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ABSTRACT

Interleaving is a powerful technique in which multiple analog-to-digital converters (ADC) are cascaded together
to greatly increase the sampling rate of the converter. However, implementing an interleaving architecture
comes at the expense of undesired spectral spurs. These spurs arise from gain, offset, timing and bandwidth
mismatches between the individual converters. The ADS54J60 contains four interleaved ADC cores that each
produce different spur offsets. Environmental temperature variations cause even larger differences in the spur
offset values. This application note demonstrates how to implement the external offset correction block to
maintain the amplitude of the interleaving spurs over temperature changes.
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1 Introduction

The ADS54J60 is a dual channel device. Each channel contains four interleaved ADC cores that each produce
different DC offset values. These differing ADC core offsets are the source of the interleaving spurs appearing at
DC, fs/4, and f4/2 in the spectrum. A DC offset correction feature was created to reduce the amplitude of these
interleaving spurs. Environmental temperature variations produce larger discrepancies in the DC offset values
between the interleaved cores. The external DC offset correction was developed to calibrate the interleaving
spurs over temperature changes, and the process to implement this option is detailed in Section 5.

2 Interleaving Architecture

Figure 2-1 highlights the area of interest within the part containing the DC offset correction feature. The four
internal interleaved ADC cores in each channel can sample up to 250 MSPS, resulting into an output data
stream of up to 1 GSPS (or Nyquist bandwidth of 500 MHz).

The amplifier in the first pipeline stage increases the DC offset mismatch between the cores and generates
higher interleaving spurs. The spur at DC arises due to the average offset of the four cores. To reduce the
mismatch between cores, each interleaved ADC core has an individual DC offset correction block that aims
to bring the core offset to a mid-code value. The corrected data from each core is then combined into the
interleaving engine block.
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Figure 2-1. Functional Block Diagram
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3 DC Offset Correction
3.1 DC Offset Correction Architecture

3.1.1 Default Configuration

The DC offset correction block is enabled by default. In this state, the corrector continuously estimates and
subtracts the average from the data stream. This block acts as a high-pass filter that removes the DC content
of the incoming data stream prior to combining the interleaved data. While this feature reduces the interleaving
spurs to the best-case performance, these spurs are not entirely eliminated in the spectrum.

3.1.2 Bypassing the DC Offset Correction

The DC offset corrector cannot distinguish the external DC signal from internal DC offset for applications that

use an amplifier driver to dc-couple to the ADC. This feature, shown in Figure 3-1, can be bypassed through SPI.

Bypassing results in a histogram with multi-modal output codes and interleaving spurs as large as -40 dBFS in
the spectrum at DC, f/4, and fg/2.

Input data, x(n)
(250 MSPS data from each interleaving core)

» 0
Output data, y(n)
at 250 MSPS
——
g
+
- DC Corrected data
ALWAYS WRITE 1
(Reg 68h, bit 1)
.| DC Correction > 0
Engine | BYPASS CORR
T —p»1
FREEZE CORR ADCx_LOAD_EXT_ESTH0:00.—"F
Internal Estimate
Read back path
ADCx_CORR_INT_EST[10:0] EXT CORR EN

Figure 3-1. DC Offset Corrector Architecture (one ADC Core)

3.2 Freezing the DC Offset Correction

When the DC offset corrector is frozen, the DC offset holds the last estimated value obtained from each ADC
core. While new estimates are not captured, the frozen average continues to be subtracted from the data
stream.
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3.3 Effect of Environmental Temperature Fluctuations

Under environmental temperature changes, there is greater variability in the DC offsets between the four
interleaving cores. The DC offset correction block is not stable over temperature variations, and the fs/4 and
fs/2 spurs will increase without another correction method. The external offset correction option was created to
address this.
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Figure 3-2. Interleaving Spur vs. Temperature

3.4 Effect of Input Frequency on Interleaving Spur

Note that the interleaving spur is frequency dependent. In general, the spurs increase in amplitude as the input
frequency is increased. The example provided in Section 5 was performed with no input tone.
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Figure 3-3. Interleaving Spur vs. Input Frequency
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4 External Offset Correction

The external offset correction feature is an option for system applications that cannot tolerate large variations in
the DC, fs/4, and f¢/2 interleaving spurs over environmental temperature variations. The internal DC offset can
be frozen, read, and loaded externally to calibrate the DC offset over temperature to maintain (but not further
improve) the amplitude of the spurs to the levels seen in Figure 3-2 and Figure 3-3.

Section 5 details the required SPI register writes to correctly implement this option. Four configuration files have
been created with the writes to further simplify the process.

5 Configuring External DC Offset Correction (Channel A)

The following section describes the process to calibrate the internal DC offset mismatch by utilizing the external
DC offset correction feature. The offset correction values are 11-bit signed values estimated by the engine. Each
register holds 8-bit values, so two registers are used to obtain the full 11-bit offset correction value.

5.1 Device Default Configuration

Per the ADS54J60 user guide, install and launch the ADS54JXX GUI. Load the default configuration files to
program the LMK (onboard clocking chip) and the ADC.

1. Load LMK_Config_Onboard_983p04_ MSPS.cfg
2. Perform a hard reset the ADC, using the onboard pushdown
3. Load ADS54J60 LMF_8224.cfg

a. Can load any other desired ADC configuration file, depending on the desired mode of operation

K] ADS34be EVM GUIV1E - X
File Settings Help
Hect th 514
ADS54Jxx GUI v1.8 slectihe devic At
ADS54Jxx  LMK04828 Low Level View USB Status | Reconnect FTDI 7
Register Map -
‘Biock | Register Hams Asdress | Defaul | Mode | Size |veue a |
LMK02828
%000 %00 000 W |8 0x10
002 [ 0x00 AW |8 )
%003 0303 009 R & 0%00 Wiite Al
*004 004 Bx00 R & 0500
X005 xS | G0 | R O Read Data
%008 0xte 009 R 8 0 f o
Xx00C 0x0C D00 R - ox00
x00E 00E 000 R 8 00
%100 oX100 | gx02 W |8 axec
X101 0101 | OwSS RW |8 i Read Al
103 0x102 | Dx00 AW |8 0x0 i
x104 ox104 | Gx00 AW |8 020 Jiter Juicreas
%105 0105 | G0 RW |8 0500 x 0
%108 ox105 | h7e AW |8 0eFD Nt Tiidd
%107 0107 | 0x00 W |8 ox11 Conflg wil
%108 e e O - Overwte sl Load configurations files
108 0x108 | GusS W |8 (x5S Registers. /
108 0x108 | 0x00 AW |8 0500 7
x1ac 0x10C | Dx0 AW |8 20 ¥
X100 010D | B0 |8 000 Load Config
108 0x10E | 0w7S aw |8 0F0 s
s “SF N B ke L =l ave
Register Description
fa Elock Address Wirte Data Read Data_Ganenc
¥ 1] ® 0 ] ]
- Write Register Read Register
—
Operation Successiul 411172022 42145 P Build | CONMECTED | Idle Wi TEXAS INSTRUMENTS

Figure 5-1. Load Configuration Files
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5.2 Baseline HSDC Pro Capture

By default, the DC offset correction block is enabled. This results in reduced interleaving spurs with amplitudes
visible above the noise floor.

» Download the correct firmware to the TSW14J56 capture card (in this example, select
ADS54J60_LMF_8224)

» Take a capture of the noise floor

» Confirm that the interleaving spurs are in the range of -90 to -85 dBFS

W High Speed Data Converter Pro v3.27 - x
File Instrument Options Data Capture Options  Test Options Help
i3 Texas ijEJ ADC = DAC
INSTRUMENTS < L@y
ADS54J60_LMF_8224 w B3935
WP on £ | | A
Capture I3} U’l I | o]
Test Selection 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65000 70000
Single Tone i Real FFT |+~ Channel 112 |~ Blackman |« (Channel1) 111 Averages RBW (Hz) | 15000
Value Unit ¥ A 0.0-
SNR ‘71.138 dBFS )
SFOR 91.999 dBF 5 -10.0- o
THD 99373 dBF S [+
SINAD 71.134 dEF S -20.0- [
ENOB 11.524 Bits
Fund -91.983 dBF S -30.0-
Phase 314 Rad 1 1y
Next Spur -51.999 dBF S 40.0-
HD2 NaN dBF S ’
HD3 -91.983 dBF S
HD4 NaN dBF S -50.0-
HDS -91.983 dBF S
HSDHz -158.046 | dBFS/Hz i -60.0-
dBFS Hz 2
M1 116.285  0.00E+0 -70.0-
Mz -83.542 4.92E+8
Delta 22743 4.92E+8 -80.0-
" 1(491.505M)
Test Parameters -90.0- Spur -
Auto Calc of Coh Fi i
O hut:} sleo :;. srent requendies 1000~
Analysis Window (ssmples)
65536 v 100~
ADC Cutput Data Rate
953.04M -120.0-
ADC Input Target Frequency
0.000000000 -130.0- i ! 1 1 1 1 ! 1 1 1
0 50M 100M 150M 200M 250M 300M 350M 400M 450M 491.52M
Frequency (Hz)
< >
Firmware Version = "0.1" TSW14.J56revD Board = T7426EGH Interface Type = TSW14J56REVD_FIRMWARE
Waiting for user input CONNECTED ldle @ TeEXAS INSTRUMENTS

Figure 5-2. Baseline Capture (Default Offset Correction)

5.3 Freezing the Interleaving Engine and DC Offset Values

The required low-level register writes to freeze and read the DC offset values are compiled into the following
files. These three configuration files address the required 500 ms delay after setting the DC calibration
bandwidth, freezing the interleaving calibration engine, and freezing the DC correction value.

1. DC Calibration Bandwidth: DC_IL Freeze1.cfg
a. Sets the DC calibration bandwidth for both channels to 5 (or 9 Hz)
b. This increases the accuracy of the estimated DC offset value
2. Freeze Interleaving Engine: DC_IL_Freeze2.cfg
a. Enables the interleaving block freeze/unfreeze option
b. Freezes the interleaving calibration engine
3. Freeze DC Offset Correction Block: DC_IL_Freeze3.cfg
a. Freezes DC offset correction block for both channels
b. Enables a single channel register write (reads the values from each individual channel; otherwise, the
frozen values will be incorrectly read back)
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5.4 Reading the Frozen DC Offset Values

The DC offset correction values are setup to be read and recorded. Using the ADS54JXX GUI, navigate to the
‘Low Level View’ tab. Select the ADS54Jxx_LowLevel block. The 11-bit DC offset correction values can be read
and recorded from addresses 0xEQ74 through OxEO7B for Channel A, and from 0xF074 through 0xFO7B for
Channel B.

Figure 5-3. ADS54J60 GUI Register R/W Feature

Table 5-1. Recorded Frozen DC Offset Values

Address (CHA) DC Offset Correction Value Address (CHB) DC Offset Correction Value
(this example)
0xEO074 0x27 0xF074 (value)
0xEO075 0x07 0xF075 (value)
0xEQ076 0x3A 0xF076 (value)
O0xEQ77 0x07 0xF077 (value)
0xEO078 0xCC 0xF078 (value)
0xEQ079 0x00 0xF079 (value)
0xEOQ7A 0xCC 0xFO7A (value)
0xEO7B 0x00 0xFO7B (value)

5.5 Loading the DC Offset Values

The fourth configuration file contains the register writes to load the DC offsets values externally. This file requires
user modifications to load the values recorded read at the address in the previous section.
1. Modify the DC Offset Values

a. Open the pre-load_write.cfg file
b. Modify the file with the values recorded from the addresses in Table 5-1

Figure 5-4. Modified Configuration File with Values
2. Load DC Offset Values: pre-load_write.cfg (load into the GUI)
a. Enables the external offset correction load option
b. Sets the correct page to load the offset correction values externally
c. Contains the modified values from Figure 5-4.
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5.6 Confirm HSDC Pro Capture

Take another capture in HSDC Pro. The spur should remain unchanged if the values were correctly frozen, read,

and loaded.

W High Speed Data Converter Pro v3.27

File Instrument Options Data Capture Options  Test Options Help
i3 Texas L] ADC EL ]
INSTRUMENTS T @ L
65535
ADS54J60_LMF_8224 oM § | | BF
Capture 3 U’l I | o]
Test Selection 0 5000 10000 15000 20000 25000 30000 35000 40000 45000 60000 65000 70000
Single Tone i Real FFT |+~ Channel 112 |~ Blackman |« (Channel1) 111 Averages RBW (Hz) | 15000
Value Unit ¥ A 0.0-
SNR "70.997 dBFS )
SFOR 89.111 dBF 5 -10.0- o
THD 99232 dBF 5 ,T
SINAD 70.993 dBF S 20.0- Q
ENOB 11.5 Bits
Fund -89.187  dBFS -30.0-
Phase 0.12 Rad 1 M
Hext Spur -89.111 dBF S _40.0-
HD2 NaN dBF S ’
HD3 -89.187 dBF S
HD4 NaN dBF S -50.0-
HDS -89.187  dBFS
HSDHz -157.905 | dBFS/Hz i -60.0-
dBFS Hz 2
M1 -116.144  0.00E+D -70.0-
M2 -91.432 4.92E+8
Delta 24711 492E+8 -80.0- 1(491.505M1
£
Test Parameters -90.0- Spur -~ H
Auto Calc of Coh Fi i
O hut:} sleo :;. srent requendies 1000~
Analysis Window (samples)
65536 ~
ADC Cutput Data Rate
953.04M
ADC Input Target Frequency
0.000000000 i | 1 [ | 1 | 1
100M 150M 200M 250M 300M 400M 450M 491.52M
Frequency (Hz)
< >
Firmware Version = "0.1" TSW14.J56revD Board = T7426EGH Interface Type = TSW14J56REVD_FIRMWARE
Waiting for user input CONNECTED @ Texas INSTRUMENTS
Figure 5-5. External Offset Correction
8 Implementing the External DC Offset Correction Block in the ADS54J60 SBAA576A — MAY 2023 — REVISED JUNE 2023

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback


https://www.ti.com
https://www.ti.com/lit/pdf/SBAA576
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBAA576A&partnum=

13 TEXAS
INSTRUMENTS

www.ti.com Summary

6 Summary

Interleaving is an effective way to greatly increase the sampling rate of the converter and Nyquist bandwidth.
However, this architecture comes with the practical challenge of introducing undesired interleaving spurs into the
spectrum. The ADS54J60 uses an DC corrector block that corrects for these spurs in the default configuration.
For system applications where environmental temperature variations are of concern, this application note
demonstrates how to implement the external offset correction feature to maintain the amplitude of the
interleaving spurs.
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