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QUAD CHANNEL, 12-BIT, 105/80/65 MSPS ADC WITH SERIAL LVDS INTERFACE

• Base-station IF Receivers• 12-Bit Resolution With No Missing Codes
• Diversity Receivers• Simultaneous Sample and Hold
• Medical Imaging• 3.5dB Coarse Gain and upto 6dB
• Test EquipmentProgrammable Fine Gain for SFDR/SNR

Trade-Off
Table 1. ADS64XX Quad Channel Family• Serialized LVDS Outputs With Programmable

125 MSPS 105 MSPS 80 MSPS 65 MSPSInternal Termination Option
ADS644X• Supports Sine, LVCMOS, LVPECL, LVDS ADS6445 ADS6444 ADS6443 ADS644214 Bit

Clock Inputs and Amplitude down to 400
ADS642X ADS6425 ADS6424 ADS6423 ADS6422mVPP 12 Bit (SLWS197)

• Internal Reference With External Reference
Support

• No External Decoupling Required for
References

• 3.3-V Analog and Digital Supply
• 64 QFN Package (9 mm × 9 mm)
• Pin Compatible 14-Bit Family (ADS644X -

SLAS531A)
• Feature Compatible Dual Channel Family

(ADS624X - SLAS542A, ADS622X - SLAS543A)

Table 2. Performance Summary

ADS6425 ADS6424 ADS6423 ADS6422

Fin = 10MHz (0 dB gain) 90 91 91 93
SFDR, dBc

Fin = 170MHz (3.5 dB gain) 79 81 82 83

Fin = 10MHz (0 dB gain) 70.7 71.1 71.3 71.3
SINAD, dBFS

Fin = 170MHz (3.5 dB gain) 67.4 68.1 68.2 68.7

Power per channel, mW 420 340 300 265

The ADS6424/ADS6423/ADS6422 (ADS642X) is a family of high performance 12-bit 105/80/65 MSPS quad
channel A-D converters. Serial LVDS data outputs reduce the number of interface lines, resulting in a compact
64-pin QFN package (9 mm × 9 mm) that allows for high system integration density. The device includes 3.5dB
coarse gain option that can be used to improve SFDR performance with little degradation in SNR. In addition to
the coarse gain, fine gain options also exist, programmable in 1dB steps up to 6dB.

The output interface is 2-wire, where each ADC data is serialized and output over two LVDS pairs. This makes it
possible to halve the serial data rate (compared to a 1-wire interface) and restrict it to less than 1Gbps easing
receiver design. The ADS642X also includes the traditional 1-wire interface that can be used at lower sampling
frequencies.
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An internal phase lock loop (PLL) multiplies the incoming ADC sampling clock to derive the bit clock. The bit
clock is used to serialize the 12-bit data from each channel. In addition to the serial data streams, the frame and
bit clocks are also transmitted as LVDS outputs. The LVDS output buffers have features such as programmable
LVDS currents, current doubling modes and internal termination options. These can be used to widen
eye-openings and improve signal integrity, easing capture by the receiver.

The ADC channel outputs can be transmitted either as MSB or LSB first and 2s complement or straight binary.

ADS642X has internal references, but can also support an external reference mode. The device is specified over
the industrial temperature range (–40°C to 85°C).
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ELECTRICAL CHARACTERISTICS (continued)
Typical values are at 25°C, min and max values are across the full temperature range TMIN = –40°C to TMAX = 85°C, AVDD =
LVDD = 3.3 V, maximum rated sampling frequency, 50% clock duty cycle, –1dBFS differential analog input, internal reference
mode (unless otherwise noted).

ADS6424 ADS6423 ADS6422
Fs = 105 MSPS Fs = 80 MSPS Fs = 65 MSPSPARAMETER UNIT

MIN TYP MAX MIN TYP MAX MIN TYP MAX

POWER SUPPLY

ICC Total supply current 410 360 320 mA

IAVDD Analog supply current 322 280 245 mA

ILVDD LVDS supply current 88 80 75 mA

Total power 1.35 1.55 1.18 1.35 1.05 1.25 W

Power down (with input 77 150 77 150 77 150 mW
clock stopped)
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ELECTRICAL CHARACTERISTICS

ADS6424
ADS6423
ADS6422

SLAS532A–MAY 2007–REVISED JUNE 2007

Typical values are at 25°C, min and max values are across the full temperature range TMIN = –40°C to TMAX = 85°C, AVDD =
LVDD = 3.3 V, maximum rated sampling frequency, 50% clock duty cycle, –1dBFS differential analog input, internal reference
mode (unless otherwise noted).

ADS6424 ADS6423 ADS6422
Fs = 105 MSPS Fs = 80 MSPS Fs = 65 MSPSPARAMETER TEST CONDITIONS UNIT

MIN TYP MAX MIN TYP MAX MIN TYP MAX

DYNAMIC AC CHARACTERISTICS

Fin = 10 MHz 71.2 71.4 71.4

Fin = 50 MHz 70.8 68 71.1 68 71.2

Fin = 70 MHz 67.5 70.6 70.9 71

Fin = 100 MHz 70.1 70.5 70.5

0 dB gain 68.8 69 69.1
SNR dBFS3.5 dB 68.4 68.4 68.8Fin = 170 MHzSignal to noise ratio

Coarse
gain

0 dB gain 67.8 66.9 68.1

3.5 dB 67.3 67.3 67.8Fin = 230 MHz
Coarse
gain

Fin = 10 MHz 71.1 71.3 71.3

Fin = 50 MHz 69.8 67.5 70.9 67.5 71

Fin = 70 MHz 67 70 70.6 70.7

Fin = 100 MHz 70 70.1 70

0 dB gain 68.5 68.6 68.9SINAD
Signal to noise and dBFS3.5 dB 68.1 68.2 68.7Fin = 170 MHz
distortion ratio Coarse

gain

0 dB gain 66.8 66.5 67.3

3.5 dB 66.8 67.2 67.4Fin = 230 MHz
Coarse
gain

RMS Output noise Inputs tied to common-mode 0.407 0.407 0.407 LSB

Fin = 10 MHz 91 91 93

Fin = 50 MHz 80 76 87 76 88

Fin = 70 MHz 73 81 86 86

Fin = 100 MHz 85 85 83

0 dB gain 78 79 80SFDR
Spurious free dBc3.5 dB 81 82 83Fin = 170 MHz
dynamic range Coarse

gain

0 dB gain 76 77 78

3.5 dB 79 80 81Fin = 230 MHz
Coarse
gain

Copyright © 2007, Texas Instruments Incorporated 7Submit Documentation Feedback
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ELECTRICAL CHARACTERISTICS (continued)
Typical values are at 25°C, min and max values are across the full temperature range TMIN = –40°C to TMAX = 85°C, AVDD =
LVDD = 3.3 V, maximum rated sampling frequency, 50% clock duty cycle, –1dBFS differential analog input, internal reference
mode (unless otherwise noted).

ADS6424 ADS6423 ADS6422
Fs = 105 MSPS Fs = 80 MSPS Fs = 65 MSPSPARAMETER TEST CONDITIONS UNIT

MIN TYP MAX MIN TYP MAX MIN TYP MAX

Fin = 10 MHz 94 96 97

Fin = 50 MHz 88 76 90 76 92

Fin = 70 MHz 73 88 90 92

Fin = 100 MHz 90 87 87

0 dB gain 84 86 86
HD2 dBc3.5 dB 86 88 88Fin = 170 MHzSecond harmonic

Coarse
gain

0 dB gain 81 82 83

3.5 dB 83 84 85Fin = 230 MHz
Coarse
gain

Fin = 10 MHz 91 91 93

Fin = 50 MHz 80 76 87 76 88

Fin = 70 MHz 73 81 86 86

Fin = 100 MHz 85 85 83

0 dB gain 78 79 80
HD3 dBc3.5 dB 82 82 83Fin = 170 MHzThird harmonic

Coarse
gain

0 dB gain 76 77 78

3.5 dB 79 80 81Fin = 230 MHz
Coarse
gain

Fin = 10 MHz 95 96 98

Fin = 50 MHz 94 95 95
Worst harmonic Fin = 70 MHz 94 95 95
(other than HD2, dBc

Fin = 100 MHz 92 93 93HD3)
Fin = 170 MHz 89 90 90

Fin = 230 MHz 86 87 87

Fin = 10 MHz 89.5 89.5 91

Fin = 50 MHz 78.5 74 85.5 74 86
THD Fin = 70 MHz 70
Total harmonic dBc

Fin = 100 MHz 84 83 80.5distortion
Fin = 170 MHz 76 77.5 78.5

Fin = 230 MHz 74 75.5 76.5

ENOB Fin = 50 MHz 10.9 11.5 10.9 11.5
Effective number of Bits10.8 11.4Fin = 70 MHzbits

F1= 46.09 MHz, F2 = 50.09 90 94 97.5IMD
MHz2-Tone dBFSintermodulation F1= 185.09 MHz, F2 = 88 92 96

distortion 190.09 MHz
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Figure 2. LVDS Timings
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DEVICE PROGRAMMING MODES

USING PARALLEL INTERFACE CONTROL ONLY

USING SERIAL INTERFACE PROGRAMMING ONLY

USING BOTH THE SERIAL INTERFACE AND PARALLEL CONTROLS

ADS6424
ADS6423
ADS6422

SLAS532A–MAY 2007–REVISED JUNE 2007

ADS642X offers flexibility with several programmable features that are easily configured.

The device can be configured independently using either parallel interface control or serial interface
programming.

In addition, the device supports a third configuration mode, where both the parallel interface and the serial control
registers are used. In this mode, the priority between the parallel and serial interfaces is determined by a priority
table (refer to Table 4). If this additional level of flexibility is not required, the user can select either the serial
interface programming or the parallel interface control.

To control the device using parallel interface, keep RESET tied to high (LVDD). Pins CFG1, CFG2, CFG3,
CFG4, PDN, SEN, SCLK, and SDATA are used to directly control certain functions of the ADC. After power-up,
the device will automatically get configured as per the parallel pin voltage settings (refer to Table 5 to Table 8)
and no reset is required. In this mode, SEN, SCLK, and SDATA function as parallel interface control pins.

Frequently used functions are controlled in this mode—output data interface and format, power down modes,
coarse gain and internal/external reference. The parallel pins can be configured using a simple resistor string as
illustrated in Figure 3.

Table 3 lists descriptions of the modes controlled by the parallel pins.

Table 3. Parallel Pin Definition

PIN CONTROL FUNCTIONS

SEN Coarse gain and internal/external reference.

SCLK, SDATA Sync, deskew patterns and global power down.

PDN Dedicated pin for global power down

CFG1 1-Wire/2-wire and DDR/SDR bit clock

CFG2 12x/14x Serialization and SDR bit clock capture edge

CFG3 Reserved function. Tie CFG3 to Ground.

CFG4 MSB/LSB First and data format.

In this mode, SEN, SDATA, and SCLK function as serial interface pins and are used to access the internal
registers of ADC. The registers must first be reset to their default values either by applying a pulse on RESET
pin or by a high setting on the <RST> bit (in register ). After reset, the RESET pin must be kept low.

The serial interface section describes the register programming and register reset in more detail.

Since the parallel pins (CFG1-4 and PDN) are not used in this mode, they must be tied to ground. The register
override bit <OVRD> - D10 in register 0x0D has to be set high to disable the control of parallel interface pins in
this serial interface control ONLY mode.

For increased flexibility, a combination of serial interface registers and parallel pin controls (CFG1-4 and PDN)
can also be used to configure the device.

The parallel interface control pins CFG1 to CFG4 and PDN are available. After power-up, the device will
automatically get configured as per the parallel pin voltage settings (refer to Table 5 to Table 11) and no reset is
required. A simple resistor string can be used as illustrated in Figure 3.

SEN, SDATA, and SCLK function as serial interface pins and are used to access the internal registers of ADC.
The registers must first be reset to their default values either by applying a pulse on RESET pin or by a high
setting on the <RST> bit (in register ). After reset, the RESET pin must be kept low.

The serial interface section describes the register programming and register reset in more detail.

Since some functions are controlled using both the parallel pins and serial registers, the priority between the two
is determined by a priority table (refer to Table 4).

Copyright © 2007, Texas Instruments Incorporated 13Submit Documentation Feedback
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Table 4. Priority Between Parallel Pins and Serial Registers

FUNCTIONSPIN PRIORITYSUPPORTED

As described in Table 8 Register bits can control the modes only if the register bit <OVRD> is high. If <OVRD> isCFG1 to CFG4 to Table 11 low, then the control voltage on these parallel pins determines the function.

Register bit <PDN GLOBAL> controls global power down only if PDN pin is low. If PDN isPDN Global Power Down high, device is in global power down mode.

Coarse gain setting is controlled by bit <COARSE GAIN> only if the <OVRD> bit is high.
Else, it is in default setting of 0 dB gain.SEN Serial Interface Enable
Internal/External reference setting is determined by bit <REF>.

Serial Interface Clock Register bits <PATTERN> control the sync and deskew output patterns.
SCLK, SDATA and Serial Interface Data Power down is determined by bit <PDN GLOBAL>.

pins

Figure 3. Simple Scheme to Configure Parallel Pins
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DESCRIPTION OF PARALLEL PINS

ADS6424
ADS6423
ADS6422

SLAS532A–MAY 2007–REVISED JUNE 2007

Table 5. SCLK, SDATA Control Pins

SCLK SDATA DESCRIPTION

LOW LOW NORMAL conversion.

SYNC - ADC outputs sync pattern on all channels. This pattern can be used by the receiver to align theLOW HIGH deserialized data to the frame boundary. See Capture Test Patterns for details.

POWER DOWN –Global power down, all channels of the ADC are powered down, including internal references,HIGH LOW PLL and output buffers.

DESKEW - ADC outputs deskew pattern on all channels. This pattern can be used by the receiver to ensureHIGH HIGH deserializer uses the right clock edge. See Capture Test Patterns for details.

Table 6. SEN Control Pin

SEN DESCRIPTION

0 External reference and 0 dB coarse gain (full-scale = 2 VPP)

(3/8)LVDD External reference and 3.5 dB coarse gain (full-scale = 1.34 VPP)

(5/8)LVDD Internal reference and 3.5 dB coarse gain (full-scale = 1.34 VPP)

LVDD Internal reference and 0 dB coarse gain (full-scale = 2 VPP)

Independent of the programming mode used, after power-up the parallel pins PDN, CFG1 to CFG4 will
automatically configure the device as per the voltage applied (refer to Table 7 to Table 11).

Table 7. PDN Control Pin

PDN DESCRIPTION

0 Normal operation

AVDD Power down global

Table 8. CFG1 Control Pin

CFG1 DESCRIPTION

0 DDR Bit clock and 1-wire interface

(3/8)LVDD Not used

(5/8)LVDD SDR Bit clock and 2-wire interface

LVDD DDR Bit clock and 2-wire interface

Table 9. CFG2 Control Pin

CFG2 DESCRIPTION

0 12x Serialization and capture at falling edge of bit clock (only in 2-wire SDR bit clock mode)

(3/8)LVDD 14x Serialization and capture at falling edge of bit clock (only in 2-wire SDR bit clock mode)

(5/8)LVDD 14x Serialization and capture at rising edge of bit clock (only in 2-wire SDR bit clock mode)

LVDD 12x Serialization and capture at rising edge of bit clock (only in 2-wire SDR bit clock mode)

Table 10. CFG3 Control Pin

CFG3 RESERVED - TIE TO GROUND

Table 11. CFG4 Control Pin

CFG4 DESCRIPTION

0 MSB First and 2s complement

(3/8)LVDD MSB First and offset binary

(5/8)LVDD LSB First and offset binary

LVDD LSB First and 2s complement

Copyright © 2007, Texas Instruments Incorporated 15Submit Documentation Feedback
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SERIAL INTERFACE
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T0109-03
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RESET
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Register Address Register Data

ADS6424
ADS6423
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SLAS532A–MAY 2007–REVISED JUNE 2007

The ADC has a serial interface formed by pins SEN (serial interface enable), SCLK (serial interface clock),
SDATA (serial interface data) and RESET. Serial shift of bits into the device is enabled when SEN is low. Serial
data SDATA is latched at every falling edge of SCLK when SEN is active (low). The serial data is loaded into the
register at every 16th SCLK falling edge when SEN is low. In case the word length exceeds a multiple of 16 bits,
the excess bits are ignored. Data can be loaded in multiple of 16-bit words within a single active SEN pulse. The
interface can work with SCLK frequency from 20 MHz down to very low speeds (few hertz) and even with
non-50% duty cycle SCLK.

The first 5-bits of the 16-bit word are the address of the register while the next 11 bits are the register data.

After power-up, the internal registers must be reset to their default values. This can be done in one of two ways:
1. Either by applying a high-going pulse on RESET (of width greater than 10 ns) OR
2. By applying software reset. Using the serial interface, set the <RST> bit in register 0x00 to high – this resets

the registers to their default values and then self-resets the <RST> bit to LOW.

When RESET pin is not used, it must be tied to LOW.

Figure 4. Serial Interface Timing

16 Copyright © 2007, Texas Instruments Incorporated Submit Documentation Feedback
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SERIAL INTERFACE TIMING CHARACTERISTICS

RESET TIMING

T0108-03

t1

t3

t2

Power Supply
AVDD, LVDD

RESET

SEN

ADS6424
ADS6423
ADS6422

SLAS532A–MAY 2007–REVISED JUNE 2007

Typical values at 25°C, min and max values across the full temperature range TMIN = –40°C to TMAX = 85°C, AVDD = LVDD =
3.3 V, unless otherwise noted.

PARAMETER MIN TYP MAX UNIT

fSCLK SCLK Frequency, fSCLK = 1/tSCLK > DC 20 MHz

tSLOADS SEN to SCLK Setup time 25 ns

tSLOADH SCLK to SEN Hold time 25 ns

tDSU SDATA Setup time 25 ns

tDH SDATA Hold time 25 ns

Time taken for register write to take effect after 16th SCLK falling edge 100 ns

Typical values at 25°C, min and max values across the full temperature range TMIN = –40°C to TMAX = 85°C, AVDD = LVDD =
3.3 V, unless otherwise noted.

PARMATER CONDITIONS MIN TYP MAX UNIT

t1 Power-on delay time Delay from power-up of AVDD and LVDD to RESET pulse active 5 ms

t2 Reset pulse width Pulse width of active RESET signal 10 ns

t3 Register write delay time Delay from RESET disable to SEN active 25 ns

tPO Power-up delay time Delay from power-up of AVDD and LVDD to output stable 6.5 ms

Figure 5. Reset Timing

Copyright © 2007, Texas Instruments Incorporated 17Submit Documentation Feedback
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SERIAL REGISTER MAP

ADS6424
ADS6423
ADS6422
SLAS532A–MAY 2007–REVISED JUNE 2007

Table 12. Summary of Functions Supported By Serial Interface
REGISTER REGISTER FUNCTIONS (1)(2)
ADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<PDN<REF> <PDN CHD> <PDN CHC> <PDN CHB> <PDN CHA> GLOBAL><RST> INTERNAL
00 0 0 0 0 POWER POWER POWER POWER GLOBAL

S/W RESET OR
DOWN CH D DOWN CHC DOWN CH B DOWN CH A POWER

EXTERNAL
DOWN

<CLKIN GAIN>
04 0 0 0 0 0 0

INPUT CLOCK BUFFER GAIN CONTROL

<DF>
DATA

FORMAT 2S <PATTERNS>
0A 0 0 0 0 0 0 0

COMP OR TEST PATTERNS
STRAIGHT

BINARY

<CUSTOM A>
0B

CUSTOM PATTERN (LOWER 11 BITS)

<CUSTOM
B><FINE GAIN>

0C 0 0 0 0 0 0 0 CUSTOM
FINE GAIN CONTROL (1dB to 6 dB)

PATTERN
(MSB BIT)

<COARSE FALLING OR
<OVRD> BYTE-WISE GAIN> RISING BIT 12-BIT OR DDR OR 1-WIRE OR

MSB OR
0D OVERRIDE 0 0 OR COURSE CLOCK 0 14-BIT SDR BIT 2-WIRE

LSB FIRST
BIT BIT-WISE GAIN CAPTURE SERIALIZE CLOCK INTERFACE

ENABLE EDGE

<TERM CLK> <LVDS CURR> <CURR DOUBLE>
10

LVDS INTERNAL TERMINATION BIT AND WORD CLOCKS LVDS CURRENT SETTINGS LVDS CURRENT DOUBLE

<TERM DATA>
11 WORD-WISE CONTROL 0 0 0 0

LVDS INTERNAL TERMINATION - DATA OUTPUTS

(1) The unused bits in each register (shown by blank cells in above table) must be programmed as 0.
(2) Multiple functions in a register can be programmed in a single write operation.

18 Copyright © 2007, Texas Instruments Incorporated Submit Documentation Feedback
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DESCRIPTION OF SERIAL REGISTERS

ADS6424
ADS6423
ADS6422

SLAS532A–MAY 2007–REVISED JUNE 2007

Table 13. Serial Register A
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<REF> <PDN><PDN CHD> <PDN CHC> <PDN CHB> <PDN CHA><RST> INTERNAL GLOBAL
00 0 0 0 0 POWER POWER POWER POWER

S/W RESET OR POWER
DOWN CH D DOWN CHC DOWN CH B DOWN CH A

EXTERNAL DOWN

D0 - D4 Power down modes

D0 <PDN GLOBAL>

0 Normal operation

1 Global power down, including all channels ADCs, internal references, internal PLL and output
buffers

D1 <PDN CHA>

0 CH A Powered up

1 CH A ADC Powered down

D2 <PDN CHB>

0 CH B Powered up

1 CH B ADC Powered down

D3 <PDN CHC>

0 CH C Powered up

1 CH C ADC Powered down

D4 <PDN CHD>

0 CH D Powered up

1 CH D ADC Powered down

D5 <REF> Reference

0 Internal reference enabled

1 External reference enabled

D10 <RST>

1 Software reset applied – resets all internal registers and self-clears to 0

Copyright © 2007, Texas Instruments Incorporated 19Submit Documentation Feedback
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Table 14. Serial Register B
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<CLKIN GAIN>
04 0 0 0 0 0 0

INPUT CLOCK BUFFER GAIN CONTROL

D6 - D2 <CLKIN GAIN> Input clock buffer gain control

11000 Gain 0, minimum gain

00000 Gain 1, default gain after reset

01100 Gain 2

01010 Gain 3

01001 Gain 4

01000 Gain 5, maximum gain

Table 15. Serial Register C
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<DF>
DATA

DORMAT 2S <PATTERNS>
00 0 0 0 0 0 0 0

COMP OR TEST PATTERNS
STRAIGHT

BINARY

D7 - D5 <PATTERNS> Capture test patterns

000 Normal ADC operation

001 Output all zeros

010 Output all ones

011 Output toggle pattern

100 Unused

101 Output custom pattern (contents of CUSTOM pattern registers 0x0B and 0x0C)

110 Output DESKEW pattern (serial stream of 1010..)

111 Output SYNC pattern

D9 <DF> Data format selection

0 2s Complement format

1 Straight binary format

20 Copyright © 2007, Texas Instruments Incorporated Submit Documentation Feedback
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ADS6424
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Table 16. Serial Register D
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<CUSTOM A>
0B

CUSTOM PATTERN (LOWER 11 BITS)

D10 - D0 <CUSTOM A> Lower 11 bits of custom pattern <D10>…<D0>

Table 17. Serial Register E
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<CUSTOM
B><FINE GAIN>

0C 0 0 0 0 0 0 0 CUSTOM
FINE GAIN CONTROL (1 dB to 6 dB)

PATTERN
(MSB BIT)

D4 - D0 <CUSTOM B> MSB bit of custom pattern <D11>

D10-D8 <FINE GAIN> Fine gain control

000 0 dB Gain (full-scale range = 2.00 VPP)

001 1 dB Gain (full-scale range = 1.78 VPP)

010 2 dB Gain (full-scale range = 1.59 VPP)

011 3 dB Gain (full-scale range = 1.42 VPP)

100 4 dB Gain (full-scale range = 1.26 VPP)

101 5 dB Gain (full-scale range = 1.12 VPP)

110 6 dB Gain (full-scale range = 1.00 VPP)

Table 18. Serial Register F
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<COARSE FALLING OR
<OVRD> BYTE-WISE GAIN> RISING BIT 14-BIT OR DDR OR 1-WIRE OR

MSB OR
0D OVER-RIDE 0 0 OR COARSE CLOCK 0 16-BIT SDR BIT 2-WIRE

LSB FIRST
BITE BIT-WISE GAIN CAPTURE SERIALIZE CLOCK INTERFACE

ENABLE EDGE

D0 Interface selection

0 1 Wire interface

1 2 Wire interface

D1 Bit clock selection (only in 2-wire interface)

0 DDR Bit clock

1 SDR Bit clock

D2 Serialization selection

0 12x Serialization

1 14x Serialization
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D4 Bit clock capture edge (only when SDR bit clock is selected, D1 = 1)

0 Capture data with falling edge of bit clock

1 Capture data with rising edge of bit clock

D5 <COARSE GAIN> Coarse gain control

0 0 dB coarse gain

1 3.5dB coarse gain (full-scale range = 1.34 VPP)

D6 MSB or LSB first selection

0 MSB First

1 LSB First

D7 Byte/bit wise outputs (only when 2-wire is selected)

0 Byte wise

1 Bit wise

D10 <OVRD> Over-ride bit. All the functions in register 0x0D can also be controlled using the
parallel control pins. By setting bit <OVRD> = 1, the contents of register 0x0D will over-ride
the settings of the parallel pins.

0 Disable over-ride

1 Enable over-ride

Table 19. Serial Register G
REGISTER BITSADDRESS

A4 - A0 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0

<TERM CLK> <LVDS CURR> <LVDS DOUBLE>
10

LVDS INTERNAL TERMINATION BIT AND WORD CLOCKS LVDS CURRENT SETTINGS LVDS CURRENT DOUBLE

D0 <CURR DOUBLE> LVDS current double for data outputs

0 Nominal LVDS current, as set by <D5…D2>

1 Double the nominal value

D1 <CURR DOUBLE> LVDS current double for bit and word clock outputs

0 Nominal LVDS current, as set by <D5…D2>

1 Double the nominal value

D3-D2 <LVDS CURR> LVDS current setting for data outputs

00 3.5 mA

01 4 mA

10 2.5 mA

11 3 mA

D5-D4 <LVDS CURR> LVDS current setting for bit and word clock outputs

00 3.5 mA

01 4 mA

10 2.5 mA

11 3 mA

22 Copyright © 2007, Texas Instruments Incorporated Submit Documentation Feedback
Product Folder Link(s): ADS6424 ADS6423 ADS6422





www.ti.com

PIN CONFIGURATION (2-WIRE INTERFACE)
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PIN ASSIGNMENTS (2-WIRE INTERFACE)
PINS NO. OFI/O DESCRIPTIONPINSNAME NO.

SUPPLY AND GROUND PINS

9,17,19,27,32AVDD 6 Analog power supply,40

8,10,13,16,
AGND 18, 23, 26, 11 Analog ground

31,33,36,39

LVDD 7,49,64 3 Digital power supply

LGND 54,59 2 Digital ground

INPUT PINS

CLKP, CLKM 24,25 I 2 Differential input clock pair

INA_P, INA_M 12,11 I 2 Differential input signal pair, channel A. If unused, the pins should be tied to VCM. Do not float.
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PIN ASSIGNMENTS (2-WIRE INTERFACE) (continued)
PINS NO. OFI/O DESCRIPTIONPINSNAME NO.

INB_P, INB_M 15,14 I 2 Differential input signal pair, channel B. If unused, the pins should be tied to VCM. Do not float.

INC_P, INC_M 34,35 I 2 Differential input signal pair, channel C. If unused, the pins should be tied to VCM. Do not float.

IND_P, IND_M 37,38 I 2 Differential input signal pair, channel D. If unused, the pins should be tied to VCM. Do not float.

CAP 5 1 Connect 2-nF capacitor from pin to ground

This pin functions as serial interface clock input when RESET is low.
When RESET is high, it controls DESKEW, SYNC and global POWER DOWN modes (along withSCLK 44 I 1 SDATA). Refer to Table 5 for description.
This pin has an internal pull-down resistor.

This pin functions as serial interface data input when RESET is low.
When RESET is high, it controls DESKEW, SYNC and global POWER DOWN modes (along withSDATA 43 I 1 SCLK). Refer to Table 5 for description.
This pin has an internal pull-down resistor.

This pin functions as serial interface enable input when RESET is low.
When RESET is high, it controls coarse gain and internal/external reference modes. Refer to Table 6 forSEN 42 I 1 description.
This pin has an internal pull-up resistor.

Serial interface reset input.

When using the serial interface mode, the user MUST initialize internal registers through hardware
RESET by applying a high-going pulse on this pin or by using software reset option. Refer to the SerialRESET 6 I 1 Interface section. In parallel interface mode, tie RESET permanently high. (SCLK, SDATA and SEN
function as parallel control pins in this mode).

The pin has an internal pull-down resistor to ground.

PDN 41 I 1 Global power down control pin.

Parallel input pin. It controls 1-wire or 2-wire interface and DDR or SDR bit clock selection. Refer to
CFG1 30 I 1 Table 8 for description.

Tie to AVDD for 2-wire interface with DDR bit clock.

Parallel input pin. It controls 12x or 14x serialization and SDR bit clock capture edge. Refer to Table 9
CFG2 29 I 1 for description.

For 12x serialization with DDR bit clock, tie to ground or AVDD.

CFG3 28 I 1 RESERVED pin - TIE to ground.

CFG4 21 I 1 Parallel input pin. It controls data format and MSB or LSB first modes. Refer to Table 11 for description.

Internal reference mode – common-mode voltage outputVCM 22 I/O 1 External reference mode – reference input. The voltage forced on this pin sets the internal reference.

OUTPUT PINS

DA0_P,DA0_M 3,4 O 2 Channel A differential LVDS data output pair, wire 0

DA1_P,DA1_M 1,2 O 2 Channel A differential LVDS data output pair, wire 1

DB0_P,DB0_M 62,63 O 2 Channel B differential LVDS data output pair, wire 0

DB1_P,DB1_M 60,61 O 2 Channel B differential LVDS data output pair, wire 1

DC0_P,DC0_M 52,53 O 2 Channel C differential LVDS data output pair, wire 0

DC1_P,DC1_M 50,51 O 2 Channel C differential LVDS data output pair, wire 1

DD0_P,DD0_M 47,48 O 2 Channel D differential LVDS data output pair, wire 0

DD1_P,DD1_M 45,46 O 2 Channel D differential LVDS data output pair, wire 1

DCLKP,DCLKM 57,58 O 2 Differential bit clock output pair

FCLKP,FCLKM 55,56 O 2 Differential frame clock output pair

NC 20 1 Do Not Connect

PAD 0 1 Connect to ground plane using multiple vias. See Board Design Considerations in application section.
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PIN CONFIGURATION (1-WIRE INTERFACE)
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PIN ASSIGNMENTS (1-WIRE INTERFACE)
PINS NO. OFI/O DESCRIPTIONPINSNAME NO.

SUPPLY AND GROUND PINS

AVDD 9,17,19,27,32,40, 6 Analog power supply

8,10,13,16,18,23,AGND 11 Analog ground26,31,33,36,39,

LVDD 7,49,64 3 Digital power supply

LGND 54,59 2 Digital ground

INPUT PINS

CLKP, CLKM 24,25 I 2 Differential input clock pair

INA_P, INA_M 12,11 I 2 Differential input signal pair, channel A. If unused, the pins should be tied to VCM. Do not float.

INB_P, INB_M 15,14 I 2 Differential input signal pair, channel B. If unused, the pins should be tied to VCM. Do not float.

INC_P, INC_M 34,35 I 2 Differential input signal pair, channel C. If unused, the pins should be tied to VCM. Do not float.
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PIN ASSIGNMENTS (1-WIRE INTERFACE) (continued)
PINS NO. OFI/O DESCRIPTIONPINSNAME NO.

IND_P, IND_M 37,38 I 2 Differential input signal pair, channel D. If unused, the pins should be tied to VCM. Do not float.

CAP 5 1 Connect 2-nF capacitance from pin to ground

This pin functions as serial interface clock input when RESET is low.
When RESET is high, it controls DESKEW, SYNC and global POWER DOWN modes (along withSCLK 44 I 1 SDATA). Refer to Table 5 for description.
This pin has an internal pull-down resistor.

This pin functions as serial interface data input when RESET is low.
When RESET is high, it controls DESKEW, SYNC and global POWER DOWN modes (along withSDATA 43 I 1 SCLK). Refer to Table 5 for description.
This pin has an internal pull-down resistor.

This pin functions as serial interface enable input when RESET is low.
When RESET is high, it controls coarse gain and internal/external reference modes. Refer toSEN 42 I 1 Table 6 for description.
This pin has an internal pull-up resistor.

Serial interface reset input.

When using the serial interface mode, the user MUST initialize internal registers through hardware
RESET by applying a high-going pulse on this pin or by using software reset option. Refer to theRESET 6 I 1 Serial Interface section. In parallel interface mode, tie RESET permanently high. (SCLK, SDATA
and SEN function as parallel control pins in this mode).

The pin has an internal pull-down resistor to ground.

PDN 41 I 1 Global power down control pin.

Parallel input pin. It controls 1-wire or 2-wire interface and DDR or SDR bit clock selection. Refer to
CFG1 30 I 1 Table 8 for description.

Tie to ground for 1-wire interface with DDR bit clock.

Parallel input pin. It controls 12x or 14x serialization and SDR bit clock capture edge. Refer to
CFG2 29 I 1 Table 9 for description.

For 12x serialization with DDR bit clock, tie to ground or AVDD.

CFG3 28 I 1 RESERVED pin - TIE to ground.

Parallel input pin. It controls data format and MSB or LSB first modes. Refer to Table 11 forCFG4 21 I 1 description.

Internal reference mode – common-mode voltage output
VCM 22 I/O 1 External reference mode – reference input. The voltage forced on this pin sets the internal

reference.

OUTPUT PINS

DA_P,DA_M 62,63 O 2 Channel A differential LVDS data output pair

DB_P,DB_M 60,61 O 2 Channel B differential LVDS data output pair

DC_P,DC_M 52,53 O 2 Channel C differential LVDS data output pair

DD_P,DD_M 50,51 O 2 Channel D differential LVDS data output pair

DCLKP,DCLKM 57,58 O 2 Differential bit clock output pair

FCLKP,FCLKM 55,56 O 2 Differential frame clock output pair

UNUSED 1-4,45-48 8 These pins are unused in the 1-wire interface. Do not connect

NC 20 1 Do Not Connect

Connect to ground plane using multiple vias. See Board Design Considerations in applicationPAD 0 1 section.
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TYPICAL CHARACTERISTICS

ADS6424 (Fsrated = 105 MSPS)
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All plots are at 25°C, AVDD = LVDD = 3.3 V, maximum rated sampling frequency, sine wave input clock, 1.5 VPP differential
clock amplitude, 50% clock duty cycle, –1 dBFS differential analog input, internal reference mode, 0 dB gain (unless

otherwise noted)

FFT for 10 MHz INPUT SIGNAL FFT for 100 MHz INPUT SIGNAL

Figure 6. Figure 7.

FFT for 230 MHz INPUT SIGNAL INTERMODULATION DISTORTION (IMD) vs FREQUENCY

Figure 8. Figure 9.

SFDR vs INPUT FREQUENCY SNR vs INPUT FREQUENCY

Figure 10. Figure 11.
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DIGITAL OUTPUT INTERFACE

1-WIRE INTERFACE - 12× AND 14× SERIALIZATION WITH DDR BIT CLOCK

ADS6424
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The ADS642X offers several flexible output options making it easy to interface to an ASIC or an FPGA. Each of
these options can be easily programmed using either parallel pins or the serial interface.

The output interface options are:

• 1-Wire, 1× frame clock, 12× and 14× serialization with DDR bit clock

• 2-Wire, 1× frame clock, 12× serialization, with DDR and SDR bit clock, byte wise/bit wise/word wise

• 2-Wire, 1× frame clock, 14× serialization, with SDR bit clock, byte wise/bit wise/word wise

• 2-Wire, (0.5 x) frame clock, 14× serialization, with DDR bit clock, byte wise/bit wise/word wise.

The maximum sampling frequency, bit clock frequency and output data rate will vary depending on the interface
options selected (refer to Table 12).

Table 24. Maximum Recommended Sampling Frequency for Different Output Interface Options

MAXIMUM
RECOMMENDED BIT CLOCK FRAME CLOCK SERIAL DATA RATE,INTERFACE OPTIONS SAMPLING FREQUENCY, FREQUENCY, MHZ MbpsFREQUENCY, MHZ

MSPS

12× Serialization 65 390 65 780DDR Bit1-Wire clock 14× Serialization 65 455 65 910

12× Serialization 125 375 125 750DDR Bit2-Wire clock 14× Serialization 125 437.5 62.5 875

12× Serialization 65 390 65 390SDR Bit2-Wire clock 14× Serialization 65 455 65 455

Each interface option is described in detail below.

Here the device outputs the data of each ADC serially on a single LVDS pair (1-wire). The data is available at the
rising and falling edges of the bit clock (DDR bit clock). The ADC outputs a new word at the rising edge of every
frame clock, starting with the MSB. Optionally, it can also be programmed to output the LSB first. The data rate is
12 × sample frequency (12× serialization) and 14 × sample frequency (14× serialization).
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2-WIRE INTERFACE - 14× SERIALIZATION
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In 14× serialization, two zero bits are padded to the 14-bit ADC data on the MSB side and the combined 14-bit
data is serialized and output over two LVDS pairs. A frame clock at 1× sample frequency is also available with an
SDR bit clock. With DDR bit clock option, the frame clock frequency is 0.5× sample frequency. The output data
rate will be 7 × sample frequency as 7 data bits are output every clock cycle on each wire. Each ADC sample is
sent over the 2 wires as byte-wise or bit-wise or word-wise.

Using the 14× serialization makes it possible to upgrade to a 14-bit ADC in the 64xx family in the future
seamlessly, without requiring any modification to the receiver capture logic design.
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CAPTURE TEST PATTERNS
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ADS642X outputs the bit clock (DCLK), positioned nearly at the center of the data transitions. It is recommended
to route the bit clock, frame clock and output data lines with minimum relative skew on the PCB. This ensures
sufficient setup/hold times for a reliable capture by the receiver.

The DESKEW is a 1010... or 0101... pattern output on the serial data lines that can be used to verify if the
receiver capture clock edge is positioned correctly. This may be useful in case there is some skew between
DCLK and serial data inside the receiver. Once deserialized, it is required to ensure that the parallel data is
aligned to the frame boundary. The SYNC test pattern can be used for this. For example, in the 1-wire interface,
the SYNC pattern is 6 '1's followed by 6 '0's (from MSB to LSB). This information can be used by the receiver
logic to shift the deserialized data until it matches the SYNC pattern.

In addition to DESKEW and SYNC, the ADS642X includes other test patterns to verify correctness of the capture
by the receiver such as all zeros, all ones and toggle. These patterns are output on all four channel data lines
simultaneously. Some patterns like custom and sync are affected by the type of interface selected, serialization
and bit order.

Table 25. Test Patterns

PATTERN DESCRIPTION

All zeros Outputs logic low.

All ones Outputs logic high.

Toggle Outputs toggle pattern – <D11 – D0> alternates between 101010101010 and 010101010101 every clock cycle.

Outputs a 12-bit custom pattern. The 12-bit custom pattern can be specified into two serial interface registers. In theCustom 2-wire interface, each code is sent over the 2 wires depending on the serialization and bit order.

Sync Outputs a sync pattern.

Deskew Outputs deskew pattern. Either <D11 – D0> = 101010101010 or <D11-D0> = 010101010101 every clock cycle.

Table 26. SYNC Pattern

INTERFACE OPTION SERIALIZATION SYNC PATTERN ON EACH WIRE

12 X MSB-111111000000-LSB
1-Wire

14 X MSB-11111110000000-LSB

12 X MSB-111000-LSB
2-Wire

14 X MSB-1111000-LSB
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PACKAGING INFORMATION

Orderable Device Status (1) Package
Type

Package
Drawing

Pins Package
Qty

Eco Plan (2) Lead/Ball Finish MSL Peak Temp (3)

ADS6422IRGC25 ACTIVE VQFN RGC 64 25 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6422IRGCR ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6422IRGCRG4 ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6422IRGCT ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6422IRGCTG4 ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6423IRGC25 ACTIVE VQFN RGC 64 25 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6423IRGCR ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6423IRGCRG4 ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6423IRGCT ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6423IRGCTG4 ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6424IRGC25 ACTIVE VQFN RGC 64 25 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6424IRGCR ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6424IRGCRG4 ACTIVE VQFN RGC 64 2000 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6424IRGCT ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

ADS6424IRGCTG4 ACTIVE VQFN RGC 64 250 Green (RoHS &
no Sb/Br)

CU NIPDAU Level-3-260C-168 HR

(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in
a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

(3) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

PACKAGE OPTION ADDENDUM

www.ti.com 1-Feb-2010

Addendum-Page 1



Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. TI bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

ADS6422IRGCR VQFN RGC 64 2000 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2

ADS6422IRGCT VQFN RGC 64 250 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2

ADS6423IRGCR VQFN RGC 64 2000 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2

ADS6423IRGCT VQFN RGC 64 250 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2

ADS6424IRGCR VQFN RGC 64 2000 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2

ADS6424IRGCT VQFN RGC 64 250 330.0 16.4 9.3 9.3 1.5 12.0 16.0 Q2
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

ADS6422IRGCR VQFN RGC 64 2000 336.6 336.6 28.6

ADS6422IRGCT VQFN RGC 64 250 336.6 336.6 28.6

ADS6423IRGCR VQFN RGC 64 2000 336.6 336.6 28.6

ADS6423IRGCT VQFN RGC 64 250 336.6 336.6 28.6

ADS6424IRGCR VQFN RGC 64 2000 336.6 336.6 28.6

ADS6424IRGCT VQFN RGC 64 250 336.6 336.6 28.6
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