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TIMING SPECIFICATIONS 

Table 5.  
Parameter  Test Conditions/Comments Min Typ Max Unit 
SPI TIMING REQUIREMENTS See Figure 67     

tDS Setup time between the data and the rising edge of SCLK 2   ns 
tDH Hold time between the data and the rising edge of SCLK 2   ns 
tCLK Period of the SCLK 40   ns 
tS Setup time between CS and SCLK 2   ns 

tH Hold time between CS and SCLK 2   ns 

tHIGH Minimum period that SCLK must be in a logic high state 10   ns 
tLOW Minimum period that SCLK must be in a logic low state 10   ns 
tEN_SDIO  Time required for the SDIO pin to switch from an input to an 

output relative to the SCLK falling edge (not shown in figures) 
10   ns 

tDIS_SDIO Time required for the SDIO pin to switch from an output to an 
input relative to the SCLK rising edge (not shown in figures) 

10   ns 

tSPI_RST Time required after hard or soft reset until SPI access is available 
(not shown in figures) 

500   μs 

 

Timing Diagrams 
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N + 1

SAMPLE N

ANALOG
INPUT

SIGNAL

CLK–

CLK+

CLK–

CLK+

SERDOUT0±

SAMPLE N – 36
ENCODED INTO 2
8B/10B SYMBOLS

SAMPLE N – 35
ENCODED INTO 2
8B/10B SYMBOLS

SAMPLE N – 34
ENCODED INTO 2
8B/10B SYMBOLS 11

4
10

-0
0

2

 
Figure 2. Data Output Timing  
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NOTES
1. CLOCK INPUT IS EITHER RFCLK OR CLK±, NOT BOTH.  

Figure 3. SYSREF± Setup and Hold Timing (Clock Input Either RFCLK or CLK±, Not Both) 
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The output common-mode voltage of the ADA4930-1 is easily 
set with the VCM pin of the AD9683 (see Figure 44), and the 
driver can be configured in a Sallen-Key filter topology to 
provide band limiting of the input signal. 
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Figure 44. Differential Input Configuration Using the ADA4930-1 

For baseband applications where SNR is a key parameter, 
differential transformer coupling is the recommended input 
configuration. An example is shown in Figure 45. To bias the 
analog input, the VCM voltage can be connected to the center 
tap of the secondary winding of the transformer.  
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Figure 45. Differential Transformer-Coupled Configuration  

Consider the signal characteristics when selecting a transformer. 
Most RF transformers saturate at frequencies below a few 
megahertz. Excessive signal power can also cause core saturation, 
which leads to distortion. 

At input frequencies in the second Nyquist zone and above, the 
noise performance of most amplifiers is not adequate to achieve 
the true SNR performance of the AD9683. For applications where 
SNR is a key parameter, differential double balun coupling is 
the recommended input configuration (see Figure 46). In this 
configuration, the input is ac-coupled and the VCM voltage is 
provided to each input through a 33 Ω resistor. These resistors 
compensate for losses in the input baluns to provide a 50 Ω 
impedance to the driver. 
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Figure 46. Differential Double Balun Input Configuration 

In the double balun and transformer configurations, the value 
of the input capacitors and resistors is dependent on the input 
frequency and source impedance. Based on these parameters, 
the value of the input resistors and capacitors may need to be 
adjusted or some components may need to be removed. Table 9 
displays recommended values to set the RC network for different 
input frequency ranges. However, these values are dependent on 
the input signal and bandwidth. Use these values only as a starting 
guide. Note that the values given in Table 9 are for the R1, R2, C1, 
C2, and R3 components shown in Figure 45 and Figure 46.  

Table 9. Example RC Network 
Frequency 
Range  
(MHz) 

R1  
Series  
(Ω) 

C1 
Differential 
(pF) 

R2  
Series  
(Ω) 

C2 
Shunt 
(pF) 

R3 
Shunt 
(Ω) 

0 to 100 33 8.2 0 15 24.9 
100 to 400 15 8.2 0 8.2 24.9 
>400 15 ≤3.9 0 ≤3.9 24.9 

An alternative to using a transformer-coupled input at frequencies 
in the second Nyquist zone is to use an amplifier with variable 
gain. The AD8375 digital variable gain amplifier (DVGA) 
provides good performance for driving the AD9683. Figure 47 
shows an example of the AD8375 driving the AD9683 through 
a band-pass antialiasing filter. 
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Figure 47. Differential Input Configuration Using the AD8375 

VOLTAGE REFERENCE 
A stable and accurate voltage reference is built into the AD9683. 
The full-scale input range can be adjusted by varying the reference 
voltage via the SPI. The input span of the ADC tracks the reference 
voltage changes linearly.  
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Figure 56. Differential PECL RF Clock Input Circuit 

 

Jitter Considerations 

High speed, high resolution ADCs are sensitive to the quality of 
the clock input. The degradation in SNR at a given input frequency 
(fIN) due to jitter (tJ) can be calculated by 

SNRHF = −10 log[(2π × fIN × tJRMS)2 + 10 )10/( LFSNR ] 

In the equation, the rms aperture jitter represents the root-mean-
square of all jitter sources, which include the clock input, the 
analog input signal, and the ADC aperture jitter specification. IF 
undersampling applications are particularly sensitive to jitter,  
as shown in Figure 57. 
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Figure 57. AD9683-250 SNR vs. Input Frequency and Jitter 

Treat the clock input as an analog signal in cases where aperture 
jitter may affect the dynamic range of the AD9683. Separate the 
power supplies for the clock drivers from the ADC output driver 
supplies to avoid modulating the clock signal with digital noise. 
Low jitter, crystal controlled oscillators make the best clock sources. 
If the clock is generated from another type of source (by gating, 
dividing, or another method), retime it using the original clock at 
the last step. 

Refer to the AN-501 Application Note, Aperture Uncertainty and 
ADC System Performance, and the AN-756 Application Note, 
Sampled Systems and the Effects of Clock Phase Noise and Jitter, for 
more information about jitter performance as it relates to ADCs. 

POWER DISSIPATION AND STANDBY MODE 
As shown in Figure 58, the power dissipated by the AD9683 is 
proportional to its sample rate. The data in Figure 58 was taken 
using the same operating conditions as those used for the Typical 
Performance Characteristics section. IDVDD in Figure 58 is a 
summation of IDVDD and IDRVDD. 
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Figure 58. AD9683-250 Power vs. Encode Rate  

By asserting PDWN (either through the SPI port or by asserting 
the PDWN pin high), the AD9683 is placed in power-down mode. 
In this state, the ADC typically dissipates about 9 mW. Asserting the 
PDWN pin low returns the AD9683 to its normal operating mode.  

Low power dissipation in power-down mode is achieved by 
shutting down the reference, reference buffer, biasing networks, 
and clock. Internal capacitors are discharged when entering power-
down mode and then must be recharged when returning to normal 
operation. As a result, wake-up time is related to the time spent 
in power-down mode, and shorter power-down cycles result in 
proportionally shorter wake-up times. 

When using the SPI port interface, the user can place the ADC 
in power-down mode or standby mode. Standby mode allows 
the user to keep the internal reference circuitry powered when 
faster wake-up times are required. See the Memory Map Register 
Descriptions section and the AN-877 Application Note, Interfacing 
to High Speed ADCs via SPI, for additional details. 
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JESD204B Synchronization Details 

The AD9683 is a JESD204B Subclass 1 device that establishes 
synchronization of the link through two control signals, SYSREF 
and SYNC, and typically a common device clock. SYSREF and 
SYNC are common to all converter devices for alignment purposes 
at the system level.  

The synchronization process is accomplished over three phases: 
code group synchronization (CGS), initial lane alignment sequence 
(ILAS), and data transmission. If scrambling is enabled, the bits are 
not actually scrambled until the data transmission phase, and 
the CGS phase and ILAS phase do not use scrambling. 

CGS Phase 

In the CGS phase, the JESD204B transmit block transmits 
/K28.5/ characters. The receiver (external logic device) must 
locate /K28.5/ characters in its input data stream using clock 
and data recovery (CDR) techniques. 

When a certain number of consecutive /K28.5/ characters are 
detected on the link lane, the receiver initiates a SYSREF edge 
so that the AD9683 transmit data establishes a local multiframe 
clock (LMFC) internally.  

The SYSREF edge also resets any sampling edges within the ADC 
to align sampling instances to the LMFC. This is important to 
maintain synchronization across multiple devices. 

The receiver or logic device deasserts the SYNC signal 
(SYNCINB±), and the transmitter block begins the ILAS phase.  

ILAS Phase 

In the ILAS phase, the transmitter sends out a known pattern, 
and the receiver aligns the lanes in the link and verifies the 
parameters of the link.  

The ILAS phase begins after SYNC has been deasserted (goes 
high). The transmit block begins to transmit four multiframes. 
Dummy samples are inserted between the required characters 
so that full multiframes are transmitted. The four multiframes 
include the following: 

 Multiframe 1 begins with an /R/ character [K28.0] and 
ends with an /A/ character [K28.3]. 

 Multiframe 2 begins with an /R/ character followed by a /Q/ 
[K28.4] character, followed by link configuration parameters 
over 14 configuration octets (see Table 10), and ends with 
an /A/ character.  

 Multiframe 3 is the same as Multiframe 1. 
 Multiframe 4 is the same as Multiframe 1. 

Data Transmission Phase 

In the data transmission phase, frame alignment is monitored 
with control characters. Character replacement is used at the 
end of frames. Character replacement in the transmitter occurs 
in the following instances: 

 If scrambling is disabled and the last octet of the frame or 
multiframe equals the octet value of the previous frame. 

 If scrambling is enabled and the last octet of the multiframe is 
equal to 0x7C, or the last octet of a frame is equal to 0xFC. 

Table 10. Fourteen Configuration Octets of the ILAS Phase  

No. 
Bit 7 
(MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 

Bit 0 
(LSB) 

0 DID[7:0] 
1     BID[3:0] 
2    LID[4:0] 
3 SCR   L[4:0] 
4 F[7:0] 
5    K[4:0] 
6 M[7:0] 
7 CS[1:0]  N[4:0] 
8 SUBCLASS[2:0] N’[4:0] 
9 JESDV[2:0] S[4:0] 
10    CF[4:0] 
11 Reserved, don’t care 
12 Reserved, don’t care 
13 FCHK[7:0] 

Link Setup Parameters 

The following sections demonstrate how to configure the AD9683 
JESD204B interface. The steps to configure the output include 
the following: 
1. Disable the lane before changing the configuration. 
2. Select a quick configuration option.  
3. Configure detailed options. 
4. Check FCHK, the checksum of the JESD204B interface 

parameters. 
5. Set additional digital output configuration options.  
6. Re-enable the lane. 

Disable Lane Before Changing Configuration 

Before modifying the JESD204B link parameters, disable the link 
and hold it in reset. This is accomplished by writing Logic 1 to 
Address 0x5F, Bit 0.  

Configure Detailed Options 

Configure the tail bits and control bits as follows.  
 With N’ = 16 and N = 14, there are two bits available per 

sample for transmitting additional information over the 
JESD204B link. The options are tail bits or control bits. By 
default, tail bits of 0b00 value are used. 

 Tail bits are dummy bits sent over the link to complete the 
two octets and do not convey any information about the input 
signal. Tail bits can be fixed zeros (default) or pseudo- 
random numbers (Address 0x5F, Bit 6). 

 One or two control bits can be used instead of the tail bits 
through Address 0x72, Bits[7:6]. The tail bits can be set 
using Address 0x14, Bits[7:5], and the tail bits can be 
enabled using Address 0x5F, Bit 6.  

Set lane identification values. 
 JESD204B allows parameters to identify the device and lane. 

These parameters are transmitted during the ILAS phase, and 
they are accessible in the internal registers.  
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Reenable Lane After Configuration 

After modifying the JESD204B link parameters, enable the link so 
that the synchronization process can begin. This is accomplished 
by writing Logic 0 to Address 0x5F, Bit 0. 
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Figure 59. Transmit Link Simplified Block Diagram  
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Figure 60. Digital Processing of JESD204B Lane 

 

Table 13. JESD204B Typical Configurations  
JESD204B  
Configure  
Setting 

M (No. of Converters), 
Address 0x71,  
Bits[7:0] 

L (No. of Lanes),
Address 0x6E, 
Bits[4:0] 

F (Octets/Frame), 
Address 0x6F,  
Bits[7:0], Read Only 

S (Samples/ADC/Frame), 
Address 0x74, Bits[4:0],  
Read Only 

HD (High Density Mode), 
Address 0x75, Bit 7,  
Read Only 

0x11 (Default) 1  1 2 1 0 
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Figure 61. ADC Output Data Path 

Table 14. JESD204B Frame Alignment Monitoring and Correction Replacement Characters 

Scrambling Lane Synchronization Character to be Replaced 
Last Octet in 
Multiframe Replacement Character 

Off On Last octet in frame repeated from previous frame No K28.7  
Off On Last octet in frame repeated from previous frame Yes K28.3  
Off Off Last octet in frame repeated from previous frame Not applicable K28.7  
On On Last octet in frame equals D28.7 No K28.7  
On On Last octet in frame equals D28.3  Yes K28.3  
On Off Last octet in frame equals D28.7  Not applicable K28.7  
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SPI ACCESSIBLE FEATURES 
Table 16 provides a brief description of the general features that 
are accessible via the SPI. These features are described in detail 
in the AN-877 Application Note, Interfacing to High Speed ADCs 
via SPI. The AD9683 part-specific features are described in the 
Memory Map Register Descriptions section. 

 

 

 

 

 

Table 16. Features Accessible Using the SPI 
Feature Name Description 
Mode Allows the user to set either power-down mode or standby mode 
Clock Allows the user to access the DCS via the SPI 
Offset Allows the user to digitally adjust the converter offset 
Test I/O Allows the user to set test modes to have known data on output bits 
Output Mode Allows the user to set up outputs 
Output Phase Allows the user to set the output clock polarity 
Output Delay Allows the user to vary the DCO delay 
VREF Allows the user to set the reference voltage 
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Figure 67. Serial Port Interface Timing Diagram 
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MEMORY MAP 
READING THE MEMORY MAP REGISTER TABLE 
Each row in the memory map register table has eight bit locations. 
The memory map is roughly divided into three sections: the 
chip configuration registers (Address 0x00 to Address 0x02); 
the ADC functions registers, including setup, control, and test 
(Address 0x08 to Address 0xA8); and the device update register 
(Address 0xFF).  

The memory map register table (see Table 17) documents the 
default hexadecimal value for each hexadecimal address shown. 
The column with the heading Bit 7 (MSB) is the start of the default 
hexadecimal value given. For example, Address 0x14, the output 
mode register, has a hexadecimal default value of 0x01. This means 
that Bit 0 = 1, and the remaining bits are 0s. This setting is the 
default output format value, which is twos complement. For 
more information on this function and others, see the AN-877 
Application Note, Interfacing to High Speed ADCs via SPI. This 
application note details the functions controlled by Address 0x00 
to Address 0x21 and Address 0xFF, with the exception of 
Address 0x08 and Address 0x14. The remaining registers, 
Address 0x08, Address 0x14, and Address 0x3A through 
Address 0xA8, are documented in the Memory Map Register 
Descriptions section.  

Open and Reserved Locations 

All address and bit locations that are not included in Table 17 
are not currently supported for this device. Write unused bits of 
a valid address location with 0s. Writing to these locations is 
required only when part of an address location is open (for 
example, Address 0x18). If the entire address location is open 
(for example, Address 0x13), do not write to this address location.  

Default Values 

After the AD9683 is reset, critical registers are loaded with default 
values. The default values for the registers are given in the memory 
map register table (see Table 17). 

Logic Levels 

An explanation of logic level terminology follows: 

 “Bit is set” is synonymous with “bit is set to Logic 1” or 
“writing Logic 1 for the bit.”  

 “Clear a bit” is synonymous with “bit is set to Logic 0” or 
“writing Logic 0 for the bit.” 

Transfer Register Map 

Address 0x09, Address 0x0B, Address 0x0D, Address 0x10, 
Address 0x14, Address 0x18, Address 21, and Address 0x3A to 
Address 0x4C are shadowed. Writes to these addresses do not 
affect part operation until a transfer command is issued by 
writing 0x01 to Address 0xFF, setting the transfer bit. This 
allows these registers to be updated internally and 
simultaneously when the transfer bit is set. The internal update 
takes place when the transfer bit is set, and then the bit autoclears. 
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OUTLINE DIMENSIONS 
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Figure 68. 32-Lead Lead Frame Chip Scale Package [LFCSP_WQ] 
5 mm × 5 mm Body, Very Very Thin Quad 

(CP-32-12) 
Dimensions shown in millimeters 

 

ORDERING GUIDE 
Model1 Temperature Range Package Description Package Option 
AD9683BCPZ-170 −40°C to +85°C  32-Lead Lead Frame Chip Scale Package [LFCSP_WQ] CP-32-12 
AD9683BCPZRL7-170 −40°C to +85°C  32-Lead Lead Frame Chip Scale Package [LFCSP_WQ] CP-32-12 
AD9683-170EBZ −40°C to +85°C Evaluation Board with AD9683-170  
AD9683BCPZ-250 −40°C to +85°C  32-Lead Lead Frame Chip Scale Package [LFCSP_WQ] CP-32-12 
AD9683BCPZRL7-250 −40°C to +85°C  32-Lead Lead Frame Chip Scale Package [LFCSP_WQ] CP-32-12 
AD9683-250EBZ −40°C to +85°C Evaluation Board with AD9683-250  
 
1 Z = RoHS Compliant Part. 
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