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ANALOG
DEVICES

Dual, 12-/14-/16-Bit,1 GSPS
Digital-to-Analog Converters

ADI776A/AD9778A/ADITT9A

FEATURES

Low power: 1.0 W @ 1 GSPS, 600 mW @ 500 MSPS,
full operating conditions

Single carrier W-CDMA ACLR =80 dBc @ 80 MHz IF

Analog output: adjustable 8.7 mA to 31.7 mA,
Ri=25Qto50Q

Novel 2x, 4x, and 8x interpolator/coarse complex modulator
allows carrier placement anywhere in DAC bandwidth

Auxiliary DACs allow control of external VGA and offset control

Multiple chip synchronization interface

High performance, low noise PLL clock multiplier

Digital inverse sinc filter

100-lead, exposed paddie TQFP

APPLICATIONS

Wireless infrastructure
W-CDMA, CDMA2000, TD-SCDMA, WiMax, GSM, LTE
Digital high or low IF synthesis
Internal digital upconversion capability
Transmit diversity
Wideband communications: LMDS/MMDS, point-to-point

GENERAL DESCRIPTION

The AD9776A/AD9778A/AD9779A are dual, 12-/14-/16-bit,
high dynamic range digital-to-analog converters (DACs) that
provide a sample rate of 1 GSPS, permitting a multicarrier
generation up to the Nyquist frequency. They include features
optimized for direct conversion transmission applications,
including complex digital modulation and gain and offset
compensation. The DAC outputs are optimized to interface
seamlessly with analog quadrature modulators such as the
ADL537x FMOD series from Analog Devices, Inc. A 3-wire
interface provides for programming/readback of many internal
parameters. Full-scale output current can be programmed over
a range of 10 mA to 30 mA. The devices are manufactured on
an advanced 0.18 pm CMOS process and operate on 1.8 V and
3.3 V supplies for a total power consumption of 1.0 W. They are
enclosed in a 100-lead thin quad flat package (TQFP).

PRODUCT HIGHLIGHTS

1. Ultralow noise and intermodulation distortion (IMD)
enable high quality synthesis of wideband signals from
baseband to high intermediate frequencies.

2. A proprietary DAC output switching technique enhances
dynamic performance.

3. The current outputs are easily configured for various
single-ended or differential circuit topologies.

4. CMOS data input interface with adjustable setup and hold.

5. Novel 2x, 4%, and 8x interpolator/coarse complex
modulator allows carrier placement anywhere in DAC
bandwidth.
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FUNCTIONAL BLOCK DIAGRAM
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SPECIFICATIONS

DC SPECIFICATIONS

Twiv to Tmax, AVDD33 = 3.3 V, DVDD33 =3.3 V,DVDDI18 = 1.8 V, CVDD18 = 1.8 V, Ioutes = 20 mA, maximum sample rate, unless

otherwise noted.

Table 1.
AD9776A AD9778A AD9779A
Parameter Min Typ Max Min Typ Max Min Typ Max Unit
RESOLUTION 12 14 16 Bits
ACCURACY
Differential Nonlinearity (DNL) +0.1 +0.65 +2.1 LSB
Integral Nonlinearity (INL) +0.86 +15 +6.0 LSB
MAIN DAC OUTPUTS
Offset Error -0.001 O +0.001 | -0.001 O +0.001 | —0.001 O +0.001 | %FSR
Gain Error (with Internal Reference) +2 +2 +2 % FSR
Full-Scale Output Current’ 8.66 20.2 31.66 8.66 20.2 31.66 8.66 20.2 31.66 mA
Output Compliance Range -1.0 +1.0 -1.0 +1.0 -1.0 +1.0 \"
Output Resistance 10 10 10 MQ
Gain DAC Monotonicity Guaranteed Guaranteed Guaranteed
MAIN DAC TEMPERATURE DRIFT
Offset 0.04 0.04 0.04 ppm/°C
Gain 100 100 100 ppm/°C
Reference Voltage 30 30 30 ppm/°C
AUXILIARY DAC OUTPUTS
Resolution 10 10 10 Bits
Full-Scale Output Current’ -1.998 +1.998 | —1.998 +1.998 | —1.998 +1.998 | mA
Output Compliance Range (Source) 0 1.6 0 1.6 0 1.6 Vv
Output Compliance Range (Sink) 0.8 1.6 0.8 1.6 0.8 1.6 Vv
Output Resistance 1 1 1 MQ
Auxiliary DAC Monotonicity Guaranteed Guaranteed Guaranteed
REFERENCE
Internal Reference Voltage 1.2 1.2 1.2 Vv
Output Resistance 5 5 5 kQ
ANALOG SUPPLY VOLTAGES
AVDD33 3.13 33 347 3.13 33 3.47 3.13 33 347 \Y
CvDD18 1.70 1.8 2.05 1.70 1.8 2.05 1.70 1.8 2.05 v
DIGITAL SUPPLY VOLTAGES
DvDD33 3.13 33 347 3.13 33 347 3.13 33 347 v
DVDD18 1.70 1.8 2.05 1.70 1.8 2.05 1.70 1.8 2.05 Vv
POWER CONSUMPTION?
1x Mode, foac = 100 MSPS, IF = 1 MHz 250 300 250 300 250 300 mw
2x Mode, foac = 320 MSPS, IF = 16 MHz, PLL Off 498 498 498 mwW
2x Mode, foac = 320 MSPS, IF = 16 MHz, PLL On 588 588 588 mwW
4x Mode, foac/4 Modulation, foac= 500 MSPS, 572 572 572 mw
IF = 137.5 MHz, Q DAC Off
8% Mode, foac/4 Modulation, foac = 1 GSPS, 980 980 980 mw
IF =262.5 MHz
Power-Down Mode 25 9.8 25 9.8 2.5 9.8 mW
Power Supply Rejection Ratio, AVDD33 -03 +0.3 -0.3 +0.3 -0.3 +0.3 % FSR/V
OPERATING RANGE -40 +25 +85 —40 +25 +85 -40 +25 +85 °C

" Based on a 10 kQ external resistor.
2 See the Power Dissipation section for more details.
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DIGITAL SPECIFICATIONS

Tyvto Tmax, AVDD33 = 3.3V, DVDD33 = 3.3 V, DVDD18 = 1.8 V, CVDD18 = 1.8 V, Iourss = 20 mA, maximum sample rate, unless

otherwise noted. LVDS driver and receiver are compliant to the IEEE-1596 reduced range link, unless otherwise noted.

Table 2.
Parameter Conditions Min Typ Max | Unit
CMOS INPUT LOGIC LEVEL
Input Vin Logic High 20 Vv
Input Vin Logic Low 0.8 Vv
Maximum Input Data Rate at Interpolation
1x 300 MSPS
2X 250 MSPS
4x 200 MSPS
8% DVDD18,CVDD18=1.8V + 5% 1125 MSPS
DVDD18,CVDD18=1.9V + 5% 125 MSPS
DVDD18,CVDD18=2.0V + 2% 1375 MSPS
CMOS OUTPUT LOGIC LEVEL (DATACLK, PIN 37)’
Output Vour Logic High 24 \Y
Output Vour Logic Low 04 \
DATACLK Qutput Duty Cycle At 250 MHz, into 5 pF load 40 50 60 %
LVDS RECEIVER INPUTS (SYNC_I+, SYNC_I-) SYNC_I+=Via, SYNC_I-=Vis
Input Voltage Range, Via or Vig 825 1575 | mV
Input Differential Threshold, Viporx -100 +100 | mV
Input Differential Hysteresis, Viothx — Vit 20 mV
Receiver Differential Input Impedance, Rin 80 120 Q
LVDS Input Rate Additional limits on fsync_ apply; see description of 250 MSPS
Register 0x05, Bits[3:1], in Table 14
Setup Time, SYNC_I to REFCLK 04 ns
Hold Time, SYNC_| to REFCLK 0.55 ns
LVDS DRIVER OUTPUTS (SYNC_O+, SYNC_O-) SYNC_O+ =Voa, SYNC_O- =Vog, 100 Q termination
Output Voltage High, Voa or Vos 1375 | mV
Output Voltage Low, Voa or Vos 1025 mV
Output Differential Voltage, [Voo| 150 200 250 mV
Output Offset Voltage, Vos 1150 1250 | mV
Output Impedance, Ro Single-ended 80 100 120 Q
DAC CLOCK INPUT (REFCLK+, REFCLK-)
Differential Peak-to-Peak Voltage 400 800 2000 [ mV
Common-Mode Voltage 300 400 500 mV
Maximum Clock Rate DVDD18,CVDD18 = 1.8V £ 5%, PLL off 900 MHz
DVDD18,CVDD18 = 1.9V + 5%, PLL off 1000 MHz
DVDD18,CVDD18 =2.0V + 2%, PLL off 1100 MHz
DVDD18,CVDD18=2.0V + 2%, PLL on 250 MHz

' Specification is at a DATACLK frequency of 100 MHz into a 1 kQ load, with maximum drive capability of 8 mA. At higher speeds or greater loads, best practice suggests

using an external buffer for this signal.
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DIGITAL INPUT DATA TIMING SPECIFICATIONS

All modes, —40°C to +85°C.

Table 3.
Parameter Conditions Min Typ Max Unit
INPUT DATA'
Setup Time Input data to DATACLK 3.0 ns
Hold Time Input data to DATACLK -0.05 ns
Setup Time Input data to REFCLK —-0.80 ns
Hold Time Input data to REFCLK 3.80 ns
LATENCY
1x Interpolation With or without modulation 25 DACCLK cycles
2X Interpolation With or without modulation 70 DACCLK cycles
4x Interpolation With or without modulation 146 DACCLK cycles
8% Interpolation With or without modulation 297 DACCLK cycles
Inverse Sync 18 DACCLK cycles
3-WIRE INTERFACE
Maximum Clock Rate (SCLK) 40 MHz
Minimum Pulse Width High, trwh 125 ns
Minimum Pulse Width Low, tew. 125 ns
Setup Time, tos SDIO to SCLK 2.8 ns
Hold Time, ton SDIO to SCLK 0.0 ns
Setup Time, tos CSB to SCLK 2.8 ns
Data Valid, tov SDO to SCLK 2.0 ns
POWER-UP TIME? 260 ms
RESET
Minimum Pulse Width, High 2 DACCLK cycles

' Specified values are with PLL disabled. Timing vs. temperature and data valid keep out windows (that is, the minimum amount of time valid data must be presented to
the device to ensure proper sampling) are delineated in Table 28.
2 Measured from CSB rising edge when Register 0x00, Bit 4, is written from 1 to 0 with the VREF decoupling capacitor equal to 0.1 pF.
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AC SPECIFICATIONS

Ty to Tmax, AVDD33 = 3.3V, DVDD33 = 3.3 V, DVDD18 = 1.8 V, CVDD18 = 1.8 V, Ioutss = 20 mA, maximum sample rate, unless

otherwise noted.

Table 4.
AD9776A AD9778A AD9779A

Parameter Min Typ Max | Min Typ Max | Min Typ Max | Unit
SPURIOUS-FREE DYNAMIC RANGE (SFDR)

foac = 100 MSPS, four = 20 MHz 82 82 82 dBc

foac = 200 MSPS, four = 50 MHz 81 81 82 dBc

foac = 400 MSPS, four = 70 MHz 80 80 80 dBc

foac = 800 MSPS, four = 70 MHz 85 85 87 dBc
TWO-TONE INTERMODULATION DISTORTION (IMD)

foac = 200 MSPS, four = 50 MHz 87 87 91 dBc

foac = 400 MSPS, four = 60 MHz 80 85 85 dBc

foac = 400 MSPS, four = 80 MHz 75 81 81 dBc

foac = 800 MSPS, four = 100 MHz 75 80 81 dBc
NOISE SPECTRAL DENSITY (NSD), EIGHT-TONE, 500 kHz

TONE SPACING

foac = 200 MSPS, four = 80 MHz -152 =155 -158 dBm/Hz

foac = 400 MSPS, four = 80 MHz -155 -159 -160 dBm/Hz

foac = 800 MSPS, four = 80 MHz -157.5 -160 -161 dBm/Hz
W-CDMA ADJACENT CHANNEL LEAKAGE RATIO (ACLR),

SINGLE CARRIER

foac = 491.52 MSPS, four = 100 MHz 76 78 79 dBc

foac =491.52 MSPS, four = 200 MHz 69 73 74 dBc
W-CDMA SECOND ADJACENT CHANNEL LEAKAGE RATIO

(ACLR), SINGLE CARRIER

foac =491.52 MSPS, four = 100 MHz 77.5 80 81 dBc

foac = 491.52 MSPS, four = 200 MHz 76 78 78 dBc
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ABSOLUTE MAXIMUM RATINGS

Table 5.

Parameter With Respect To Rating

AvVDD33, DVDD33 AGND, DGND, -03Vto+3.6V

CGND
DVDD18,CVDD18 AGND, DGND, -03Vto+2.1V
CGND

AGND DGND, CGND -03Vto+0.3V

DGND AGND, CGND -03Vto+0.3V

CGND AGND, DGND -03Vto+0.3V

1120, VREF, IPTAT AGND -03Vto
AVDD33 +0.3V

OUT1_P, OUT1_N, AGND -1.0Vto

OUT2_P, OUT2_N, AVDD33 +0.3V

AUX1_P, AUXT_N,

AUX2_P, AUX2_N

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

DATACLK, TXENABLE DGND -0.3Vto
DVDD33 +0.3V

REFCLK+, REFCLK— CGND -0.3Vto
CvDD18 + 0.3V

RESET, IRQ, PLL_LOCK, | DGND -0.3Vto

SYNC_O+, SYNC_O-, DVDD33 +0.3V

SYNC_I+, SYNC_I-,

CSB, SCLK, SDIO, SDO

Junction Temperature +125°C

Storage Temperature —65°Cto +150°C

Range

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

THERMAL RESISTANCE

For optimal thermal performance, the exposed paddle (EPAD)
should be soldered to the ground plane for the 100-lead,
thermally enhanced TQFP package.

Typical 051 and Oc are specified for a 4-layer board in still air.
Airflow increases heat dissipation, effectively reducing 6ja.

Table 6. Thermal Resistance

Package Type 0:a 08 0c Unit
100-Lead TQFP
EPAD Soldered 19.1 124 7.1 °C/W
EPAD Not Soldered 274 °C/W
ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
‘ without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!ﬁ I \ may occur on devices subjected to high energy ESD.

Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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Figure 3. AD9776A Pin Configuration
Table 7. AD9776A Pin Function Descriptions
Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
1 CvDD18 1.8V Clock Supply. 17 P1D11 Port 1, Data Input D11 (MSB).
2 CvDD18 1.8V Clock Supply. 18 P1D10 Port 1, Data Input D10.
3 CGND Clock Ground. 19 P1D9 Port 1, Data Input D9.
4 CGND Clock Ground. 20 P1D8 Port 1, Data Input D8.
5 REFCLK+ Differential Clock Input. 21 P1D7 Port 1, Data Input D7.
6 REFCLK— Differential Clock Input. 22 DGND Digital Ground.
7 CGND Clock Ground. 23 DVDD18 1.8V Digital Supply.
8 CGND Clock Ground. 24 P1D6 Port 1, Data Input D6.
9 CvDD18 1.8V Clock Supply. 25 P1D5 Port 1, Data Input D5.
10 CvDD18 1.8V Clock Supply. 26 P1D4 Port 1, Data Input D4.
11 CGND Clock Ground. 27 P1D3 Port 1, Data Input D3.
12 AGND Analog Ground. 28 P1D2 Port 1, Data Input D2.
13 SYNC_I+ Differential Synchronization Input. 29 P1D1 Port 1, Data Input D1.
14 SYNC_I- Differential Synchronization Input. 30 P1DO Port 1, Data Input DO (LSB).
15 DGND Digital Ground. 31 NC No Connect.
16 DVDD18 1.8V Digital Supply. 32 DGND Digital Ground.
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Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
33 DvVDD18 1.8 V Digital Supply. 69 CSB 3-Wire Interface Port Chip Select Bar.
34 NC No Connect. 70 RESET Reset, Active High.
35 NC No Connect. 71 IRQ Interrupt Request.
36 NC No Connect. 72 AGND Analog Ground.
37 DATACLK Data Clock Output. 73 IPTAT Factory Test Pin. Output current is
38 DVDD33 3.3V Digital Supply. proportional to absolute temperature,
39 TXENABLE/ | Transmit Enable. In single port mode, this approx!mate:y 14 uA aot 2]5°C W't::. .
IQSELECT | pin also functions as IQSELECT. mg’sﬁ‘gsjaeiﬁga’lﬁ/ C slope. This pin
40 | P2D11 Port 2, Data Input D11 (MSB). 9
74 VREF Voltage Reference Output.
41 P2D10 Port 2, Data Input D10.
75 1120 120 pA Reference Current.
42 P2D9 Port 2, Data Input D9.
.. 76 AVDD33 3.3V Analog Supply.
43 DVDD18 1.8V Digital Supply.
.. 77 AGND Analog Ground.
44 DGND Digital Ground.
78 AVDD33 3.3V Analog Supply.
45 P2D8 Port 2, Data Input D8.
79 AGND Analog Ground.
46 P2D7 Port 2, Data Input D7.
80 AVDD33 3.3V Analog Supply.
47 P2D6 Port 2, Data Input D6.
81 AGND Analog Ground.
48 P2D5 Port 2, Data Input D5.
49 P2D4 Port 2, Data Input D4 82 AGND Analog Ground.
' P ) 83 ouT2_P Differential DAC Current Output, Channel 2.
50 P2D3 Port 2, Data Input D3. . .
84 OUT2_N Differential DAC Current Output, Channel 2.
51 P2D2 Port 2, Data Input D2.
85 AGND Analog Ground.
52 P2D1 Port 2, Data Input D1. o
53 DVDD18 1.8V Digital Suppl 86 AUX2_P Auxiliary DAC Current Output, Channel 2.
oa | DEND it groun y PPY: 87 | AUX2.N | Auxiliary DAC Current Output, Channel 2.
d ) 88 AGND Analog Ground.
55 P2D0 Port 2, Data Input DO (LSB). o
56 NC No Connect 89 AUX1_N Auxiliary DAC Current Output, Channel 1.
57 NC No Connect. 20 AUX1_P Auxiliary DAC Current Output, Channel 1.
58 NC No Connect. 91 AGND Analog Ground.
59 NC No Connect' 92 OUT1_N Differential DAC Current Output, Channel 1.
L 93 OUT1_P Differential DAC Current Output, Channel 1.
60 DVDD18 1.8V Digital Supply.
g 94 AGND Analog Ground.
61 DvDD33 3.3V Digital Supply.
. . L 95 AGND Analog Ground.
62 SYNC_O- Differential Synchronization Output.
. . o 926 AvVDD33 3.3V Analog Supply.
63 SYNC_O+ Differential Synchronization Output.
. 97 AGND Analog Ground.
64 DGND Digital Ground. o8 AVDD33 3.3V Analod Suppl
65 | PLLLLOCK | PLL Lock Indicator. : 9 >UpPPY:
. 99 AGND Analog Ground.
66 SDO 3-Wire Interface Port Data Output. 100 | AVDD33 3.3V Analoa Supol
67 SDIO 3-Wire Interface Port Data Input/Output. : 9 2UPPY.
68 SCLK 3-Wire Interface Port Clock.
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NOTES C
1. FOR OPTIMAL THERMAL PERFORMANCE, THE EXPOSED < 8
PAD SHOULD BE SOLDERED TO THE GROUND PLANE FOR Y g
THE 100-LEAD, THERMALLY ENHANCED TQFP PACKAGE. [ 8
Figure 4. AD9778A Pin Configuration
Table 8. AD9778A Pin Function Descriptions
Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
1 CvDD18 1.8V Clock Supply. 19 P1D11 Port 1, Data Input D11.
2 CvDD18 1.8V Clock Supply. 20 P1D10 Port 1, Data Input D10.
3 CGND Clock Ground. 21 P1D9 Port 1, Data Input D9.
4 CGND Clock Common. 22 DGND Digital Ground.
5 REFCLK+ Differential Clock Input. 23 DvDD18 1.8 V Digital Supply.
6 REFCLK— Differential Clock Input. 24 P1D8 Port 1, Data Input D8.
7 CGND Clock Ground. 25 P1D7 Port 1, Data Input D7.
8 CGND Clock Ground. 26 P1D6 Port 1, Data Input Dé.
9 CvDD18 1.8V Clock Supply. 27 P1D5 Port 1, Data Input D5.
10 CvDD18 1.8V Clock Supply. 28 P1D4 Port 1, Data Input D4.
11 CGND Clock Ground. 29 P1D3 Port 1, Data Input D3.
12 AGND Analog Ground. 30 P1D2 Port 1, Data Input D2.
13 SYNC_I+ Differential Synchronization Input. 31 P1D1 Port 1, Data Input D1.
14 SYNC_I- Differential Synchronization Input. 32 DGND Digital Ground.
15 DGND Digital Ground. 33 DvVDD18 1.8V Digital Supply.
16 DVDD18 1.8V Digital Supply. 34 P1DO Port 1, Data Input DO (LSB).
17 P1D13 Port 1, Data Input D13 (MSB). 35 NC No Connect.
18 P1D12 Port 1, Data Input D12. 36 NC No Connect.
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Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
37 DATACLK Data Clock Output. 71 IRQ Interrupt Request.
38 DVDD33 3.3V Digital Supply. 72 AGND Analog Ground.
39 TXENABLE/ | Transmit Enable. In single port mode, this 73 IPTAT Factory Test Pin. Output current is
IQSELECT pin also functions as IQSELECT. proportional to absolute temperature,
40 | P2D13 Port 2, Data Input D13 (MSB). approximately 14 pA at 25°Cwith
41 | P2D12 Port 2, Data Input D12. gﬁgl:‘l’é"r':s:aei'r{ lega”tﬁn/ C slope. This pin
42 | P2D11 Port 2, Data Input D11. g-
.. 74 VREF Voltage Reference Output.
43 DVDD18 1.8V Digital Supply.
- 75 1120 120 pA Reference Current.
44 DGND Digital Ground.
76 AVDD33 3.3V Analog Supply.
45 P2D10 Port 2, Data Input D10.
77 AGND Analog Ground.
46 P2D9 Port 2, Data Input D9.
78 AVDD33 3.3V Analog Supply.
47 P2D8 Port 2, Data Input D8.
79 AGND Analog Ground.
48 P2D7 Port 2, Data Input D7.
80 AVDD33 3.3V Analog Supply.
49 P2D6 Port 2, Data Input D6.
81 AGND Analog Ground.
50 P2D5 Port 2, Data Input D5.
82 AGND Analog Ground.
51 P2D4 Port 2, Data Input D4. . .
55 P2D3 Port 2. Data Inout D3 83 OUT2_P Differential DAC Current Output, Channel 2.
- P ) 84 OUT2_N Differential DAC Current Output, Channel 2.
53 DvDD18 1.8V Digital Supply.
. 85 AGND Analog Ground.
54 DGND Digital Ground. o
55 P2D2 Port 2. Data Inout D2 86 AUX2_P Auxiliary DAC Current Output, Channel 2.
' P ' 87 AUX2_N Auxiliary DAC Current Output, Channel 2.
56 P2D1 Port 2, Data Input D1.
57 | P2D0 Port 2, Data Input DO (LSB) 88 | AGND Analog Ground.
' P ' 89 AUX1_N Auxiliary DAC Current Output, Channel 1.
58 NC No Connect. .
59 NC No Connect 20 AUX1_P Auxiliary DAC Current Output, Channel 1.
60 | DVDDI8 | 1.8V Digital Suppl 91 | AGND Analog Ground.
61 DVDD33 3'3 v Digital Supply. 92 OUTI_N Differential DAC Current Output, Channel 1.
. g. PPy. L 93 OUT1_P Differential DAC Current Output, Channel 1.
62 SYNC_O- Differential Synchronization Output.
. . L 94 AGND Analog Ground.
63 SYNC_O+ Differential Synchronization Output.
. 95 AGND Analog Ground.
64 DGND Digital Ground. %6 AVDD33 3.3V Analod Suppl
65 | PLL_LOCK | PLL Lock Indicator. ‘ 9 >UPRLY:
. 97 AGND Analog Ground.
66 SDO 3-Wire Interface Port Data Output.
. 98 AVDD33 3.3V Analog Supply.
67 SDIO 3-Wire Interface Port Data Input/Output.
. 929 AGND Analog Ground.
68 SCLK 3-Wire Interface Port Clock. 100 | AVDD33 3.3V Analod Suppl
69 CSB 3-Wire Interface Port Chip Select Bar. . 9 2UPPY-
70 RESET Reset, Active High.
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NOTES @
1. FOR OPTIMAL THERMAL PERFORMANCE, THE EXPOSED < g
PAD SHOULD BE SOLDERED TO THE GROUND PLANE FOR i 8
THE 100-LEAD, THERMALLY ENHANCED TQFP PACKAGE. i~ g
Figure 5. AD9779A Pin Configuration
Table 9. AD9779A Pin Function Descriptions
Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
1 CvDD18 1.8V Clock Supply. 19 | P1D13 Port 1, Data Input D13.
2 CVDD18 1.8V Clock Supply. 20 | P1D12 Port 1, Data Input D12.
3 CGND Clock Ground. 21 P1D11 Port 1, Data Input D11.
4 CGND Clock Ground. 22 DGND Digital Ground.
5 REFCLK+ Differential Clock Input. 23 DvVDD18 1.8 V Digital Supply.
6 REFCLK— Differential Clock Input. 24 | P1D10 Port 1, Data Input D10.
7 CGND Clock Ground. 25 P1D9 Port 1, Data Input D9.
8 CGND Clock Ground. 26 | P1D8 Port 1, Data Input D8.
9 CvDD18 1.8V Clock Supply. 27 P1D7 Port 1, Data Input D7.
10 | CvDD18 1.8V Clock Supply. 28 | P1D6 Port 1, Data Input D6.
11 CGND Clock Ground. 29 | P1D5 Port 1, Data Input D5.
12 | AGND Analog Ground. 30 | P1D4 Port 1, Data Input D4.
13 SYNC_I+ Differential Synchronization Input. 31 P1D3 Port 1, Data Input D3.
14 | SYNC_I- Differential Synchronization Input. 32 | DGND Digital Ground.
15 DGND Digital Ground. 33 DvDD18 1.8V Digital Supply.
16 | DVDD18 1.8V Digital Supply. 34 | P1D2 Port 1, Data Input D2.
17 | P1D15 Port 1, Data Input D15 (MSB). 35 | P1D1 Port 1, Data Input D1.
18 P1D14 Port 1, Data Input D14. 36 P1DO Port 1, Data Input DO (LSB).
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Pin Pin
No. | Mnemonic | Description No. | Mnemonic | Description
37 DATACLK Data Clock Output. 71 IRQ Interrupt Request.
38 | bvDD33 3.3V Digital Supply. 72 | AGND Analog Ground.
39 | TXENABLE/ | Transmit Enable. In single port mode, this 73 | IPTAT Factory Test Pin. Output current is
IQSELECT pin also functions as IQSELECT. proportional to absolute temperature,
40 | P2D15 Port 2, Data Input D15 (MSB). approximately 14 pA at 25°Cwith
41 | P2D14 Port 2, Data Input D14. zﬁgl:‘l’é"gs:aei'ry] ﬁga”tfn/ C slope. This pin
42 | P2D13 Port 2, Data Input D13. g
.. 74 | VREF Voltage Reference Output.
43 | DVDD18 1.8 V Digital Supply.
L 75 1120 120 pA Reference Current.
44 | DGND Digital Ground.
76 | AVDD33 3.3V Analog Supply.
45 P2D12 Port 2, Data Input D12.
77 | AGND Analog Ground.
46 P2D11 Port 2, Data Input D11.
78 | AVDD33 3.3V Analog Supply.
47 P2D10 Port 2, Data Input D10.
79 | AGND Analog Ground.
48 P2D9 Port 2, Data Input D9.
80 | AVDD33 3.3V Analog Supply.
49 P2D8 Port 2, Data Input D8.
81 AGND Analog Ground.
50 P2D7 Port 2, Data Input D7.
82 | AGND Analog Ground.
51 P2D6 Port 2, Data Input D6. . .
55 PoD5 Port 2. Data Inout D5 83 | OUT2_P Differential DAC Current Output, Channel 2.
- P ’ 84 | OUT2_N Differential DAC Current Output, Channel 2.
53 DvVDD18 1.8V Digital Supply.
54 | DGND Digital Ground 85 | AGND Analog Ground.
9 ) 86 | AUX2_P Auxiliary DAC Current Output, Channel 2.
55 P2D4 Port 2, Data Input D4. -
87 | AUX2_N Auxiliary DAC Current Output, Channel 2.
56 P2D3 Port 2, Data Input D3.
88 | AGND Analog Ground.
57 P2D2 Port 2, Data Input D2. i
58 P2D1 Port 2. Data Inout D1 89 | AUXT_N Auxiliary DAC Current Output, Channel 1.
! P ’ 90 | AUX1_P Auxiliary DAC Current Output, Channel 1.
59 P2D0 Port 2, Data Input DO (LSB).
60 | DVDD18 | 1.8V Digital Suppl o1 | AGND Analog Ground.
61 | DvDD33 3'3 v Digital Supply. 92 | OUT1_N Differential DAC Current Output, Channel 1.
. g PRY. 93 | OUTI_P Differential DAC Current Output, Channel 1.
62 | SYNC_O- Differential Synchronization Output.
. . L 94 | AGND Analog Ground.
63 SYNC_O+ Differential Synchronization Output.
. 95 | AGND Analog Ground.
64 | DGND Digital Ground. 9% | AVDD33 3.3V Analod Suppl
65 | PLL_LOCK | PLL Lock Indicator. ' 9 oupPY:
. 97 AGND Analog Ground.
66 SDO 3-Wire Interface Port Data Output.
) 98 | AVDD33 3.3V Analog Supply.
67 | SDIO 3-Wire Interface Port Data Input/Output.
) 99 | AGND Analog Ground.
68 | SCLK 3-Wire Interface Port Clock. 100 | AVDD33 3.3V Analoa Suppl
69 | CSB 3-Wire Interface Port Chip Select Bar. . 9 2UPPY-
70 RESET Reset, Active High.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 6. AD9779A Typical INL
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Figure 9. AD9779A In-Band SFDR vs. four,
2x Interpolation
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Figure 10. AD9779A In-Band SFDR vs. four,
4x Interpolation
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Figure 11. AD9779A In-Band SFDR vs. four,
8x Interpolation
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Figure 12. AD9779A Out-of-Band SFDR vs. four,
2x Interpolation
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Figure 13. AD9779A Out-of-Band SFDR vs. four,
4x Interpolation
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Figure 14. AD9779A Out-of-Band SFDR vs. four,
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Figure 15. AD9779A In-Band SFDR vs. four,
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Figure 19. AD9779A Third-Order IMD vs. four,
2x Interpolation
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Figure 20. AD9779A Third-Order IMD vs. four,

4x Interpolation
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Figure 21. AD9779A Third-Order IMD vs. four,
8x Interpolation
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Figure 22. AD9779A Third-Order IMD vs. four,
4x Interpolation, foara = 100 MSPS, PLL On/Off
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Figure 23. AD9779A Third-Order IMD vs. four,
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Figure 24. AD9779A IMD Performance vs. four, Figure 27. AD9779A Two-Tone Spectrum,
Digital Full-Scale Input Over Output Frequency, 4x Interpolation, foara = 100 MSPS, four = 30 MHz, 35 MHz
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Figure 25. AD9779A IMD Performance vs. four, Figure 28. AD9779A Noise Spectral Density vs. four,
Full-Scale Output Current Over Output Frequency, Digital Full-Scale Over Output Frequency of Single-Tone Input,
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Figure 26. AD9779A Single Tone, Figure 29. AD9779A Noise Spectral Density vs. four,
4x Interpolation, foara = 100 MSPS, four = 30 MHz foac Over Output Frequency for Eight-Tone Input with 500 kHz Spacing,

foara = 200 MSPS

Rev.B|Page 19 of 56




AD9776A/ADITT8A/ADITTIA

-150 -55
-60
154
65
'rT fDAC = 200MSPS — s 0dBFS, PLL ENABLED
7% foac = 400MSPS g -0 S
] e : ot
a / // _— g -15 7 —6dBFS, PLL DISABLED —|
@ 162 < e
2 / - _— —1 \ 4
— fpac = 800MSPS 80
-166 5/% * k ,|
-85 _3dBFS, PLL DISABLED °9BFS: PLL DISABLED
HEENEEEEE
0 20 40 60 80 100 g 0 20 40 60 80 100 120 140 160 180 200 220 240 260
four (MHz) i four (MHz)
Figure 30. AD9779A Noise Spectral Density vs. four, Figure 33. AD9779A ACLR for Second Adjacent Band W-CDMA,
foac Over Output Frequency with a Single-Tone Input at —6 dBFS 4x Interpolation, foata = 122.88 MSPS,
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Figure 31. AD9779A ACLR for First Adjacent Band W-CDMA, Figure 34. AD9779A ACLR for Third Adjacent Band W-CDMA,
4x Interpolation, foara = 122.88 MSPS, 4x Interpolation, foara = 122.88 MSPS,
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Figure 32. AD9779A W-CDMA Signal, Figure 35. AD9779A Multicarrier W-CDMA Signal,
4x Interpolation, foara = 122.88 MSPS, foac/4 Modulation 4x Interpolation, foac = 122.88 MSPS, fpac/4 Modulation

Rev. B | Page 20 of 56

06452-301

06452-302

06452-032



AD9776A/ADI778A/ADITTIA

INL (14-BIT LSB)

DNL (14-BIT LSB)

100
90
fpata = 200MSPS
fpata = 160MSPS
T 80
] -
5 \—< P
& foaTa = 250MSPS
G 70
|
60
50
o 2k 4K 6k 8k 10k 8 0 20 40 60 80 100 ¢
CODE g four (MHz) 2
Figure 36. AD9778A Typical INL Figure 39. AD9778A In-Band SFDR vs. four,
2x Interpolation
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Figure 37. AD9778A Typical DNL Figure 40. AD9778A ACLR, Single Carrier W-CDMA,
4x Interpolation, foara = 122.88 MSPS, Amplitude = -3 dBFS
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Figure 38. AD9778A IMD vs. four, Figure 41. AD9778A ACLR,

4x Interpolation fpara = 122.88 MSPS, 4x Interpolation, foac/4 Modulation
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Figure 42. AD9778A Noise Spectral Density vs. four
for Eight-Tone Input with 500 kHz Spacing, foara = 200 MSPS
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Figure 43. AD9778A Noise Spectral Density vs. four
with Single-Tone Input at —6 dBFS, fpara = 200 MSPS
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Figure 44. AD9776A Typical INL
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Figure 46. AD9776A IMD vs. four,
4x Interpolation
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Figure 47. AD9776A In-Band SFDR vs. four,
2x Interpolation
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Figure 48. AD9776A ACLR vs. four,
fpata = 122.88 MSPS, 4% Interpolation, foac/4 Modulation
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Figure 50. AD9776A Noise Spectral Density vs. four,

Eight-Tone Input with 500 kHz Spacing, fpara = 200 MSPS
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Figure 51. AD9776A Noise Spectral Density vs. four,
Single-Tone Input at —6 dBFS, fpara = 200 MSPS
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TERMINOLOGY

Integral Nonlinearity (INL)

INL is defined as the maximum deviation of the actual analog
output from the ideal output, determined by a straight line
drawn from zero scale to full scale.

Differential Nonlinearity (DNL)
DNL is the measure of the variation in analog value, normalized
to full scale, associated with a 1 LSB change in digital input code.

Monotonicity
A DAC is monotonic if the output either increases or remains
constant as the digital input increases.

Offset Error

The deviation of the output current at Code 0 from the ideal
of zero is called offset error. For Iouta, 0 mA output is expected
when the inputs are all 0s. For Iouts, 0 mA output is expected
when all inputs are set to 1s.

Gain Error

Gain error is the difference between the actual and the ideal
output spans. The actual span is determined by the difference
between the full-scale output and the bottom-scale output.

Output Compliance Range

Output compliance range is the range of allowable voltage at
the output of a current-output DAC. Operation beyond the
maximum compliance limits may cause either output stage
saturation or breakdown, resulting in nonlinear performance.

Temperature Drift

Temperature drift is specified as the maximum change from
the ambient (25°C) value to the value at either Ty or Tvax.
For offset and gain drift, the drift is reported in ppm of full-
scale range (FSR) per degree Celsius. For reference drift, the
drift is reported in ppm per degree Celsius.

Power Supply Rejection (PSR)

PSR is the maximum change in the full-scale output as the
supplies are varied from minimum to maximum specified
voltages.

Settling Time

Settling time is the time required for the output to reach and
remain within a specified error band around its final value,
measured from the start of the output transition.

In-Band Spurious-Free Dynamic Range (SFDR)

In-band SFDR is the difference, in decibels, between the peak
amplitude of the output signal and the peak spurious signal
between dc and the frequency equal to half the input data rate.

Out-of-Band Spurious-Free Dynamic Range (SFDR)
Out-of-band SFDR is the difference, in decibels, between the
peak amplitude of the output signal and the peak spurious signal
within the band that starts at the frequency of the input data
rate and ends at the Nyquist frequency of the DAC output sample
rate. Normally, energy in this band is rejected by the interpolation
filters. This specification, therefore, defines how well the inter-
polation filters work and the effect of other parasitic coupling
paths to the DAC output.

Total Harmonic Distortion (THD)

THD is the ratio of the rms sum of the first six harmonic com-
ponents to the rms value of the measured fundamental. It is
expressed as a percentage or in decibels.

Signal-to-Noise Ratio (SNR)

SNR is the ratio of the rms value of the measured output signal
to the rms sum of all other spectral components below the
Nyquist frequency, excluding the first six harmonics and dc.
The value for SNR is expressed in decibels.

Interpolation Filter

If the digital inputs to the DAC are sampled at a multiple rate of
foara (interpolation rate), a digital filter can be constructed that
has a sharp transition band near foara/2. Images that typically
appear around fpac (output data rate) can be greatly suppressed.

Adjacent Channel Leakage Ratio (ACLR)
ACLR is the ratio in dBc of the measured power within a
channel relative to its adjacent channel.

Complex Image Rejection

In a traditional two-part upconversion, two images are created
around the second IF frequency. These images have the effect of
wasting transmitter power and system bandwidth. By placing
the real part of a second complex modulator in series with the
first complex modulator, either the upper or lower frequency
image near the second IF can be rejected.

Rev. B | Page 24 of 56




AD9776A/ADI778A/ADITTIA

THEORY OF OPERATION

The AD9776 A/AD9778A/AD9779A have many features that
make them highly suited for wired and wireless communications
systems. The dual digital signal path and dual DAC structure
allow an easy interface with common quadrature modulators
when designing single sideband transmitters. The speed and
performance of the parts allow wider bandwidths and more
carriers to be synthesized than in previously available DACs.
The digital engine uses an innovative filter architecture that
combines the interpolation with a digital quadrature modulator.
This allows the parts to perform digital quadrature frequency
upconversions. The on-chip synchronization circuitry enables
multiple devices to be synchronized to each other, or to a
system clock.

DIFFERENCES BETWEEN AD9776/AD9778/
AD9779 AND AD9776A/AD9778A/AD9779A

REFCLK Maximum Frequency vs. Supply

With some restrictions on the DVDD18 and CVDD18 power
supplies, the AD9776A/AD9778A/AD9779A support a maxi-
mum sample rate of 1100 MHz. Table 2 lists the valid operating
frequencies vs. power supply voltage.

REFCLK Amplitude

With a differential sinusoidal clock applied to REFCLK, the
PLL on the AD9776/AD9778/AD9779 does not achieve optimal
noise performance unless the REFCLK differential amplitude is
increased to 2 V p-p. Note that if an LVPECL driver is used on the
AD9776/AD9778/AD9779, the PLL exhibits optimal performance
if the REFCLK amplitude is well within LVPECL specifications
(<1.6 V p-p differential). The design of the PLL on the AD9779A
has been improved so that even with a sinusoidal clock, the PLL
still achieves optimal amplitude if the swing is 1.6 V p-p.

PLL Lock Ranges

The individual lock ranges for the AD9776A/AD9778A/AD9779A
PLL are wider than those for the AD9776/AD9778/AD9779.

This means that the AD9776A/AD9778A/AD9779A PLL
remains in lock in a given range over a wider temperature range
than the AD9776/AD9778/AD9779. See Table 23 for PLL lock
ranges for the AD9776A/AD9778A/AD9779A.

PLL Optimal Settings

The optimal settings for the AD9776/AD9778/AD9779 differ
from the AD9776A/AD9778A/AD9779A. Refer to the PLL Bias
Settings section for complete details.

Input Data Delay Line, Manual and Automatic
Correction Modes

The AD9776A/AD9778A/AD9779A can be programmed to not
only sense when the timing margin on the input data falls below
a preset threshold but to also take action. The device can be
programmed to either set the IRQ (pin and register) or
automatically reoptimize the timing input data timing.

Input Data Timing

See Table 28 for timing specifications vs. temperature. The
input data timing specifications (setup and hold) are different
for the AD9776A/AD9778A/AD9779A than they are for the
AD9776/AD9778/AD9779.

DATACLK Delay Range

In the AD9776/AD9778/AD9779, the input data delay was
controlled by Register 0x04, Bits[7:4]. At 25°C, the delay was
stepped by approximately 180 ps/increment. In the AD9776A/
AD9778A/AD9779A, an extra bit has been added, which effectively
doubles the delay range. This bit is now located at Register 0x01,
Bit 1. The increment/step on the AD9776A/AD9778A/AD9779A
remains at ~180 ps.

Version Register

The version register (Register 0x1F) of the AD9776A/AD9778A/
AD9779A reads a value of 0x07. The version register of the
AD9776/AD9778/AD9779 reads a value of 0x03.

Table 10. Register Value Differences Between AD9776/AD9778/AD9779 and AD9776A/AD9778A/AD9779A

PLL Loop Bandwidth, PLL Bias, VCO Control Voltage, PLLVCO Drive,
Part No. Register 0x0A, Bits[4:0] | Register 0x09, Bits[2:0] | Register 0x0A, Bits[7:5] | Register 0x08, Bits[1:0]
AD9776/AD9778/AD9779 1M1 1M1 010 00
AD9776A/AD9778A/AD9779A | 01111 011 011 11
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