ1    

 
1

 

 

103. 100
[TQFP_EP](SV-100-1)

( mm)

100 (TQFP_EP) 
100 (TQFP_EP)
100 (TQFP_EP) 
100 (TQFP_EP) 
100 (TQFP_EP) 
100 (TQFP_EP) 

Z = RoHS  
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